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LOT CAM DOAN

Téi xin cam doan luén 4n: " Nghién ctru xdy dung b quan sdt 16i va b diéu khién
chiu 16i cho robot di dpng non-holonomic " 1a cong trinh nghién ciru cia chinh minh
duéi su huéng din khoa hoc cia tap thé ngudi huéng dan 1a TS. Ngé Manh Tién va
TS. Ngé Duy Tan. Luin 4n sir dung thong tin trich din tir nhiéu ngudn tham khéo
khéc nhau va céc thong tin trich dan dugc ghi rd nguén gbe. Cac két qua nghién cim
ctia t6i duoc cong bd chung véi céc téc gia khic d3 duge su nhét tri cia ddng tac gia
khi dua vao ludn an. Céc s6 liéu, két qua duoc trinh bay trong luén 4n 1 hoan toan
trung thue va chua timg duoc cong b trong bét ki mot cong trinh nao khic ngoai
céc cong trinh cong bd cha tac gia. Luan an duoc hoan thanh trong thoi gian toi lam
nghién ciru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1dm Khoa hoc va
Coéng nghé Viét Nam.

Ha Noi, ngay 30 thang 09 nam 2026
Tac gid ludn dn

_,/; =
g

fo”.

Hb S§ Phuong

~
]



i

LOI CAM ON

Trong sudt qua trinh hoc tép, nghién ctru va hoan thanh ludn 4n tién s, tac gia
d4 nhén dwge su quan tdm, hudng din, gitp d& quy bau cua nhiéu tip thé va c4 nhén.

Trude hét, tac gia xin bay td 1ong biét on siu sic téi tip the ngudi hudng din
khoa hoc 1a TS. Ngé Manh Tién va TS. Ngé Duy Tén di tin tinh chi bdo, dinh
hwéng nghién ciu, ludén dong vién va tao diéu kién thuan loi dé tac gia c6 thé hoan
thanh luin 4n ding dinh hudng khoa hoc va dat dugce cdec muc ti€u dé ra.

Téc gid xin trdn trong cam on céc nha khoa hoc, cc thiy c6, dong nghiép da
déng gop nhitng ¥ kién quy bau, chia sé kinh nghiém chuyén mén va hd tro tic gia
trong qué trinh nghién ciru, thao ludn hoc thuit va hoan thién ndi dung luén an.

Téac gia xin giri 101 cdm on trin trong téi Ban Lanh dao Hoc vién Khoa hoc va
Céng nghé, Phong DPao tao cung céc phong, ban chirc ning cia Hoc vién, da quan
tim, hd tro va tao diéu kién trong sudt qua trinh dio tao, nghién ciru va hoan tit cic
thi tuc cén thiét dé luin 4an dugc hoan thanh dung quy dinh.

Dic biét, tic gia xin bay to long biét on sau sic t6i Gia dinh — nhitng nguoi
luén yéu thuong, dong vién, chia sé khé khin va 1a diém tura tinh thin viing chic,
gitp tac gia c6 thém nghi luc va niém tin dé vuot qua nhimg thir thach trong qua trinh
hoc tdp va nghién ctru khoa hoc.

Mic di d rit nd lue, song luan an khé tranh khéi nhimg han ché nhat dinh.
Téc gia kinh mong nhan duge sur cam thong va nhitng y kién déng gop quy béu cia
cac nha khoa hoc, thﬁy cd va d{:‘mg nghiép dé tiép tuc hoan thién cac két qua nghién
ctru trong thoi gian téi.

Xin trdn trong cam on!

Ha Ngi, ngay 30 thang 09 nam 2026
Tac gia ludn an
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MO DAU
1. Ly do chon dé tai

Sy phat trién manh mé cta cong nghé robot va tri tué nhan tao trong nhirng
nim gan day da thuc diy viéc tng dung rong rii cac robot di dong sir dung banh xe
non-holonomic (Non-holonomic Wheeled Mobile Robots - NWMR) trong nhiéu linh
vuc quan trong nhu giao thong thong minh, san xuit cong nghiép, logistics, néng
nghiép tu dong, y t& va qudc phong. Nho cau tric co khi don gian, kha ning co dong
cao va chi phi trién khai hop 1y, cac hé robot ndy ngdy cang dong vai trd quan trong
trong cac hé théng ty hanh hién dai, gop phan nang cao ning suét, téi wu hoa chi phi
va giam thiéu sy can thiép truc tiép ciia con ngudi trong cac méi truong nguy hiém
hoac kho tiép can.

Tuy nhién, trong qua trinh van hanh thuc té, mot thach thuc cdt 161 d6i véi cac
hé robot ty hanh 1a dam bao tinh 6n dinh, d6 tin cay va kha nang bam quy dao chinh
xac trong diéu kién ton tai sai hong va bat dinh. Dic biét, d6i véi NWMR, cac rang
budc dong hoc két hop voi dac tinh phi tuyén cua hé théng khién viéc duy tri hiéu
suat diéu khién trd nén kho khan hon khi xdy ra 15i.

Trong s6 cc dang sai hong c6 thé xuat hién, 18i co cdu chip hanh duoc xem
13 mot trong nhitng 161 nghiém trong nhat do anh hudng truc tiép dén kha nang sinh
van tbc va diéu hudng cua robot. Ldi co cdu chap hanh co thé phat sinh tir nhiéu
nguyén nhan nhu hao mon co khi, suy gidm hi¢u suét dong co, truot banh, mét két
ndi trong hé truyén dong hodc thay déi diéu kién moéi truong lam viéc. Néu khong
dugc phat hién va xu 1y kip thoi, cac 16i ndy c6 thé gay ra sai léch quy dao nghiém
trong, 1am suy giam chat luong diéu khién, thim chi dan dén mét 6n dinh hoic ngimg
hoat dong ctia hé théng. Diéu nay dic biét nguy hiém dbi v6i cac tng dung yéu cau
dd chinh xac va dd tin cdy cao nhu xe tu hanh, robot y té hodc robot lam viéc trong
moi truong khic nghiét.

Mic du dd c6 nhiéu cong trinh nghién ctru lién quan dén diéu khién va phat
hién 18i cho robot ty hanh, phan 16n cac phuwong phap hién c6 van con nhitng han ché
dang ké khi xir 1y 181 co ciu chap hanh. Nhiéu nghién ctru tip trung chu yéu vao 16i
cam bién hodc nhidu mo hinh, trong khi 16i co ciu chip hanh — yéu t6 tac dong truc
tiép dén tin hiéu diéu khién — chua dugc xem xét mot cach déy da va co hé théng.
Bén canh d6, cac bd quan sat 16i hién tai thuong gip khé khin vé qua trinh qua do
ban dau, tdc do hoi tu hoac yéu cAu céc gia thiét manh nhu diéu kién kich thich bén
vitng. Dong thoi, nhidu chién luoc diéu khién chiu 16i van dya trén cac ciu trac cb
dinh, thiéu kha ning tich hop hiéu qua thong tin 16i wéc lugng vao luat diéu khién
trong diéu kién van hanh thyc té.



Xuéat phat tir nhitng han ché néu trén, viéc nghién ctru va phat trién mot hé
théng quan sat trang thai va udc lugng 181 co cdu chdp hanh chinh xac, két hop véi
chién luoc diéu khién chiu 18i phu hop cho NWMR, 13 mot yéu cau mang tinh cap
thiét ca vé mat khoa hoc va thyc tién. Mot hé théng nhu vay khong chi gitip phat hién
va bu 16i kip thoi ma con dam bao robot duy tri duoc tinh on dinh va chét luong bam
quy dao ngay ca khi xdy ra sy ¢ trong hé truyén dong.

Tir nhu cu do, nghién ctru sinh lwa chon dé tai ludn an: “Nghién citu xdy
dung bj quan sdt 16i va bé diéu khién chiu 16i cho robot di dpng non-holonomic”.
Két qua nghién ctru cia ludn an dugc ky vong s& gop phan ning cao tinh tu chi, do
tin cay va hiéu qua van hanh cia NWMR, qua d6 mé rong kha nang trng dung cua
cac h¢ robot nay trong cac linh vuc ky thuat va cong nghiép hién dai.

2. Muc tiéu nghién ciru

Muc tiéu cua luan an 13 nghién ctru va phat trién cac phuong phap diéu khién
chiu 16i cho robot di ddng non-holonomic nham d¢am bao kha ning bam quy dao chinh
xac va on dinh trong diéu kién ton tai 16i co cAu chap hanh, nhiéu va bat dinh mo
hinh. Cu thé, luén an tap trung phan tich va mo hinh hoa anh huéng cua 16i dén dong
hoc va sai sé bam; xay dung cac phwong phap quan sat trang thai va phat hién 15i;
dong thoi thiét ké cac bd quan sat va luat diéu khién chiu 161 theo hudng phi tuyén va
kién trac phan ting, qua d6 nang cao hiéu qua bu 16i, cai thién dap tng va chat luong
bam quy dao cua hé.

3. N§i dung nghién ciru

Luan 4n tap trung nghién ctru bai toan quan sat trang thai, udc luong 16i co
céu chap hanh va diéu khién chiu 16i cho NWMR. Cac noi dung nghién ciru chinh
ctia luan 4n bao gom:

1) Xay dyng mo hinh dong hoc mé rong cia NWMR c6 xét dén anh hudng
ctia 161 co cau chip hanh va nhiu gop chua biét, 1am co s¢ cho thiét ké b quan sat
va bd diéu khién chiu 15i.

2) Phén tich dic diém va co ché tac dong cia 16i co cau chap hanh dén van tdc
va sai s6 bam quy dao cua robot, trong d6 16i co cau chap hanh duoc mé hinh héa
dudi dang tin hi¢u bat dinh teong duong trong hé dong hoc.

3) Nghién ctru va cai tién bo quan sat 16i phi tuyén, cho phép dong thoi uéc
luong trang thai chua do dugc va tai tao tin hiéu 16i co cu chép hanh, dam bao do
tin cay cua tin hiéu udc lugng khi tich hop vao vong diéu khién.

4) Thiét ké bo diéu khién chiu 18i ¢ tAng dong hoc/quy dao, sir dung truc tiép
thong tin 16i uwéc luong tir bd quan sat nham bu 16i co cdu chdp hanh va duy tri 6n

dinh hé thdng trong diéu kién xay ra 16i.



5) Tich hop bd quan sat va bo didu khién thanh mot hé thong hoan chinh, ddng
thoi danh gid hiéu quéa ctiia phuong phap dé xuit théng qua mé phong sb.
Nghién ctru dugc gidi han trong pham vi sau:

- B6i trong nghién ctiru: Ludn 4n tip trung vao NWMR c6 hai banh chi dong.
Céc cAu tric robot khac khong thudc pham vi nghién ctru cua ludn an.

- Loai 161 dugc xem xét: Nghién ciru tap trung vao 18i co cdu chap hanh, dugc
mo hinh hoa dudi dang tin hiéu bat dinh anh huodng truc tiép dén van téc cua robot.
Céc 161 cam bién va 15i truyén thong khong phai 1a d6i twong nghién ctru chinh cua
luan an.

- Phuong phap tiép can: Bo quan sét 16i dugc xay dung dua trén cac cau tric
quan st phi tuyén hién c6 va duogc cai tién dé phu hop vai bai toan quan sat 16i co
ciu chép hanh trong h¢ non-holonomic. B diéu khién chiu 16i dugc thiét ké dua trén
co s& két hop cac bo quan sat va cac bo diéu khién phi tuyén hién dai. Viéc kiém
chirng dugc thuc hién thong qua mé phdong tréen MATLAB/Simulink.

- G161 han nghién ctru: Ludn 4n khong xem xét cac bai toan tranh vat can, va
cham hoic diéu huéng trong mdi truong phirc tap.

4. Phwong phap nghién ciru

Luan 4n st dung phuong phap nghién ciru két hop giita phén tich 1y thuyét,
mo phong s6 nham xay dung, kiém chimg va danh gia hiéu qua cta hé théng quan
sat va diéu khién chju 16i cho NWMR.

Trude hét, phuwong phap phan tich 1y thuyét dugc str dung dé xdy dung co so
khoa hoc cho luan an. Trén co s& khao sat va tong hop cac cong trinh nghién ciru lién
quan dén quan sat trang thai, uc lwong 18i va diéu khién chiu 15i cho robot ty hanh,
mo hinh dong hoc mé rong cia NWMR c6 xét dén 161 co cdu chip hanh va nhiéu gop
chua biét duoc thiét lap. L3i co cAu chép hanh dugc mo hinh héa dudi dang tin hi¢u
bat dinh tuong duong tac dong truc tiép 1én van tdc robot, 1am co so cho viée thiét ké
bo quan sat va bo diéu khién chiu 16i. Dong thoi, cc tiéu chi danh gia hiéu suat nhu
d6 chinh x4c wéc luong 18, thoi gian dap mg va sai s6 bam quy dao duoc xac dinh
dé phuc vu qua trinh danh gia.

Tiép theo, phuwong phap thiét ké thuat toan duoc ap dung dé phat trién bo quan
sat va bo diéu khién chiu 16i. Bo quan sat 16i duoc xay dung dua trén cac cau tric
quan sat phi tuyén hién c6 va duoc cai tién nham nang cao kha ning wéc luong trang
thai chua do dugc va tai tao tin hiéu 13i co cdu chép hanh trong hé non-holonomic.
Trén co s6 tin hiéu 18i udc luong, bo didu khién chiu 16i duoc thiét ké & tang dong
hoc/quy dao nham bu 15i co cau chap hanh va dam bao 6n dinh hé théng. Tinh 6n

dinh va hoi ty ctia hé théng duoc phan tich bang phwong phap Lyapunov.



Sau khi hoan thién thiét ké, phuwong phap mé phong sé duoc sir dung dé kiém
chirng hi€u qua cua cac thuat toan dé xuit. Cac md phong duoc thuc hién trén nén
tang MATLAB/Simulink véi cac kich ban 16i co cdu chip hanh khac nhau. Hiéu sut
ctia bd quan sat va bo diéu khién chiu 181 duoc danh gia thong qua kha ning tai tao
161, sai s6 bam quy dao va dap tng qua do cua hé thong, dong thoi dugc so sanh voi
cac phuong phap tham chiéu nham 13m rd vu diém cta phuong phap dé xuat.

5. Co sé khoa hoc va thyec tién caa dé tai
a. Y nghia khoa hoc

Lu4n 4n c6 ¥ nghia khoa hoc trong viéc bo sung va 1am rd co so 1y thuyét cho
bai toan quan sat va diéu khién chiu 18i ddi véi NWMR, dic biét trong truong hop
xuat hién 16i co ciu chap hanh. Cy thé:

- Luéan &n xay dung va st dung mo hinh dong hoc mé rong cua NWMR co
xét dén 16i co cdu chap hanh va nhidu gop chua biét, qua d6 1am rd mdi quan hé giira
16i co cAu chép hanh va sai I¢ch trang thai cua robot. M6 hinh nay tao co sé toan hoc
phu hop cho viéc phan tich, thiét ké bo quan sat va bo diéu khién chiu 15i trong cac
hé non-holonomic.

- Cac két qua nghién ctru cua luan an gbp phan lam phong pht thém 1y thuyét
vé quan sat trang thai va tai tao 16i cho cac hé phi myén bi rang budc non-holonomic,
thong qua vi¢c cai tién cac ciu tric bod quan sat hién co dé nang cao do chinh x4c va
kha nang hoi tu cta udc luong 16i.

- Luén an g6p phan 1am 13 vai tro cta kién trac két hop giita bd quan sat 16i
va bo diéu khién chiu 13i trong vi¢c dam bao 6n dinh va kha nang bam quy dao cua
NWMR khi xay ra 16i co cAu chap hanh, qua d6 bo sung co sé 1y thuyét cho céac
phuong phap diéu khién bén vimng va thich nghi trong méi truong cé bat dinh.

- Cac phan tich on dinh va két qua dat dugc trong luan an cé thé dugc xem
nhu tai liéu tham khao khoa hoc cho céc nghién ctru tiép theo lién quan dén diéu
khién chiu 18i cho cac hé robot di dong va cac hé phi tuyén cé cau tric tuong tu..

b. Y nghia thwc tién

Bén canh y nghia khoa hoc, luan 4n c6 gié tri thuc tién 10 rang, thé hién ¢ kha
nang nang cao dJ tin cdy va tinh ty chu cua robot ty hanh trong diéu kién van hanh
thuc té:

- Hé théng quan sat va diéu khién chiu 16i dugc dé xuét gitp phat hién som
va bu hiéu qua 18i co cau chap hanh, tir d6 han ché sai léch quy dao va duy tri kha

nang van hanh 6n dinh cua robot ngay ca khi xdy ra suy gidm hi¢u suat truyén dong.



- Céc thuit toan trong luan an c6 thé trién khai truc tiép trén cac nén tang
robot di dong hai banh chi dong, vén duge st dung phd bién trong cac Gmg dung
logistics, robot dich vu va robot van chuyén tu hanh trong cong nghiép.

- Két qua nghién ctru cua luan 4n cung cp co so k¥ thuét cho viéc phat trién
cac hé robot c6 kha ning ty chan doan va thich nghi véi 161, gop phan giam nhu ciu
giam sat va can thi¢p thu cong trong qua trinh van hanh.

- Cac phuong phap dé xuat trong luin an c6 kha ning mo rong va diéu chinh
dé ap dung cho cac hé thong di dong thong minh khac, nhu xe tu hanh tdc d6 thap
hodc cac nén tang robot hoat dong trong méi trudng cé mirc dd an toan yéu cau cao.
6. Nhirng dong gop mai cua luin an

Luan an d3 dat duoc mot s dong gop méi vé mit khoa hoc va phuong phap
trong linh vurc quan sat va diéu khién chiu 16i cho NWMR, tap trung chii yéu vao 15i
co cau chip hanh. Cac déng gop méi cia luan an bao gdm:

(1) Dé xuét bd diéu khién chiu 16i st dung b quan sat 16i cho phép wdc luong
- bt 16i hiéu qua va dam bao 6n dinh, bam quy dao trong diéu kién c6 18i co cdu chap
hanh.

(2) Bé xuat thuat toan diéu khién chiu 15i dua trén diéu khién truot toan cuc
két hop bd quan sat nhiéu va rang budc hi¢u nang dinh trudec.

7. CAu triic ciia ludn an

Luan an duogc t6 chirc thanh bdn chuong, cing voi phin md dau va phan két
luan chung, dugc xay dung theo mdt trinh ty logic nham dam béo tinh chat chd va
xuyén sudt trong viéc nghién ctru, phat trién cac phuong phap quan sat va diéu khién
chiu 16i cho NWMR.

Phén mé ddu trinh bay tong quan vé dé tai nghién ctru, trong d6 lam rd 1y do
lwa chon dé tai, muc tiéu nghién ctru, ddi twong va pham vi nghién ctru, phwong phap
tiép can, ciing nhu ¥ nghia khoa hoc va thuc tién ctia luan an. Phan nay dong vai tro
dinh hudng toan bo ndi dung nghién cuu, nhan manh sy can thiét cua viéc phat trién
cac giai phap diéu khién chiu 15i dya trén quan sat nham nang cao d¢ tin cay va kha
nang tu chu ciia robot di dong trong diéu kién ton tai 16i co cau chap hanh, nhidu va
bat dinh mé hinh.

Chuwong 1 trinh bay tong quan vé NWMR va cac cong trinh nghién ctru lién
quan dén diéu khién bam quy dao, quan sat trang thai, udc lugng 16i va diéu khién
chiu 16i. Chwong nay phan tich cac dic diém, thach thirc va yéu cau dit ra trong bai
toan diéu khién robot di dong khi ton tai nhiéu, bat dinh mo hinh va 18i co cu chap
hanh. Trén co s& khao sat va so sanh cac hudng tiép can tiéu biéu, chuong chi ra cac

khoang trong nghién ctru, dac bi¢t 1a su thiéu vang céc kién truc diéu khién—quan sat



tich hop va c6 hé théng cho NWMR. Tir d6, muyc tiéu nghién ciru va cac doéng gop
khoa hoc chinh ctia luan an dugc xac lap.

Chuwong 2 tip trung vio viéc xdy dung mo hinh toan hoc va phat trién cac bd
quan sat cho NWMR c6 xét dén nhidu, bat dinh mé hinh va 15i co cdu chip hanh.
Trén co s& md hinh dong hoc va dong luc hoc cua robot, chuong lam rd cAu tric tac
dong cua 161 co cau chap hanh & cac mirc khac nhau va xay dung cac mé hinh mé
rong phuc vu cho thiét ké b quan sat. Dya trén cac m6 hinh nay, cac bd quan sat phi
tuyén duoc dé xuat nhim ude lugng trang thai chwa do dugc, nhidu gdp va anh hudng
cta 18i co cAu chép hanh. Tinh 6n dinh va kha nang hoi tu cua cac bd quan sat dugc
phan tich chit ché bang phwong phap Lyapunov. Cac két qua mo phong duoc st dung
dé minh chimg hiéu qua va do tin cdy cua cac co ché quan sat, lam nén tang cho viéc
thiét ké diéu khién chiu 161 & cac chuong tiép theo.

Chuwong 3 trinh bay cac kién trac diéu khién chju 16i dua trén quan sat cho
NWMR. Chuong nay phat trién cac chién lugc didu khién chiu 15i tir cc tiép can don
gian dén cac kién trac phan ting, trong d6 théng tin quan sat dugc tich hop mét cach
c6 hé thong vao luat diéu khién. Cac bo diéu khién duoc thiét ké nham dam bao kha
ning bam quy dao 6n dinh ciia robot ngay ca khi xay ra 16i co cdu chap hanh, dong
tho1 nang cao tinh bén viing trudc nhiu va bat dinh méd hinh. Tinh 6n dinh cua hé
théng diéu khién dugc ching minh thong qua phan tich Lyapunov, va cac két qua mo
phong duoc trinh bay dé danh gia hiéu qua bu 15i va chit luong dap tng cua cac kién
triic diéu khién dé xuét.

Churong 4 nghién ctiru mét chién lugc diéu khién chiu 18i ¢6 hiéu ning cao cho
NWMR, nham bé sung va d6i chiéu véi cac kién trac phan tang di duogc trinh bay &
Chuong 3. Chuong nay tap trung vao viéc két hop diéu khién truot toan cuc véi bd
quan sat nhiéu va rang budc hiéu ning bam quy dao dinh trudc, hudng téi dam bao
hoi tu hitu han thoi gian va kiém soat chit ché hanh vi qua d6 cua sai s bam quy dao
trong diéu kién ton tai 16i co cdu chap hanh va bat dinh mo6 hinh. Cac phan tich 6n
dinh va két qua mo6 phong duoc sir dung dé 1am r6 hiu nang va pham vi ap dung ciia
chién luge diéu khién dé xuat.

Phin két lugn chung va hwéng phdt trién tong hop cac két qua chinh dat
duoc trong luan 4n, danh gia y nghia khoa hoc va thuc tién ctia cac phwong phap quan
sat va diéu khién chiu 16i duoc dé xuat, ddng thoi chi ra cac han ché con ton tai va dé
Xudt cac hudng nghién ciru tiép theo.

Cudi cung, phu luc va danh muc tai liéu tham khao cung cép cac ndi dung bd
trg, bao gdm cac ching minh chi tiét, cong thirc quan trong va céc tai liéu da duoc sir

dung trong qua trinh nghién cuu.



CHUONG 1.
TONG QUAN VE QUAN SAT TRANG THAIL PHAT HIEN LOI VA PIEU
KHIEN CHIU LOI CHO NWMR

1.1. Gi6i thiéu vé NWMR
1.1.1. NWMR va cdc thdch thirc trong diéu khién chiu 16i

NWMR 1a mét 16p robot ty hanh ¢ rang budc chuyén dong khong tich phan,
trong d6 hé khong thé di chuyén tirc thoi theo moi hudng trong khong gian ciu hinh
do diéu kién lin banh khong trugt theo phuong ngang [1]. Vi cdu tric co khi don
gian, chi phi van hanh thap va dic tinh co dong cao trong moi truong han ché, NWMR
da tro thanh nén tang phé bién trong cac ng dung robot tu hanh hi¢n dai nhu van
chuyén tu dong trong nha may, robot kho van, khao sat méi trudong va robot dich vu
[2]. Cac cau hinh pho bién cia NWMR bao gdém robot hai banh vi sai, robot nhiéu
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Hinh 1.1. NWMR vung dung trong nha may, dich vu, cong nghiép [85]

V& mat mo hinh toan hoc, NWMR c¢6 dic tinh dong hoc va dong luc hoc phi
tuyén, chiu anh hudng cua rang budc non-holonomic, trong tac banh xe — mit nén,
truot banh cuc bo, bat ddi xung truyén dong, cling nhu cac bat dinh tham s6 va nhiéu
moi trudng [3]. Nhitng yéu t6 nay khién viéc thiét ké bo diéu khién trd nén phiec tap,
anh huong lon dén hiéu nang bam quy dao, dic bié¢t trong diéu kién van hanh thyc té.

Mot thach thirc quan trong khac trong diéu khién NWMR 14 sy han ché vé mat
do ludng cac tham sb cua hé théng. Nhiéu bién trang thai va nhidu khong thé do truc

tiép bang cam bién do gi6i han vé mit k¥ thuat va chi phi cho phan ctng, 1am gia



tang su phu thudc vao moé hinh va céac k¥ thuat udc lugng trang thai. Do do, viéc két
hop céc phuong phap diéu khién phi tuyén vé6i cac bd quan sat trang thai hiéu qua 1a
yéu cau tit yéu trong cac hé¢ NWMR hién dai.

Nhitng thach thuce trén, dic biét trong diéu kién ton tai bat dinh va sai 1éch
trong hé truyén dong, dit nén tang cho viéc nghién ctru cac kién trac diéu khién—quan
sat nang cao cho NWMR, s& dugc phan tich chi tiét hon trong muc tiép theo.

1.1.2. Léi co cdu chdp hanh va vai tré ciia kién triic diéu khién—quan sdt trong
NWMR

Trong cac h¢ NWMR, 16i dugc dinh nghia 1a sy sai léch bét thuong ciia mot
hodc nhiéu thanh phén hé théng so v6i diéu kién van hanh danh dinh, ddn dén suy
giam hiéu ning hodc thay d6i hanh vi dong hoc cua robot. Theo cac khao sat tong
quan kinh dién vé chan doan va diéu khién chju 15i trong h¢ robot va h¢ cong nghiép,
161 ¢6 thé xuit hién & co ciu chép hanh, cam bién, ciu tric co khi hodc thuit toan
diéu khién [4], [5], [6].

Déi véi robot di dong, ciu tric dong hoc non-holonomic cing véi tuong tac
banh - mit nén va hién tuong trugt lam cho hé théng nhay cam hon véi sai 1éch truyén
dong va nhiéu dong hoc [1], [3]. Trong sb cac loai 151, 16i co cau chép hanh duoc xem
1a nhoém 18i c6 anh hudng nghiém trong nhét vi ching tac dong tryc tiép 1én tin hiéu
diéu khién vén toc tinh tién va van tdc goc cua robot [7], [8].

Bang 1.1. Mot 56 161 co ban va sur tdc dong dén hé théng

Loai sai hong Kénh tac dong Anh huéng chinh Pham vi ludn an

Suy giam hi¢u luc co bau vao Gidm mo-men/vén toc Co

cau chap hanh

Loi thién léch Dau vio Sai léch van toc C6 thé quy doi
Loi ket Dau vio Mat kha ning diéu chinh Chua xét day du
Lbi cam bién Po luong Phan hoi sai Khong xét
Ldi do truot banh | Banh —matnén |  Sai léch van toc thyuc Xét nhu nhiéu/ bat dinh

Céc dang 131 co ciu chap hanh phd bién bao gébm: Suy giam hiéu suit cta co
cAu chép hanh; Ldi ket; Ldi thién 1éch; M4t hiéu luc mot phén hoac hoan toan cua bo
truyén dong [7], [8], [9].

Do van tdc cia NWMR phu thudc truc tiép vao mo-men hodc toc do banh chu
dong, bat ky sai 1éch nao trong truyén dong déu dan dén sai 1éch van tdc thuc té so
v6i gia tri diéu khién mong mudn, 1am gia ting sai sb bam quy dao va c6 thé gy mat
6n dinh néu khong duogc xir 1y kip thoi [10], [11]. Cac nghién ctiru gan day da chi ra
rang dudi tac dong dong thoi cua 16i co cdu chp hanh va truot banh, chét lugng bam

quy dao co thé suy gidm nghiém trong néu chi st dung cac bo diéu khién bén viing



thong thuong [11], [12]. Trong pham vi luan an, nghién ctru tip trung vao cac 1i tac
dong 1én bo truyén dong; anh huéng cia 151 dén mién hiéu ning cia robot dwge minh
hoa trong Hinh 1.2.

Trong cac hé NWMR hién dai, bd diéu khién va bo quan sat thuong duoc thiét
ké trong mot cdu tric phan hdi khép kin nhim dam bao 6n dinh va nang cao chit
lwong bam quy dao [13]. V& mit lich str, cic b quan sat tuyén tinh nhu Luenberger
observer [14] va bo loc Kalman [15] duoc sir dung dé uéc luong trang thai khong do
dugc. Tuy nhién, do dac tinh phi tuyén cua hé non-holonomic, cac by quan sat phi
tuyén nhu high-gain observer (HiGO) [16], sliding mode observer (SMO) [17],
unknown input observer (UIO) [18] va extended state observer (ESO) [29] da duoc

phat trién nham ting cudng kha ning udc lugng trong diéu kién nhidu va bat dinh.
Sai Iéch quy dao cia robot

Re L7 ~
khi ¢é tac déng 16i Loi tac dgng

...............
_____________

Sai lgch theo tinh toan ——————- -‘><:"'_::--"'_:,'.'.:.'.'.' --'f_f:':'.if.'.'.:_'_'_"_:_"~~-.:::';><TR3“h S0
bandau | T il a8 T TN e
L0 0 2 TR P HiGusuat N TN T
Sai léch _-‘,7"-“'7%\\\4-'* \ban dau ciia robot b B
chép nhan dugc K i o '
: H s Vung hi¢u suat ; !
=R ] H S T bi suy giam .. ¢ :
Sai léch I6n % Tl VA P ¢
khong chap nhan duge | % - /ung higu sudt b giam
.. Khing chip nhin duge .+
MAt ki : P o e TR
pomemmmeme? G SO e
e VinglBihong .-

Hinh 1.2. Céc mién hiéu nang cua robot ty hanh khi chiu tac dong cua 16i

Song song véi su phat trién cua 1y thuyét quan sat, nhiéu phuong phap diéu
khién phi tuyén cho NWMR di duoc dé xuit, tiéu biéu nhu backstepping [20], diéu
khién truot [21], [22], diéu khién thich nghi [23], va cac chién lugc hoi tu hiru han
thoi gian [24], [25]. Gan day, xu hudng tich hop truc tiép bd quan sat vao cau tric
diéu khién dé tao thanh kién tric diéu khién—quan sat tich hop di duoc nhan manh
trong cac nghién ctru vé robot di dong [13], [26], [27]. Kién trGic ndy cho phép st
dung trang thai uéc lugng hodc nhidu uéc luong dé cai thién d6 chinh xac bam quy
dao va ting cudng tinh bén viing ciia hé théng trudce bat dinh mé hinh va nhidu ngoai
[28], [29], [30]. Tuy nhién, trong phan 16n cac cong trinh, 18i co cdu chap hanh thudng
dugc xem nhu mot phan ctia nhiéu tong hop thay vi mot dai lwong can duge quan sat
va xu ly tuong minh.

Trong 1y thuyét diéu khién chiu 16i (Fault-Tolerant Control — FTC), viéc tich
hop bo quan sat vao vong diéu khién 1 nén tang cia cac chién luoc diéu khién chiu
16i chui dong [6], [7]. Theo cac nghién ciru vé FTC cho robot di dong, viéc udc luong
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va bu 13i theo thoi gian thyc gitp duy tri 6n dinh va hiéu ning chip nhan duoc ngay
ca khi xdy ra suy giam hiéu luc co cau chip hanh [8]-[12], [31]-[33].

Dic biét, cac nghién ciru gn day nhin manh vai trd cta kién trac phan tang
va kién trc diéu khién—quan sat hai vong, trong d6 vong ngoai dam nhiém diéu khién
bam quy dao va vong trong xur Iy dong luc hoc va nhidu, nhdm ning cao hiéu qua bu
16i toan cuc [11], [26], [36]. Tuy nhién, viéc tach biét va udc luong tudng minh 16i
co cAu chép hanh nhu mot dai lwong doc 1ap trong hé NWMR van con han ché trong
nhiéu céng trinh hién c6 [26]-[29].

Nhu vay, kién trac két hop diéu khién—quan sat dong vai tro trung tim trong
diéu khién chiu 16i cho NWMR vi:

- Cho phép phat hién va udc lwong 16i co cau chap hanh theo thoi gian thuc [6],

[37];

- Cung cép tin hiéu 16i udc luong dé thyuc hién bu 16i chu dong trong luat diéu

khién [7], [32];

- Cai thién tdc do phuc hoi va hanh vi qua do khi xay ra 16i [24], [33];
- Pam bao 6n dinh va duy tri chat lugng bam quy dao trong méi truong c6 nhiéu

va mirc do bat dinh cao [10], [11], [12].

Tir céc phén tich trén c6 thé thiy rang, viéc phat trién mot kién trac diéu khién—
quan sat tich hop c6 kha ning tach biét va udc luong 16i co cdu chip hanh mét cach
tuong minh 13 yéu cau mang tinh hé théng ddi véi NWMR. Pay ciing chinh 1a dinh
hudng nghién ctru trung tim duoc theo dudi trong luan an.

1.2. Tong quan vé cac phwong phap diéu khién cho NWMR
1.2.1. Cdc phwong phdp diéu khién co dién va han ché

Céc phuong phap diéu khién ¢ dién dong vai trd nén tang trong qua trinh phat
trién cac chién luoc diéu khién cho NWMR. Trong giai doan dau ctia nghién ctru va
ung dung, cac bo diéu khién tuyén tinh dang PID duogc stir dung rong rai nho clu tric
don gian, dé trién khai va kha nang hi¢u chinh tryc quan. Déi v6i cac hé NWMR hoat
dong & van tdc thap, quy dao don gian va mirc nhidu nhd, diéu khién PID c6 thé dam
bao 6n dinh cuc bd va giam sai s bam qui dao ¢ mirc chap nhan dugc, do d6 thuong
dugc str dung trong cac hé AGV cong nghiép hodc lam chuan so sanh trong céac
nghién ctru hoc thuat [1], [2]. Tuy nhién, viéc 4p dung cac bd diéu khién PID thuan
tay thuong dan dén suy giam dang ké hiéu nang va khong dam bao tinh bén viing khi
diéu kién van hanh thay doi [1], [3]. Pé mé rong pham vi ing dung cua diéu khién
tuyén tinh, nhiéu nghién ctru da dé xuét cac phuong phap tuyén tinh hoa cuc bo hoic
tuyén tinh hoa phan hoi, trong d6 mé hinh phi tuyén cila robot duoc xap xi vé dang

tuyén tinh quanh mot diém 1am viéc hodc quy dao tham chiéu. Cach tiép can nay cho
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phép str dung cac cong cu diéu khién tuyén tinh manh nhu LQR, pole placement hoic
Hoo, qua d6 don gian héa qua trinh thiét ké bo diéu khién [38].

Mic du cac phuong phap tuyén tinh hoa cho két qua tét trong cac bai toan bam
quy dao gan quy dao danh dinh va khi mé hinh robot duoc xac dinh twong dbi chinh
xac, hiéu nang diéu khién phu thudc chat ché vao pham vi tuyén tinh hoa va do chinh
xac cua mo hinh. Khi robot hoat dong xa diém lam viéc, xuét hién nhiéu lén hodc xay
ra 13i co ciu chép hanh 1am sai 1éch vén tdc thuc té, cac bd diéu khién tuyén tinh hoa
thuong khong con kha nang bu trir hidu qua va c6 thé dan dén mat on dinh [3], [38].

Bén canh cac phuong phép tuyén tinh, backstepping co ban 1 mét trong nhing
chién lugce dau tién ap dung c6 hé thong 1y thuyét diéu khién phi tuyén cho NWMR.
Phuong phéap nay dya trén viéc xay dung ham Lyapunov theo tung budc, cho phép
xtt 1y truc tiép ciu tric phi tuyén va dam bao on dinh tiém cén cta hé théng trong
diéu kién mo hinh xac dinh va c6 day du thong tin trang thai. Tuy nhién, backstepping
co ban té ra nhay cam véi nhiéu, bat dinh mé hinh va 16i co cdu chép hanh, do céac
sai 1&ch ¢ thé lan truyén va khuéch dai qua timg budc thiét ké, dan dén dao dong
diéu khién hodc suy giam d6 chinh xac bam quy dao [3], [23].

Nhin chung, cac phuong phap diéu khién c6 dién nhu PID, tuyén tinh héa va
backstepping co ban déng vai trd quan trong trong viéc hinh thanh nén tang 1y thuyét
cho diéu khién NWMR va van phu hop trong cac diéu kién van hanh Iy tudng hoic
it bat dinh. Tuy nhién, cac phuong phap nay chua di kha ning dam bao tinh bén viing
va d6 tin cdy khi hé thong ton tai phi tuyén, nhidu khéng mé hinh hoa hoic 15i co cdu
chap hanh, tir 46 thuc day su phat trién cta cic phuong phap diéu khién phi tuyén
hién dai va cac chién lugc didu khién chiu 16i [7], [9], [21].

1.2.2. Piéu khién phi tuyén va yéu cau két hop quan st

Trudce nhirg han ché cta cac phuong phap diéu khién c6 dién trong viée xir
1y phi tuyén, rang budc non-holonomic va bat dinh mé hinh, nhiéu chién luoc diéu
khién phi tuyén hién dai d3 dugc phat trién cho NWMR. Cac phuong phap nay hudng
dén viéc dam bao 6n dinh toan cuc, cai thién d6 chinh xac bam quy dao va tang cuong
tinh bén viing trude nhiéu va sai 1éch tham s trong diéu kién van hanh thuc té [20],
[21], [39].

Mot trong nhing hudng tiép can tiéu biéu 1 diéu khién trugt (Sliding Mode
Control — SMC), dugc danh gia cao nhd kha ning chong nhiéu va dam bao hoi ty hiru
han thoi gian [21], [40]. Tuy nhién, SMC bac nhat thudng gay ra hién tuong dao dong
vi m6 (chattering), anh hudong dén chat lugng diéu khién va tudi tho co ciu chap hanh.
bé khic phuc nhuoc diém nay, nhiéu bién thé bac cao nhu super-twisting hodc cac
dang diéu khién truot dau cudi khong ky di (NTSMC) da dugc dé xuét, gitp cai thién
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tbc do hoi tu va giam dang ké hién tuong chattering trong cac bai toan bam quy dao
cho robot di dong [24], [30], [41], [42]. Gan ddy, cic nghién ctru chuyén manh sang
két hop diéu khién truot hitu han/fixed-time vé6i prescribed performance nham kiém
soat dé)ng thoi tde do hoi tu va hanh vi qua do cua sai s6 bam [86], [87]. Bén canh do,
prescribed-time SMC tiép tuc dugc phat trién cho WMR chju nhidu nhim dam bao
thoi gian hoi tu duoc x4c dinh trude [88]. Bén canh d6, diéu khién thich nghi 13 mot
huéng tiép can quan trong nham xt 1y cac tham sb khong biét hodc thay ddi theo thoi
gian trong mo hinh hé théng. Cac luat cap nhat tham sé dugc xay dung dua trén Iy
thuyét 6n dinh Lyapunov, cho phép hé thong tu diéu chinh dé duy tri hiéu nang diéu
khién khi ton tai sai 1éch mé hinh hodc thay dbi diéu kién van hanh [7], [23]. Trong
linh vyuc robot di dong, diéu khién thich nghi thudng dugc két hop véi cac phuong
phap phi tuyén khac dé ting cuong kha niang chong nhidu va bu bat dinh [10], [43].

Trong truong hgp moé hinh dong hoc va dong luc hoc cua h¢ théng khong thé
duogc xéac dinh chinh xéc, cdc phuong phap diéu khién thong minh dya trén logic mo
va mang no-ron nhén tao di duoc dé xuit nhu nhitng giai phap thay thé hiéu qua.
Diéu khién md cho phép mé ta hanh vi hé thdng thong qua cac luat ngdn ngit, trong
khi mang no-ron tan dung kha nang xap xi ham phi tuyén dé udc luong sai 1éch mo
hinh va nhidu dong hoc theo thoi gian thuc [44], [45], [46]. Khi dugc két hop véi didu
khién truot hodc didu khién thich nghi, cic phuong phép ndy c6 thé cai thién dang ké
tinh linh hoat va hiéu ning diéu khién trong méi truong co bat dinh cao [23], [46].

Gan day, cac phuong phap diéu khién t6i uu va hoc may ciing dugc quan tim
trong diéu khién NWMR. Diéu khién dy doan mé hinh (MPC) cho phép xur 1y cac
rang budc dau vao — dau ra va toi wu hoa quy dao trong khoang thoi gian hiru han
[36], [47], trong khi cac phuong phap hoc tang cuong, dac biét 1a hoc sau tang cuong,
mo ra kha nang ty hoc chinh sach diéu khién ma khong can md hinh chinh xac cua
hé théng [48]. Tuy nhién, cic phuong phap nay van dbi mat véi thach thire 16n trong
viéc dam bao tinh 6n dinh, kha ning giai thich va d6 tin cay khi trién khai trén cac hé
robot thuec.

Mic du cac phuong phép diéu khién phi tuyén hién dai di dat duoc nhiéu tién
b trong viéc xur 1y phi tuyén va bat dinh cia NWMR, phan 16n céc chién luoc nay
van gia dinh rang cac bién trang thai cia hé thong duoc do ddy du va chinh xac. Trong
khi d6, trén thuc té, nhiéu bién quan trong nhu van tdc banh xe hodc mod-men truyén
dong khong thé do truc tiép. Do do, viée két hop cac bd quan sat trang thai voi cac
bd diéu khién phi tuyén trd thanh yéu cau tat yéu [16], [29], [49], [50], dong thoi mo
duong cho cac kién trac diéu khién—quan sat tich hop chiu 18i [13], [26].
1.2.3. Cdc ky thudt hoc va diéu khién duw bdo trong robot di dpng
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Trong nhirng nim gan day, bén canh cac phuong phap diéu khién phi tuyén
dura trén md hinh, cac k¥ thuat hoc, k§ thuat du bao va diéu khién dua trén dit liéu da
dugc quan tAm manh trong diéu khién robot di dong. Xu huéng nay xuit phat tir thue
té rang robot ty hanh thudng 1am viée trong méi truong c6 nhiéu bat dinh, didu kién
bam mit thay doi, nhiéu ngoai, sai 1éch tham s va cac yéu té khé mé hinh hoa day
du bang cac phuong phap giai tich truyén théng. Do d6, cac phuong phap c6 kha ning
hoc, Xfip xi, du bao hodc thich nghi tir dit liéu dugc xem la mdt hudng phat trién quan
trong nham nang cao tinh linh hoat va kha ning tu chi ciia robot di dong.

Mot trong nhitng huéng tiép can phd bién 1a sir dung logic mo va mang no-
ron nhan tao trong diéu khién bam quy dao. Piéu khién md cho phép mé ta kinh
nghiém diéu khién thong qua cac luat ngdn ngi, nhd d6 co thé xur 1y cac trudng hop
mo hinh hé théng khong hoan toan chinh x4c. Trong khi d6, mang no-ron c6 kha ning
xép xi cdc ham phi tuyén chua biét, thuong duoc st dung dé uée luong bat dinh mo
hinh, nhiéu dong hoc hodc thanh phén sai l¢ch chua dugc mod hinh hoa. Cac cong
trinh nhu [44]-[46] cho théy khi két hop logic mo hoac mang no-ron véi diéu khién
thich nghi, diéu khién truot hodc backstepping, chit lvgng bam quy dao va kha ning
chdng nhiéu ctia robot di dong c6 thé duogc cai thién dang ké. Tuy nhién, cac phuong
phap nay thuong yéu cau lya chon ciu trac mang, luat cap nhat va tham sb hoc phu
hop; dong thoi viée chimg minh 6n dinh va dam bao hiéu ning trong diéu kién 15i co
ciu chép hanh van 1a mot van dé can dugce xem xét than trong.

Mot hudng nghién ctru khac 1a didu khién du bao mé hinh, hay Model
Predictive Control — MPC. Khéc véi cac bo diéu khién phan héi tirc thoi, MPC st
dung m6 hinh cta hé théng dé du bao trang thai tuong lai trong mot khoang thoi gian
hitu han, sau do giai bai toan tdi wu co xét dén rang budc dau vao, rang buQc trang
thai va tiéu chudn bam quy dao. Pbi véi robot di dong, MPC ¢6 wu diém ndi bat 1a co
thé xtr 1y tryc tiép cac gidi han vat 1y ciia co cau chap hanh, van téc, gia toc va sai s6
bam. Cac nghién ctru gan day nhu [36], [47], [49] d4 cho thdy viéc két hop MPC véi
bo quan sat nhidu hodc bd quan sat truot c6 thé nang cao chat lugng bam quy dao
trong diéu kién c6 nhidu va bat dinh. Tuy nhién, MPC thudng phu thudc vao do chinh
xé4c ctia md hinh dy bao va yéu cau gii bai toan tdi uu theo thoi gian thuc, do d6 chi
phi tinh toan c6 thé cao khi robot c6 dong hoc phi tuyén, thoi gian 14y mau nho hodc
t6n tai nhiéu rang budc.

Gan day, hoc ting cuong va hoc sau ting cudng ciing dugc ap dung trong diéu
khién robot di dong, dac biét trong cac bai toan ma mo hinh chinh xac khé xay dung
hodc méi trudng van hanh thay doi theo thoi gian. Thong qua co ché tuong tac thir—

sai v&i moi truong, hoc tang cuong co6 thé hoc chinh sach diéu khién nham cuc tiéu
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hoéa sai s6 bam hodc t6i vu hdéa mot ham thuong xac dinh trude. Cong trinh [48] st
dung chién luoc didu khién lai c¢6 tich hop hoc sau ting cuong cho NWMR, cho thay
tiém ning cua cac phuong phap hoc trong viée cai thién kha nang thich nghi va ty
hoc chinh sach diéu khién. Tuy nhién, cac phuong phap hoc ting cuong thudng cin
luong dit liéu huén luyén 16n, khé dam bao tinh an toan trong giai doan hoc, va vi¢c
chtrng minh 6n dinh theo nghia Lyapunov hodc dam béo d tin cdy khi trién khai trén
hé thuc van con 1a thach thic dang ké.

Bén canh d6, cac hudng diéu khién dua trén dir liéu va diéu khién khong mo
hinh hoa tuong minh cling dang dugc quan tam trong cac hé robot ty hanh. Cac
phuong phap nay khong yéu cau mé hinh toan hoc day du ciia hé thong ma khai thac
dit liéu vao-ra dé xay dung luat diéu khién hodc cap nhat truc tuyén tham s diéu
khién [71], [72]. Péi véi robot di dong, hudng tiép can ndy co tiém ning trong cac
truong hgp mo hinh dong hoc va dong luc hoc thay ddi do tai trong, trugt banh, suy
giam hiéu suét co ciu chdp hanh hodc diéu kién mat nén. Tuy vy, khi xét dén bai
toan diéu khién chiu 18i, cac phuong phap dwa trén dit liéu thuong chua cung cip
duogc thong tin 18i co cau chap hanh mot cach twdng minh, do d6 viée tich hop véi bo
quan sat 16i hodc co ché chan doan van 1a mot hudng can tiép tuc nghién ciru.

1.2.4. Piéu khién chiu 16i va xu hwéng nghién ciru

Céc phuong phap FTC cho NWMR thuong dugc phan thanh hai nhém chinh:
diéu khién chiju 1i thy dong (PFTC) va diéu khién chiju 15i cha dong (AFTC) [6], [7].
Trong cac tiép can PFTC, bo diéu khién dugc thiét ké véi d6 bén viing du 16n dé duy
tri 6n dinh va hiéu nang chap nhan duoc khi ton tai mot mire d6 151 hodc sai 1éch tham
s6 nhét dinh, ma khong can phat hién hay tai cau truc diéu khién. Trong bdi canh
robot di dong, 16i co ciu chép hanh thuong duoc xem nhu mot dang nhiéu gisi han
va duogc xur Iy gian tiép thong qua cac k¥ thuat diéu khién bén virng nhu diéu khién
Hoo, diéu khién truot bén viing hodc cac bién thé diéu khién thich nghi [21], [35],
[43]. Tuy nhién, do khong khai thac thong tin 16i mot cach twdng minh, cic phuong
phap PFTC thuong cho hi¢u ning han ché va kho thich img khi 18i ¢6 bién d6 16n
hoic bién thién theo thoi gian [7], [8].

Nguoc lai, cac chién lugc AFTC tich hop co ché phat hi¢n, chan doan va bu
16i trong thoi gian thuc, cho phép hé thong diéu chinh hodc tai cdu tric luat diéu khién
nham duy tri hiéu ning mong muén khi 16i xay ra. Doi véi NWMR, cac nghién ciru
trong nudc va qubc té di tap trung phat trién cac ciu tric AFTC duya trén bo quan sat
phi tuyén, trong d6 18i co cdu chap hanh dugc udc lugng thong qua tin hiéu du sinh
ra tir sai 1éch gitta mo hinh va hé thuc [8], [9], [12]. Céc cau trac thudng gip bao gdm
SMO [17], UIO [18], DO [19], [50] va ESO [29], [51]. Khi duoc két hop vdi cac bo
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diéu khién phi tuyén nhu didu khién truot, diéu khién thich nghi hodc backstepping,
cac céu triic nay cho phép cai thién dang ké kha ning bu 161 va d6 bén viing cta hé
théng [10], [32], [52].

Trong cac cong trinh nghién ctru gan ddy, xu huéng FTC cho NWMR tap
trung vao viéc tich hop chat ché gitra by quan sat va bd diéu khién nham nang cao do
chinh x4c wéc lwong va hiéu qua bu 15i trong mdi truong c6 bat dinh cao [13], [26],
[27]. Mot s6 hudng tiép can tiéu biéu bao gém viée st dung ESO dé wdce luong nhidu
tong hop va anh hudng cua truot/skidding [29], cac chién luoc FTC thich nghi phi
tuyén cho phép cap nhat tham s6 13i theo thoi gian [8], [53], cling nhu viéce két hop
diéu khién truot bac cao vai logic m¢ hodc mang no-ron dé xu 1y cac dang 16i phi
tuyén phirc tap trong cac hé robot phi tuyén [32], [54]. Ngoai ra, cic nghién ciru gan
day cling mé rong FTC cho cac hé robot di dong da tac tur, trong d6 thong tin tir cac
robot 1an can dugc khai thac nham nang cao kha nang phat hién va bu 13i trong kién
truc phan tan [31].

Mic du di dat duoc nhiéu két qua quan trong, cic phuong phap FTC hién c6
cho NWMR van d6i mat voi nhiéu thach thire. Thir nhit, viéc phén tach rd rang gitra
16i co cau chép hanh va nhiéu chua biét trong cac hé phi tuyén van con han ché, dic
biét khi ca hai cing tac dong 1én dong luc hoc cta hé [11], [29]. Thir hai, phan 16n
céc ciu trac AFTC cho robot di dong véi kién trac phan téng dong hoc, dong luc hoc
tich hop quan sat con chua dugc khai théac déy du [26], [36]. Thur ba, mac du mot sb
nghién ctru di dé cap dén hoi tu hitu han thoi gian hodc ¢b dinh thoi gian trong diéu
khién chiu 18i [32], [33], viéc dam bao dong thoi toc do hoi tu, chat lugng qua do va
hiéu ning bam quy dao dinh trude trong bai toan diéu khién chiu 16i cho NWMR vén
con nhiéu han ché [29], [53].

Do d6, xu hudng nghién ctru hién nay hudng téi viéc phat trién cac cau trac
diéu khién chiu 15i tich hop, trong d6 bd quan sat khong chi cung cap thong tin trang
thai ma con ho trg phat hién va udc luong 16i co ciu chép hanh theo thoi gian thue,
1am co s& cho viéc bu 16i va tai cau trac didu khién mot cach c6 hé thong [6], [7],
[13].

1.3. Cac phwong phap quan sat va phat hién 15i
1.3.1. Vai tro ciia bj quan sdt trong hé thong NWMR

Trong cac hé NWMR, kha ning do ludng truc tiép cac bién trang thai thuong
bi giéi han bdi cdu hinh phan cing va chi phi cam bién. Nhiéu dai lugng quan trong
nhu van tdc thue ctia banh xe, mo-men truyén dong, luc tuong tdc baAnh—mat nén hodc
nhiu tong hop khong thé thu nhén tryc tiép tir hé thong do, din dén sy thiéu hyt
thong tin trang thai can thiét cho giam sat va diéu khién [1], [3], [30]. Piéu nay dic
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biét r0 rét trong cac h¢ robot lam viéc trong moi trudong co trugt banh hoac bat dinh
dong luc hoc, noi sai 1€ch gitta mo6 hinh danh dinh va hé thuc c6 thé tang 1én dang ké
[3], [55].

B quan sat trang thai duoc st dung nhu mot cong cu udc lugng nham tai tao
céc bién khong do dugc tu tin hi¢u dau vao — dau ra va mé hinh danh dinh caa hé
théng. V& mit Iy thuyét, cac bd quan sat tuyén tinh nhu Luenberger observer [14] va
b0 loc Kalman [15], [56] dat nén tang cho viéc udc luong trang thai trong cac hé dong
luc. Trén co sé d6, nhiéu cau tric quan sat phi tuyén ciing di duoc ap dung va phat
trién trén NWMR bao gdm HiGO, DO va cac bd quan sat dua trén mé hinh [13], [28].
Thong tin trang thai uéc lugng nay cho phép cac khdi chirc ning phia trén, bao gdm
diéu khién va giam sat, hoat dong trong diéu kién thiéu do luong truc tiép ma khong
lam gian doan qua trinh van hanh cua robot [27]. Ngoai viéc cung cip udc luong
trang thai, bd quan sat con cho phép xay dung céc tin hi¢u sai 1¢ch gifra hanh vi thyc
té ctia hé thdng va hanh vi du doan theo mé hinh danh dinh. Céc tin hiéu nay, thudng
duoc goi 1a tin hiéu du (residual), dong vai tro 12 ngudn thong tin quan trong dé giam
sat tinh trang van hanh cta hé thong va phat hién cac sai 1éch bat thudng trong qua
trinh hoat dong [6], [37]. Trong 1y thuyét chan doan 16i dya trén mé hinh, residual 1a
co s& dé phat hién va co lap 16i, dic biét trong cac h¢ co dau vao chua biét hodc ton
tai bat dinh mé hinh [4], [18], [57].

Trong robot ty hanh hién dai, bd quan sat khong dugc xem la mdt thanh phén
diéu khién doc 1ap ma 1a mot khéi xtr 1y thong tin, cung cip dir liéu dau vao cho cac
chién lugc diéu khién va chan doan ¢ cac muc cao hon [6], [26]. Cac nghién ctru gin
day vé diéu khién bam quy dao dua trén quan sat cho robot di dong cho thdy hiéu
nang cua hé¢ théng phu thuoc manh vao chat lugng udce lugng trang thai va kha nang
bu nhidu ctia bd quan sat [13], [29], [49]. Viéc lwa chon cu trac bd quan sat phu hop
c6 anh huong truc tiép dén d6 chinh xac ctia uwdc lugng trang thai va do nhay cua tin
hiéu du, tir d6 tac dong dén hiéu qua ciia cac hé thong gidm sat va phat hién 16i [16],
[37]. Do do, nghién ctru cac phuong phdp quan sat trang théi va phat hién sai I¢ch
dua trén mo hinh 1a budc nén quan trong trong viéc xay dung cac kién tric diéu khién
va giam sat tién tién cho NWMR [4], [13], [37].

1.3.2. Tong quan cdc phwong phdp quan sdt va phdt hién 16i dwa trén mé hinh

Cac phuong phap quan sat va phat hién 16i dua trén mo hinh 1a mot trong
nhing huéng tiép can duoc sir dung rong réi trong cac hé robot tw hanh, nhd kha ning
khai thac truc tiép cdu trac dong hoc va dong luc hoc cua hé thong. Y tudng cbt 16i

clia cac phuong phép nay 1a xdy dung mot mo hinh danh dinh cta hé thong va sir
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dung bo quan sat dé u6c luong trang thai hodc dau ra 1y tuong, tir d6 so sanh véi tin
hiéu do thyc té nham phat hién céac sai 1éch bat thuong [6], [37].

Trong cac hé théng tuyén tinh hodc cac hé c6 mirc d6 phi tuyén thip, cac bd
quan sat ¢ dién nhu Luenberger observer va cac bd loc Kalman dugc st dung phd
bién dé ude luong trang thai va phat hién cac sai I¢ch nho trong cam bién hodc md
hinh. C4c phwong phép nay c6 wu diém 1a ciu trac rd rang, co s& 1y thuyét virg chic
va d& trién khai. Tuy nhién, khi 4p dung cho cac hé NWMR véi dong hoc phi tuyén
va rang budc non-holonomic, hiéu qua ciia cac bd quan sat tuyén tinh thudng bi suy
giam, dic biét trong diéu kién bat dinh mé hinh hodc nhiéu chuwa biét [1], [3], [28].
Pé khic phuc cac han ché ndy, nhiéu bo quan sat phi tuyén di duoc phat trién nham
nang cao kha ning hoi tu va do bén viing cta qua trinh udc luong. Cac hudng tiép
can tiéu biéu bao gom HiGO, SMO, UIO, ESO [16]-[19], [29], [57]-[59]. Céc bd
quan sat ndy cho phép xir 1y tot hon cac bat dinh mo hinh, nhidu chua biét va sai léch
dau vao, ddng thoi tao ra céc tin hiéu du c6 d6 nhay cao ddi vé6i 16i [18], [37].

Trén co sé cac bd quan st trang thai, cac phuong phap phét hién va chan doan
161 (FDD) dya trén mo hinh thuong stir dung tin hiéu du lam chi bao cho su xudt hién
ctia 16i. Khi hé thong hoat dong binh thuong, tin hiéu du duy tri trong mot mién giGi
han x4c dinh boi nhidu va sai sé mo hinh. Su xut hién cua 13i s& lam thay d6i dic
tinh cta tin hiéu du vé bién do, hudng hodc dong hoc, tr d6 cho phép phat hién va
phan loai 161 théng qua cac co ché danh gia ngudng hodc phan tich thong ké [37],
[57]. Pbi vé6i NWMR, cac phuong phap observer-based FDD dic biét phu hop do
kha ning khai thac cu trac dong hoc cta hé thdng va khong yéu cau phan cimg cam
bién bo sung. Nhiéu nghién ctru d3 chirng minh ring viéc str dung cac bd quan sat phi
tuyén gitip cai thién dang ké toc d6 phat hién va do tin cdy cua qué trinh chan doan
16i trong diéu kién bat dinh va nhidu cao. Tuy nhién, hiéu qua ctia cic phuong phap
ndy van phu thuéc manh vao chét lwong mo hinh danh dinh va kha nang phan tach

gitta anh hudéng cua 16i va nhiéu chua biét.

u(t) .| B0 quan sat
" (Observer) -~
7y Y
v J
Bo diéu khién | “( | M6 hinh Robot | Y(®) | Chén doén 13i
(AFTC -based) (NWMR) " ) =y-p

Hinh 1.3. So' d6 nguyén Iy phat hién 16i dwa trén bg quan sdt
Nhin chung, cac phuwong phap quan sat va phat hién 16i dva trén mo hinh da
tao nén tang quan trong cho viéc gidm sat va chan doan trang thai van hanh cua
NWMR. Tuy nhién, viéc thiét ké cac bo quan sat c6 kha ning udc lugng chinh xéac

trang thai va 1i trong diéu kién phi tuyén va bat dinh van 1a mot thach thirc.
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1.4. Cac huéng nghién ciru két hop b quan sat — diéu khién chiju 15i trong hé
thong NWMR
1.4.1. Kién tricc tich hop bé quan sdt va diéu khién cho NWMR

Viéc thiét ké bo diéu khién dwa hoan toan trén tin hiéu do truc tiép thuong gap
nhiéu han ché do thiéu cam bién, nhiéu do va sai s6 mé hinh. Nhiéu bién trang thai
quan trong nhu van tdc, cac thanh phﬁn nhiéu, trugt banh xe hodc sai 1éch thuc thi
ctia co cdu chip hanh khong thé do truc tiép trong qua trinh van hanh thuc té [28],
[55]. Vi vay, viéc két hop bd quan sat va bo diéu khién trong cung mot kién trac phan
hoi da tré thanh mot hudng tiép can chu dao trong nghién cuu diéu khién robot di
dong [13], [26]. Cac nghién ctru gan day tiép tuc mé rong hudng ndy thong qua viéc
tich hop bd quan sat trang thai mé rong véi thoi gian hoi tu dinh trude vao diéu khién
du bao [89], ddng thoi két hop kién tric quan sat phan ting v6i diéu khién truot 6
rang budc hi€¢u nang dinh trude cho robot di dong [90]. Tuy theo muc ti€u udc lugng
va cach st dung thong tin tir bd quan sat, c6 thé phan nhom cac hudng tiép can chinh
nhu sau.

a) Piéu khién phan hoi dwa trén trang thdi wéc lirong

Trong hudng tiép can ndy, bd quan sat duoc st dung dé udc luong céac trang
thai khong do dugc va céac gia tri udc luong nay dugc st dung truc tiép trong luat
diéu khién phan hoi. Cach tiép can nay cho phép trién khai cac bo diéu khién phan
hdi trang thai nhu backstepping [20], diéu khién truot [21], [22] hodc diéu khién thich
nghi [23], [60] trong diéu kién thiéu do luong truc tiép, nho d6 mé rong pham vi tng
dung cua diéu khién phan hoi trang thai d6i voi robot di dong. Nhiéu nghién cru da
ap dung cac bd quan sat trang thai, bd quan sat do lgi cao hodc b loc Kalman dé cai
thién chit luong udc luong va ning cao d6 chinh xac bam quy dao cua robot di dong
[13], [14], [16]. Tuy nhién, hi¢u nang cua cac phuong phdp nay phu thudc manh vao
d6 chinh x4c ctia mo hinh danh dinh va thuong nhay cam véi nhidu do khi ting toc
dd hoi tu ctia b quan sat [16], [58].

b) Piéu khién bén viing dira trén quan sdt nhiéu va bat dinh

Mot hudng phat trién quan trong 14 tich hop cac b quan sat nham ude lugng
nhiéu tong hop hoic phan dong luc hoc chua duoc md hinh hoa dé thuc hién bu theo
thoi gian thuc. Cac bo quan sat nhiéu (DO, ESO) di duogc st dung rong rii trong diéu
khién robot di dong nham tang cuong tinh bén viing trude nhidu ngoai, sai léch tham
sO va hién twong trugt banh [19], [29]. Céc nghién ciru gan day cho thay viéc két hop
ESO véi diéu khién truot, diéu khién thich nghi hodc diéu khién khir nhidu chii dong
(ADRC) c6 thé cai thién dang ké chat lugng bam quy dao trong diéu kién bat dinh
[29], [30], [36]. Tuy nhién, trong cac cong trinh nay, 16i co cdu chap hanh thudng
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dugc gdp vao nhilu tong hop, din dén han ché trong viéc phat hién va xu Iy 16i mot
cach tuong minh.

¢) Diéu khién dira trén quan sdt dau vao chua biét va tach anh hiong 16

Céc bd quan sat UIO, SMO da duogc phat trién nham tach anh huéng cia cac
tac dong nay khoi qua trinh udc lugng trang thai [17], [18]. Hudng tiép cin nay déng
vai trd quan trong trong cac hé diéu khién chiu 18i chii dong, cho phép két hop giira
quan sat 151 va luat diéu khién bu 131 theo thoi gian thue [6], [9]. Tuy nhién, viée thiét
ké cac bo quan sat dang nay thudong doi hoi cac diéu kién cau tric nghiém ngat dé
dam bao kha quan sat va kha tach, khién pham vi 4p dung bi han ché d6i voi cac hé
phi tuyén nhu NWMR néu ap dung khong dung cach [57].

d) Piéu khién phi tuyén két hop quan sdt héi tu hitu han thoi gian

Gan day, nhiéu nghién ctru tap trung vao viéc nang cao tdc do hoi tu va chat
luong qua d6 ciia hé thong thong qua viéc két hop cac bd quan sat phi tuyén véi cac
bd diéu khién hoi tu hiru han thoi gian (finite-time) hodc ¢ dinh thoi gian (fixed-
time) [24], [32], [33], [41], [42]. Cac phuong phap ndy dam bao sai sé bam quy dao
hoi tu vé khong trong mot khoang thoi gian hiru han hodc bi chin béi mot hang s6
thoi gian doc 1ap véi diéu kién ban dau, qua d6 cai thién dang ké toc do dap ung va
kha niang phuc hdi cta hé thong khi chiu tic dong cta nhiéu va bat dinh. Viéc két hop
diéu khién truot hitu han thoi gian voi bd quan sat nhidu hodc bo quan sat trang thai
mo rong da dugc chiing minh 14 nang cao d chinh x4c bam quy dao va tang cuong
tinh bén vitng ctia hé théng [27], [29]. Tuy nhién, cic cong trinh nay chu yéu tap
trung vao viéc dam bao tdc d6 hoi tu hodc tinh bén viing, ma chua xem xét mot cach
tuong minh viéc rang budc hanh vi qua dd cua sai s6 theo céc gi61 han dinh trudc
trong sudt qua trinh van hanh.

Cu thé, mic du cac phuong phap finite-time va fixed-time cho phép dam bao
hoi tu nhanh, chung khong truc tiép kiém soat mién bién thién cua sai s6 trong giai
doan qua d9, chang han nhu gidi han d6 qua diéu chinh (overshoot) hoic toc d6 suy
giam sai s6 theo mot bién dang mong mudn. Do d6, viéc tich hop dong thoi co ché
dam bao hoi ty hiru han thoi gian voi cac yéu cau rang budc hidu ning theo thoi gian
van con 1a mot huéng nghién ctru mo trong diéu khién NWMR.

Nhdn xét: Qua cac hudng tiép can néu trén co thé nhan thay rang, mic du viéc
két hop bo quan sat va bo diéu khién da dat duoc nhiéu két qua quan trong trong diéu
khién robot di dong, phan 16n cic cong trinh hién ¢ van tip trung xir Iy ting loai bat
dinh hodc tirng khia canh riéng 1¢ ctia h¢ théng. Mot sb nghién ctru nhan manh kha
nang bu nhiéu va bat dinh thong qua bd quan sét, trong khi cac nghién ciru khéac tap

trung vao viéc dam bao hdi tu hiru han thoi gian hodc c6 dinh thoi gian cua sai s6
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bam quy dao. Tuy nhién, cic yéu ciu ndy thuong dugc xem xét tich biét va chua
dugc tich hop dong thoi trong mot khung thiét ké théng nhét.

Dic biét, mic du diéu khién hoi tu hitu han thoi gian cho phép cai thién dang
ké tdc d6 dap tng va kha ning phuc hdi cia hé thdng, phan 16n cac cong trinh chua
xem xét mot cach tuong minh cac rang budc hiéu ning trong sudt qua trinh qué do,
ching han nhu gi6i han bién do sai sb, tc d6 suy giam mong mudn hodc mién bién
thién cho phép cua sai s6 bam quy dao. Do dé, viéc dam bao dong thoi tée d6 hoi tu
nhanh va duy tri hanh vi qua do nam trong cac gidi han dinh trudce van con la mot
thach thirc trong diéu khiéen NWMR.

Bén canh d6, viéc thiéu mot kién truc tich hop c6 t6 chire, cho phép phdi hop
nhiéu bd quan sat phuc vu cac muc tiéu khac nhau (udc luong trang thai, nhidu, 16i
co cdu chip hanh) va khai thac thong tin 16i mét cach tuong minh trong luat diéu
khién, dic biét d6i véi NWMR chiu anh huong dong thoi ctia nhiéu, truot banh xe va
18i co cau chap hanh, van 13 mot han ché mang tinh hé thong.

Nhitng nhan xét trén cho théy su can thiét cua viée phat trién mot kién tric
diéu khién—quan sat tich hop, trong d6 cac co ché wéc lugng va bu 16i duoc to chirc
theo cau tric rd rang, hodc két hop yéu cau hoi tu hiru han thoi gian véi cac rang budc
hiéu ning dinh truéc nham nang cao do tin cy va chat luong bam quy dao cta hé
théng.

1.4.2. Piéu khién chiu 16i duwa trén kién triic quan sdt—diéu khién cho NWMR

Dua trén cach thire xtr Iy 16i va murc d6 khai thac thong tin quan sat, cac hudng
tiép can diéu khién chiu 13i cho robot di dong co thé duoc phan loai thanh cac nhom
chinh sau.

a) Piéu khién chiu 16i thu dong cho robot di dong

Trong cac kién trac diéu khién chiu 13i thu dong, 16i co ciu chip hanh duoc
xem nhu mot dang bat dinh hodc nhiéu khong xac dinh va dugc xr 1y gian tiép thong
qua cac bd diéu khién bén vimg. Cac phuwong phap diéu khién truot, diéu khién thich
nghi hodc diéu khién bén vitng Heo dd dugc st dung rong rii nham duy tri on dinh va
dam bao chat luong bam quy dao trong diéu kién t6n tai 18i [21], [23], [35], [43].

Uu diém cua cac phuong phap nay 1a ciu trac diéu khién twong ddi don gian
va khong yéu cau khéi chan doan 13i riéng biét. Tuy nhién, do khong str dung thong
tin 16i mdt cach tudng minh, kha ning bu 18i thudng bi han ché, dic biét khi xay ra
cac 16i nghiém trong hoic 1561 bién thién theo thoi gian [7], [8]. Hon nita, cac phuong
phap nay khé dam bao hiéu nang quéa do trong cac tinh hudng 161 dot ngot [32], [33].

b) Piéu khién chiu 16i chii dong dva trén bo quan sat
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Dé nang cao kha ning xur 1y 161, nhiéu nghién ctru da phat trién cac chién lugc
diéu khién chiu 15i chi dong cho robot di dong, trong d6 cic bd quan sat duoc tich hop
nham hd trg bu 15i theo thoi gian thuc [6], [8], [9]. Gan diy, Zhang va Chai [85] da
phat trién chién luoc diéu khién chiu 16i cho robot di dong c6 banh véi yéu ciu chat
lwong bam quy dao dinh trude, cho thiy xu hudng két hop ddng thoi bu 16i co ciu chip
hanh va rang budc hiéu ning bam quy dao. Céach tiép can phd bién 13 xem anh hudng
ctia 16i co cAu chap hanh nhu mot phan cua trang thai mé rong hoidc nhiu tong hop,
sau d6 su dung cac bd quan sat trang thai, bo quan sat nhiéu hodc bo quan sat trang thai
mo rong dé gian tiép xtr 1y 15i trong luat diéu khién [11], [16], [19], [29].

Céc phuong phap ndy di cho thiy hiéu qua nhit dinh trong viéc cai thién chat
luong bam quy dao cua robot di dong dudi tac dong cua 16i co cau chip hanh va cac
bat dinh khac [8], [9], [12]. Tuy nhién, do khong tach riéng 18i co cau chap hanh nhu
mot dai luong can duoc quan sat doc lap, thong tin thu duoc tr bd quan sat thuong
mang tinh gian tiép va phy thuéc manh vao mé hinh danh dinh ciing nhu cac gia thiét
vé cau tric bat dinh [11], [29]. Piéu nay dic biét gay kho khin dbi véi NWMR, noi
tdn tai déng thot rang bude dong hoc, nhiéu va trugt banh xe [3], [55].

¢) Xu hudng phdt trién trong diéu khién chiu 16i cho robot di déng

Gan day, cac nghién ctru vé diéu khién robot di dong cho thdy xu hudng rd rét
theo hai hudéng phat trién chinh. Thir nhat, cac kién trac diéu khién phan ting ngay
cang dugc quan tam nham tach biét bai toan diéu khién dong hoc va diéu khién dong
luc hoc, qua d6 don gian hoa thiét ké va nang cao hiéu ning bam quy dao [36], [38].
Céc céu trac diéu khién hai vong cho robot di dong da duoc dé cap trong mot sé cong
trinh gan day [13], [26]. Tuy nhién, vai trd ctia cac bd quan sat trong timg tang diéu
khién van chua duoc phan cong 1o rang, dac bi¢t trong bdi canh diéu khién chiu 16i
[8], [26]. Thtr hai, cac yéu cau vé tdc do hoi tu va chat luong qua do ngay cang duogc
chu trong. Nhiéu cong trinh da nghién ctru cac bo diéu khién hoi tu hitu han thoi gian
hodc ¢ dinh thoi gian nham cai thién kha nang phuc hdi sau nhidu va bat dinh [24],
[32], [33], [41], [42]. Tuy nhién, trong cic nghién ciru diéu khién chiu 15i cho robot
di dong, cac yéu cau vé hoi tu nhanh va rang budc hanh vi qua do thuong it duoc dé
cap hodc chi duoc xem xét riéng 1¢, chua dugc tich hop dong thoi trong mot kién tric
diéu khién—quan sat thong nhét.

Mic du cac xu hudng trén di dat duoc nhitng két qua dang chu ¥, viéc tich
hop co6 hé thong giira kién tric diéu khién phan tang, co ché quan sat hd trg diéu khién
chiu 16i va cac yéu cau hoi ty nhanh trong mot khung thong nhat cho NWMR van con
han ché [8], [26], [29].
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1.4.3. Tinh hinh nghién civu trong nwéc vé diéu khién robot di dpng va nhitng vin
dé con ton tgi

O Viét Nam, bai toan diéu khién robot di dong da duoc quan tam theo nhiéu
huéng, trong d6 ndi bat 1a diéu khién bam quy dao khi hé théng chiu anh hudng cia
trrot banh, nhidu ngoai, bat dinh mo hinh va gi6i han cia co cdu chap hanh. Cac
nghién ctru nay di hinh thanh nén tang quan trong cho viéc phat trién cac phuong
phap diéu khién bén virng va thich nghi cho robot di dong trong diéu kién van hanh
khong 1y tudng.

Mot hudng nghién ciru tiéu biéu tap trung vao bu anh huong cia truot banh
bang cac phuong phap diéu khién thich nghi két hop mang no-ron. Trong [75], bd
diéu khién thich nghi dya trén mang no-ron dugc xay dung cho NWMR khi cac tham
s6 truot banh khong biét. Cong trinh [76] nghién ctru c6 hé thdng cac thuat toan diéu
khién robot di dong co xét dén anh hudng cia trugt banh, 1am rd vai tro cua sai I¢ch
dong hoc banh—mat nén dbi v4i chat lugng bam quy dao. Trén co s& do, phuong phap
trong [77] tiép tuc xem xét dong thoi truot banh chua biét, bat dinh mo hinh va nhidu
ngodi bi chin. Cac két qua nay cho thdy mang no-ron va co ché thich nghi c6 kha
nang xap xi cac thanh phan bét dinh va cai thién chat luong bam quy dao. Tuy nhién,
trugt banh va cic sai 1éch mo hinh chu yéu dugc xir Iy dudi dang bét dinh tong hop,
chua duoc phéan tach khoi 18i co cau chap hanh.

Theo huéng didu khién thich nghi bén viing, cong trinh [78] két hop
backstepping v&i luat thich nghi dé bu truot banh chwa biét va xét dén hién tuong bio
hoa co cdu chap hanh. Cong trinh [79] x4y dung bd diéu khién thich nghi bén viing
cho robot di dong khi ddng thoi ton tai nhifu va truot banh. Trong [80], bo diéu khién
mo thich nghi loai 2 dugc sir dung nham ning cao kha ning xtr Iy bat dinh, nhiéu va
sai léch do truot banh. Gan day, cong trinh [84] két hop diéu khién truot véi mang
no-ron dé xu ly bat dinh m6 hinh, nhiéu ngoai va trugt banh cho robot di dong vi sai
hai banh. Cac phuong phép trén céi thién dang ké tinh bén viing ctia hé théng, nhung
chu yéu thuc hién bu gian tiép cac tac dong chua biét ma chua tai tao twong minh 16
co cau chap hanh.

Mot s6 nghién ctru khéc tap trung phat trién cac cau trac diéu khién trugt va
diéu khién thong minh cho nhiing cau hinh robot khac nhau. Cong trinh [81] nghién
ctru diéu khién trugt cho bai toan bam quy dao cia robot di dong. Trong [82], mat
trugt dang PID dugc 4p dung cho robot di dong da huéng nham cai thién dap ung
bam. Cong trinh [83] sir dung mang no-ron dé bu anh huéng cta bat dinh tham s6 va
nhiéu trong diéu khién chuyén dong robot di dong. Cac két qua ndy gép phan mo

rong kha ning tmg dung cua diéu khién phi tuyén va diéu khién thong minh; tuy
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nhién, mot sé d6i twong nhu robot da huéng khéng c6 cung rang budc dong hoc véi
NWMR kiéu truyén dong vi sai voi hai banh chit dong dugce xem xét trong lun 4n.

Tir cac két qua trén c6 thé nhan thiy rang nghién ciru trong nuée di dat duoc
nhirng tién bo dang ké vé didu khién bam quy dao bén virng cho robot di déng. Cac
phuong phap diéu khién thich nghi, diéu khién truot, logic md va mang no-ron di
duoc khai thac dé xtr Iy truot banh, nhidu ngoai, bit dinh mé hinh va bio hoa co ciu
chap hanh. Day 13 nhitng yéu t6 c6 anh hudng truc tiép dén do chinh x4c va tinh 6n
dinh cua robot trong diéu kién van hanh thyc té.

Tuy nhién, trong pham vi cac tai liéu dugc khao sat, van con mot sb van dé
can tiép tuc nghién ctru. Th nhat, trugt banh, nhidu va bat dinh mé hinh thuong duoc
g6p thanh mot thanh phan chwa biét va duoc bu bang tinh bén virng ctia bo diéu khién;
trong khi 16i co cau chép hanh chua dugc mo hinh hoa, phat hién va tai tao nhu mot
dai lugng doc 1ap. Thir hai, cac nghién ctru chil yéu tap trung vao diéu khién chiu 16
theo hudng thy dong hoac bu bt dinh, chua khai thac déy du thong tin 16i wéc lugng
dé thuc hién bu 16i cha dong. Thir ba, sy phdi hop gitta bd quan sat trang thai, bo
quan sat 18i va bo diéu khién trong mét kién triic phan ting hodc hai vong chua dugc
thé hién rd. Thir tu, yéu cu vé tdc do hoi tu va rang budc hanh vi qua do cua sai sd
bam thudng chwa duoc xem xét dong thoi véi bai toan chiu 16i.

Bdng 1.2. So sanh mét s6 nghién civu lién quan truec tiép vé diéu khién NWMR

Tai | Vén dé nghién Phwong phap Két qua dat dwoc Van dé con ton tai
liéu ctru chinh
MR c6 16i A e Mot s6 ph hi
NW Z CO; o! Diéu khién thich Duy tri 0n dinh va ot S? P uongl? ap R
co cau chap . s a1 - | phu thuéc manh vao mo
[8]- . o nghi, mo hinh da cai thién bam qu¥y \ N L x.
hanh, sai Iéch = - 2 ) B % hinh hoac tham s6 10i;
[12] O mo hinh, di€u khién | dao khi co cau chap o x. o
tham so va chiu 13i hanh suy giam thong tin 161 chua luon
trugt banh ; duogc tai tao tudng minh
" 2 ha yéu ta :
biéu khién bam | B quan sat trang (t:ralrll yiﬁ;‘ }Iiot;;rﬁl:é?
[13], | dua trén quan thai két hop diéu Giam yéu cau cam déﬁ ghoc chu:a & chite
[26], | sétkhitrang | khiénphituyén, | biénvanangcao | . gthé o
[27] | thai hodc nhidu | didu khién hiruhan |  chét luong bam e ol quan Sat trans
Khone do duoc thori eian thai, nhi€u va 10i co cau
& i £ chap hanh
(28] Ldi co cdu chap hanh
30] Truot banh, ESO, b quan sat Nang cao tinh bén thuong bi gdp vao nhiéu
5 0]’ nhiéu gop va nhiéu, super- virng va kha nang téng, kho khai thac
[ 51]’ bat dinh twisting SMC khir nhidu thong tin 16i cho chan
doan va bu chu don
g
[24], SR
[32], | Héituhituhan | Didukhién trugt | Cai thién tée do hoi i?:lj‘]ileer‘:“di":;f:‘ii
[33], | hodccddinh | diu cudi, FTC hitu tu va kha niang hanh vi qud 46 tron
[41], thoi gian han thoi gian phuc hoi . (Al . &
[42] toan b qua trinh
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FTC cho hé boi tuong hoac cAu triic
[31], | robotnhiéu co Diéu khién phbi Nang cao kha nang truyén dong khac
[35], | céuchép hanh | hop, diéu khién du | duy tri hoat dong NWMR hai banh; vai
[36] hoic kién trac | thira, ADRC-MPC khi c6 13i tro bd quan sat trong
hai vong ting vong chua ro
NWMR cé Udc lugng hodc bu Chua xem xét tuong
[75]- | truotbanh, bat | Diéu khién thich anh huong cia minh 15i co ciu chip
[77] dinh mo hinh nghi, mang no-ron truot va cai thién hanh va co ché tai tao
va nhiéu bam quy dao 16i
WMR c6 truot Xir ¢ done thei Béo hoa la rang budc vat
banh va bao Backstepping thich o , g‘ e 1y, khong phai co ché
[78] R £ A truot banh va gidi e
hoa co cau nghi bén virng N phat hién va bu 161 chu
S han dau vao R
chap hanh dong
Didu khidn thich Céc tac dong chua biet

[79], | WMR c6 nhiéu Néng cao tinh bén | duoc bu gdp, chua phan

nghi bén viing,

[80] | va truot banh A viing trude bat dinh | tach 15i co cAu chép
logic mo loai 2 .
hanh
Robotdi dong | s . .. Cai thicn dap tmg | C 1@ tich hop b6 quan
[81], \ Diéu khién truot, Cem 1, } sat 10i; mot so doi tuong
va robot da . va do chinh xac R N
[82] huén mat trugt PID bam khong thude 16p
g NWMR hai banh
RO?Ot;dl (?Qng Mang no-ron, diéu Téng kha ning C’hua. P inh F};lanh kler:l.
[83], co6 bat dinh X , , . . .z trac diéu khién chiu 16i
Ly x khién trugt thich | thich nghi va chong ) an .,
[84] tham s0, nhic¢u . .x cha dong dya trén tin
nghi nhicu

va truot banh hiéu 13i udc lugng

1.5. Khoéng trong nghién ciru ciia luin 4n

Ttr tong quan cdc cong trinh nghién ctru vé diéu khién, quan sat va diéu khién
chiu 161 cho NWMR, c6 thé thdy rang mic du di c6 nhiéu két qua quan trong, van
con mot sd khoang tréng can tiép tuc nghién ciru.

Thir nhét, nhiéu phuong phap diéu khién phi tuyén nhu diéu khién truot, diéu
khién thich nghi va backstepping di dugc ap dung cho bai toan bam quy dao NWMR
[21], [23], [40], [43], [60]. Tuy nhién, trong phan 16n cic cong trinh ndy, 15i co cu
chép hanh thuong dugc xem nhu nhiéu hodc bat dinh bj chin, chua duoc ude luong
va bu mot cach tudng minh trong luat diéu khién [7], [8].

Tht hai, cac chién luoc diéu khién chiu 16i chi dong di duogc phat trién dua
trén bo quan sat, logic md, diéu khién thich nghi hoic mé hinh da cdu trac [6]-[9],
[12]. Du vy, tin hiéu 15i trong cac phuong phap nay thudng duoc xur 1y gian tiép
thong qua trang thai mo rong, nhidu tong hop hodc tham sd thich nghi, thay vi xay
dung bo quan sat 16i chuyén biét cho NWMR.

Thtr ba, cac b quan sat trang thai, bd quan sat nhiéu va ESO d3 duoc st dung
dé cai thién chit luong bam quy dao trong diéu kién c6 nhidu, bat dinh va trugt banh
[13], [19], [28], [29], [51]. Tuy nhién, 18i co ciu chap hanh thudng chua duoc tach
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riéng nhu madt dai luong can quan sat doc lap, lam han ché kha nang chan doan va bu
16i tryuc tiép.

Tht tu, cac kién tric diéu khién phan tﬁng dong hoc — dong luc hoc da cho
thiy hiéu qua trong diéu khién NWMR [36], [38]. Tuy nhién, viéc tich hop bd quan
sat 151 va diéu khién chiu 16i trong mot cAu tric phan ting c6 td chtrc van con han
ché, dic biét 1a vai tro cua tirng bo quan sat trong tirng tang diéu khién chua dugc 1am
13 [8], [26], [52]. Mic du mot sb nghién ctru gan diy di bat dau khai thac diéu khién
chiu 16i vé6i hiéu ning dinh trude, diéu khién dua trén bd quan sat voi thot gian hoi ty
dinh trude va kién trac quan sat phan tang [85], [89], [90], viéc phdi hop dong thoi
qua trinh udc lugng trang thai, nhiu va 18i co cau chip hanh trong mot ciu trac diéu
khién phan tang van chua dugc nghién ciru dy di

Ngoai ra, cac k¥ thuét hoc, diéu khién du bao va diéu khién dya trén dir liéu
nhu logic mo, mang no-ron, MPC, hoc tang cuong va diéu khién khong mo hinh dang
dugc quan tadm trong robot di dong [44]-[49], [71], [72]. Cac phuong phap nay co
tiém ning trong xir 1y bat dinh va rang budc diéu khién, nhung van con han ché vé
dam bao 6n dinh, kha nang giai thich, chi phi tinh toan va kha ning uéc luong 15i co
céu chap hanh mot cach tudng minh.

Tir cac phén tich va ddi chiéu trén c6 thé thiy rang, van con thiéu cic phuong
phap diéu khién chiu 15i cho NWMR c6 kha niang két hop mot cach c6 hé thdng giira:
khai thac céu tric phan tﬁng dong hoc — dong luc hoc cua hé théng, co ché quan sat
chuyén biét dé xur 1y 16i co cAu chip hanh va cic yéu cau vé hoi tu nhanh hoic duy
tri sai s& bam quy dao trong mot mién hiéu nang dinh trudec.

Nhitng khoang tréng nay chinh la co s& khoa hoc dé xé4c dinh nhiém vu cu thé
can thyuc hién dé dat duoc muc tiéu dit ra cta ludn an:

_ Xay dung mot khung diéu khién chiu 16i dua trén quan sat cho NWMR,
nham nang cao kha ning bu 16i so vdi cac chién luoc chiu 13i thu dong va cac cu
trac diéu khién chua khai thac truc tiép thong tin 16i udc luong [6], [7], [8].

- Phét trién bd quan sat 16i pht hop cho robot di dong, cho phép xir 1y va tai
tao 18i co cdu chap hanh mot cach twdng minh va déng tin cdy hon so véi cac tiép can
dua trén udc lugng trang thai mé rong hodc nhidu tong hop da duoc dé xuat trong cac
nghién ctru hién c6 [29], [51].

- Nghién ctru va t6 chirc kién trac diéu khién phan tang, trong d6 vai tro cua
cac bd quan sat va bo diéu khién duoc phan cong 1 rang theo ting tang dong hoc —
dong luc hoc, nham nang cao tinh hé thong va kha ning mé rong cia phuong phap
diéu khién chiu 15i [36], [52].
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- Két hop yéu cau hoi tu nhanh cua sai s6 bam quy dao véi viéc dam bao chét
lwong dap tng trong qua trinh qua do, khic phuc han ché cua cac phuwong phap chi
tap trung vao thoi gian hoi tu ma chua kiém soat tedng minh hanh vi qua do cua hé
thdng trong boi canh ton tai 161 co cau chap hanh [24], [27], [32], [51].

1.6. Két luan chwong 1

Chuong 1 di trinh bay tong quan vé robot di dong non-holonomic, cac phwong
phap diéu khién bam qu§ dao, quan sat trang thai, phat hién 16i va diéu khién chiu 15i
trong diéu kién c6 nhiéu, bat dinh moé hinh va 18i co cdu chap hanh. Théng qua viéc
phan tich cac cong trinh nghién ctru trong va ngoai nudc, chuong nay da lam ro cac
huéng tiép can tiéu biéu, xu hudng phat trién ciing nhu nhitng han ché con ton tai
trong diéu khién NWMR.

Két qua tong quan cho thay phan 16n cac nghién ctru hién nay tap trung vao
nang cao tinh bén ving va chat luong bam quy dao, trong khi 16i co cdu chap hanh
thudng duoc xtr 1y gian tiép nhu mot dang nhidu hodc bat dinh tong hop. Bén canh
d6, viéc tich hop bd quan sat 15i trong cac kién trac diéu khién phan ting dong hoc —
dong luc hoc chua duoc khai thac ddy du, dic biét dbi véi cac hé NWMR yéu cau
déng thot kha nang bu 161, hoi tu nhanh va kiém soét chat luong qua do cua sai sb
bam.

Tir céc phén tich trén, Chuong 1 da xac dinh khoang trong nghién ciru va dinh
hudng chinh cua luédn an, tdp trung vao hai ndi dung:

(1) Xay dung bo diéu khién chiu 16i hai vong str dung b quan sat 18i cho phép
ude lugng - bu 16i hiéu qua va dam bao 6n dinh, bAm quy dao trong diéu kién co 13i
co cau chap hanh.

(2) Bé xuat thuat toan diéu khién chiu 15i dua trén diéu khién truot toan cuc
két hop bd quan sat nhiéu va rang budc hi¢u nang dinh trudec.

Nhiing két qua tong quan trong chuong nay 13 co so 1y thuyét cho cac chuong
tiép theo. Trén nén tang d6, Chuong 2 s€ trinh bay mo hinh dong hoc va dong luc hoc
cia NWMR c6 xét dén nhiéu, bat dinh va 18i co cdu chép hanh, lam co s& cho viéc

thiét ké bo quan sat va bo diéu khién chiu 16i trong luan an.
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CHUONG 2
PHAT TRIEN BO QUAN SAT LOI CO CAU CHAP HANH CHO NWMR

Trong ciac hé NWMR, kha ning bam quy dao chinh xac va dam bao 6n dinh
khéng chi phy thudc vao bo didu khién ma con chiu 4nh hudng dang ké tir kha ning
quan sat va phat hién sém 13i co ciu chap hanh. Trong méi truong cong nghiép, cic
yéu t6 nhu truot banh, sai 1éch mé-men, bio hoa truyén dong, ma sat va sai s6 do
luong co thé lam suy giam hi¢u nang, gay sai 1éch quj dao hoac mét 6n dinh [3],[55],
[61]. Do d6, viéc xay dung bd quan sat 15i chinh xac va tin ciy 1a nén tang cho diéu
khién chiu 16i chi dong, theo huéng tich hop phat hién — chan doan va bu 13i trong
vong diéu khién [4]-[7], [37]. Cac phuong phap quan sat phi tuyén nhu HIGO/EHGO
va SMO duoc phét trién nham nang cao tdc d6 hoi tu va kha nang khang nhiéu. Tuy
nhién, SMO thuong gdp hién tugng chattering, trong khi HIGO/EHGO do1 hoi cac
gia thiét mo hinh tuong ddi chit dé dam bao chét luong udce luong trong thuc té [16],
[17].

Song song, cac phuong phap quan sat hién dai theo hudng quan sat — udc
lugng tham s6/bat dinh va UIO da dugc mé rong dé uéc lugng déng thot trang thai
va cac thanh phan khong do dugc [18], [28], [58]. Nhitng két qua nay tao tién dé cho
huéng nghién ctru két hop quan sat 16i va bu 16i chit dong, tré thanh mot trong nhirng
trong tim ctia FDD—FTC hién dai. Nhiéu cong trinh gin ddy tap trung vao tich hop
khéi quan sat trong cu tric diéu khién dé vira nang cao kha ning uéc luong, vira cai
thién hiéu ning bam quy dao va kha ning bu bat dinh. Chang han, Cui et al. (2025)
dé xuit kién trac két hop quan sat—diéu khién cho robot di dong non-holonomic nham
nang cao do chinh xac bam quy dao dudi tac dong nhiu [26]. Trong khi d6, cac
nghién ctru theo hudng FTC c6 xét da 16i co cau chap hanh va bao hoa nhu Wu et al.
(2025), ciing nhu cac ciu tric FTC cho robot ¢ co cau chap hanh du thira nhu Zhang
et al. (2019), cho thay kha nang duy tri hiéu ning khi co cau chap hanh suy giam hoic
bi rang budc bio hoa [35], [61]. Mic du cac két qua nay dat dugc do chinh xac cao,
nhiéu cach tiép can van dua trén cac gia thiét mo hinh va diéu kién do luong tuong
d6i manh, diéu c6 thé kho dap Gng trong van hanh thuc té cia NWMR [3], [55], [61].

Trén co s do, luan an ké thira va mo rong cac hudng tiép can quan sat - bu
nhiéu hién dai dé phat trién ciu tric quan sat 16i phi tuyén bén viing, theo huéng tach
thanh phan 15i va nhiéu gop bang co ché quan sat phi hop. Cu thé, cac y tudong quan
sat nhiéu/téng bat dinh dya trén bd udce tinh nhiéu loan va trang thai l1a co s& quan
trong dé hinh thanh cau tric quan sat phuc vu diéu khién chiu 18i trong hé phi tuyén
[19], [29], [50], [51].
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Trong hé robot ma luan an dé cap, 16i co cAu chép hanh va nhiéu loan chua
biét co thé tac dong 1én hé thdng théng qua cac co ché khac nhau, tiy theo mirc do
mo hinh duoc xem xét.

Thi nhit, & mirc dong hoc, 16i co cdu chip hanh lam thay doi truc tiép van tdc
tinh tién va van toc gbc thuc té cua robot so voi gia tri danh dinh do bd diéu khién
sinh ra. Khi d6, cac sai 1éch van tbc Av va Aw xam nhap truc tiép vao mo hinh sai sb
bam quy dao, 1am bién dang dong luc hoc cua sai s6. Cac thanh phan 13i nay c6 cu
tric rd rang, xuat hién théng qua cing kénh véi tin hiéu diéu khién, va do d6 c6 thé
dugce xem 14 cac 16i khép (matched fault). Trong ludn an ndy, cac thanh phan 15i ¢
muc dong hoc dugc udc lugng béng b6 quan sat 16i.

Thtr hai, & mtrc dong luc hoc, 16i co cau chép hanh cung véi cac bat dinh tham
s6, nhiéu ma sat, truot banh va nhiéu ngoai lai tac dong 1én mb-men sinh ra bdi dong
co, tur d6 anh huong dén dao ham cuia van tdc tinh tién va van toc g6c. Tai muc nay,
cac thanh phan 16i va nhiéu khong con tach biét rd rang, ma dugce xem nhu mot nhidu
g0p tong quat. Do d6, luan an sir dung bo quan sét trang thai mé rong dé udc lugng
va bu trir tong nhidu nay trong thiét ké diéu khién.

Céch tiép can hai ting cho phép xir Iy hiéu qua anh huong cua 16i co cu chip
hanh ca & mutrc dong hoc va dong luc hoc, dong thoi nang cao d6 chinh xac bam quy
dao va tinh chiu 16i cua hé théng.

Tong thé, Chuong 2 tap trung vao:

1. Xay dung mo hinh dong hoc va dong luc hoc cia NWMR c6 13i co cdu chap
hanh (myc 2.1), md ta mdi lién hé giita moé-men diéu khién, 156i co cau chap
hanh va dap Ung trang thai.

2. Thiét ké b quan sat trang thai va 16i co cdu chap hanh (muc 2.2), bao gém
cAu trac quan sat kép voi ESO va IFO.

3. Kiém chirng mé phong (muc 2.3) dé danh gia hiéu qua ctia bo quan sat cai tién
so voi cac phuong phap quan sét hién co.

4. Két luan chuong 2.

2.1. M6 hinh toan hoc cia NWMR c¢6 13i co ciu chap hanh

NWMR duogc xét trong luan an 1a robot bon banh, trong do6 hai banh sau dugc

dan dong ddc lap boi hai dong co DC servo, con cac banh con lai 1a banh bi dong c6

chtrc ning giit 6n dinh cho hé. Ciu trac ciia robot dwoc minh hoa trong Hinh 2.1.
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Hinh 2.1. Cau triic NWMR

Trong md hinh dé xuat, ban kinh ctia mdi banh xe chu dong duogc ky hiéu 1a r,

va khoang cach giira hai banh chu dong 1a 2. Tam robot tring voi trung diém cia
truc ndi tim hai banh chu dong. Hé toa d6 quan tinh duoc ky hidu 1a (Oxy), trong khi
hé toa do gan vai robot duge ky hidu 1a (Ogxzyg). Vi tri va trang thai cua robot trong
hé toa 6 quéan tinh duoc biéu dién boi (x,y,0), trong khi trong hé toa do gin véi
robot dugc biéu dién boi (xg, Y, 0), trong d6 6 13 goc hudng ctia robot so véi truc
Ox. Cac tham s m va I tuong ung 1a khdi lugng va mo-men quan tinh cta robot
quanh truc thang dimg di qua tAm.
2.1.1. Phuong trinh dong hoc robot

Do hé toa d6 (Orxryg) quay mot goc 8 so v4i hé quan tinh, van toc cia robot

trong hai hé toa d6 lién hé v6i nhau thong qua phép bién doi quay. Ta ¢ [20], [21]:

X cosd —smnf O | x,
y|=|sin@ cos@ 0]y, (2.1)
0 0 0 1] 6

r

Ma tran trén thé hién phép quay tir hé toa 6 gin voi robot sang hé toa d6 quan
tinh. Thanh phan 6 khong thay d6i do ca hai hé cing chia sé truc quay.

Vi robot dan dong vi sai, chuyén dong cua robot dugc tao ra boi chuyén dong
quay cta hai banh chu dong. Goi w, 13 van téc goc banh phai, w, 13 van téc goc banh
trai. Khi hai banh quay cting chiéu va cling toc do, robot di chuyén thang; khi hai banh
quay khac téc do, robot quay quanh truc thang dtng di qua tam.

Tt quan h¢ hinh hoc cua chuyén dong lan khong truot, van tdc tinh tién v va
van tbc gbdc w cua robot dugc xac dinh boi:

_Ho+ o)

2

_ (o - )
2h

y
(2.2)
(0]
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Quan hé (2.2) cho thiy vén tdc cuia robot phu thudc truc tiép vao van téc quay
ctia hai banh xe, dy chinh 12 kénh ma 13i co cAu chp hanh s& tac dong 1én hé thong.
Duya trén vén tdc tinh tién v va van toc goc w, phuong trinh ddng hoc ctia robot

trong h¢ toa do quan tinh dugc viét dudi dang:

X cosd O

7|=|sine 0 {V} 2.3)
. (0]

2] 0 1

2.1.2. M6 hinh sai sé6 bam va anh hwéng ciia 16i co cdu chip hanh
Duya trén mo hinh dong hoc (2.3) thu duoc, md hinh sai s6 bam quy dao cua

robot ¢6 thé duoc biéu dién dudi dang:

X, cosd sin@ O x;—x
e, =| Y |=|—sin@ cosd 0| y;—y (2.4)
0, 0 0 16,-6

Trong dé quy dao tham chiéu cua robot twong mg véi qg = [xq Ve 04]7,
X,, Y, 1an luot 14 sai s6 vi tri theo truc Ox va Oy, 6, 1a sai s6 gbc hudng cua robot.
Léy dao ham theo thoi gian cua (2.4) va st dung moé hinh dong hoc ctia robot,

ta thu dugc mo hinh dong hoc cua sai s6 bam:

X, wy, —Vv+v,cosl,
Vo |=| —ox,+v;sinb, (2.5)
0 Wy — @

e

O day v;,®y, 1a cac gid tri tham chiéu ctia van tdc tinh tién va van téc goc clia
robot.

Dé dam bao sai s6 bam hoi tu vé khong trong trudng hop khong c6 164, tin hicu
diéu khién danh dinh duoc lua chon nhu sau [20], [21]:

|:Vc } _ { v, cos6, + kxxe' } 2.6)
@, @y + kv, +kgsing,

v6i ky, ky, kg > 0 12 cac hé s6 diéu khién.

Luat diéu khién (2.6) duoc thiét ké dwa trén gia thiét rang tin hiéu diéu khién
duogc thuc thi chinh xac, cac dong co khong bi suy gidm hi¢u sut, khong ton tai 10i
co cau chap hanh.

Trong thuc té, cac 18i co cAu chip hanh 1am thay d6i mo-men sinh ra boi cac
dong co DC, tir do lam sai 1éch van tdc thuc té cua robot so véi gia tri danh dinh.
Trong ludn 4n nay, 16i co cdu chap hanh dugc mé hinh héa nhu dau vao chua biét,
tac dong truc tiép 1én van tdc tinh tién va van toc gbc.

Cu thé, van toc thuc té ctia robot dugc bi€u dién nhu sau:
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vy =v—Av
(2.7)
oF =w-Aw

Vi, Of 1a van toc thuc té cia robot, Av, Aw la cac thanh phﬁn 16i co cau
chip hanh chua biét véi Av = v, Ao = 0 (0< 1 < g < i <1)

Biéu thirc (2.7) cho thay 15i co cdu chip hanh 1am thay ddi truc tiép dau ra cta
co cau chap hanh, va khong thé do truc tiép trong qua trinh van hanh.

Khi d6, md hinh dong lyc hoc sai s6 bam tr¢ thanh:

X, @y, —v+vcosl, —Awy, +Av
ey =| Ve |= -wx,+v,sin6, + Awx, (2.8)
6, w; —0+Ao

Céc thanh phan 16i Av, A xam nhap truc tiép vao dong luc hoc sai sd, thong
qua cung kénh véi tin hiéu diéu khién danh dinh. Do d6, 16i co cau chap hanh trong
m6 hinh nay thudc loai 15i ddng kénh/16i khép (matched fault), day 1a mot dic diém
quan trong cho phép thiét ké cac bd quan sat va bo diéu khién chiu 16i hiéu qua.
2.1.3. Phuong trinh dong luc hoc

Trong thuc té, NWMR duoc dan dong boi hai dong co dién mot chiéu c6
encoder (DC servo) théng qua hé truyén dong va hop giam téc. Do d6, dé xdy dung
mo hinh dong luc hoc ¢ ¥ nghia vat 1y va lam rd ngudn gdc cua tin hiéu diéu khién
cling nhu 16i co ciu chap hanh, trudc hét can xem xét mbi quan hé giira dién ap diéu
khién, mo-men truyén dong va van tdc quay cua cac banh xe.

Xét hai dong co DC servo giéng nhau dan dong robot, dong luc hoc dién cua
mdi dong co dugc mo ta bdi cac phuong trinh dién - co sau:

u,, =R, 1, +L, 1, .+&,.; i=12 (2.9)
trong d6 u,,; 1a dién ap diéu khién tac dong 1én dong co thir i; I,,; 13 dong dién
phan tng; R,, va L,, 1an luot 14 dién trd va dién cam phan tng; &, 1a suc dién dong
phan khang, dugc xac dinh bai:
Epi =k 0, (2.10)
voi k. la hang s6 strc dién dong phan khang va w,,; 1a tbe d6 quay cua truc
dong co. M6-men di¢n tur sinh ra bdi dong co dugc cho boi:
T, =k, (2.11)
trong d6 k, 14 hang s6 mo-men ctia dong co.
Két hop cac quan hé trén, phuong trinh dién—co ctia hai dong co c6 thé duoc

viét dudi dang ma tréan:
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Um2 kr %) kz' z.-2 ¢ 0%)

Xét dén hop giam tbe véi ty sd truyén N,,, ta c6 moi quan hé giira tbe do quay
tryuc dong co va téc d6 quay banh xe:
®,,;, =N,0,,i=12 (2.13)
Trong nhiéu hé robot di dong, dong lyc hoc dién cua dong co thuong co héng
sb thoi gian nhd hon nhiéu so vai dong luc hoc co hoc cua robot. Do do, dién cam
phan tng L,, c6 thé dugc bo qua ma khong anh hudéng dang ké dén do chinh xac cua
mo hinh ¢ muc hé théng. Khi d6, két hop (2.13) vao (2.12) ta suy ra:

{Tl}:kTNm{uml}_krngi{wl} @14

%) Rm Upo Rm )
\ 4 2 r
bat cac hang s6 B, = ke Ny ,B, = keke N phuong trinh (2.14) dugc viét
R
m m

gon lai thanh:

MR
&) Um2 %)

Str dung moi quan hé dong hoc gitra van téc banh xe va van toc cia robot da

dugc thiét 1ap trong (2.2), ta thu dugc:

1k
75 Uy 1 hile
A

Phuong trinh (2.16) cho thiy md-men tac dong 1én cac banh xe phu thudc truc
tiép vao dién ap diéu khién va van tdc ctia robot. Pay 14 co s quan trong dé xay dung
mo hinh dong luc hoc tong thé cua robot va dong thoi giai thich ngudn gde vat 1y cta
cac 16i co cAu chap hanh s& dwgc mé hinh héa trong cac muc tiép theo.

Xuat phat tir phuong trinh Euler-Lagrange tong quét ctiia hé co hoc c6 rang
budc, mo6 hinh dong luc hoc cia robot di dong non-holonomic trong ludn an nay duoc
viét duéi dang [7], [8], [20], [21]:

M(9)i+C(4.9)q +G(q)+ D= B(g)r + A" ()2 (2.17)
trong d6 g =[x y H]T 1a vecto trang thai; M(q) 13 ma tran dbi xtimg xac
dinh duong; G(g) biéu dién vecto md-men trong luc; D 13 vecto nhiéu tic dong bén

ngoai va duoc gia thiét 1a bi chin; B(qg) 13 ma trdn bién ddi ddu vao; 7 1a vecto tin
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hiéu diéu khién; 2, 1a vecto lyc rang budc Lagrange; C(q,¢)q biéu dién cac thanh
phan mé-men Coriolis va ly tAm.
NWMR khong thé chuyén dong ngang tirc thoi nén rang budc vén tée c6 dang:
ycos@—xsind =0

2.18
o A(q)d =0 (2.18)

trong do: A(q):[—sinﬁ cosd O]

Luc rang budc tuong tmg duoc biéu dién boi AT (q)A,, v6i A, 1a vecto cac
nhan tir Lagrange chua biét. Do ton tai cac rang budc van tdc dang non-holonomic,
cac thanh phan ctia vecto vén toc tong quat ¢ khong doc lap tuyén tinh. Dé loai bo
anh hudng cia luc rang budc 1, ta biéu dién ¢ dudi dang mot anh xa tuyén tinh cia
cac bién van téc doc lap trong khong gian con thda man diéu kién rang budc.

Xét vecto van tdc cua robot trong hé toa do gén v6i than robot dugce ky hi¢u
A9 =[v ]”. Mdi quan hé giira vecto van tdc tong quat ¢ va 9 duge xac dinh tir

mo hinh ddng hoc ctia robot dudi dang:

q=5(¢q)9 (2.19)
cosd O
v6i S(g)=|sin® 0| la ma tran phan b van tc.
0 1
Do thoéa mén diéu kién:
A(¢)S(¢)=0 (2.20)

(2.19) thdéa man rang budc non-holonomic ctia hé. Khi do, 9 dong vai trd 1a vecto van
toc doc 1ap, cho phép mé ta chuyén dong cua robot trong khong gian ciu hinh ma
khong can xét dén cac nhan tir Lagrange lién quan dén luc rang budc.
Lay dao ham theo thoi gian cua (2.19), ta thu dugc:
§=S(q)9%+S(q)4 (2.21)
Thay (2.19) va (2.21) vao phuong trinh dong luc hoc (2.17), ta dugc:
M(g)(5(9)8+5(9)9)+C(4.9)S(9)9+G(q) +D=B(g)r + A ()2 (2.22)
Nhan hai vé cta (2.22) véi ST (q), dong thoi két hop ST (q)AT (q) = 0, ta loai
bo hoan toan lyc rang bude, biéu thuc sau bién d6i thu dugce:
STMS9+ ST MSY+STCSI+S"G+S"D=5"Br (2.23)
Bing cach ky hiéu cac ma trén rat gon:  M,.(0) = ST MS, G.(0) =S’ G,

C.(0,v)=ST(MS+CS), D, =S"D, B.(9)=S" B. Khi d6, phuong trinh déng luc

hoc rat gon ctia robot trong khong gian van tdc c6 dang [20],[21]:
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M, (0)9+C.(0,9)9+G,.(0)+D, =B.(0)r (2.24)
Véi robot di dong chuyén dong trén mit phing ngang, anh huéng cua trong
luc khong tao mé-men quanh truc quay, do d6 G,.(6) = 0.
Do M,.(6) 1a ma tran xac dinh duong va kha nghich, nhan hai vé cia (2.24)
voi M 1(0), ta thu dugc:
$=M-'(0)B.(0)r - M (0)C.(6,9)9-M (6D, (2.25)
Thay 7 tir (2.15) va gdp cac thanh phan phi tuyén, nhidu va bat dinh chua biét

vao mot vecto nhidu gdp, md hinh (2.25) duoc viét dudi dang tudng minh:

d):k3T/l2 +k4a)+D2 '
trong do:
B 2B hB 2h’B
k==L, k, :__%, by = —L, ky =— 22
rm mr Ir Ir
1
D, = ——(Cr(l,l)v+Cr(1,2)a)+Drl)
m
1
D, = —Y(Cr(z,l)v+ C,(2,2)a)+Dr2)
Up =Upy Uy Uy = Uy — Uy

Dy, D, la nhiéu gop va bt dinh tham sb, bao g6m ma sét, sai s6 mo hinh va
nhiéu ngoai lai.

2.1.4. M6 hinh dpng luc hoc véi anh hwong ciia 16i co cdu chip hanh

Mo hinh (2.26) cho thiy rang dong luc hoc ctia robot trong khong gian vén tdc
¢6 cau trac tuyén tinh theo dau vao diéu khién, trong khi cac phi tuyén va bat dinh da
duoc gdp vao cac thanh phan nhidu chwa biét. Dang mé hinh nay dic biét thuan loi
cho viéc thiét ké cac chién luoc diéu khién va quan sat. Tuy nhién, can nhan manh
rang md hinh (2.26) dugc xay dung trong gia thiét cic co cAu chap hanh hoat dong ly
tudng, tirc 1a cac dong co din dong khong bi suy giam hiéu suit, tin hiéu diéu khién
duogc thuc thi chinh xac theo gia tri tinh toan, khong tdn tai sai 1éch co hé théng trong
kénh truyén dong.

Trong thuc té van hanh, cac gia thiét trén kho c6 thé dugc dam bao trong sudt
vong doi ctia robot. Cac dong co va co ciu truyén dong thuong chiu anh huéng cia
qua trinh 140 héa, mai mon co khi, thay d6i nhiét do lam viéc va diéu kién tai, dan
dén viéc mat hiéu suat hodc sai Iéch mo-men truyén dong. Khi o, tin hiéu diéu khién
thue té tac dong 1én robot khong con trung khép véi tin hiéu diéu khién danh dinh
uy,uy duge thiét ké dya trén mé hinh (2.26).
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H¢ qua truc tiép 1a van téc v va w khong con tuin theo dong lyc hoc danh
dinh, sai sb bam quy dao tang l1én, tham chi co thé gay mat 6n dinh hé théng néu bd
diéu khién khéng c6 kha ning thich nghi hoic bu 16i. Do d6, dé dam bao tinh tin ciy
v an toan trong qua trinh van hanh, viéc mo hinh héa va nhan dién 16i co cau chép
hanh 14 yéu cau thiét yéu ddi voi hé théng robot di dong non-holonomic.

a) M6 hinh mé rong cé 16i co cdu chip hanh

Trong thyc té, tin hiéu diéu khién danh dinh do bo diéu khién sinh ra khong
tac dong truc tiép va déy du 1én cac dong co do su tdn tai cua 18i co cdu chép hanh,
chéng han nhu suy giam hi¢u suat bo khuéch dai, hao mon dong co hodc nhiéu dién.
Pé phan anh hién tuong nay, gia sir rang tin hiéu diéu khién thuc té tic dong 1én mdi
dong co dugc mo hinh héa dudi dang [7],[8]:

i (6) = (1= @ Yty () + Aut; (1); i=1,2 (2.27)
trong do:
u,,;(¢) 14 tin higu diéu khién danh dinh
u (r) 1 tin higu diéu khién thyc té tac dong 1én dong co
@; €[0,1) 12 hé s6 suy giam hiéu suat truyén dong
Au,,;(t) 1a thanh phan sai léch khong cau trac, biéu dién nhidu chua
biét hodc 18i phu khong duwoc md hinh héa chinh xAc.

Biéu thirc (2.27) cho phép mé ta nhiéu dang 16i co cdu chap hanh phd bién
trong mot khuon kho thong nhat:

Khi @; =0, Au,,(t) =0 hé théng hoat dong trong diéu kién khong 16i
Khi 0<¢; <1 xuat hién 16i suy giam hi¢u suét truyén dong
Khi Au,,;(¢)# 0 ton tai nhiéu hodc sai léch phu khong xac dinh

Do d6, khi xét dén 13i tac dong, tin hiéu diéu khién thuc té trén hai kénh trong

mo hinh ddng luc hoc (2.26) dugc xac dinh:

f—y) o0 = _
oS U=yt — (gt + gty — Aty — At ) = 1) — Au,,

o (2.28)
wo=u —U = Uy =y — (oqu,y — 0ty y — Aty + A,y ) =1y — Auy,

trong do Auv =oqUy, + Golyn — Auml —Aumz,Auw = OqUy — OUyn — Auml + Aum2 .

Thay thé cac tin hiéu diéu khién u;(¢) trong mo hinh dong luc hoc (2.26) bang
tin higu thuc & u/ (¢) theo (2.28), ta thu dwgc
{V = klul + kzv - klAuV + D]

, (2.29)
w = k31/12 + k460 — k3A1/la) + D2
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Nhém cac thanh phan twong tng, hé phuong trinh trén ¢ thé duoc viét lai
dudi dang:

{v = kyuy + kv + D, .30
@ = kyuy +ky0+ D,

Céc dai lugng D, =—kAu, + D; va D, =—k3Au,, + D, 1a cic nhiéu gdp mé
rong, bao gom dong thoi anh hudng cua nhidu ngoai, bat dinh mé hinh va sai 1éch
phat sinh do 15i co cdu chap hanh. Nho cach biéu dién nay, anh hudng cua 18i co cau
chap hanh khéng can duoc nhin dang riéng ré thong qua cac tham sb a; va Au,,;,
ma dugc quy doi thanh hai thanh phan nhiéu twong duong tac dong truc tiép vao dong
luc hoc cua van tdc tinh tién va van tde goc.

b) Gid thiét cho 16i co ciu chéip hanh va nhiéu

Pé dam bao tinh kha thi cta viéc thiét ké bo quan sat va diéu khién chiu 15i,
mot s6 gia thiét chuan dugce dua ra cho mé hinh (2.30).

Gid thiét 2.1. GiGi han ciia nhiéu gép mé réng va dao ham ciia chiing

Gia sir rang cac thanh phan nhiéu gop mé rong D, va D, bao gbm anh hudng
ctia 18i co cau chap hanh, bat dinh mo hinh va nhiéu ngoai, duoc gia thiét 1a bi chin
va kha vi tung doan. Ngoai ra, dao ham theo thoi gian cua chiing cling bi chén:

ID,|<¢,D,| << (2.31)

D] <&,

D,|<& (2.32)

trong d6 £,,¢,,¢1,&, 13 cac hing s6 dwong hitu han nhung chua biét.

Gia thiét nay phan anh thuc té rang 16i co ciu chp hanh va nhiéu vat Iy khong
thé ting v6 han trong diéu kién van hanh binh thudng ctia robot. Gia thiét nay 1a diéu
kién co ban va pho bién trong thiét ké bd quan sat trang thai mé rong, phu hop véi
cac hién tuong vat 1y thuc té va da duoc st dung rdng rai trong cac cong trinh trudc
day nhu [32], [33].

Gid thiét 2.2. Léi co cdu chip hanh dang khop kénh diéu khién twong dwong

Trong mé hinh rat gon (2.30), anh huéng cua 18i co cau chap hanh, bt dinh
mo hinh va nhiéu ngoai dugc gop vao hai thanh phan D, va D,, . Céc thanh phan nay
dugc gia thiét 1a cac ham chua biét nhung bi chin va tic dong truc tiép vao hai phuong
trinh dong luc hoc cua van tc tuyén tinh va van téc goc. Do do, ching co thé duoc
xem la cac nhiéu/15i twong duong trén hai kénh diéu khién u; .

Cu thé, do kj,k; # 0, anh huong ctia D, va D, c6 thé duge bu théng qua cac

tin hiéu diéu khién u;. Gia thiét nay cho phép thiét ké bd quan sat dé uéc luong truc
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tiép D, va D, , sau d6 st dung cac gia tri udc lugng nay trong ludt diéu khién chiu
16i nham giam anh hudng cta 16i co cau chip hanh 1én qué trinh bam quy dao.
2.2. Thiét ké b quan sat trang thai va 15i co' cAu chip hanh
Anh huédng cua 18i co cau chap hanh va cac nhidu gop da dugc mo hinh hoa
tuong minh trong dong luc hoc van tdc cua robot di dong non-holonomic & (2.30).
Trong thyc té, D, va D, khong thé do truc tiép bang cam bién, trong khi chung lai
tac dong truc tiép dén dong luc hoc van tdc va do d6 anh huong dang ké dén chét
lugng diéu khién bam quy dao cua robot. Vi vay, viéc udc lugng chinh xac cac thanh
phan 13i co ciu chap hanh 13 yéu ciu thiét yéu dé nang cao d¢ tin ciy va kha ning
chiu 18i ctia hé théng.
2.2.1. B quan sdt 16i co ciu chip hanh
Theo tai liéu [19], mot bo quan sat 161 c6 thé duoc thiét ké cho hé phi tuyén
tong quat duoc mo ta bai phuong trinh:
{z':f(z)+g1(z)u+g2(z)Fa (2.33)
y=h(z)
trong do:
-z la vecto trang thai cia hé¢,
- w14 vecto tin hi¢u diéu khién,
- F, 1a vecto 15i co cAu chap hanh,
-y 1a d4u ra do duoc cta hé théng.
Dua trén md hinh sai s6 bam cua robot di dong da duoc thiét 1ap & Muc 2.1.2,
phuong trinh dong luc hoc sai 1éch bam trong (2.8) c6 thé dugc viét lai duéi dang

tuong duong nhu sau:

z=f(z2)+g(z2)u+ z)F
{ _f( )+ g1(2u+g,(2)F, (2.34)
e, =z
Trong do:
Xe Ye@y
v cosl, —v _
z=|Y, ,u:{ },f(z): v sinb, —x,m,
0 @@ 0

e

1 Ve 1 -y,
Av
g1(2)=10 x, [;g,(2)=|0 x, ;Fa:|: }
Aw
0o 1 0 1

Trén co s& d6, bd quan sat 16i duge xay dung dudi dang:
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2, ==L(2)| @D+ g2 (2)(z,, + p(2) + £ (2) ]

F,=z,+p(z)

(2.35)

trong do: z, la vecto trang thai phu cua by quan sat 16i,
- ﬁa 1a gia tri wéc lwong cua 11 co cau chap hanh,
- L(z) 1a ma tran hé s6 khuéch dai ctia bd quan sat,
- p(z) 1a ham phi tuyén dugc thiét ké nham tai cau trac 16i.
Goi sai s6 quan sat 15i 1a ﬁa =F, —ﬁa , gia str rang 131 co cau chap hanh F,
bién thién cham so véi dong luc hoc cua bd quan sat, tic 1a Fa = 0.
Dudi gia thiét ndy, dong luc hoc cua sai s6 quan sat ¢6 thé dugc viét thanh:
Fy=—z2,-p(z)=-L(z)g,(2)F, (2.36)

Bing cach lua chon thich hop ham phi tuyén p(z) va ma tran khuéch dai L(z)

thoa man L(z)= op (Z%z’ sai s6 u6c lugng F, s& hoi tu tiém cén vé khong. Tinh

hoi tu nay da dugc chirng minh trong cong trinh [19], [62].

Khac voi cac by quan sat trang thai mé rong thuong gop 16i va nhiéu thanh
mot nhidu tong, bd quan sat trong ludn an ndy hudng toi viée tai cdu trac tryuc tiép 161
co cau chip hanh duéi dang cac sai léch vén toc c¢6 ¥ nghia vat 1y rd rang. Cach tiép
can nay phu hop véi kién tric diéu khién chiu 16i cha dong, trong d6 thong tin 15
duoc khai thac tudng minh trong luat diéu khién.

¥ Loi
i | ¢/

Ja_ | Bo diéu khién u Heé théng | Y
—_pp] O ; > 2 =
phi tuyen l phi tuyen

1
J B6 quan sat 10i |g——

Hinh 2.2. B6 quan sat 16i trong hé thong diéu khién.
2.2.2. Thiét ké bé quan sdt 16i co cdu chip hanh cdi tién
Miic du bo quan sat 18i co ban trong (2.35) cho phép udc lugng chinh xéc 16i
co cu chap hanh trong trang thai x4c l4p, tuy nhién trong qu4 trinh trién khai thuc té,
bd quan sat nay thuong xuét hién qua dd ban dau 16n. Hién tuong nay dac biét rd rét
khi 18i co cau chap hanh t6n tai ngay tir thoi diém khoi dong hé thdng, bo quan sat

dugc khoi tao v6i diéu kién ban dau bang khong, z,,(0)=0. Tin hiéu 16i uc lugng

khi d6 c6 thé xuat hién xung 16n, néu tin hi€u nay dugc dua truc tiép vao bd di€éu



39

khién dong hoc, hé théng s& sinh ra cac tin hiéu diéu khién dot ngdt, lam suy giam
chét luong diéu khién vong kin.

Dé khic phuc han ché nay, luan an dé xuit mot bd quan sat 16i cai tién voi co
ché khéi tao thich nghi, trong d6 hé s6 khuéch dai cta b quan sat duogc kich hoat dan
tur gid tri khong (soft-start), thuat ngit hiéu chinh dugc dua vao tur tr trong khoang
thoi gian khoi dong (warm-up), tin hiéu 16i udc luong duoc lam tron dé giam dao
dong tan sb cao.

B0 quan sat 101 cai tién dugc mo ta boi:

{Z-p =-L()8(:)7, - KO0+ () ran(]

A

F, =z,+ p(z)
trong d6 L(¢) va K(¢) la cac ham 1ap lich theo thoi gian.

Céc ham 1ap lich nay duoc lya chon nhu sau:

2
L(t) = (1 — exp(—[%DJLO,K(t) =1—-exp _[TLJ (2.38)
L init

v6i Ly 1a ma tran khuéch dai danh dinh c6 hang day du, 7, 1a hang s thoi gian soft-

start, Tiy; 12 khodng thoi gian warm-up.

Dé han ché anh hudng cua thanh phan hiéu chinh 16n trong tin hiéu 16i uwdc
lwong, mot co ché trdn co trong s6 dugce st dung:

F, ()= By(z,+ p(2)+ (1= B1)z,,,0 < B, <1, (2:39)
va ﬁasm duoc sir dung cho muc dich bu 16i trong bo diéu khién.
Gid thiét 2.3. Diéu kién tron, bi chin va kich hoat ciia b quan sdt 16i cdi tién
G1) Cac ham f,g,g5,p latron va bi chén trén mién 1am viéc, nghia 1a ton tai
F.G.G,,P,P sao cho |f(2)|<F, |@1(2)|<Gi, ||g2(2)| <G,
lp@) <P, )] < P
G2) F,(t), F,(t)bi chan: |F, ()| < x.

E,(t)|< 2 v6i 22,>0

G3) L, 1a ma tran khuéch dai hang c6 hang day du. Sau giai doan khoi tao, ton
tai hang s6 @; >0 sao cho phan ddi xing cia L(£)g,(z) théa méin
(L(t) 2,(2) + gl ()" (r)) >20,1, Vixt,

G4) K(t) 1a ham lién tuc, khong gidm, thoa man K(0)=0 va lim K(z)=1.

t—0
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G5) Tin hi¢u u(f) 1a do dugc va bi chan: |u(r)|<U,,,,

i(t)|< U, vOi
U.U_ >0.

Dinh Iy 2.1: Duéi cac gia thiét 2.3, sai s6 udc luong 16i cua bd quan sat (2.37) 14 bi
chan cuoi cung dong déu (UUB). Néu 161 bién thién cham va cac ham 1ap lich héi tu
vé gia tri danh dinh, thi sai s6 udc lugng hdi tu tiém can vé khong.

Chitng minh:

Sai s6 uoc lugng ctia b quan sat:

Fy(6)= Fo (1)~ F, (1) (2.40)
Dao ham (2.40), ta co:
ﬁa =F,—%,-p(2) (2.41)
Thay Z,, tir (2.37):
2, ==L()gy(2)z, = K(OL(t)(2(2) p(2) + [ (2) + g1 (2)u) (2.42)

Do do:
F, = F,+L()gy(2)z, + K(OL()(g2(2)p(2) + f(2) + g (2u)— plz)  (2.43)
Str dung biéu thic z = F, — p(z) —Fa ta rat ra:
F, ==L(0)gy(2)F + w(0) (2.44)
trong do:
w(t) = F, + L(1)g(2)(F, = p(2)) + K()L(t)(g2(2) p(2) + f (2) + g1 (2)u ) - p(2)
Theo Gia thiét 2.3 tit ca cac thanh phan trong W(¢) bi chin trén mién da chon,
vay nén ton tai W >0 v6i [w(r)|< W, >0 trén mién thoi gian £>0.

Chon ham Lyapunov xac dinh duong la:

1y~
Vi =3 F, 2 (2.45)
Pao ham 2 vé cia (2.45), két hop voi (2.44) ta co:
Vo= ETE, =~FTL(1)g,(2)F, + FETw (1) (2.46)

2-(2) bi chan, tron trén mién xac dinh, phan dbi xing cua L(1)g,(z), ton tai
1 X
a; >0 théa man E(L(t)gZ (z2)+ gZT (Z)LT (t)) > o1 trén mién lam viéc. Do do, ta co:

~ ~ ~ 12
Fl Lty (2)F, 2 ap |F, | Ve 21, (2.47)
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Ap dung Cauchy—Schwarz két hop voi bit dang thirc Young, theo dang

1 :
ab< 2L g2 +—b2,V0{L >0 voi a=|F,|,b=|w()|, ta suy ra:
ar
. ~ 2 s o 15 IR 1 2
Vor <= |E|" +|EfIwo) < == |F | +=—]w@)] (2.48)
2 205L
Do vay:
. W2
VZI < _CIVZI +CZ’CI =a7,00 = max (249)
2aL

Bét dang thirc vi phan trén suy ra rang V,,(¢) va Hﬁa (t)H 13 bj chin cudi cling

=~ w A , . , , .
F, (t)H <& Pijéu nay ching minh tinh UUB cua sai
ar

dong déu (UUB): lim sup‘
t—0

s6 ude luong
Déi voi truong hop hoi tu tiém can, gia sir rang Fa (t)>0va L(t)> L, >0,

K(f) =1, Khi d6 timg thanh phan cua W(t) déu tiém can vé khong va phuong trinh

(2.44) tiém can vé hé tuyén tinh 6n dinh: ﬁa =-L .2 (Z)Fa . Vay nén Fa (t) > 0 khi
I —> 0,

B0 quan sat v6i co ché khai tao thich nghi dugc dé xut trong (2.37) - (2.39)
d3 khic phuc hiéu qua hién tuong xung 16n ¢ giai doan khoi dong, vén thudng xuit
hién trong bo quan sat co s, dong thoi van dam bao tinh UUB ciia sai s6 udc lugng
dudi cac gia thiét tron va bi chin tuong ddi nhe. Khi 13i bién thién cham theo thoi
gian va cac ham diéu phéi hoi tu vé gia tr1 danh dinh, bd udc luong dat dugc hdi tu
tiém can dén 16i thue. Bo quan sat ¢6 ciu trac don gian, d& trién khai trong thyc té va
c6 thé tich hop truc tiép vao kién trac diéu khién NWMR théng qua tin hiéu udc

luong ﬁasm .

2.2.3. Thiét ké b quan st trang thii mé rong

Trong md hinh dong luc hoc cua robot thé hién trén (2.30), cac thanh phan phi
tuyén, bt dinh mo hinh va nhiéu ngoai lai da dugc gop chung vao cac nhidu gop chua
biét. Muc tiéu cua bo quan sat trang thai mo rong 1a wdc luong cac trang thai van tbe
va dong thoi tai tao cac nhidu gop D,, D,, theo thoi gian thuc, tir d6 cho phép thiét
ké cac bo diéu khién bu nhiéu va chiu 16i mét cach hiéu qua.

Duya trén mo hinh dong luc hoc (2.30) va gia thiét 2.1, mot bd quan sat trang

thai m& rong phi tuyén duoc dé xuat dudi dang:
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V= kyy +kyv+ D, — py fal(é,)

D, ==p, fal(2,) 2.50)
0= ksity + kg + D, - py fal @)

@
D, ==p, fal(é,)

trong do:
- V,® la cac udc lugng clia van toc v, @

- ﬁv 15 1a cac wéc lugng cta nhiéu gop D,,, D,

- é,=D—v,8,=0&— wlacac sai s6 udc luong trang thai van tdc
- ¢p, =D,—-D,.ép =D,—D, lasaisoudc luong nhicu

- p1,Po > 01a cac hé s6 khuéch dai ciia bo quan sat.
Ham phi tuyén fal(.) duoc st dung nham cai thién kha nang hoi ty va giam

nhiéu do, dugc dinh nghia nhu sau [36], [51], [63]:

e if 5] <7

fal(e) =17 i=(v,0) (2.51)
‘éi‘a sign(é;) if |&;|>y

v6i0 < a < 1vay > 0 la cac tham sb thiét ké.
Lay dao ham theo thoi gian ctia cic sai s6 udc luong trang thai va nhidu gop,

ta thu duoc:
by
€, —0—a
x A (2.52)
eDV :DV_DV
éD :éa)—Da)

Thay (2.30) va (2.50) vao (2.52) ta 1an luot co:
é, =k +kpv+ D, = py fal(8,)) (kg + kv +D,) =D, =D, = py fal (@)
=ep, —pfal(é,)
<k3u2 +kyo+ D,y - py fal(é,)) - (kstty + kg + D,y ) = D, = D,, = py fal(é,,)
=ep —pifal(e,)

ép, =—prfal(é,) =D,

ép, = —-p, fal(e,) —Dw
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Tur cac két qua trén, hé¢ phuong trinh dong luc hoc cuia sai s6 bd quan sat dugc
viét gon lai thanh:
e, =ep —pfal(e,)
ép, =-prfal(e,)-¢

A

e

) ) (2.53)
o =¢p, = pjale,)

ép  =—pyfal(e,)-¢,

«

trong d6 DV =41(1), Dw =¢,(t) 1a cac nhiéu gop bi chin theo Gia thiét 2.1,
voi |61 < 41l6a] < 4.

Dit
A —f“lfel) ifé, #0

K'l(el) = el ,l = (V, a)) (254)
fal'(0) ifé =0

Khi @6 fal(é;) = x;(é)é;. Xét 1an can ¢ =0, gia st ham fal(.) kha vi trong
lan can gbc va fal(0)=0, fal'(0)=1x, >0.Hg (2.53) c6 thé dugc xép xi tuyén tinh

cuc bo b:;ing khai trién Taylor bac nhat:

év = éDV - PiKré,
%Dv = =Pk ré, =G (2.55)
@ =D, " PKrCn
éDa) = =Pk, —Co

bat y, = pixys, wy = prk . hé sai 50 c6 thé dugc viét gon dudi dang ma tran:
E=YE+C¢ (2.56)
e é -
trong do: E{Av @ } \P:{ s (1)} C{ OJ, {=[61 ¢

¢p, ¢€p, >

v

Céc tham s ¥y, ¥, dugc xac dinh thong qua phuong phép dat cyec:
det(slp —P)=s> +yis+y, = (s +A)*1p (2.57)
trong do I 1a ma tran don vi va A 1a bang thong ctuia bd quan sat. Chon cuc kép
tai —A ta co w; = 2A, w, = A
Pinh ly 2.2. Xét m6 hinh dong luc hoc van tdc cia NWMR duoc cho boi (2.30) va

bd quan sat trang thai m& rong duoc thiét ké theo (2.50). Dudi gia thiét 2.1, ton tai

cac hiang s6 duong py,p, sao cho cac sai s6 udc lugng trang thai va nhiu gop
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€y, €4, ép,, €p, cua by quan sat trang thai m¢ rong la UUB. Néu D, — O,Dw -0
thi cac sai s6 udc lugng trang thai va nhidu gdp hoi tu tiém can vé 0:

lim é,(¢) =0, lim &, (£)=0
too Y

t—
A A 2.58
lime,(t)=0,limep (£)=0 (2.58)
{0 t—>0 @
Chirng minh:
T
Pat By =|¢& ép, | trongdo I={v,0}. Tir (2.56) ta oo:
E; =WE, +C¢ (2.59)

Do ¥ Hurwitz, véi moi ma trdn Q = Q7 > 0, ton tai duy nhit ma tran P =

PT > 0 théa man phuong trinh Lyapunov:

¢TpyPY=-0 (2.60)
Chon ham Lyapunov:
Vyy = E| PE, (2.61)
Lay dao ham theo thoi gian:
Vs, = E] PE; + E] PE, (2.62)
Két hop vai (2.59) ta dugc:
Vyy = Ef (PT P+ PW)E, +2E] PC¢ (2.63)
Do do:
Vyy =—E] QE, +2E] PCL (2.64)
Str dung bat dang thic chuan:
26! pcg < Lo Qg2 2l ¢? (2.65)
2 Amin(Q)
Ta co:
Py <~ Loin @2 2 ¢? (2.66)
2 Amin(Q)
Mat khac:
Zonin PYEN V22 € (P (2.67)
Suy ra:
Vap S=1aiVag + 108> S=aVan + 720l (2.68)

trong do:
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omin(©) 2lpcf’
= Dminl” 0,0, =159
72 2ﬂ‘max (P) = ﬂ‘min (Q)

Amin () s Amar () 12 gid trj riéng nhé nhat va gid trj riéng 16n nhat mot ma tran ddi xtng

(2.69)

xac dinh duong

Tir bt dang thire vi phan tuyén tinh (2.68), bang cach nhan 2 vé véi exp(y,;t)

,ta co:
exp(721 OV + 721 €xp(721 Va2 < 7228 * exp(72, ) (2.70)
Nghia la:
d =2
Z(epr/Zl V2 ) < 7226 " exp(72; 1) (2.71)
Lay tich phan (2.71) tir to dén ¢ ta duoc
t
72
exp(7211) V2 (1) —exp(721to ) Va2 (o) < 7228 J. exp (77 )t (2.72)
1
Mat khac:
t
_ 1
728° I exp(y7 )T =728 y—(exp(ﬂ’zlf) —exp(721%)) (2.73)
o 21

Két hop v6i (2.73), ta suy ra:

exp (721 )Vap (1) < exp (72120 ) Var (o) + %52 (exp(721)—exp(7210))
21

(2.74)
& Vy () <exp(=721 (1—19)) Va2 (t) +%52 (1 —exp (-2 (¢ —fo))>
21
Do @0, khi ¢t —»> o :
lim sup ¥y, (¢) < 222 22 (2.75)
t—>00 7/21
Suy ra:
. 722 >
lim sup|E;(?)| L | —=——C (2.76)
t—o© H : H 721ﬂ“min(P)

Vi vay, E :[él ép, f la UUB, v6i [ = {v,0}, ta c6 é,,8,,ép,ép. déula
UUB.

Néu () >0, tir (2.68) ta cO Vyy <~ (Vs + 72l > suy ra Vay () =0

Do d6 E;(t) = 0, hay
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lime, (1) =0, limep (t)=0,
t—>wo Y

f—>00
lim éw(t) =0, im éD ®)=0
f—0 towo @

Dinh 1y 2.2 dugc chirng minh.
2.3. M phéng kiém ching cic b quan sat
Pé kiém ching tinh dung dan ctia moé hinh toan hoc cling nhu hiéu qua cta
cac bd quan sat 16i va bd quan sat trang thai md rong da dugc dé xuét trong cac myc
trude, mdt loat cac kich ban md phdng s6 duoc thuc hién trén moi truong
MATLAB/Simulink. Muc tiéu chinh ctia cdc mo6 phong la:
~ Xéc nhan kha ning udc lugng chinh xac 16i co cau chap hanh va nhiéu gop
cua cac b0 quan sat duogc thiét ké;
- Danh gia tdc do hoi tu, do chinh xac & trang thai xac 1a8p va kha nang chéng
nhiéu ctia bd quan sat;
- Kiém tra tinh 6n dinh va bén viing ciia bd quan sat trong diéu kién c6 15i co
céu chap hanh va nhiéu ngoai lai;
Céac kich ban mo phong duoc xay dung sat véi diéu kién van hanh thuc té cua
NWMR, bao gém céc truong hop suy giam hiéu suat truyén dong, nhidu bién thién

cham va sai Iéch mo hinh.
2.3.1. Cai dat mo hinh mé6 phéng trén MATLAB/Simulink

a) Cdu triic tong thé ciia mé hinh mé phéng

Mo hinh mé phong dugc xay dung trén nén ting MATLAB/Simulink theo ciu
tric mo-dun danh gia doc lap tirng bd quan sat, dong thoi thuan tién cho viéc mo rong
sang bai toan diéu khién chiu 18i ¢ cac chuong tiép theo. Cau triic bao gom cac khoi
chuc nang chinh sau:

- Khdi mo hinh dong luc hoc robot (2.30), bao gém van tdc tinh tién v va van
tbc goc w.

- Khdi 16i co cAu chap hanh va nhidu gop mo phong céc 16i suy giam hi¢u suat
truyén dong va nhiéu ngoai lai tic dong 1én hé thong, duge gdp dudi dang cac
nhiéu D, (t) va D, (t).

- Khdibo quan sat 181 co cAu chép hanh thyc hién cac thuat todn quan sat 16i da
trinh bay trong Muc 2.2.1 va Muc 2.2.2, bao gff)m bd quan sat co s& va bo quan
sat 13i cai tién.

- Khéi ESO (2.50), dung dé u6c lugng dong thoi trang thai van tée va dong thoi
tai tao nhiéu gop.

- Khoi xtr ly va danh gia két qua: Ghi nhan, so sanh va hién thi cac tin hiéu thuc

va udc lugng, phuc vu cho viéc phan tich dinh lugng va truc quan.
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b) Cai dat mo hinh dong luc hoc robot
M6 hinh dong hoc va dong luc hoc cua robot dugc cai dat duya trén phuong
trinh (2.19) va (2.30). Thong s6 mo hinh robot duge mé ta trong Bang 2.1, cac tham

s6 ctia dong co DC servo mo ta trong Bang 2.2.

Bdng 2.1. Thong sé mé hinh robot sir dung trong mé phéng

Tham sb M6 ta Gia tri
r(m) Ban kinh banh xe 0.1
m (kg) Khéi luong robot 15
I (kgm?) M6 men quan tinh cua robot 2.5
2h (m) Khoang cach gitra hai banh xe chu dong 0.4

Bdng 2.2. Tham s6 dong co sir dung trong mé phong

Tham s M0 ta Gia tri
k. Hang s6 md-men xoan 0.02
k. Hing sb dién dong dong co 0.02
N Ty s6 truyén 16.2
Rn(Q) Dién tré phan tmg mdi dong co |

¢) Mé phong 16i co cdu chdp hanh va nhiéu

Thoi gian md phong dugce tién hanh trong 20 gidy, 18i co cAu chdp hanh ¢ phan
dong luc hoc va cac nhiéu loan chua biét duoc mod phong théng qua viéc dua cac
thanh phan nhiéu gop bat dau tir gidy tha 10:

b, D, =[3sin(4t+%) 2cos(2.5t+ )]

Ldi co cdu chap hanh ciing duoc cho tac dong tir gidy thtr 10 dudi dang suy
giam hiéu suat truyén dong: A9 =[0.35v 0.25a)]T .
d) Cai dat bo quan sat
- B0 quan sat 16i co cAu chap hanh dugc thiét 1ap bang cac khoi
MATLAB Function két hop véi cac khdi tich phan, nham dam bao tinh
linh hoat trong viéc trién khai cdc ham phi tuyén va céc thuit toan cai tién.
- B0 quan sat trang thai mé rong duogc thiét lap theo h¢ phuong
trinh (2.50).
Céc tham sd ctia bd quan sat dugc thé hién trén bang 2.3.

Bdng 2.3. Tham s6 cdc bé quan sat sir dung trong mé phong

B0 quan sat Tham s6
IFO T, = 0.5Tiir =3, Bg = 0.01, Lo=[10000; 00 100]
ESO A =250,y =0.0l,a =0.5
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2.3.2. Két qua mé phong va danh gia
a) Tin hiéu quan sat trén FO va IFO

Can ctr vao két qua thé hién trong Hinh 2.3, ¢ thé nhan thiy ring khi sir dung
bo quan sat 16i FO, cac tin hiéu udc luong 16i van tdc tinh tién va van tdc gbc Xuét
hién qua trinh qua d6 16n trong giai doan khdi tao. V& mit nguyén 1y, cac gia tri uéc
luong nay dugc dua truc tiép Vao tﬁng diéu khién dong hoc dé thuc hién bu 13i. Xét
trén phuong dién 1y thuyét, hé diéu khién tong thé van dam bao tinh 6n dinh tiém can
theo tiéu chuan Lyapunov, diéu nay ciing da duoc kiém ching thong qua cac két qua
trong cac cong bd [73]. Tuy nhién, bién d6 qua d6 16n & giai doan dau ctia bd quan
sat ¢6 thé gay dao dong 16n hodc lam suy giam chat luong qua do ban dau cua robot,
tir d6 1am kéo dai thoi gian x4c 14p bam quy dao mong mudn. Do d6, hién twong qué
do khdi tao nay dugc xem la mot han ché dang ké cua bod quan sat FO truyén théng.

5 T T T

m \/ estimate - FO wmmmmy estimate - FO w fault == v fault
w4
~
3
2 3
3
w2
~
S
1
=2
0
4 1
—— Fault Estimation of D(1) —— Fault Eatimation of O{2)
——D{1) 0.8 — =)
= 1 =
= o
E Eops
@ a
5 5
T2 =
= = 0.4
El =
o -]
<= i
0.2 V
o L,/-_ - - o
o 5 10 15 20 25 30 o 5 10 15 20 25 an
Tima's Tima's

b)
Hinh 2.3. Udc lwong 16i co cau chdp hanh qua vén téc tinh tién va van téc goc tir
bé FO: a) Két qua ciia NCS, b) Két qud trong nghién ciru [73]

08 . -

& S— s EAy —
S = — - @ !
-‘g 0.6 — o3 82

= =
Tl = = a
< 04 Aw 1 &oi

&= s

~— .

g 0.2 é

= O SEL TRUEET TR TERRRE RT NYYEL PRV B — (]

<] [) |uimirmm s o e u—?
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Hinh 2.4. Uéc lwong 16i co cau chdp hanh qua vén toc tinh tién va vin téc goc ciia
bo IFO
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Nguoc lai, két qua trong Hinh 2.4 cho thdy bd quan sat 13i cai tién da khic phuc
hiéu qua nhugc diém néu trén. Co ché warm-up han ché xung dinh va tranh bu 131 quéa
murc trong giai doan khoi dong; sau khi hé sé quan sat duoc kich hoat day du, sai s6
wdc lwong méi hoi tu vé mién 1an can khong. Sy cai thién nay cho phép ning cao dang
ké tinh 6n dinh, tbc do hoi tu va chét lugng dap uing téng thé cua hé théng robot.

b) Tin hiéu quan sat trén ESO

Can ctr vao cac két qua thé hién trong Hinh 2.5 va Hinh 2.6, c6 thé khiang dinh
rang bd quan sat ESO cho kha niang udc lwong chinh xé4c va tin ciy ca nhiéu gop tac
dong lén hé théng 1an cac trang thai van tdc cua robot. Cu thé, & Hinh 2.5, tin hiéu
nhiéu g0p dugc udc lugng bdi ESO bam sat nhiéu thuc véi sai 1éch nho va thoi gian
hoi tu nhanh, ngay ca khi nhidu xuat hién dot ngdt va co dang bién thién diéu hoa.
Diéu nay cho thiy cau triic dé xuat cho phép udc luong anh hudng cua 16i va nhidu

theo hai téng mo hinh dong hoc va dong luc hoc.
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Hinh 2.5. Uéc lwong nhiéu gdp bang bé quan sdt trang thdi mé réng

3 Van tée dai m— /AN thc goC |
o = =Vantdc dai udctinh = =Van tdc goc woc tinh
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T0
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Hinh 2.6. Udc lwong vin téc, van toc goc trén bo quan sat trang thai mo rong
Bén canh d6, két qua & Hinh 2.6 cho thiy cac gid tri uc lugng van tde tinh
tién va van tdc g6c hoi tu nhanh vé gia tri thyc sau mot khoang qua do ngén, déng
thot duy tri d§ trung khép cao trong subt qua trinh hoat dong. Dac biét, hién tugng
dao dong va sai l1éch ¢ giai doan khoi tao dugce gidi han trong bién dd nho va nhanh
chong bi triét ti€u, dam bdo tin hi¢u wdc luwong di muot dé sir dung truc tiép trong

vong di€u khién.
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Véi vai tro duoc tich hop trong vong diéu khién dong luc hoc, ESO cung cép
thong tin trang thai va nhiéu c¢6 do chinh xac cao, cho phép bd diéu khién thyuc hién
bu nhidu chu dong va ting cudng tinh bén vitng cua hé théng. Nho d6, chét lwong
dap ung dong luc hoc cua robot dugc cai thién rd rét, thé hién qua kha nang on dinh
nhanh, giam dao déng va duy tri van hanh 6n dinh ngay ca khi hé thdng chiu tac dong
ctia nhiéu ngoai.

2.4. Két luan chwong 2

Chuong 2 cta luan an di xdy dung mot khung 1y thuyét hoan chinh cho viéc
mo hinh héa, quan sat va udc luong 18i co cau chdp hanh trong NWMR. Truéc hét,
cac mo hinh dong hoc va dong luc hoc co xét dén 13i co chu chép hanh di duoc thiét
1ap mot cach tuong minh, lam 16 co ché xam nhap cua 16i va nhiéu vao dong luc hoc
sai s6 bam cling nhu dong lyc hoc van tdc cua robot. Trén co s& do, luan an da dé
Xuét cu trac quan sat hai ting, két hop bd quan sat 16i co cau chdp hanh va bo quan
st trang thai m& rong, cho phép udc luong anh huong cua 16i va nhidu theo hai tang
mo hinh ddng hoc va dong luc hoc.

Céc bo quan sat duoc thiét ké khong chi dam bao kha ning wdc luong chinh
xac trong diéu kién bat dinh va nhiéu bi chin, ma con khéc phuc dugc cac han ché
thue tién nhu xung quéa do ban dau théng qua co ché khoi tao thich nghi. Tinh 6n dinh
va hoi tu cia sai sb quan sat dugc ching minh chat ché dya trén 1y thuyét Lyapunov
phi tuyén. Nhitng két qua dat duoc trong chuong nay tao nén tang 1y thuyét va ky
thut vitng chac cho viéc phat trién b diéu khién chiu 18i tich hop quan sat — diéu
khién s& duogc trinh bay va khai thac trong Chuong 3.

Két qua nghién ctru trinh bay trong chwong 2 di dugc cong bd trong cac cong
trinh CT1, CT5, CTS.

[CT1]. H. S. Phuong, Ngo Manh Tien*, Ngo Duy Tan, Mai The Anh, Duong Dinh
Tu, “Proposal of a Fault-tolerant controller for wheeled mobile robots with faulty
actuators,” 2023 12th International Conference on Control, Automation and Information
Sciences (ICCAIS), Hanoi, Vietnam, pp- 507-512, 2023. DOI:
10.1109/ICCAIS59597.2023.10382286. (SCOPUS)

[CTS5]. Sy Phuong Ho, Dinh Tu Duong, Van Chuong Le, Van Vy Phan, Hung Cuong
Ta, Thanh Tri Nguyen, "Fault-Tolerant Control for Mobile Robots: Integrating Low-Pass
Filters for Improved Actuator Fault Compensation", 2025 3rd International Conference on

Smart Systems for applications in Electrical Sciences, Tumakuru, India, 2025, pp. 1-6, doi:
10.1109/ICSSES64899.2025.11009298. (SCOPUS-Q4)

[CTS]. Sy Phuong Ho, Manh Tien Ngo*, Duy Tan Ngo, Van Du Phan, Dinh Tu
Duong, Van Vy Phan, “Hybrid Fault-Tolerant Adaptive Controller for Robust Trajectory

Tracking of Mobile Robots”’, Transactions of the Institute of Measurement and Control, pp.
1-11, 2026. https://doi.org/10.1177/0142331226144986 (SCIE-Q2)
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CHUONG 3.
KIEN TRUC PIEU KHIEN CHIU LOI PHAN TANG DUA TREN CAC BO
QUAN SAT CHO NWMR

Trong Chuong 2, luan an da xay dung mo hinh dong hoc va dong luc hoc cua
robot di dong non-holonomic trong diéu kién ton tai nhiéu gop, bat dinh tham s va
16i co ciu chp hanh, dong thoi dé xut cac cau triic bo quan sat phi tuyén nham udc
luong trang thai, nhidu va 18i co cAu chap hanh. Cac két qua thu duoc cho thiy rang
viéc tich hop bd quan sat vao kién trac diéu khién déng vai trd then chdt trong viée
nang cao do tin cy va kha ning chiu 13i ctia hé thong.

Tuy nhién, cic bd quan sat chi cung cp thong tin wdc luong; dé khai thac hiéu
qua cac thong tin nay trong bai toan bam quy dao, can thiét phai thiét ké cac bo diéu
khién chiu 16i phu hop, c6 kha ning bu trir chit dong anh hudng cua 18i co cdu chip
hanh, duy tri 6n dinh toan cuc va dam bao chét lugng diéu khién trong diéu kién nhidu
va bat dinh manh.

Xuat phat tir yéu cau d6, Chuong 3 tap trung vao viéc tong hop va phat trién
céc chién luoc diéu khién chiu 16i cho NWMR trén co so ké thira va mé rong cac két
qua quan sat da xay dung & Chuong 2. Cac bo diéu khién dugc trinh bay khong chi
khai thac thong tin tir bd quan sat, ma con gin lién vai viée cai tién ciu tric va vai
trd cia cac bd quan sat 18i va nhiéu nham nang cao hiéu qua bu 16i va do bén vimng
ctia hé thong.

3.1. Piéu khién chiu 18i cho NWMR dua trén i-PID va b quan sat 13i

Trong muc nay NCS dé xuét mot cau trac diéu khién bam quy dao chiu 16i cho
robot tu hanh non-holonomic, trong d6 y tudong cbt 16i khéng nham thay thé bo diéu
khién bam quy dao dong hoc truyén thong, ma tap trung vao tang cudng kha ning
chiu 16i va tinh thich nghi & muc dong lyc hoc. Cu thé, bo diéu khién duoc téng hop
dua trén ba thanh phan chinh: (i) bo diéu khién bam quy dao dong hoc dung dé sinh
van tdc tham chiéu; (i1) bo diéu khién i-PID dua trén mé hinh siéu cuc b nham tranh
phu thudc vao mé hinh dong luc hoc chinh xac; (iii) bd quan sat 16i dung dé uéc
luong truc tuyén anh hudng cua sai 1éch mo hinh va 18i co cdu chap hanh, tir d6 cho
phép bu 18i chu dong trong vong diéu khién trong. Diém méi ciia phuong phap dé
xuit nim & viéc két hop diéu khién i-PID véi bd quan sat 16i trong cAu trac hai vong,
cho phép xur Iy dong thoi sai 1éch mé hinh va 13i co ciu chap hanh ma khong can mo
hinh dong luc hoc chinh xéc cua robot.

Véi cdu tric nay, bai toan diéu khién bam quy dao dugc tach thanh cac khoi
chirc niang 6 rang, cho phép vira dam bao tinh 6n dinh ciia hé thong, vira nang cao
d6 bén virng trudc cac bat dinh va 18i khong thé tranh khoi trong méi truong thyec.
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3.1.1. B§ diéu khién dong hoc bam quy dao
Hinh 3.1 thé hién cdu tric va quy dao chuyén dong cta robot theo quy dao

mong muon.

Bénh xe quy dao dat

thu dong

[
»

: X
Hinh 3.1. M6 ta cdu triic va chuyén déng ciia NWMR
Xét quy dao chuyén dong cua robot dugc chia thanh n doan rat nho co do dai
Al > 0. Véi P(x,y) la toa do hién tai cua robot, ta co thé xac dinh chinh xac toa do
diém P; (x;,y;) sau khi robot di chuyén mot doan Al nhu sau [20], [38]:

{xl =x+Alcosd

3.1
v =y+Alsinf G-

Do d6, bai toan bam quy dao ctia robot c6 thé duoc thay thé bang bai toan diéu
khién diém P, (x;,y;) bam theo quy dao dat q; = [x; y4 641"

Lay dao ham theo thoi gian cua (3.1) va két hop véi mé hinh dong hoc (2.3),
ta thu duoc [20],[38]:

X cos@ —Alsinf || v
= (3.2)
b2 sin@ Alcosf || w
Suy ra:
cos@ sind
\% Mlc . .

{ }: _sin@ cosd L };(xl =U.,)] =u62) (3.3)

Al NS

Tin hiéu diéu khién bam quy dao dugc chon:
{ucl = Xig + k31 (x5 — 1)
Uey = Y1+ (Mg = 11)

Trong d6 u,,u., la cac tin hi€u diéu khién trung gian, twong ung voi toc do

(3.4)

bién thién cua toa do diém diéu khién B. x,;, y,,1a toa d¢ trang thai tiép theo mong

mubn, twong ing véi quy dao tham chiéu: x,; = x; + Alcos6,, vy = vy +Alsing,.
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kz1,k3, >0 lacac hé s6 diéu khién, quyét dinh tdc d6 hoi tu cia sai sb. ey =Xig — X1,
e, =g — ) lasai sO bam giita trang thai tiép theo mong mudn va trang thai thuc té.
Tin hiéu diéu khién theo van tdc va van tdc gbc dé xuét:
v =k3e), o8O+ k3e, sinl + x4 cos O + yy 4 sin 6

1

W= E(—k31e1x sin @ + k3yep,, cos O — Xy sin O+ yyy cos&)

M6 hinh dong lyc hoc ctia robot dugc biéu dién dudi dang mo hinh danh dinh

(3.5)

don gidn hoa:

1 1
M &
o| rlh —hio

I 1

Ldi co cau chap hanh duge xem xét dudi dang 1am suy giam hiéu suat cia céac
bd chap hanh trén hai dong co ctia robot. Khi d6, mo6 hinh dong luc hoc cia robot co6

thé dugc biéu dién nhu sau:

1 1
v 1 71 —AT
=2 m+Am  m+Am || 7 1 (3.7)
w| r h —h 7, — AT,
I+AI  T+Al

Trong d6, vecto nhiu dau vao khong xac dinh Az = [A 71 Aty ]T biéu dién
16i co cdu chap hanh tac dong 1én robot di dong, dong thoi sai 1éch cac tham sb Am
va Al gia thiét ton tai chua biét trong qua trinh mo hinh hoéa robot. Do anh hudng
ctia cac 181 ndy, cac gia tri cua van tdc tinh tién v va van tbc goc @ sé thay doi boi
cac dai lwong khong xac dinh 1an luot 1a Av va Aw.

3.1.2. B diéu khién dng lwc hoc dwa trén i-PID va diéu khién phi mé hinh

Theo 1y thuyét diéu khién phi mé hinh va mé hinh siéu cuc bd dugc trinh bay
trong [72], ddng thoi dugc tong hop trong [71], dong luc hoc phi tuyén chwa biét cia

hé théng duogc biéu dién dudi dang:
yj(\?FC =Fy + Ay, (3.8)
trong do ygf[)FC l1a dao ham bac i = 1 cia y ¢ » y](é,)FC eR" ,u,, €R" latin
hiéu diéu khién, 4, € R™" 1a ma tran hang s, F , 1a dai lugng gop phan anh anh

huong cua dong luc hoc chua biét, nhiéu va 16i co cAu chép hanh, dugc udc luong
truc tuyén.
Xét hé dong luc hoc trong (3.7) khi biéu dién dudi dang (3.8), ta co:
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9=F, + Ay (3.9)

ctr
Trong do:
_ T _ T
U =l11 721 AUy, =[A7y A7y ]
1 1

A, = FZ’ ”’2 , Fy = f(m,1,Am,Alu, Au)

ﬁ rl
Mé rong luat i-PID trong [72] cho hé MIMO c6 ma tran phan bd dau vao 4,
tin hiéu diéu khién dugc chon nhu sau:

ey = Ay (S = Fy +heyeg +k; [ egdt + kyég) (3.10)

trong do kp,ki,kd 1a cac hé sd cua bo diéu khién i-PID; F g 1a uoc lugng cuia

F o tir by quan sat; $; 1a van tdc tham chiéu; e 9 =9; —& lasai léch.

CAu trac tong thé ciia bo diéu khién duoc trinh bay trong Hinh 3.2, bao gdm

vong ngoai bam quy dao va vong trong diéu khién dong luc hoc két hop i-PID va bo

quan sat.
e
| Outer loop
________________________ .
|
X, | idFuuh
qd =\ | - .
0/l ) Tracking # | Dynamic |V . |Transformation| 41
Controller "1 Model v i

|

|

|

- 1
|

|

v J . |
Observer Y :

|

_—_——— e e e e e e e e o — — — — — — — — — o —— — — — —— — —

Hinh 3.2. Cdu triic by diéu khién MFC-iPID-FO dé xudt
Dinh Iy 3.1: Xét hé kin tang dong luc hoc dugc mé ta boi (3.9) dudi luat diéu khién
MFC-i-PID (3.10). Néu sai s6 uoc lugng £, = F, — F, bi chin thi sai s6 bam van toc

|
|
|
|
|
|
Matrix ]
|
|
|
|
|
|
|

eg cua vong trong la UUB. Néu Fb(t) — 0 thi sai sb e ¢ ho1 tu tiém cén vé khong.
Chirng minh:

Chon ham Lyapunov Ung vién:
Vs =%(e§(e9+kdeg)+QTkiQ), Q:Iegdt (3.11)
Lay dao ham V3 (t) theo thoi gian, két hop véi (3.9) ta duogc:
Va1 =e§(9d—Fg—Ahuc,r)+egkdé9 +egkl-.[elgdt (3.12)
Thay luat diéu khién MFC—iPID (3.10) vao (3.12), ta thu duoc:
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Va1 =—ehkyeg +ep) ==k, el —eher <k, les| +|eber|  (3.13)

Ap dung bt dang thirc Young/Cauchy ta co: ‘egeF‘ < %Heé” + i”eﬁ”

k

1
sl =~ leol” + -l

; k 2 1
Do ds Vs <k, feslf’ + = eal” + 5
p 2 2k,

Vi sai s6 udc lugng e, cuia bo quan sat bi chdn va hoi ty vé 0, nén hé sai so6 1a

UUB. Hon nita, khi  — oo thanh phén |leg|* < £, néu chon &, du nhé J3, tré nén
am xac dinh tir mot thoi diém du 16n. Vi F:q bi chin nén sai s6 bam van toc 1a UUB.
Khi F;J(t) — 0, dao ham ham Lyapunov tré nén 4m xac dinh sau mot khoang thoi
gian hiru han; do do sai s6 bam van toc hoi tu tiém cin vé khong [64].

Nhén xét 3.1: Luat diéu khién (3.10) yéu cau tin hiéu 9,4, twong tng véi dao
ham bac hai cta quy dao vi tri tham chiéu. Do d6, quy dao tham chiéu duoc gia thiét
dua tron. Trong trién khai thuc té, 19d c6 thé duge xac dinh bﬁng b0 loc hodc bo vi phan
pht hop, yéu cau nay khong phu thudc vao viéc ude luong ng.

3.1.3. Mo phéng va danh gia
a) Thiét ldgp mé phong

Trong tiéu muc ndy, cic két qua mo phong thu dugc tir bo didu khién dé xuit
két hop bd quan sat 16i duoc trinh bay va phan tich. Cac tham sé mé phong duoc liét
ké trong Bang 2.1.

Quy dao mong mudn duge chon:

qq=[xq va 6, ]T =[5cos(0.3r) 5sin(0.3r) 0.3t+ 0.577]T (3.14)

Trang thai ban dau cta robot: x(0) = 0, y(0) =0, #(0) =0.

Pé chitg minh tinh kha thi va hiéu qua ctia bo diéu khién dé xuat, cac bo diéu
khién PID va i-PID khong sir dung bd quan sat 16i duge dwa vao so sanh trong mo
phong. Cac tham s6 diéu khién tuong ing duoc liét ké trong Bang 3.1.

Bdng 3.1. Cdc tham so ciia cac b diéu khién PID, iPID, MFC-iPID-FO
B§ diéu khién Cic tham s6 diéu khién
kp, =12,k;, =0.1,kp, =0.01;
kpy =12,k =0.1,kp, =0.01;ky =5,k =5
kp, =12,k;, =0.1Lkp, =0.01;
kpy =12,k =0.1,kp, =0.01;ky =5,k =5
MFC-iPID-FO k,=12,k; =0.1,k; =0.01;k3) =5,k3p =5;kpp =200

PID

1-PID
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Céc tham sb diéu khién trong Bang 3.1 dugc xac dinh thong qua qué trinh tinh
chinh ldp (iterative tuning) trong méi trudng MATLAB/Simulink nhdm dam bao tinh
6n dinh cua hé théng va giam thiéu sai s6 bam quy dao. Phén tich d6 nhay cho thiy
rang cac thay d6i nho (£10%) cta cac tham sé ndy chi gy ra nhiing bién d6i khong
dang ké trong sai s6 bam, trong khi cac sai 1éch 16n hon c6 thé dan dén hién tuong
hoi tu cham hodc dao dong.

Hé sb khuéch dai cua bd quan sat ky, dugc lya chon nham can béng gilta kha
ning udc lwong 16i nhanh va kha ning khir nhiéu do.

Pé dam bao tinh khach quan cua két qua danh gia, cac bo diéu khién duoc mé
phong trong ca hai trudng hop:

1. Chi ton tai sai s6 mo hinh, khong c6 15i co cau chap hanh

2. Pong thoi ton tai sai s6 mo hinh va 15i co cau chap hanh.
b. Két qui mé phéng

> Truwong hop 1 (THI): Trude hét, ba by diéu khién duoc so sanh va danh gia

trong bai toan bam quy dao dudi diéu kién khong c6 18i co cau chap hanh. Nhu thé
hién trong cac Hinh 3.3 — 3.5, b0 diéu khién dé xuat dat duoc sai s6 bam nho nhat, thoi
gian d4p (mg nhanh hon va hiéu ning vuot trdi so voi hai bo diéu khién con lai. Trong
khi d6, bo diéu khién PID va i-PID khong sir dung bd quan sat cho két qua kém hon do
khong c6 co ché wéc luong va bu thanh phan bat dinh gdp/sai 1éch mé hinh.

.......... iPID = = =PID ——MFC-iPID-FO
. . " 2 ‘
0.4
1S oz P R = |
o IEERY I == |
DR Jorp—— =3 \! 6 8 10
30.5 ]
\Q
5 6 7 8 9 10 0 i

0 10 20
Thot gian (s) Thoi gian (s)
a) Van téc tinh tién b) Van t6c goc

Hinh 3.3. Tin hiéu diéu khién ciia PID, iPID, MFC-iPID-FO trong truong hop 1

----- iPID = = =PID =——MFC-iPID-FO
0.2 : , . |
0 pre—=
0.2 :
5 6 7 8 9 10
0 5 10 15 20 25
Thoi gian (s)

a) Sai léch theo truc X
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0 5 10 15 20 25
Thoti gian (s)

b) Sai léch theo truc Y

I ---I--PID —IMFC—iPI]I) FO
e |
6 7 g 9 10
0 5 10 15 2 25
Thot gian (s)

¢) Sai léch theo goc huong
Hinh 3.4. Sai léch bam quy dgo theo truc x, y va goc 6

i - W

4l NN ]

e OIN
' PID

27 / — ==iPID "l' \

- — = = MFC-iPID . S/ |

= P e

>~ 0 | e }

5 5 -

Ea ‘\ 48 ‘,;"— I
5 \4 6 1* /
51 -2 -1 0 /
| AN /

N P
-S5h \~!—/ d
5 0 5
Truc X [m]

Hinh 3.5. Quy dao bam ciia cac b diéu khién PID, iPID, MFC-iPID-FO trong THI.
Céc két qua mo phong trong Hinh 3.3 — 3.5 chitng minh rd rang hiéu qua vuot
troi ctia bo diéu khién dé xuat so v6i cac phuong phap d6i chimg.
» Truong hop 2 (TH2):
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Trong kich ban thi hai, 16i co ciu chép hanh duogc dua vao hé théng tai thoi
diém 7 =8s voi Av=0.25vsin(¢),Aw=0.3® dong thoi cac tham s clia robot nhu
khéi lwgng m va moé-men quan tinh I ciing thay di theo thoi gian (m=moe+5*sin(t);
[=Ip+0.5*cos(t)). Cac Hinh 3.6 - 3.9 trinh bay két qua mé phong tuong Gmg.

Két qua sai s6 bam trén hinh 3.6 cho thiy b diéu khién dé xuit van duy tri
duoc sai 1éch nho sau khi 16 xay ra, trong khi cac bd diéu khién PID va i-PID khong
st dung bd quan sat 18i xuét hién sai sb du 16n hon va thoi gian phuc héi dai hon trén
tat ca cac trang thai.

Céc tin hiéu diéu khién twong tng dugc thé hién trong Hinh 3.7, trong d6
phuong phap dé xuat tao ra cac diéu chinh muot hon, véi do quéa diéu chinh nho,
trong khi cac bd diéu khién chuan xuat hién cac bién thién dot ngdt va dao dong manh

sau khi xay ra 1.

= = =iPID s PID =——MFC-iPID FO
0.5 1
0 ey “’—s,' -
-0.5 :
5 10 15 20 25
0 5 10 15 20 25
Thoi gian (s)

a) Sai léch bam theo truc X

PID =——MFC-iPID-FO
03 o"-~\~ -’
15 20 o= 25
\ .‘/— ‘\‘ PAd
== 7 =t
ST TN
15 20 25

Thoi gian (s)
b) Sai lech bam theo truc Y

PID ——MFC-iPID-FO 1
. . -
"~~-_,¢/" \’\-—’, i
O’-.
15 29,--,;):2 ’// i
L -
0 5 10 15 20 25
Thoi gian (s)

¢) Sai léch bam theo goc huong
Hinh 3.6. Sai léch bam cia cdc bé diéu khién PID, iPID, MEC-iPID-FO khi ¢6

161 co cau chdp hanh
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0 5 10 15 20 25
Thoi gian (s)

a) Tin hiéu van toc tinh tien

PID = = = iPID ——MFC-iPID-FO
2 |
~
o]
] 4
=
3 ~ — S )

------- i .~~~.__’¢ ’\.\ ,
10 15 20 25

b) Tin hiéu vdn toc goc

Hinh 3.7. Tin hiéu vén téc tinh tién va vin téc goc cua cdc bo diéu khién PID, iPID,

MFC-iPID-FO
06t Fault = = =Estimate | 0.6
0.4 -
’
0.2 A
0
-0.2
' ' ' -0.4
10 15 20 25 7.995 & 8.005
Thoi gian (s) Thoi gian (s)
a) Ubc lwong 16i vdn toc tinh tién
0.2 ' ' ' 0.2
m——— Fault == =FEstimate
) 0151 " 0.15
= <=
§ 0.1 g 0.1
4 0.05 1 4 005 /
0 ‘ . . 0
10 15 20 25 7.995 8 8.005

Thot gian (s)
b) Uéc lwong 16i vin toc goc
Hinh 3.8. Két qua wéc heong 16 trén NWMR
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5
\
= = Ref ‘l
e PTD I'
=== PID /'
=== MFC-iPID-FO /'
'g' ’
~ 0
)
E.
H
—5 ul
-5 0 5

Truc X [m]
Hinh 3.9. Quy dao bam cua robot trong truong hop 2

Hinh 3.8 minh hoa vai trd ctia bd quan sat 16i. Cac 16i wdc luong AD va A@ hoi
tu nhanh vé gid tri thyc, v6i thoi diém phat hién 161 vao khoang 8.007 s tuong tng
voi do tré phat hién khoang 0.007s. Viéc udc lugng chinh xac nay cho phép bu 16i
hiéu qué trong vong diéu khién trong. Hinh 3.9 x4c nhan rang bo diéu khién dé xuat
van duy tri duoc do chinh x4c bam quy dao cao ngay ca khi ton tai suy giam co ciu
chap hanh va bién thién tham s, trong khi cac phuong phap d6i chimg xuét hién sai
léch dang ké.

Panh gia: Cac két qua dat duoc cho thay rang viéc két hop diéu khién phi mo
hinh MFC—PID véi bd quan sat 16i cho phép nang cao dang ké kha ning bam quy
dao va b 16i co cau chap hanh cia NWMR, ngay ca khi mé hinh dong luc hoc khong
dam bao su chinh xac.

3.2. Piéu khién truogt chiu 16i cho NWMR dua trén cu tric quan sat kép

Phan nay trinh bay bo diéu khién truot c6 hd tro bai hai bd quan sat (DOA—
SMC) duoc dé xuat cho bai toan bam quy dao chiu 16i cia NWMR (Hinh 3.10). Ciu
trac diéu khién tich hop HiGO dé tai cau trac van toc, FO dé udc luong 13i co cau
chap hanh, va bd diéu khién truot thich nghi nham dam bao bam quy dao bén viing.
3.2.1. Bé quan sdt mé rong hé sé khuéch dai cao

Dit z; = g, z, = 9, khi d6 h¢ thong NWMR dugc biéu dién:

Z.l 2522
. (3.15)
Zz :BT+D
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Do ma tran S(gq) € R3*%¢ hang cot ddy du, nghich dao trai Moore—Penrose
cia S(q) duge sir dung va xac dinh boi ST(q) = [ST(q)S(q)]7*ST(q). Dbi v6i ma
tran bién doi dong hoc cia NWMR dang xét, ST (q)S(q) = I,, do d6 ST(q) = ST(q).

Léi truyén dong
Nhieu loan

A
Ao

Bo

y 2 " |Pidu khié M hinh| ¢
uy dao e o _ |Piéu khién |u M
© (?Illét. Mat |8 truot Pliong ho 1™
' f",@ | idu khién | & ) | truot thich nghi NWMR
& | 7| donghoc | 7 N
X - r YO 23
A“’] Sai léch moé hinh
B
Quan sat 16i W
] <€
] HiGO [

Hinh 3.10. Cdu triic cuia b diéu khién DOA-SMC.
Duya trén nguyén 1y b quan sat d6 lgi cao mé rong trong [16], mot cau tric
HiGO dugc phat trién cho mé hinh NWMR nhu sau:

5 =52, —7/—2(21 —Zl)
& (3.16)
22 :—STZ—E(% _Zl)
trong do 21 va 22 lan luot 1a cac gia tri udc luong cua 21 va Zp;
71 va 7y duogc lua chon sao cho phan thuc cia céc tri riéng cta phuong trinh dic
trung sau la am s2+ Vs +y1 =0.

Sai s6 quan sat dugc dinh nghia nhu sau:
1 . 1 .
ZlZ—ZST(Q)(Zer),Zz=;(22—Zz) (3.17)
&

Khi d6, phuong trinh dong hoc cua sai $6 quan sat cé thé duoc viét:
sy=Yy+Y(@) (3.18)

-7y 1 . .
trong do6: ¥ = {Zl}Y ={ 72 } Y (¢) bao gom anh hudng cua su bién
22 -n 0
thién ciia ST (¢) , dong luc hoc hé, nhidu gop, vai gia thibt bi chan | Y (2)|| < Y, Y >0
Phuong trinh dac trung tuong g v4i dong hoc cua b quan sat la:

det(s/ —Y)=0<> s>+ y,5+7, =0 (3.19)
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bé (3.19) ¢6 céc tri riéng am, lya chon s =—1;5, =—2. Khi do6 ta thu dugc
7 =2,y,=3.

Pé dam bao tinh 6n dinh cua bd quan sat, ma tran Y dugc chon sao cho tat ca
cac tri riéng cta (3.19) c6 phan thuc am. Noi cach khac, Y 12 ma trin Hurwitz. Theo
Iy thuyét 6n dinh Lyapunov, v&i moi ma trin xac dinh duong cho truée Q = QT > 0,
t6n tai duy nhat mot ma tran ddi xing x4c dinh duwong P = PT > 0 théa man phuong
trinh Lyapunov sau:

Y'P+PY=-0 (3.20)

Dé phan tich tinh 6n dinh cua dong hoc sai s quan sat trong (3.16), ham
Lyapunov sau duoc dé xuét:

T
Viosir=x"Px (3.21)
Lay dao ham theo thoi gian cua (3.21), ta thu dugc:

: . 1 2
Vigy =& Py+ey Py==4" (YTP+PY);(+—;(TPY(t) (3.22)
& &

Thay dong hoc sai sd tir (3.18) va (3.20) vao, ta thu dugc:
; 1 2 Ao 2| P|IY
Vin ==~ 707 +2 4T PY(t) <~ 20Dy 2 +MH1H (3.23)

g g £ £

trong do 4,,;,(Q) 1a gia tri riéng nho nhit cia ma tran O .
Bit dfmg thirc nay xac nhéan r?mg sai s quan sat y la bi chan UUB va thoa
man:
2| Y

Bd quan sat dam bdo cac sai s6 udc lugng ludn bi chédn trong di€u kién cac

lim sup||;((t)|| < (3.24)
t—o

thanh phan nhiéu va bat dinh 12 hiru han. Tham s6 & quyét dinh thang thoi gian cia
dong hoc bd quan sat; gid tri € nho hon din dén hoi tu nhanh hon cua sai sb uéc
luong. Néu Y () >0 khi t > oothi y(r) >0.
3.2.2. Piéu khién trwot thich nghi trén co sé bé quan sit HiGO
a) Ludt diéu khién dong hoc

Trén co s& mo hinh sai s6 bam quy dao cua robot dudi anh hudng cua 18i co
cAu chip hanh di chi ra ¢ tiéu muc 2.1.2. Két hop véi bd quan sat 13i cai tién thé hién
trong (2.37). Luat diéu khién dong hoc cho robot duoc dé xuit:

[vc } _ { v cos6, +k x, + AV } (3.25)

- Wg +k,vgy, +kgsing, +Aw

b) Ludt diéu khién déng lic hoc
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bat z;, =q,, 2,5, =9, €, =21~ Z1g» €, =Z) ~Zyq- Khi d6, hé sai sb duoc
biéu dién nhu sau:
e, =Se
1o (3.26)
é,, ==S"Gy+Bu+D
Ky hiéu bién trugt va bién truot quan sat 1an luot 1a:
d=e, +1e,
A L, A>0 (3.27)
d=e, +le,
trong do e —Zig, €, =2y ~Zyq
Do do, ta co:
S=é,, +Aé, ==S%,+Bu+iSe, +D (3.28)
Luat diéu khién dugc thiét ké nhu sau:
- B! (STq'd ~ASé, ~ Mg tanh(é)) (3.29)
trong do A, >y, >0.
DPé dam bao diéu kién trugt duge duy tri trong su hién dién cua cac bat dinh
va nhiéu khong thé tranh khoi trong cac hé thong thuc té, mot thanh phan diéu khién
gian doan dugc dua vao. Theo do, bd diéu khién duoc stra d6i véi su bd sung cua hé

s6 chuyén mach thich nghi A,
u=8"(5"G, - 15e., - J,, tanh(8)) (3.30)

A

Bing cach dinh nghia sai sd uéc lugng 1a e; = A, — A, luat diéu khién
SMC-PI dya trén HiGO cubi cung c6 thé duoc dé xuat:
u=p" (Squ A8, = Agy tanh(é))

(1 + 6/1_72' atan2(§ 5)0

trong 40 & > 0 1a mot hang s6 du nho duoc dua vao nham dam bao tinh bén

(3.31)
A=A,

vitng cta diéu kién on dinh.

3.2.3. Phén tich én dinh

Bé dé 3.1: Xét hé kin téng dong luc hoc cua cu trac DOA-SMC, gém mo hinh
(3.26), bd HiGO (3.16) va luat diéu khién truot thich nghi (3.31). Gia sir cac sai sb
udce lugng van tdc va nhidu 1a bi chan. Khi d6 c6 thé lya chon céc tham sd diéu khién
sao cho bién trugt & cua vong trong 1a UUB .

Chirng minh:
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Chtng minh tuan theo lap luan Lyapunov tiéu chuan bang cach xét riéng ré
anh huéng cua 161 chdp hanh va nhiu bén ngoai. L3i chip hanh duogc bu boi bo quan
sat 131, trong khi anh hudng cta nhidu ngoai bi chin duoc bi/khdng ché bsi thanh
phén bén viing cua bd diéu khién truot. Do cac sai sb ude lugng 1a bi chan, bién truot
hoi tu vé mot tap du, kich thudc cua tip nay phu thudc vao céc can sai sb va cac hé
s diéu khién da chon.

Dinh Iy 3.2: Xét hé kin tang dong hoc cia NWMR duge mé ta boi phuong trinh dong
hoc sai s6 bam (2.8) v&i bo quan sat 18i (2.37), va luat diéu khién dugc xac dinh nhu

trong phuong trinh (3.25). Gié sit k., ,k, >0, van toc tham chiéu v, (¢) bi chan va

ton tai v,,, >0 sao cho v,(¢)>v,,. Néu cac sai s0 udc luong 10i Av=Av-Av va

Aw = Aw— Ao bi chin thi cac sai s6 bam cla téng dong hoc 1a bi chan cudi cung déng
déu. Néu Av(r) >0, Aw(t)—>0,¢— o, thi trong mién |0|<7, diém can béng
e, =[xe,ye,¢9€]r =0 12 6n dinh tiém can. Cac sai s bam x,, y, va 6, hoi tu vé 0 khi
t — oo.

Chirng minh
Thay luat diéu khién (3.25) vao mo hinh sai s6 bam c6 xét dén 13i co cAu chap hanh
(2.8), hé kin ting dong hoc tré thanh

%, =—kx, + (@, +kv,y, +ksing, )y, -y, Ao+ Av

v, = —(a)d +k,v,y, +k, sin@e)xe +x,Aw+v,sino,

6, =—k,v,y, —k,sind, + Ao
Xét ham Lyapunov

1 1—-cos@
V - x2 + 2 + e
m Ty ( e T Ve ) X

y

(3.32)

Véi k, >0, V,,,>0 va V,,, =0 tai x, =y, =6, =0 trong mién |0,|< 7.
Lay dao ham V,,, theo thoi gian ta dugc:

V.v322 = xexe +ye).}e + Slzee 0 (3333)

e

y

Thay dong hoc hé kin & trén va rat gon cac hang chéo, thu dugc

Aw (3.33b)

sind,

. k, .
Vi, =—k x> — k—‘9 sin’@, +x, Av +
y y

Ap dung bt dang thirc Young:

Aw?

x,Av< Exj +LA\)2;L|Sin9€
2 2k k

x y

Aa)‘ < k—gsinzﬁe +
2k 2k9ky

Do do,
) AV A’
+

; k, .
Vi S——2x2 ——2-sin’0, +

27 2k, 2k, 2kk

y x y

(3.33¢c)
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Néu Av va Aw bi chin thi cac hang cudi cia (3.34) cling bi chan. Vi vay, h¢
kin tﬁng dong hoc 1a UUB, véi kich thudc mién gi61 han phu thudc vao can cua sai
) quan sat 16i. Mit khac, theo tinh chit hoi tu cia bod quan sat 16i, khi

Av(t) =0, Aw(t)—>0, thi(3.33) tiém can vé:

P, =k’ —:—sm20 <0 (3.33d)

y

Vi, =0<>x, =0, sing, =0. Trong mién

0,|<z suy ra §,=0. Trén tap nay,
phuong trinh sai s6 goc tré thanh 6, =—k,v,y, . D¢ tap trén 1a bat bién phai ¢ 6, =0.
Do k, >0 va v,(t)2v,;, >0,suyra y, =0.Nhu vay, tap bét bién 16n nhat chira trong
{Vm = O} chi gom diém (xe, ¥,,0,)=(0,0,0). Theo nguyén 1y bét bién LaSalle, diém

can bﬁng cua hé kin té”mg dong hoc la 6n dinh tiém can trong mién xét. Do do,
limx, ()= lim y, (1)= lim 6, (¢)=0.

P
Dinh ly 3.3: Xét h¢ kin téng dong luc hoc co hé tro HIGO g6m mo hinh (3.26), bo
quan sat (3.16) va luat diéu khién trugt thich nghi (3.31). Néu sai s6 quan sat y 1a bi
chin theo két qua cua Muc 3.2.1, thi bién truot & va sai sd bam van tdc cua vong
trong 1a UUB. Kich thudc tap giéi han phu thudc vao can sai so quan sat va tham sd
e. Néu sai sb quan sat hoi tu vé khong thi o va sai s6 bam van tdc tuong ung hoi tu
tiém can vé géc.

Chirng minh:
Chon ham Lyapunov nhu sau:
1 o7 1 5
Vipsy ==0 0+ e 3.34
32375 7 (3.34)
Do do, ta co:
: 1
Vipz =0 ( STq +Bu+ ASe, +D)——e/1/1 (3.35)
ﬂ’SW
Két hop véi (3.31), ta thu dugc:
1
V3p3 =—06" Ay, tanh(0)+6" (AS(z,—2,)+ D) —l—e/yl (3.36)
SW

Khai trién bi€u thic nay:

Vipy < — ‘ ‘5‘ (28(z2-2,)+D) eﬁb‘(”ﬁamnz(g 5)‘)

A
|3 (2512 =2 1P~ (2 = o - faan2(£8)] - aam
= —[6| 23 =[5 (25122 —@Hm%?“’“’”z(‘fﬁ)‘
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Do bo quan sat mé rong (3.16) dam bao ring |z, — 2, vira bi chan vira du nho,
suy ra rang ‘5 ‘(/IS |20 — 25|+ ;/d) ciing du nho. Vi vdy, thanh phan chi phdi am

—‘5‘ A, dam bdo 7323 <0. Do do, hé kin tﬁng dong luc hoc 1a on dinh theo nghia

UUB d6i véi bién truot §; khi sai s6 quan sat triét tiéu tiém can, & —0.

Dé phan tich tinh 6n dinh ghép cua toan bd cau trac DOA-SMC, dinh 1y 3.4
duoc thiét lap.
Bé dé 3.2: Xét hé dong hoc sai s6 quan sat HiGO duoc xac dinh boi (3.17) - (3.18).
Khi d6, theo két qua (3.23) - (3.24), sai s6 quan sat x labichan cudi cung dong déu
(UUB) va thoéa man

. __2|A¥
lim sup||y(O)|< ¥ = (3.38)
Jim suplx®] <7 =7 =5
Tu dinh nghia (3.17): z, —2, =&y, , tacod
limsuszz — 22H <gy (3.39)

- o
Vi vay, bé“tng cach lya chon ¢ phu hop, sai sb uéc lugng van tdc co thé duoc

gi61 han trong mot lan can nho cua géc. Déng thot, theo Pinh 1y 2.1, sai sb cta bd

quan sat 16i (2.37) ciing 1a UUB. Két qua nay cho thdy HiGO va bd quan sat 15i phoi

hop véi nhau dam bao sai s6 udc lugng bi chin trong diéu kién nhiu hiru han.

Dinh Iy 3.4: Xét NWMR dugce md ta boi (3.15), trong d6 nhiéu gop D(¢) bi chin boi

|D(@)|| < 7, - Gid st b quan sat 16i va HiGO dugc thiét ké theo (2.37) va (3.16), dong

thoi ludt diéu khién truot thich nghi (3.31) vai hé s6 thich nghi A, dugc duy tri bi
chan (O < Agw < ﬂtsw ()< st) . Khi cac tham s6 diéu khién dugc Iyra chon phi hop,
bién trugt &, sai s6 quan sat HIGO y, trong khi sai sd thich nghi e; bi chin
(|e/1 (t)| <e;, e; > O). Két hop véi tinh bi chan cua sai s6 b quan sat 16i theo Pinh

Iy 2.1 va tinh 6n dinh cta ting dong hoc theo Pinh 1y 3.2, céc tin hiéu cta kién triic

diéu khién kin van bi chan.

Chirng minh:
Xét ham Lyapunov tong hop duge dinh nghia nhu sau:
lr. 1 71 |
Vips==—0"0+—y Py+ e 3.40
32555 S X Prts 2 (3.40)

LAy dao ham theo thoi gian ciia V3,5 . Két hop (3.15), (2.37), (3.16) va (3.31),

ta thu duoc:
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1 . 1 1 (3.41)
e h—— 1 Oy +— 1 PY(2)
A 2¢ &

SwW

T B6 dé 3.2, cac hang chéo lién quan dén x va D(t) bi chan. Mat khac, trén

mién hoat dong hitu han ctia robot, ton tai S >0 sao cho [[S(¢)| < S, ta suy ra duoc:
A 1 1 1
5" [48(z2=2,)+ D(t)] < Sm oI + Smallzl +5 7 (3.42)

125252
m-1

trong d6 7 > Ln, >

Tu luat cap nhat thich nghi (3.31), trén mién hoat dong hitu han ton tal mot
hang s6 chin 7, > 0 sao cho:

;I’sw = 7736/1 (3-43)
SW

Thay (3.23), (3.42), (3.43) vao (3.41), ta dugc:

; 3 in Q P
nzsg_(zsw_%j||5||2_[im2—£) j||;(|| o3+ 2 Y

Ap dung bt dang thirc Young véi ns >0, taco

252
P|Y P Y
” ” ||Z||< N4 ||Z|| ”2 ” > (3.45)
yre
Do doé:
; 2 2
V325 S—al3H5H —a23 HZH +C3 (3463)
, n Anin (Q) 11541 L7 AT
trong d6 a3 = A, —?1 Qp3 = 1;5 2 5 4Gy =773€/12+7d+ e

Lua chon cac tham s6 diéu khién va bd quan sat sao cho

S s Amin (Q)

+ < . ,
Ao > =5 > P 2774 ta duge 3,003 > 0. Dt a3 = min{ay3,a,3} ta co:

Vaas <=5 JofF + 121 + (3.46b)

C
Do d6 V3,5(¢) <0 bén ngoai tap H5H2 "‘HZHz > 073
3

Theo 1y thuyét 6n dinh Lyapunov, bién trugt & va sai s6 quan sat HIGO y la
UUB va théa man:

C
1. 5 _ 3 347
:TSl;pH[ Z]H = \/ min(05139a23) ( )
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Do e, (#)bi chan, két hop v6i tinh bi chin cua sai s6 bd quan sat 16i theo Dinh
1y 2.1 va tinh 6n dinh cta tﬁng dong hoc theo Pinh 1y 3.2, cé4c tin hi€u cua kién trac
diéu khién kin déu bi chin. Nhu vay, dudi cac gia thiét va diéu kién lwa chon tham
sb néu trén, bién truot, sai sb quan sat va cac tin hi¢u ctua hé kin dugc duy tri bi chin,
trong d6 & va y 1a bi chan cudi cling déng déu.

3.2.4. Két qui mé phéng, nhin xét va théo lugn

a. Thiét ldp mé phong

Bang 2.1 thé hién cac tham s6 cia NWMR dugc st dung trong ciac mo phong.

Quy dao dat duoc cho boi: g, =[5cos(0.3r) 5sin(0.31) 0.3:+0.57] , véi
trang thai ban dau ciia robot dugc thiét 1ap ¢ gdc toa do: x(0) = 0; »(0) = 0;6(0)=0.

Céac tham s6 duoc liét ké trong Bang 3.2 dugc xac dinh sao cho thoa man céc
tiéu chuan 6n dinh Lyapunov dugc suy ra trong Muc 3.2.3. H¢ s6 chuyén mach duoc
chon sao cho Ay, > ¥4, nham dam bao tinh bén viing trudc cac nhiéu bi chan. Cac
hé s6 ctia bo quan sat dugc lya chon dé dam bao hoi tu nhanh cua bd quan sat khuéch
dai cao va bo quan sat 161, dong thoi khong khuéch dai nhidu do.

Bang 3.2. Gia tri tham s6 ciia bg diéu khién va bé quan sat

B¢ diéu khién Cdc tham s6 diéu khién

ky =17k, =10,kg = 8,kp = 10,k; = 0.01
kewi = kewo = 50,k, =k, =100

ky =17k, =10,kg =8

A=200,y, =2,y,=3,6 =0.01,§ = 0.01
ky =17k, =10,kg =5

DOA-SMC A=200,y, =2,y,=3,6 =0.01,§ = 0.01
Le =[10000;00100]

B-SMC

HiGO-SMC

b. Két qua, danh gid

Trong diéu kién 1y tuéng, khong c6 nhiéu va 18i co cdu chap hanh, ca ba bd
diéu khién déu dat duoc kha ning bam quy dao thoa dang vai sai s6 khong dang ké.
Do d6, dé dam bao tinh stc tich, chi cac trudng hop 6 18i va bét dinh dugc trinh bay
trong phan nay.

Dé danh gia toan dién kha nang chiu 1i ctia b dicu khién dé xuat, mot chudi
céc 101 co cau chap hanh va nhidu ngoai dugc ap dung trong khoang thoi gian mo
phong 45 gidy. Kich ban 18i co cdu chap hanh duoc xay dung nhu sau:

- Lbi LoE hang (Constant Loss of Effectiveness): Tir 10s dén 15s, dau ra cia
co cAu chip hanh bi suy giam hiéu suat c¢6 dinh 45%, duoc mo hinh héa nhu:
up(t)=(1-0.45)u(t) véi Av(t)=0.45v,A0(t)=0.450.

- L&i LoE bién thién theo thoi gian (Time-varying LoE): Tir 20s dén 25s, co
ciu chip hanh chiu suy giam dang hinh sin: u 7 (t) = (1—0.45 sin(t))u(t) biéu dién
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hiéu sut dao dong cua co ciu chép hanh do cac anh hudéng nhi¢t hodc co khi, voi:
Av(1)=0.45vsin(1),Aw(t) = 0.45wcos (1 + 7/ 2)

- Ldi léch cong (Additive bias fault): Tir 30s dén 35s, mot 13i 1éch duoc dua
vao, m6 hinh héa nhu: u s (t) = (1 —0.45)u(t)+ 0.15 twong ung va4i hién tugng sai
hiéu chudn hoic tréi tin hiéu trong dap Ung cua co ciu chip hanh:
Av(1)=0.45v—0.15,Aw(t) = 0.450—-0.15.

Ngoai ra, mot nhidu ngoai dang hinh sin dugc ap dung 1én hé thong tir 10s dén
35s, chong 14n véi cac khoang 15i. Thiét 1ap nay nham kiém tra nghiém ngit tinh bén
vitng va kha ning chiu 13i ctia so d6 diéu khién truot c6 hd tro quan sat kép.

Nhiéu hinh sin Dis = [3sin(t) 2cos(t)]T duogc ap dung dé kiém chimg tinh
bén vitng. Sai s6 tham s6 mo hinh m = 69.263 + 75,1 = 4.729+0.5n, v6i 0 <1, <1

12 gi4 tri ngau nhién phan bo déu.

B-SMC 0.4

----- HIGO-SMC
4 eeee- DOA-SMC 0.0
0.1 '
.3 j — 5
£ 3 g 0 T
T2l © “‘TL—E. J‘*‘:. VY = !
w i v \ ®
01 H E 0.2t ]
i g
L 10 20 30 o4 = |
ol N L |— HIGO-SMC
----- DOA-SMC
-0.6
0 10 20 30 40 0 10 20 30 40
a) Thoi gian (s) b) Thoi gian (s)
15 ¥ Y 5 T
B-SMC B-SMC
""" HIGO-SMC 5 =====HIGO-SMC
N P, DOA-SMC | g4 0 === DOA-SMC ]
0.05 ‘ o
B 0 .:..‘Ll. L IR, 2% oz2|
$05¢ v \ = o1y ! ] i
Y £ o T vk Y
-0.05 bs 0 Lt e Y
10 20 30 =
g 1} 10 20 30 |
Oy [_-\ ,"\v VA =
Z
0 .h “ . )
0 10 _ 20 30 40 0 10 20 30 40
c) Thoi gian (s) d) Thoi gian (s)

Hinh 3.11. Sai s6 bam trang thdi: (a) x,; (b) Ve; (c) B, va (d) |l eq ll. DOA—
SMC luén dat @ léch nhé nhdt va kha nang phuc héi nhanh nhat so véi HiGO-SMC
va B-SMC, qua do khcfng dinh @é chinh xdéc bam va tinh bén vitng viegt troi.
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8 , : : : 3
B-SMC B-SMC
————— HIGO-SMC 25 =====HiGO-SMC
bpoA-smc | B mEm== DOA-SMC
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Hinh 3.12. Tin hiéu diéu khién: (a) vén téc tinh tién va (b) vin téc géc.
DOA-SMC tao ra cac hiéu chinh vén toc goc manh hon sau khi xay ra 16 nhung
van tranh dwoc bdo hoa co cdu chdp hanh, dong thoi thanh phan chuyén mach lién

tuc gitip giam hién twong rung so véi SMC truyén thong.

2 .
— Fault — fult
== =y Faultestimated 0.4} - =, faultestimated |
— 1r 1 = A ' ]
;g :5‘ 0.2
k) 3
b 3 0
o ) \j
-0.2 1
1L . - s ;
10 20 30 10 20 30
a) Thoi gian (s) b) Thoi gian (s)
—y = = =y pstimate I I 15 : ! y
x estimate 4
= = =g estimate
E) 10
= =
— I
E M,
= > 5
0 10 20 30 40 0

0 1‘0 2I0 3I0 4.0
c) Thoi gian (s) d) Thoi gian (s)
Hinh 3.13. Uéc lwong ciia cdc bé quan sdt: (a) 16i vin toc tinh tién thong qua FO;
(b) 16i vdn toc goc théng qua FO; (c) vi tri theo truc X va Y théng qua HiGO; (d)
goc huong tr HiGO.
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= Trajectory
HiGO-SMC

= =B-SMC

=DOA-SMC

5

X — A%:zs(m)
Hinh 3.14. Két qua bam quy dao trong diéu kién cé 16i.
Pé danh gia dinh luong chét lugng bam quy dao ciia cac phuong phap dicu

khién, luan an st dung cac chi s6 sai so:
Sai s6 binh phuong trung binh (MSE):

- Sai sd tuyét di trung binh (MAE):
1 N
MAE =— e |
N k=1
- Tich phan sai s6 tuyét d6i (IAE):
T
IAE = j0| e(t)| dt
- Tich phan binh phuong sai s6 (ISE):
T 5
ISE = jo e ()dt

Trong d6 e(t) 1a sai s6 theo thoi gian, e, 14 sai s6 tai mau thir k, N 13 tong s6

mau, T 13 thdi gian quan sat.
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Bang 3.3. Chi so hiéu nang bam doi voi sai s6 hwong

CHISO |DOA-SMC |B-SMC HiGO-SMC
MSE 0.0474 0.0491 0.0474
MAE 0.0383 0.0608 0.0423
RMSE 0.2176 0.2216 0.2177
IAE 1.7231 2.7377 1.9041
ISE 2.1316 2.2100 2.1323

Bdng 3.4. Chi s6 hiéu ning bam déi véi sai s6 Euclid tong (x, y)

CHI SO |DOA-SMC |B-SMC HiGO-SMC
MSE 0.2134 0.2648 0.2161
MAE 0.0663 0.1831 0.0879
RMSE 0.4620 0.5146 0.4649
IAE 2.9851 8.2424 3.9553
ISE 9.6068 11.9197 9.7270

Hinh 3.11-3.14 minh hoa hiéu ning so sanh ctia ba bo diéu khién dudi cac
diéu kién 16i co ciu chép hanh khac nhau. Hinh 3.11 thé hién sai sd bam theo cac truc
\(x\), \(y\) va géc hudng \(\theta\). Két qua cho thiy DOA-SMC duy tri sai sé nho
hon so v&i hai phuong phap d6i ching trong phan 16n thoi gian mé phong. Doi véi
sai s6 hudng, cac chi sé dinh luong trong Bang 3.3 cho thdy DOA-SMC dat RMSE
=0.2176 va IAE = 1.7231, thap hon B-SMC véi RMSE = 0.2216 va IAE = 2.7377.
HiGO-SMC cho két qua trung gian, trong khi DOA-SMC th¢ hién kha ning phuc
hdi tot hon sau cac giai doan xuat hién 16i nho sy phdi hop gitra HiIGO va bd quan sat
16i.

Hinh 3.12 trinh bay cac tin hiéu diéu khién twrong tng. DOA-SMC tao ra céac
diéu chinh phu hop sau khi 15i xuét hién va duy tri tin hiéu diéu khién on dinh trong
sudt qua trinh md phong. Pbi voi kénh hudng, Bang 3.3 cho thiy chi sb ISE cua
DOA-SMC 1a 2.1316, nhé hon gia tri 2.2100 cia B-SMC. Két qua nay cho thiy
phuong phap dé xuét duy tri dugc muc ning luong sai sb tich liy thap hon. Dong
thot, viéc str dung ham chuyén mach lién tuc gitp han ché dao dong tan sb cao so vai
ciu tric SMC str dung ham dau 1y tudng.

Hinh 3.13 mé ta két qua udc luong cta cac b quan sat. HiGO téi tao cac van
toc khong do duoc, trong khi bo IFO cung cap udc luong 18i co cau chap hanh dé
phuc vu co ché bu trong vong diéu khién. Cac dao dong nho con xuét hién trong qua

trinh wéc lwong nhung khong 1am mat tinh bi chin cua céc tin hiéu quan sat. Két qua
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nay cho thay cau trac két hop HiGO-FO c6 kha ning cung cip thong tin trang thai
va 15i can thiét cho bg diéu khién DOA-SMC.

Hinh 3.14 thé hién quy dao tham chiéu va quy dao thuc té trong mit phang x—
y. C6 thé quan sat rang ca ba bo diéu khién déu duy tri kha ning bam quy dao, tuy
nhién DOA-SMC cho quy dao gan quy dao tham chiéu hon trong cac giai doan chiu
anh hudng cua 16i co cAu chip hanh. Do mirc sai 1éch giita cic quy dao trén hinh
tuong dbi nho, viéc danh gia chinh xac hon can dua trén cac chi sé dinh luong thay
vi chi quan sat tryc tiép tir do thi.

So sanh dinh luong trong Bang 3.3 va Bang 3.4 tiép tuc 1am rd cac két qua
trén. Poi v6i sai sé hudng, Bang 3.3 cho thiy DOA-SMC dat RMSE = 0.2176 va
IAE = 1.7231. Dbi véi sai s6 vi tri Euclid, Bang 3.4 cho thiy DOA-SMC dat RMSE
= (.4620, thap hon khoang 10.1% so v6i B-SMC v&i RMSE = 0.5146. Dong thoi,
IAE giam tir 8.2424 xudng 2.9851, twong tng khoang 63.8%, va ISE giam tir 11.9197
xudng 9.6068, twong tmg khoang 19.4%. Cac két qua nay cho thiy cu tric quan sat
kép giup cai thién do chinh x4c bam quy dao va giam sai sb tich liy trong diéu kién
¢6 16i co cau chap hanh.

Céc két qua mé phong cap nhat cho thiy DOA-SMC cung cip mdt giai phap
chiju 16i mang tinh thyc tién va hiéu qua vé mat tinh toan. Nhitng cai thién hi€u nang
dat duoc (xap xi 10% giam RMSE va trén 60% giam sai s tich lily) phan anh céc loi
ich thuc té, c6 thé chuyén hoa thanh kha ning bam quy dao muot ma va an toan hon
trong cac nén tang robot di dong ngoai thyc té, vén chiu anh hudng cia suy giam co
cAu chép hanh, nhidu loan va céc bat dinh khac.

Pdnh gid: Cau trac didu khién chiu 18i dwa trén hai bd quan sat duoc trinh bay
trong Muc 3.2 di cho phép udc luong dong thoi nhidu va 18i co cdu chip hanh, qua
d6 nang cao dang ké kha ning bu 16i chi dong va do bén viing cta hé thong trong
diéu kién ton tai nhiu loan va cc bat dinh.

3.3. Piéu khién chiju 13i phan ting cho NWMR dua trén FB-IFO va SMC-ESO

—————— i e e £ e e e .
i - Diéu khién vong ngoai |
H bicu khién ]
= > mo I,— T T T T \ A i
Y <R \ \4 M
0 —F/‘ : T #:MB) I Diéu khién vong trong ¢Dz‘s I m] Iq .
e A g =|y
ol = o1 i7=;
' I o | Bicu khién m‘ I, | Piéu khién U o] MO0 hinh IS Mo hinh 1 i
I Q‘ ? 7| dong hoc | dong luc hod " |dong luc hoc 1" dong hoc | v
1 [Af» ] I Diis | 7 I i
I N — lalf Quansit |4 I i
| P| Quan sat | trang thai | | H
i 13i I i |
i | J I
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Hinh 3.15. Céu tric bé diéu khién FB-IFO-SMC-ESO
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FTC 1a mot hudng tiép can hiéu qua nhiam phat hién, uwéc luong va bu 15i cha
dong trong luat didu khién. Tuy nhién, trong robot di dong, 16i co cdu chip hanh
thudng twong tic voi nhifu va bat dinh, khién viéc xur Iy tach biét kém hiéu qua. Do
do6, muc nay dé xudt bo diéu khién chiu 15i tich hop SMC véi bo quan sat nhiéu va
16i nham dam bao tinh bén viing, bu 16i va duy tri kha ning bam quy dao.

3.3.1. B) diéu khién ting dong luc hoc dwa trén SMC-ESO

Cau truc cua bg diéu khién vong trong dugc dé xuat dugc minh hoa trong Hinh
3.16. B§ diéu khién nay duogc thiét ké dé tao ra cac van toc tinh tién va van tdc goc
T . .
', cac gia tri

T , o ea A A
[v @] sao cho ching bdm tiém can cac gia tri mong muoén [v, .

nay dugc xac dinh bdi vong ngoai. Thiét ké diéu khién dua trén su két hop giita SMC-
PI va ESO nhim ting cudng tinh bén virng.

!_ ............................. N
‘) L
Ak u s ®
M hinh |
i SMC-P1 dong luc hoc | >
! bis |
| Quan sat ¢ |
i trang thai |
e )

Hinh 3.16. Cdu triic b diéu khién vong trong SMC-PI-ESO.

Nhdn xét 3.2: Trong diéu khién truot, co thé sir dung nhiéu dang bé mat khac nhau
nhu bé mat truot dau cudi, bac cao, mil hodc dong. Trong nghién clru nay, bé mit
truot ti Ie—tich phan (PI) duoc lya chon do kha nang cai thién sai sb xac 1ap déng thot
van dam bao tinh bén vitng trude nhiu. Mic du cac dang bé mit khac c6 thé mang
lai loi ich vé hoi tu hitu han thoi gian hoac cai thién dap ung qua do, bé mit PI duoc
xem 1a mot lia chon can bang giira tinh don gian trong trién khai va hiéu qua thuc
tién.
a. SMC-PI

Ké thira cau tric bé mit truot PI trong [70] va mo rdng cho hai kénh vén toc
cua NWMR, mat truot duoc chon nhu sau:

{51} e, +kvjevdt

o=

= , (k,k, >0) 3.48
%) ew+kwjewdt e (349

. r.. ., A LA X
trong d6 e, =v; —v; e, =w; —w,89; = [vd a)d] 1a véc to van toc mong muon.

Lay dao ham cua (3.48), ta co:
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. \./'d —Vv+ kvev
o=\ . ) (3.49)
w; —o+k,e,

Khi §=0:
V= kvev + ‘.}ref (3 50)
& = koyep + By
Két hop (3.50) vai (2.26), luat diéu khién twong dwong duoc dé xuét:

kl(kvev +¥y ~ky=D,)

Uy =| (3.51)

k—Z(kwew +ay —k4w—15w)

trong do lA)V , ﬁw 1a cac thanh phan nhiéu gop duoc udc lugng trong (2.50),
va s€ duoc bu truc tiép trong luat diéu khién.
Luat diéu khién chuyén mach duoc xay dung nhu sau:
_ kSWISign(é‘l)
Ugw = k . S
sw2S lgn( 2)
Nhin xét 3.3: Dé giam hién tuong rung (chattering), ham diu roi rac dugc thay thé

} ( swl»> sw2>0) (3-52)

bang ham tanh(+), 1a mot xap xi ctia ham dau. P9 chinh xac cua phép xap xi ndy phu
thudc vao tham sd d6 doc caa ham tanh.
Do d6, luat diéu khién chuyén mach c6 thé duge diéu chinh nhu sau:
_ { k1 tanh(o))
W kyyp tanh(y)

B6 diéu khién SMC-PI dugc dé xuét:

:| ( swl» sw2>0) (3-53)

ki(kvev +9g —kyy =D, )+ kg tanh(&)
1
USMC = Ueg T Uy = (3.54)

ki(kwew + 0y~ kg0 D, ) + kg tanh(S,)
3

Dinh Iy 3.5: Xét md hinh dong luc hoc (2.26) dudi Gia thiét 2.1, véi bé mit trugt
dang PI (3.48), luat diéu khién SMC-PI duoc xay dung trong (3.54) va bd quan sat

trang thai mé rong ESO trong (2.50), chién luoc duoc dé xuit ddm bao mat truot

(6 = 0) dat dugc trong mot khoang thoi gian hitu han, ngay ca khi ton tai anh huong
ctia nhiéu.
Chirng minh:

Chon ham tng vién Lyapunov duong:
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Lo 1o o
Vg =50 5_2(51 +83) (3.55)

LAy dao ham theo thoi gian clia V35, ta dugc:
V331 = 5151 + 5252 (356)
Tir m6 hinh dong luc hoc (2.26), dinh nghia mit trugt (3.48) va quan hé sai sb

tuong tng, suy ra dong hoc ciia mat truot c6 dang:

5: él _ Vd +kvev—klu1—k2V—Dv (357a)
52 a)d +ka)ea) —k31/l2 —k4a)—Da)

Thay luat diéu khién SMC—PI trong (3.54) vao (3.57), ta thu duoc:

Vier +hye, —kyv—D, —...

1

1 . A
5 —ky [k—<kvev 94— kv =D, )+ kg tanh(5) )J
d)d +ka)€a) —k4a)—Da) — ..

(3.57b)

—ky [%(ka)ea) +ay —kyo —Dw)+ kgwn tanh(é‘z)j
3

{ ~kyk gy tanh(8)) + (D, - D,) }
—ksk gy, tanh(S,) + (D, — D)

Do ESO trong (2.50) bao dam kha ning wéc luong nhiéu, nén sai s6 udc luong

~

D; = D, - D;,i = v, 1a bi chin va tién vé 1an can khong. Khi do, tir (3.56) va (3.57),
ta co:

Vazt = —kikew16) tanh(3)) — k205 tanh(S, ) + 8D, +v,D,, (3.58)

B0 quan sat trang thai mo rong ESO trong (2.50) dam bao sai sé uéc luong

[)l- bi chin va tién vé lan can khong. Do d6, khi chon cac hé sd chuyén mach

kowi1-k

wisKewo du lon, ton tai cac hang s6 duong ¢ 5 sao cho:

swl>Csw

Vi1 < =Cou]0i| = o2l 62| <0 (3.59)
Nhu vay, V331 1 4m ban x4c dinh, suy ra mit trugt § bi chan va hé 6n dinh
theo 1y thuyét Lyapunov [64].
Trong truong hop sai s6 wdc lugng ciia ESO du nho, ¢ thé viét:
Vi1 < Tt [81] = g2 |5 Mgwisgwa >0 (3.60)

Bét ding thirc trén cho thdy quy dao hé duoc din vé mit trugt 5 =0 trong

thoi gian hitu han. Vi vay, chién lugc diéu khién SMC-PI két hop by quan sat trang
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thai mo rong ESO dam bao mat truot dugce dat tdi trong thoi gian hitu han, déng thoi
béo dam tinh 6n dinh cua hé kin.
3.3.2. B$ diéu khién vong ngodi trén co sé két hop thich irng mé va quan sdt 16i
cdi tién

CAu tric cta bd diéu khién vong ngoai dugc minh hoa trong Hinh 3.17. Dya

trén van toc mong muon, vi tri tham chiéu do cia NWMR duoc tinh toan thong qua

phuong trinh dong hoc.
Mo hinh sai s6 bam cia NWMR c¢6 thé dugc biéu dién nhu sau:
X, cosd sinfd 0} x;—x
ey =| Ve |=|—sin@ cosf 0| y;—y (3.61)
0, 0 0 116,-0
Lay dao ham cua (3.61), ta dugc:
X, ®y,—v+v,cos0,
Ve |=| —ox,+v,;snb, (3.62)
6, Qpef — @

bé dam bao nhi€ém vu bam mong mudn, tin hiéu diéu khién duoc chon:

v,cos@, +k x
{ﬂ{ AT T e },k,->0,<i:x,y,9) (3.63)

@, Wy +kyvy. +kpsing,

[ 8 £ € € £ e € 8 e e 8 e S
I <A - R I

bicu khién .
! > mo 5 :
i x, v
iqd= Y, k; |i=(xx0) v Ao ]
: 04 . =0
! || Piéu khién Piéu khién »| Mo ninh =151
I dong hoc vong trong dong hoc I
| - |
| |
| . P Quan sat I
i : 10i |
i i
i i
L J

Hinh 3.17. Cdu triic ciia bg diéu khién vong ngoai — FB-IFO
Ldi co cau chap hanh dugce xem xét nhu cac dau vao khong biét, lam thay doi
mo-men xoan do dong co DC sinh ra, tir 6 anh huéng dén chuyén dong cua robot
theo thoi gian thuc. Cac 16i ndy duge mo hinh héa nhu cac thay doi khong biét trong

dau ra cuia co cau chap hanh (Av,A®).
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Khi xét dén anh hudng cua 18i co cdu chap hanh, mé hinh sai sé (3.62) trd

thanh:
X, ®y,—v+v cosl, —Awy, +Av
éq =y, |= —-wx, +v,;sin6, + Awx, (3.64)
0 w; —0+Aw

e
Trong truong hop nay, luat diéu khién duoc dé xuat la:

v v cosl, +k.x, + Av
= . (3.65)
@ O +k v,y +kosinb, + Aw

Trong (3.65) hai nhiém vu thiét ké dugc dit ra bao gdm: 1) Sir dung bd quan
sat 13i cai tién (2.37) dé u6c lugng thanh phan F, =[Av Aw]’ anh huéng boi 13i co
cAu chip hanh; 2) ty dong cap nhat thich ing céc gia tri dwong phu hop cho k,, ky, kg
thong qua mot bo diéu khién mo.

Thong thudng, cac tham s k,, ky, kg can duoc hiéu chinh can than thong qua
cac quy trinh toi vu phuc tap. Trong nghién ctru nay, mot bo diéu khién logic mo
duoc dé xuit nham tu dong diéu chinh cac hé sd nay dua trén sai sb vi tri va huéng
ctia robot. Ké thira nguyén 1y diéu khién logic mo thich nghi cho WMR trong [44],
mot h¢ suy ludn mo kiéu Mamdani duoc xay dung dé hiéu chinh truc tuyén cac hé sd
diéu khién. Cac du vao cta bd diéu khién md 13 sai s6 bam e va é, trong khi cac du
ra 1a cac hé sé dugc diéu chinh k,, ky, ke. Céu tric cua bo diéu khién logic md duoc

trinh bay trong Hinh 3.18.

k.

¢ = Fuzzy logic control r i
C; m—p System Y
i=(03,0) Y —> L,

Hinh 3.18. Cdu triic ciia bg diéu khién logic mo

Céc bang luat mo duogc xdy dung dua trén cic nguyén tic diéu khién sau:

_ Khi sai 1éch bam 16n thi can ting hé sb diéu khién dé nang cao toc do hoi tu.

- Khi sai léch nho hoidc gan bang khong thi can giam hé s6 diéu khién nham
tranh quéa diéu chinh va dao dong.

- Pao ham cua sai l¢ch phan anh xu hudéng bién thién cua sai léch, do d6
dugc st dung dé didu chinh mirc thay ddi ctia hé sé diéu khién nhim cai
thién dap ung qua do.

Do do, cac luat mo dugc xay dung trén co s¢ dong hoc sai 1éch, kinh nghiém
diéu khién phi tuyén, va dugc hiéu chinh thong qua mé phong dé dam bao tinh 6n
dinh va hi¢u qua.

Mién gia tri cua cac bién vao da duoc xac dinh 16:



Trong luat diéu khién nay, 9 bién ngén ngit duoc st dung cho ca diu vao va
dau ra, bao gdm: NL (Negative Large — Am rat 16n), NB (Negative Big — Am 16n),
NM (Negative Medium — Am trung binh), NS (Negative Small — Am nhé), Z (Zero
— Khong), PS (Positive Small — Duong nho), PM (Positive Medium — Duong trung
binh), PB (Positive Big — Duong 16n), PL (Positive Large — Duong rat 16n).

Céc luat mo ding dé diéu chinh céc tham s6 ky, k,, kg 1an lugt duoc thé hién

Sai léch bam e dugc chon dua trén sai I¢ch cuc dai gitra vi tri ban dau cua
robot va diém xa nhat trén quy dao tham chiéu. Trong bai toan nay, mién
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gia tri dugc chon: e € [—5, 5]

Pao ham sai 1éch de duoc xac dinh dua trén téc do bién thién 16n nhét cia
quy dao tham chiéu. Véi gia tri cuc dai xap xi 0.8 va c6 xét thém bién an
toan trong qua trinh qua d6, mién gia tri dugc chon: é € [—1, 1]

trén Bang 3.5, Bang 3.6 va Bang 3.7.
Bdng 3.5. Gid tri tham s6 cho k,

e
b NL | NB|NM | NS | Z | PS | PM| PB | PL
NL|PM | PM | PM | PM | PM | PB | PB | PB | PL
NB|PM | PM | PM | PM | PM | PB | PB | PB | PL
NM| PS | PM | PM | PM | PM | PM | PB | PB | PL
NS| PS | PS | PS|PS|PS|PM|PM | PM| PB
de | 2| Z Z Z Vi Z | PS |PM | PM | PB
PS| NS | NS | Z z Z | PS | PS | PS | PS
PM|NM |[NM | NS | NS | NS | NS | Z | PS | PS
PB| NL | NB | NM | NS | Z V4 Z | PS | PS
PL| NL | NB |NM | NS | Z Z Z | PS | PS
Bdng 3.6. Gid tri tham sé cho k,
e

ky NL| NB| NM| NS| Z | PS| PM| PB| PL
NL | PB |[PM | PS | Z [ NS | NS |[NM | NB | NL
NB | PB ([PM |[PM | Z [ NS | NS [NM | NB | NL
NM|PB |PM |[PM | Z | NS | NS [NM |NM | NL
NS |PL |PB |PM | PS | Z | NS | NS |NM | NB
de\ 7 | PL | PB | PM | PS Z Z | NS | NS | NB
PS |PL | PB |PM | PS | Z Z | NS | NS | NM
PM | PL | PB |[PM | PS | Z Z | NS | Z | PS
PB|PL |PB | PB | PS | Z Vi Vi Z | PS
PL | PL | PB | PB | PS | Z V4 Z Z | PS
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Bdng 3.7. Gid tri tham sé cho kg

k
o NL | NB | NM | NS PS | PM | PB | PL

NL | PB | PM | PM Z NS | NS | NM | NB | NL
NB| PB | PM | PM Z NS | NS | NM | NB | NL
NM | PL PB | PM | PS NS | NS | NM | NB

N

Z
NS | PL PB | PM | PS Z Z NS | NS | NM
de Z PL PB | PM | PS Z Z NS | NS | NM
PS | PL PB | PM | PS Z Z NS Z PS
PM | PL PB | PM | PS Z Z NS Z PS
PB | PL PB PB PS Z Z Z Z PS
PL | PL PB PB PS Z Z Z Z PS

Dinh Iy 3.6. Xét md hinh dong hoc trong (3.64) dudi tac dong cua 16i co cdu chip
hanh. Khi str dung luat diéu khién (3.65) va bo quan sat 16i cai tién (2.37), cac sai s6
bam theo vi tri va goc hudng cua robot (e,) hdi tu tiém can vé 0 va ludn bj chin.
Chirng minh:

Chon ham g vién Lyapunov nhu sau:

2 2
X+, +1—c0s«9€

Vi, = 3.66
332 2 ky ( )
Pao ham theo thoi gian (3.66):
: : . O.sind,
Vi =x X, + Y. 5, + P (3.67)
y
Thay %,,V,, 0, tir (3.64), ta dugc:
Vi =x, (@y, —v+v,0080, —Awy, + Av)+y, (-ox, +v, sin, + Awx, )
sind, (o, — o+ Aw)
+ i (3.68)

y

sind), (a)d —o+Ao+ kyyevd)

=x, (—v+v,cos6, +Av)+
y
Véi luat diéu khién dé xuét trong (3.65), va dong gop cta bd quan sat 11 trong
(2.37), (3.68) tro thanh:

. k,(sind,)*
Vi =~k — olsinte) <0 (3.69)
ky
Theo 1y thuyét 6n dinh Lyapunov [64], e, hdi tu tiém can vé 0, ddm bao nhiém

vu bam quy dao mong mudn cia NWMR.
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Nhin xét 3.4. Hé thong diéu khién duoc dé xuat bao gdm mot sd tham s6 quan trong
trong ¢4 vong trong va vong ngoai, co anh huong dang ké dén hiéu ning tong thé. Dé
dam bao kha ning trién khai hiéu qua va tranh mat 6n dinh hodc yéu cau diéu khién
qua 16n, can thuc hién hiéu chinh tham s6 mot cach cin than. Duéi day 1a cac hudng
dan Iya chon va diéu chinh cac tham sb chinh ctia bo diéu khién:

1) Ddi voi bo diéu khién vong trong dua trén SMC-PI, cac hé s6 bé mat truot
k, vak, (3.48) can duoc chon sao cho dam bao hoi tu nhanh cua sai s6 van tée. Viéc
tang cac hé sb nay cai thién d6 chinh xac bAm nhung c6 thé giy ra rung tan s cao
(chattering) va bdo hoa co cdu chip hanh. Tham sé 1am tron kg, kg, trong ham
chuyén mach (3.53) can duoc diéu chinh can thin - cic gia tri nho hon tao ra chuyén
mach sic nét hon va d6 chinh xac cao hon, nhung ciing c6 thé 1am ting cong suit
diéu khién va mai mon co khi.

2) Péi v6i ESO (2.50), cac hé sd quan sat p;, p,, p3 duoc tinh toan dya trén
bang thong bd quan sat mong mudn A (2.56). Gia tri A 16n hon giup cai thién do chinh
x4c ude lugng nhiéu gop nhung lam ting dd nhay véi nhiéu do. Céc tri riéng ciia ma
tran dong hoc bd quan sat phai dwoc dit da sau trong nira trai mat phang phirc dé dam
bao hoi tu nhanh.

3) Pdi v6i bo quan sat 16i cai tién IFO (2.37), hé s6 L, can dugc lya chon sao
cho dong hoc sai s6 wéc lwong nhanh hon dong hoc cia hé, nhung khong qua gat.
Néu st dung hé s6 phi tuyén (vi du: bao hoa hodc tanh), can diéu chinh do doc dé
can bang gitta hoi ty nhanh va on dinh sd.

4) Béi v6i bo diéu khién dong hoc vong ngoai (3.65), cac hé sd k., ky, kg dugc
diéu chinh theo thoi gian thuc bang logic md dya trén sai s6 bam vi tri va hudng. Cac
hé s6 nay phai dugc gidi han trong cac mién hop 1y dé tranh qua diéu chinh va dao
dong trong cac thao tic gip nhu quay git trong qui dao hinh s6 8. Cac hé s6 16n hon
cho hdi tu nhanh hon nhung c6 thé din dén mat 6n dinh hodc hoat dong diéu khién
manh néu khong bi rang budc dung cach boi tap ludt mo.

3.3.3. Két qud mé phéng, nhin xét va dinh gid
a) Thiét ldp mé phong

Gié tri cac tham sd cia NWMR va dong co DC servo dugc mo ta trong bang

2.1 va 2.2. Quy dao dat dugc mo ta bdi (3.70) va (3.71):

e Quy dao tron:
x; =3cos(0.27)
v, =3sin(0.2¢) (3.70)
0, =02:+0.57
e Quj dao hinh s6 8:
x; =3cos(0.27)
vy = 2sin(0.4¢) (3.71)
0, =02:+0.57




Bang 3.8. Gia tri tham 56 ciia SMC, FSMC, FB-IFO-SMC-ESO va bo quan sat
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B diéu khién

Gid tri tham so

k, =0.85,k, =20,ky =5,kp =10,k; =2

SMC-PI k, =k, =1000,k, = kg, =0.01
FSMC-PI k, =k, =1000,k| =keyr =0.01,kp =10,k; =2
k, =k, =1000,k. = keyr =0.01L,kp =10,k; =2,

A =250,y =0.5,a =0.01
100 0 O
0 0 100

Pé danh gia hidu qua cta bo dicéu khién dé xuat, 2 kich ban dugc thuc hién:

FB-IFO-SMC-ESO
7, =02,T,, =0.5

b. Két qua mé phong

Trieong hop 1: Robot hoat dong duwdi dnh hwéng ciia nhiéu loan nhieng khéng c6 16i
co cau chdp hanh

Trong trudong hop nay, hi¢u suit cua b diéu khién duge dé xuat duoc danh
gia thong qua so sanh véi FSMC va SMC khong c6 ESO khi ¢ nhiéu cuc va khong

c6 101 cua co cau chap hanh. Tong nhicu dugc mo ta boi:

D, | | 6sin(5t+ pi/2)
D, s cos(4t + pi) (3.72)
» Quy dao hinh tron.
1 — S,\'ICI—PI --- FIS.\'IC—PI ----- FB—IF(I‘!—SMC—ESDI -

]
[
1
.
A
L}

e, (m)

0 5 10 15 20 25 30 35
Thoi gian (s)
(a)
0.3 T T T T T T
m— SMC-P] = = =FSMC-P] =====FB-IFO-SMC-ESO

15 20
Thoi gian (s)

(b)

35
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LSE  ——SMC-PI = = = FSMC-PI ===== FB-IFO-SMC-ESO 1
| X 1073
= Ir i
== ﬂ,s B _I .
20 7 24
ﬁ C 1 1 1 | | |
0 3 10 15 20 25 30 35
Thot gian (s)
(c)
Hinh 3.19. Sai léch bam theo vi tri cua robot (a) Truc X; (b) Truc Y; (c) Goc 6
2 ———SMC-PI = = =FSMC-P] ===== FB-IFO-SMC-ESO :
w15 0.61 1
E 0.6 k== . . . 4. Y
— 0.59 1
0.5 ' :
D 1 | 1 1 | |
0 5 10 15 20 25 30 35
Thoi gian (s)
(a)
3f —— SMC-PI = = =FSMC-P| =-=-= FB-IFO-SMC-ESO -

0.205 T
0.2

5 10 15 20 25 30 35
Time (s)
. o , :
Hinh 3.20. Tin hiéu van toc: (a) van toc tinh tien, (b) van toc goc
= 10 - - - —
E. I — D)) —— Dy L e i 1) |
=
L]
5
5
]
-
=11}
=
.'\(E
B
z
Z _1 0 1 1 1 | 1

10 15 20 25 30
Thoi gian (8)
Hinh 3.21. Ubc luong tong nhiéu trén ESO
Két qua mo phong cho quy dao tron trong diéu kién chi nhiéu loan duoc thé hién
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trong Hinh 3.19-3.22. Hinh 3.21 m6 ta nhiéu loan duoc gidi thiéu cung véi udc lugng
ctia n6 bang cach sir dung ESO. Trong truong hop nay, bo didu khién thé hién kha
ning chong lai anh hudng cua nhifu thong qua cac gia tri sai léch theo truc x, truc y
va goc hudng cua robot thé hién trong Hinh 3.19 (a), (b) va (c). Biéu chinh van tdc

tinh tién va van tdc goc thich hop trong Hinh 3.20 (a) va 3.20 (b) turong Gmg voi cac

hinh dang quy dao.
3 _I
Trajectory
5l = SMC-PI
= = =FSMC-PI
----- FB-IFO-SMC-ESO
1 -
)
>~ 0
]
E.
F
1t
2F
3k

-3 -2 -1 0 1 2 3
Truc X (m)
Hinh 3.22. Quy dao ciia robot twong iing vdi cdc bo diéu khién
Truong hop 2. Robot hoat dong dwdi tac dong cua nhiéu va l6i co cdu chcfp hanh.

Nhiéu gop va 16i co cau chap hanh dugc dua vao biéu thi dudi dang:

{DV } {6Sin(5t + pi/ 2)} {Av } {0.3vsin(t)}
= ; = (3.73)
D, Scos(4t+ pi) || Aw 020

> Quy dao hinh sé 8

—Aw ——Ap = = =Ap = = = Ay

5 10 15 20 25 30 35
Thoi gian (s)
Hinh 3.23. Uéc lwpng 16i tir b6 IFO
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0 5 10 15 20 25 30 35

0 5 10 15 20 25 30 35
Thot gian (s)
(b)

0 5 10 15 20 25 30 35
Thoi gian (s)
(c)
Hinh 3.24. Sai léch bam theo quy dao hinh 56 8: (a) Truc X; (b) Truc Y, (c) Goc 6
2.5 | . . . | .
——SMC-Pl = = =FSMC-P] ===-= FB-IFO-SMC-ESO
2 i 0.8 0.8 — .
’ﬂ.-_““ 06 ""‘-.._ DE' -——‘F
=15 f 04f 0.4 F== -
= 10
0.5
U | 1 1 1 | 1
0 5 10 15 20 25 30 35

Thoi gian (s)
(a)
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3 m—UMOC-F] = = =FSMC-P] ===== FB-IFO-SMC-ESQ A
? 1 1 !. -
—.‘:? 2 —|:|.5 "’ "' \‘ -
a ',c (0.5 1 .% A *
= -l ' " Y FaX ;
3 12 |3T 14 26 28 30 \"?\.—-—/
[} ] W .
—I 1 1 1 1 1
0 5 10 15 20 25 30 35
Thoi gian (s)
(b)

Hinh 3.25. Tin hiéu vin toc dat dwoc: (a) van téc tinh tién, (b) van téc goc

2

Trajectory
SMC-PI _ &%

= = =FSMC-PI
FB-IFO-SMC-ESO

Truc Y (m)
o

Trug X (m)
Hinh 3.26. Quy dao bam ciia robot theo hinh sé 8

Hinh 3.24-3.26 cho thiy két qua bam quy dao hinh sé tdm trong diéu kién
déng thoi ton tai nhiu loan va 16i co cdu chép hanh. Nho su hd tro ciia bd quan sat
ESO va IFO, bo diéu khién dé xuét duy tri chat lugng bam tét hon so véi SMC va
FSMC, thé hién qua toc d6 hoi tu nhanh hon, bién do sai s6 nhé hon va tin hiéu diéu
khién muot hon. Cu thé, theo cac chi tiéu dinh lugng ¢ bang 3.10, bo diéu khién dé
xuat dat MSE = 0,0084, MAE = 0,0222, RMSE = 0,0918, IAE = 0,7761 va ISE =
0,2944. So v&i bo dicu khién SMC, cac chi tieu MSE, MAE, RMSE, IAE va ISE lan
luot giam khoang 69,8%, 79,1%, 45,0%, 79,1% va 69,8%. So v&i FSMC, céc chi tiéu
tuong ung giam khoang 39,6%, 61,9%, 22,0%, 62,0% v 39,2%.



Bdng 3.9. Chi s6 hiéu ning bam theo sai so Euclid tong (x, y) cia SMC, FSMC, FB-
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IFO-SMC-ESO
B0 diéu khién MSE MAE RMSE IAE ISE
SMC without ESO 0.0278 0.1061 0.1669 3.7124 0.9742
FSMC without ESO | 0.0139 0.0583 0.1177 2.0405 0.4843
FB-IFO-SMC-ESO | 0.0084 0.0222 0.0918 0.7761 0.2944

Sai léch bam theo truc (x), (y) va goc hudng ctia bo diéu khién dé xuat hoi tu
vé 14n can khong nhanh hon va duy tri gid tri nhé hon trong sudt qua trinh mé phong,
nhu thé hién trén Hinh 3.24(a), (b) va (c). Cac tin hiéu van tdc tinh tién va van tdc
gdc trong Hinh 3.25 ciing cho thdy dap ting 6n dinh hon, it dao dong hon va phu hop
hon vé6i yéu cau diéu khién trong diéu kién c6 18i. Hinh 3.26 tiép tuc khang dinh quy
dao dat duoc cua bd diéu khién dé xuat bam sat quy dao dat hon so voi hai bo diéu
khién con lai. Cac két qua nay cho thay viéc két hgp ESO, IFO va luat diéu khién
chiu 1i d cai thién rd rét d6 chinh xac bam quy dao, giam sai s6 tich lily va nang cao

tinh 6n dinh cua hé théng.
3.4. Két luan chwong 3

Trong chuong 3, ludn 4n da trinh bay cac chién luoc diéu khién chiu 16i cho
NWMR theo mdt 19 trinh phat trién c6 hé thong, tir cic phuong phap phi mé hinh dén
cac kién trac diéu khién tich hop dua trén moé hinh va by quan sat. Trong tam cua
chuong 1a khai thac sy phdi hop gitta quan sat nhidu — 15 va thiét ké diéu khién nham

nang cao do bén virng va do chinh xac bam quy dao cua hé thong.

Cu thé, Muc 3.1 gidi thiéu mét chién lugc diéu khién chiu 161 phi mé hinh két
hop i-PID thong minh va bo quan sét 18i, cho phép duy tri 6n dinh va cai thién chat
lugng bam quy dao trong diéu kién bat dinh mo hinh va 13i co cau chdp hanh ma
khong can md hinh dong luc hoc chinh xac. Muc 3.2 mo rong theo hudng diéu khién
chiu 15i chu dong dua trén diéu khién truot két hop hai bo quan sat, cho phép uéc
luong va bu trir ddng thoi nhifu va 151, tir d6 ning cao dang ké d6 bén viing cta hé
théng. Trén co s& d6, Muc 3.3 dé xuit mot kién tric diéu khién chiju 16i hai vong tich
hop nhiéu bo diéu khién va bd quan sat, phan tach rd rang bai toan bam quy dao va

bai toan bu nhiéu — 161, phu hop voi1 cac yéu cau trién khai thyc té.

Kién trc diéu khién chiu 18 tich hop nhiéu bd diéu khién duoc trinh bay trong
chuong 3 cho phép khai thac ddng thoi wu diém cua cac phuong phap diéu khién khac
nhau trong mét kién truc hai vong phan cip, qua d6 ning cao dang ké d6 chinh xac
bam quy dao va kha ning thich nghi ctia hé théng trong diéu kién ton tai 16i co ciu
chép hanh va nhidu bét dinh.
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Két qua nghién ctru trinh bay trong chuwong 3 di dugc cong bd trong cac cong
trinh [CT2], [CT5], [CT6], [CTT7], [CTS], [CTI].

[CT2]. Sy Phuong Ho, Manh Tien Ngo*, Duy Tan Ngo, Dinh Tu Duong,
Thanh Tri Nguyen, Van Vy Phan, “Fault-Tolerant Trajectory Tracking Control for
Non-holonomic Mobile Robots Using HOICD-SMC”, The 8th International Conference
on Engineering Research and Applications ICERA 2025. (SCOPUS-Q4)

[CTS]. Sy Phuong Ho, Manh Tien Ngo*, Duy Tan Ngo, Dinh Tu Duong, Van
Du Phan, Kim Duyen Ha Thi, Thanh Tri Nguyen, Minh Dang Dau, Thu Uyen Le Thi,
“Fault-Tolerant Trajectory Tracking of Mobile Robots via Model-Free Intelligent
PID and Fault Observer”, Bulletin of Electrical Engineering and Informatics (BEEI),
vol. 15, no. 1, February 2026, pp. 184~197, DOI: 10.11591/eei.v15i1.9884
(SCOPUS-Q3)

[CT6]. Sy Phuong Ho, Manh Tien Ngo, Duy Tan Ngo, Dinh Tu Duong, Kim
Duyen Ha Thi*, Thanh Tri Nguyen, Ngoc Phuoc Le, Viet Anh Dang, “Dual-Observer
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Wheeled Mobile Robots”, J Robot Control (JRC), vol. 6, no. 6, pp. 2871-2882, Dec.
2025. DOI: 10.18196/jrc.v6i6.28586 (SCOPUS-Q?2)

[CT7]. Van Du Phan, The Anh Mai, Sy Phuong Ho, Thai Son Dang, Van
Chuong Le, Van Nam Dinh. “Development of an Adaptive Integral Terminal Sliding
Mode Tracking Control for a Wheeled Mobile Robot With Time Delay
Estimation”. Int. J.  Control  Autom.  Syst. 23,  2399-2410  (2025).
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[CT8]. Sy Phuong Ho, Manh Tien Ngo*, Duy Tan Ngo, Van Du Phan, Dinh
Tu Duong, Van Vy Phan, “Hybrid Fault-Tolerant Adaptive Controller for Robust
Trajectory Tracking of Mobile Robots ”, Transactions of the Institute of Measurement
and Control, pp. 1-11, 2026. Doi: 10.1177/01423312261449864 (SCIE-Q?2)

[CT9]. Sy Phuong Ho, Manh Tien Ngo*, Duy Tan Ngo, Van Du Phan, Thai
Son Dang, Dinh Tu Duong, Van Nam Dinh, Van Manh Tran, “Robust Fault-tolerant
Control based on the integration of controllers for Non-holonomic Mobile Robots
with Disturbance Observers”, International Journal of Control, Automation, and
Systems. https://doi.org/10.1007/s12555-026-00093-8 (SCIE-Q?2)



89

CHUONG 4
PIEU KHIEN CHIU LOI VOI RANG BUQC HIEU NANG CHO ROBOT
DI PONG NON-HOLONOMIC

Trong cic chuong trude, ludn 4n d3 tap trung nghién ctu cac kién tric diéu
khién chiu 13i dua trén quan sat cho NWMR, véi trong tam la t6 chirc diéu khién theo
cAu trac phan tang dong hoc—ddng luc hoc va khai thac théng tin quan sat dé xu 1y
nhiéu, bat dinh mé hinh va 13i co cau chap hanh. Céc tiép can nay cho thay vu thé vé
tinh hé thdng, kha nang mé rong va pht hop vdi cac kich ban van hanh thyc té cua
robot di dong. Tuy nhién, bén canh cac kién trac phan téng, cac chién luoc diéu khién
mot vong c6 hiéu ning manh van déng vai trd quan trong trong viéc danh gia giéi
han dap g va chét luong diéu khién c6 thé dat dugc ddi voi NWMR. Pic biét, cac
yéu cau vé hoi tu nhanh va kiém soat hanh vi qua do cta sai s6 bam quy dao ngay
cang dugc quan tdm trong cac ing dung doi hoi dd chinh xac va dg tin cay cao [67],
[74].

Xuat phat tir nhan dinh d6, Chuong 4 tip trung nghién ciru mét chién luoc
diéu khién chiu 18i cho NWMR dya trén diéu khién truot toan cuc két hop b quan
sat nhiéu va rang budc hiéu nang dinh trude. Muyc ti€u cua chuong 1a phat trién mot
luat diéu khién c6 hiéu nang cao, dam bao hoi ty hiru han thoi gian va chit lugng bam
quy dao trong diéu kién ton tai 16i co cdu chdp hanh, truot banh xe va bat dinh mo
hinh.

4.1. M6 hinh NWMR c6 xét 13i co' cau chap hanh, 1éch trong tAm va truet banh

M6 hinh NWMR véi gia thiét 1éch trong tAm c¢6 cau tric nhu duge minh hoa
trong Hinh 4.1.

O

Hinh 4.1. Cdu triic ciia NWMR trong truong hop trong tam b léch
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Van tbc goc ctia banh phai va banh trai 1an luot duoc ky hiéu la: wg =
®r, 0, = ¢,. Trong cAu hinh nay, toa do cta tdim khdi luong robot 1a diém G; d 1a
khoang cach tir diém Oy dén G. Céac dai luong wg va w; 13 van téc goc ctia banh phai
vé banh tri; v va w 1an luot biéu dién van tdc tinh tién va véan toc quay cua robot.

Céc thanh phan trugt gia thiét bao gébm: A 13 van tdc truot ngang; 0, va 6,
1a van tdc goc bi nhidu ctia banh phai va banh trai; &, 13 van toc truot doc; 8, 13 van
téc goc bi nhidu cua robot do trugt banh, véi: 8, = g(éR +6,),8, = i (6 — 6,).
Trong qué trinh van hanh dai han, dia hinh va diéu kién méi trudng c6 thé anh hudng
dén van toc thue té do duoc cua dong co nhu sau [3], [10]:

{wR=(l—ﬂR)a)1=a)1—Aa)1 0< <l @.1)
op =(1—-p)w, =, —Aw,
trong d6 w,, w, 1a van tbc goc mong mudn cia banh phai va banh trai.

Do d6, van tdc thuc té ctia robot duoc xac dinh nhu:

r
Vyoal :E(COR +wp)=v—-Av

4.2)
’
Wyoq = —(Op —0; ) = 00— Aw
real M ( R L)
Phuong trinh dong hoc vi tri robot khi xét t61 1é€ch trong tam:
qg=35,;9 (4.3)

cos@ sin & OT,Q:[V a)]T
—dsmné@ dcosf 1

Khi xét déng thoi 181 co ciu chép hanh, 1€ch trong tdm va trugt banh, cac rang

Trong d6: S; = {

budc non-holonomic cua robot duoc biéu dién nhu sau:
—%sin@+ycos@—-dh=A,
)'ccos9+j/sin9+h9=r(a)1—Aa)R)<:>App=AFaS (4.4)
xcos@+ysind—-hl =r(w, —Aw;)
—sin@ cosd —-d 0 O

trong do: 4, =| cos# sind h -r 0| p=[q (p]Tz[x y 0 op (pL]T
cosd smnd -h 0 -—r

T
5 AFGS Z[ASI —VACOR —VACOL]
Ma tran S p duoc xac dinh sao cho S;A; =0 va dong hoc cia NWMR c¢6

thé duoc biéu dién lai dudi dang:
p=5,(9-A9)+U) (4.5)
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cos@ sind 0 % % !

—dsin@ dcosd 1 % _%

9=[v ], Up 1a nhidu khong khép sinh ra do rang budc non-holonomic bi nhiu.

trong do: sz , AG=[0,+Av 5w+Aa)]T,

Up=NA=[-sinfAy; cosfAy; 0 Awp Aa)L]T

[—sind 0 0
cosd 0 O Ay
N=| 0 0 0A=|Awy
0 1 0 Aoy

0 0 1

Lay dao ham theo thoi gian cua (4.5), ta thu duoc:
p=5,(9-A9)+S,(9-A8)+Up (4.6)
Phuong trinh dong luc hoc ctia robot NWMR duéi dang Lagrange dugc viét [20]:
M, p+C,(p.p)p+G,+E;=B,r- 4,1, (4.7)
Trong d6: M), 1a ma trdn quan tinh xac dinh duong, C, la ma tran Coriolis-ly tam, G,
la vecto trong luc, E; 1a nhiéu bén ngoai bi chdn, B, 1a ma trn dau vao, T 1a mé-men

di€u khi€n, 4, la véc to h¢ s6 luc rang budc.

m 0 —-mdsin@d 0 0 [cos@ cosd |
0 m md sin @ 0 0 sind sin@
Mp =|—-mdsin@ —mdsin@ I 0 0 | Bp =| 2h —2h
0 0 0 Iy O r 0
i 0 0 0 0 Iy | 0 ro |
[0 0 —mdwcos® 0 0]
0 0 —mdwsin@ 0 0
C,=/0 0 0 0 0| G,=0.
00 0 0 0
10 0 0 0 0
Thay (4.4), (4.6) vao (4.7) va nhan hai vé voi Sg , ta duoc:
M, (9-A3)+ N, (9-A9)+ R +5"(9)E, =Bz (4.8)

trong do:

_qr . _qr ) T _qT _oT : T
My =S,M,S,; R=S,M,Up+S,C,Up; Bj=8,B, Ny=S,M,S,+S5,C,S,.
M6 hinh NWMR c¢6 thé duge viét lai dudi dang:

3=MI9+Nt+D (4.9)
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trong do: D=AMI+ANT+M'NAS+AI-M, (B +S)E;) M=-M'N;
N = Ml_lBl; , AM , AN biéu dién cac bat dinh tham sd.

bit z;=¢q, z2p=8;8, z3=8,D,.Do S, R>*213 ma tran hang cot déy du,
ton tai nghich ddo Moore-Penrose trai: Si, = (S 5 Sy )_1 S 5 sao cho 3= S;zz.

Két hop (4.3) va (4.9), v6i gia thiét D,D, ¢ va @ déu bi chan ta thu duoc
hé khong gian trang thai cho NWMR:

Z.] :Zz
Zy =Nt +Q+2z3 (4.10)
Z.3 == Ad

trong d6: N = ;N Q = ($,S] +S4MS] ) 23,84 =S4 D+ 4D

DPé dat duoc cac muc tiéu diéu khién va dam bao tinh 6n dinh ctia hé théng,
trong phan nay NCS thiét 1ap mot s6 gia thiét co ban va bo dé 1am nén tang cho viéc
thiét ké bd diéu khién truot tich phan toan cuc dua trén b0 quan sat thich nghi cho
NWMR.

Nhin xét 4.1: Trong md hinh (4.10), nhiéu khéng chi bao gém cac luc bén ngoai,
1éch trong tAm ma con bao gdm céac tac dong bén trong nhu truot banh Ay va 16i co
cAu chap hanh Awg, Aw, . Truot banh xuat hién nhu nhiéu phut hop trong phwong trinh
rang budc non-holonomic, trong khi 18i co cau chap hanh dugc mo hinh hoa nhu 161
1éch trong van toc banh xe. Cac tic dong nay dugc gdp vao nhidu téng hop D trong
(4.10) dé udc lugng va bu thong nhét, cho phép bd quan sat nhidu cai tién xir 1y dong
thoi ca nhiéu va 16i.

Nhdn xét 4.2: Muyc tiéu diéu khién 1a thiét ké mot thuat toan GISMC dya trén bo quan
sat thich nghi cho hé (4.10) sao cho:

a) Chuyén dong dau ra z; bam chinh xac quy dao mong muébn z,4, trong do6 sai sd
bam dugc dam bao thoa cac tiéu chi hiéu nang dinh trude va hdi tu trong thoi gian
hiru han.

b) Sai s6 wéc lugng ctia bd quan sat nhiéu cai tién hoi tu vao mot mién bi chin trong
mdt khoang thoi gian xac dinh.

Muc tiéu diéu khién nay dam bao rang hiéu nang bam quy dao cia NWMR
duogc duy tri ngay ca khi tdn tai cac bat dinh, chrfmg han nhu 16i co cau chép hanh va
trugt banh. Viéc dam bao hoi tu trong thoi gian hitu han gitp hé thong duy tri tinh 6n
dinh va kha ning dap mg nhanh trudc cac thay doi dong ctia méi truong, diéu nay

dac biét quan trong doi vdi cac ung dung doi hdi do chinh xac cao.
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Gid thiét 4.1: Dé hd tro muc tiéu diéu khién, NCS dua ra céc gia thiét sau d6i véi tin
hiéu bam muc tiéu va cac can cua nhiéu:

a) Quy dao dit z;4 va dao ham cta né 2z, déu bi chan.

b) Ton tai cac can trén ddi v6i nhiéu tong hop D va dao ham cia nd D sao cho:

|D|<d,,va ‘D‘ <D,,
trong d6 d,,, va D, 1a cac hing sb duong biéu dién cac gi6i han cua cac thanh phan
nhiéu twong tmg.

Céc gia thiét nay 1a can thiét d& dam béao ring ddu vao hé thdng va cac nhidu
déu nam trong cac gidi han c6 thé dy doan. Gia thiét (a) dbi voi tin hiéu muyc tiéu dam
bao réng quy dao mong mudn 14 thuc té va co thé dat duge boi bo diéu khién. Gia
thiét (b) giéi han nhidu bén ngoai, cho phép bd diéu khién bu nhidu hiéu qua va duy
tri 6n dinh ma khong gy ra qua diéu khién.

Bo dé 4.1 [65, 66]: Dé dam bao tinh on dinh trong thoi gian hitu han, NCS 4p dung
bo dé sau cho dong hoc ciia hé théng: Xét hé phi tuyén x = f(x), trong d6 L(x) la
mot ham xac dinh duong, lién tuc va kha vi tron. Néu ton tai bat déng thirc sau:
L(x)<—mL(x)— L’ (x)+ 1 (4.11)
trong d6 v, iy, fiy, B, x 12 cac hang s6 duong thoa 0 < B < 1,0 < y < oo, thi cac diém
can bang ctia hé ¥ = f(x) 1a 6n dinh thyc té trong thdi gian hitu han (practical finite-

time stable), va thoi gian hoi tu T théa man:

1 o yoruL'™? (10)+ 1

to+ (1 ﬂ)l
T<T,=max 7okl 1 2 4.12)
1 mL _'B(to)ﬂ/oﬂz
tO + ln
ﬂl(l—ﬂ) Yot

trong do ¢, , 1a thoi diém ban dau, 0< Vo < 1. Trang thai cua h¢ x s€ duoc dan vao
mot tap compact dugc xac dinh bai:

1

. . X X |f
xeqx: lim L(x)<min ,
=T, (1=70) 24 \(1=%0) 14

(4.13)

Viéc ap dung 6n dinh trong thoi gian hitu han dam bao rang trang thai ctia hé
thé)ng hoi tu trong mot khoang thoi gian xac dinh, bat chép su ton tai cta nhidu bén
ngoai va cac bat dinh ciia hé théng. B6 dé nay cho phép chién lugc didu khién xir 1y
hiéu qua cac bt dinh bing cach chin sai sé va dam bao kha ning 6n dinh nhanh, diéu

nay 1a thiét yéu dé duy tri diéu khién chinh xéc trong diéu kién c6 15i.
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4.2. Piéu khién trugt tich phin toan cuc két hop véi bd quan sat nhiéu cai tién
Dua trén Gia thiét 4.1 va B dé 4.1 da duoc thiét 1ap trong Muc 4.1, NCS tién
hanh phat trién mot chién lugce diéu khién truot tich phan toan cuc dua trén bd quan
sat thich nghi, duoc thiét ké chuyén biét nhim xir Iy 16i co cdu chdp hanh va hién
tugng truot banh trong NWMR. Phan nay trinh bay mot cach c6 hé thong viée xay
dung chién luoc didu khién nhim dép tmg cac muc tiéu vé do chinh xac bam quy dao
va tinh 6n dinh d3 duoc néu trong Nhan xét 4.2.
4.2.1. Bé quan sdt nhiéu cdi tién
Pé d6i pho véi cac nhiu khong xac dinh, mot b quan sat nhidu cai tién
(Improved Disturbance Observer — IDO) duoc xdy dung nham cung cap kha ning
wéc lugng theo thoi gian thuc ca nhiéu bén trong va nhiéu bén ngoai, qua d6 ning
cao kha ning ctia bd diéu khién trong viéc bu dong hoc dbi véi cac bién thién phat
sinh tir 16i va hién tuong truot:
£ =2, +4&e,
2 = No+Q+ 25 +4&le, (4.14)

A 3 2
z3=&e. + Pipotanh (o)

~

trong do e, =z;—z (i=1,2,3) lasai s6 uGe lugng cua z;; Z; la gia tri wéc lugng
cua z;. & >0, 04 1acac hé s6 cta ham, dam bao ré“tng sai sO cia bo quan sat luén bi
chan, nhu da dugc chiing minh trong B6 dé 4.1.
Tir (4.10) va (4.14), phuong trinh vi phan cia sai s6 quan sat ¢ thé dugc biéu
dién nhu sau:
;1 =e;n —4ge;
. 2
€2 =63~ 451 €;1 (415)
. 3 A
é3(1)=A, —&le, — Bipotanh (o, )

trong d6 B;po 12 gia tri uéc luong cua Bp, - hé sb thich nghi duoc thiét ké.

T
T e € Cx o
Dit: (//:[(//1 W, 1//3] =l e, ?2 ?23 la vecto sai s6 udc lugng da
1 1

duoc chuan héa, va & = (A 4 — Bipotanh (o, )) / &2, khi d6 (4.15) c6 thé duge mo ta
lai nhu sau:

w =45y + Sy,
W,y =—45w + Sy (4.16)

Vg (1) == + (Ad —/é]Dotanh(Gd))/sﬁz
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Ta c6 thé biéu dién dao ham theo thoi gian cta ¥ nhu sau:

{l/'/ = &4y + B,,0 4.17)
y=Cuy
trong d6 A, By, va C,,, 12 cac ma tran duoc thiét ké va duge xac dinh:
-4 1 0 0
A4,=|-4 0 1|;B,=|0[;C,=[1 0 0]

-1 0 O 1
Do A,, 1a ma tran Hurwitz, mgt ma tran xac dinh duong P,, dugc dua vao

nhim dam bdo AL P, + P, A, =21, trong d6 I, 1a ma tran don vi bac 3.

[s 3
Pa=3|3 5 -3 (4.18)
-5 -3 29

Hé s6 thich nghi £;p, duoc thiét ké theo (4.19):

A o
Bipo = jyﬂ P,B,, tanh (o) (4.19)
1

trong d6 a; > 0 14 tham s diéu chinh; oy = w! P,B, Vo1 Vij po thoa man diéu kién:

Bipo > A (4.20)
Vi Aplacan trén ciia A, .

Nhdn xét 4.3. Gia tri thoi gian thuc cia hé s6 thich nghi ,@ Do €O thé duoc xac dinh
bang cach tich phan (4.19). Piéu nay cho phép b IDO diéu chinh dong ,5’ po dé dap
g voi cac mirc nhidu thay d6i, dam bao rang bd quan sat luén bén viing va c6 kha
nang thich nghi trong cac diéu kién van hanh khic nhau. Qua trinh tich phan, nhu
duoc trinh bay trong [67], ddm bao su hoi tu tron cua ,éIDO , ttr d6 On dinh sai sé quan

sat theo thoi gian.
Bipo —E{ |+ _[ “//1 )‘df} (4.21)
Nhin xét 4.4. Gia tri 16i van tdc wée lugng (ﬁv) tr bo quan sat sé dugc tinh todn va
suy ra tur phuong trinh bg quan sat (4.14). Khi gia tri nay vugt qua ngudng phat hién
161, 16i s& duoc phat hién va mot canh bao s& duoc kich hoat; nguoc lai, néu khong
vurot ngudng, thi khong c6 16i nao duge phat hién. Mo hinh phat hién 15i co thé dugc

biéu dién nhu sau:
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1 if ||| > threshold
Fp= ] (4.22)
0 1if ||F| <threshold

Dinh Iy 4.1. Dbi voi hé théng robot duoc mo ta bai (4.10), bd quan sat IDO duoc
thiét ké trong (4.14) dam bao rang, véi cc gia tri du 16n cua cac hé s6 khuéch dai bo
quan sat & va o >0, tat ca cac tin hiéu sai s quan sat déu bi chin khi t — co. Tinh
bi chan nay dam bao ré’mg IDO ¢6 thé uéc lugng chinh xac cac nhiéu theo thoi gian,
d6ng thoi duy tri tinh 6n dinh va hiéu ning cta hé thong diéu khién trong cac diéu
kién bét dinh.
Chirng minh:
Xét ham Lyapunov:

1 7
Vibo =2V By (4.23)

trong do P, 1a mot ma tran x4c dinh duong thé hién trong (4.18).
bao ham theo thoi gian cua V;p, dugce tinh nhu sau:
. l .7 I 7.
Vipo =5V By + 5y By (4.24)
Thay (4.18) vao (4.24), ta thu duoc:

. 1 T 1 T
VIDOZE(QElAml//+Bm5) PmW"'El// Pm(glAml//+Bm5) (4-25)

==&y'y+y'F,
trong do: F,, = B, B,, (Mg — Bpotanh (0, )) /&

Trong chimg minh nay ||, dugc st dung dé ky hiéu chuan Euclid doi véi vecto
va chuan cam sinh twrong ing d6i véi ma tran. Gia sir ton tai hang s6 duong ¢, sao
cho thanh phén bat dinh F,, théa man ||, <&, |B,B,,], v, Khi do, tir (4.25) ép
dung bat dang thirc Cauchy—Schwarz, ta co

Vipo <=4 H‘r””é + Mz HFmH2 (4.262)

Suy ra

Vipo < —(51 ~¢1[BuBall, )”W”; (4.26b)
Néu chon h¢ sb khuéch dai quan sét & di 1on sao cho & > &1||B,B,,], thi

Vipo 12 am béan xéac dinh véi moi i # 0. Diéu nay dan dén két luan rang sai so udc
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lwong ctia bo IDO duge thiét ké 1a bi chan. Cu thé e, <e .y, ex1m > 0.
Nhu vay, chirng minh duoc hoan tat.

Duya trén cac bo dé ki thuat nén tang va cac ham quan trong da duoc trinh bay,
phuong phép diéu khién truot tich phan toan cuc dua trén bd quan sat két hop véi
diéu khién PPC dugc dé xut.

4.2.2. Piéu khién trwot tich phan toan cuc véi rang budc hiéu niing dinh truéc

Trang thai sai s6 duoc dinh nghia nhu sau:

€= 24 (4.27)

Ham hiéu nang dinh trudc PPF 1a mgt ham duogc chon trudc dé quy dinh mién
sai sO cho phép theo thoi gian. Trong khi d6, PPC 1a phuong phép thiét ké diéu khién
nham dam bao sai s thuc sy ludn ndm trong mién dugc quy dinh boi1 PPF. Do do,
PPF 1a bién hiéu ning mong mudn, con PPC 1a co ché diéu khién dé cudng buc sai
50 tuan thu bién do.

Dinh nghia 4.1. Ham hi¢u nang dinh trude (PPF) [68], ky hi¢u 1a p(t), 12 mot ham
lién tuc dung dé xac dinh cac gidi han cho phép cuia sai s6 bam theo thoi gian:
p(2) = (py = Pw) exp(—ct) + p, (4.28)
trong do:
e ¢ > 0tham s quyét dinh tdc do hoi tu;
e po 1 gidi han hiéu ning ban dau, biéu thi sai s6 16n nhat cho phép tai t = 0;
e  pPw la gi61 han hi€u ndng & trang thai xac lap, khi t — oo.

Ham nay dam bao rang sai s bam e(t) ludn nim trong cac giéi han duoc chi
dinh trong subt qua trinh hoat dong. Cu thé, p(t) bt dau tir po khit — 0 va ti€ém can
dén po, khi t = oo, qua d6 dam bao sy suy giam c6 kiém soat cua sai s6 theo thoi
gian, v&i py > Pe.

Yéu cau hiéu ning dinh trudc dbi voi sai s6 bam e(t) duoc mo ta boi

—ap(1) < et) < g,p(t), 1 >0 (4.292)
trong d6 ¢; >0 va ¢, >0 1a cac hang s6 dugc xac dinh trude, lan lugt ding dé diéu
chinh can duéi va can trén cua sai sé bam. Cac can nay giup duy tri sai s6 bam trong
mot mién mong mudn theo quy dinh ciia ham PPF p(t), qua d6 dam bao hé thong
thoa man céc tiéu chi hiéu nang dinh trude.

Dé chuan hoa rang bugc trén, dinh nghia sai s6 chuan hoa

Sse(t) = a9 (4.29b)
Pt
Khi d6, diéu kién PPC trong (4.29) duoc viét lai thanh
~64 <Sse(t) <5y (4.29¢)
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Nham chuyén bai toan di€u khién c6 rang budc thanh bai toan 6n dinh cia mdt

bién sai sé khong bi rang budc, dwa vao bién do6i So(t)=H (8*(t)), trong d6

£*(f) € R 1a sai sb bién do6i va ham H : R —(—¢,,5, ) dugc chon 1a

H (%) =5 exp(e™) — 64 eXp(=£*)

exp(&*) + exp(—¢&*) (430)
Do d6, sai s6 bam ban dau duoc biéu dién duéi dang:
e(t) = p()H (e*(1))
e=pH(e*) (4.31)

Phép bién doi nay cho phép sai s6 bam e(z) dugc ty 18 héa bai p(t), qua do
dam bao sai s6 ludn nam trong cac can hiéu nang dugc xac dinh bdi PPF.

St dung Pinh nghia 4.1, ta suy ra phép bién doi ngugc dé biéu dién & * theo
e(t) va p(t):

_ | +
e¥=H (g, )= Eln[%} (4.32a)
u se

Phép bién d6i nguoc H -l nay cho phép tinh truc tiép bién &* tir sai s6 bam
e(t) va p(t), qua do tao thuan loi cho viéc cudng birc cac rang budc sai s6 bam thong
qua mot bién da duogc bién d6i. Cong thirc (4.32) cho thiy khi e(?) tién gan dén bién
trén ¢, 0(¢) hodc bién dudi —c,;0(t), mau s6 hoic tir s ctia biéu thire logarit tién vé
0, lam cho &* tién t6i v6 han. Vi vy, néu lut diéu khién dam bao &* bi chin, thi
sai s0 e(t) khong thé cham hodc vuot qua cac bién PPC (4.29) dit ra, qua d6 dam
bao tinh bi chdn va hanh vi hoi tu theo hiéu nang dinh trudce [69].

Dé thuan tién cho viéc trién khai luat diéu khién, dao ham ¢, (¢) ta co:

Mat khac, tir (4.32) ta rat ra:

&* = rg(t)(é—ge] (4.32b)
P

1 1 1 S A R o
Trong d6: 7.(¢t) = ( + ) e=12zy—Zjy, VOl Z, la gia tri
2/0(t) Sse TSd  Su " Sse

udc luong cua z, tr bd quan sat IDO.
Pé xac dinh dong hoc cua h¢ da bién ddi, mit truot tich phan toan cuc § duogc

chon dudi dang:
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§ =2y + 26z * 43 [ £ %= p (1) (4.33)
trong d6 K, > 0 1a tham sd thiét ké, p(t) = p(0)exp(—K,t), véi p(0) = 2,(0) +
2K0e * (0) + K fot e x(0) dr.

Pao ham theo thoi gian cia § dugc xac dinh nhu sau:

=32, —|—2K‘0é‘*+l('38*—p(l‘) (4.34)

Thay cac phuong trinh (4.14), (4.32b) va (4.34) vao biéu thirc trén, ta thu dugc:

8 =Nt+Q+2 +4&fe, +2Ké*+rge*—p(1) (4.35)
Tir (4.35), tin hiéu diéu khién dugc xay dung nhu sau:

torsue = N (—Q — 2Ky *—kge *+p (1) =23 — K0 — K tanh(s)) (4.36)

trong d6 x; > 0 va k, > 0 13 cac tham s6 thiét ké, Nt = (NTN)"INT.,

CAu tric ctia bd diéu khién dé xuat cho hé NWMR duoc minh hoa trong Hinh 4.2.

' \
Phat hién| g 22 B quan sat <
101 cai tién
| J

e r N X
y
Ham |& | Mat | 9O Loyl M hinh 0
G : dong 1 N
chuyén d6i truot GISMC Qr}lf) Cl.rc dong hoc —>

(. |\

L{ Ham rang budc hi¢u nang }4—

Hinh 4.2. So do khoi cua bé diéu khién GISMC-PPF.
Céu trac diéu khién nay c6 thé hiéu theo ba 16p: L6p thir nhéat 1a PPF/PPC, ¢

nhiém vu quy dinh va cudng burc sai sO bAm nam trong mién hiéu ndng mong muon.

Lé6p thir hai 13 IDO, ¢6 nhiém vu wéc luong nhiéu téng hop do truot banh, 16i co cu
chap hanh va bat dinh mé hinh. Lép thir ba 1a GISMC, c6 nhiém vu bao dam tinh bén
vitng va hoi ty hitu han thoi gian cua sai s6 da bién doi. Nho d6, bo diéu khién khong
chi 1am cho sai s6 bam hdi tu, ma con kiém soat duoc ca hanh vi qué do cua sai $6.
Pinh ly 4.2. Bdi véi hé thdng NWMR duoc moé ta boi (4.10), dudi Gia thiét 4.1 va
B6 dé 4.1, bd quan sat dugc thiét ké trong (4.14), rang budc hi¢u nang dinh trudc
(4.29), phép bién d6i sai s6 (4.30)—(4.32b) va luat diéu khién GISMC (4.36). Do do,
tat ca cac trang thai cua hé théng déu bi chin, sai s6 bam hoi tu vé& mién bién duoc
xac dinh trudc.

Chirng minh:

Xét ham Lyapunov:
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1
Vaismc = 55 (4.37)

Pao ham theo thoi gian cia Vi sy duoc tinh nhu sau:
Vorswe =08 = (Nt +0+ 25+ 4&0e, +2:é *rige *—p (1)) (438)

Thay (4.35) vao (4.38), ta thu duogc:
Vaisme = —K1|8|—1,8° —40& e, (4.39)
St dung bat dang thirc Young, ta co:
488l e, < 5% + A&l (4.40)
Tu (4.39) sang (4.40), suy ra:
1
Varsme =—110] = (i =1) 8> +4&'e2 = =V disue — (k2 =) Varsuc + %o (441)
Dua trén Bd dé 4.1, cac trang thai sai sb cta hé théng NWMR s& duogc dan vao ché
do truot 6 = 0 trong mdt thoi gian hitu han xéc dinh trudc T,.. Thoi gian hitu han T,
dugc xac dinh theo (4.13).
4.3. Két qua md phéng va danh gia
4.3.1. Thiét lap mé phéong
Dé danh gia mot cach toan dién tinh bén viing va kha nang chiu 16i cia bo diéu
khién GISMC, hai bd diéu khién bén vimg khac 13 ASMC va SMC-IDO duoc st
dung dé so sanh. Mot kich ban moé phong duy nhat dugc thiét ké v4i ba giai doan van
hanh lién tiép, dudi cac murc bat dinh ting dan theo thoi gian.
Tong thoi gian mé phong duogc thiét 1ap 1a 45 gidy, trong d6 robot bam theo
quy dao tham chiéu (4.42):
x; =5c0s(0.2¢), y,; =5sin(0.2¢), 6; =0.2¢ (4.42)

béit dAu tir trang thai ban dau: ¢(0)=[4 0 0]

Céc tham s6 m6 hinh ctia robot NWMR va céc hé s6 diéu khién duoc liét ké trong
Bang 4.1 —4.2. Toan b qua trinh dugc chia thanh ba giai doan nhu sau:

» Giai doan I (0 s — 15 s): Robot hoat dong trong diéu kién danh dinh, chi chju
anh huong cia do léch tham s6 mo hinh 10% (AM =0.1M,AN =0.1N),
khong c6 nhiéu bén ngoai, truot banh hoic 16i co cau chép hanh.

Giai doan nay dugc sir dung dé danh gia do chinh xac bam quy dao co ban va hiéu

nang xac 1ap cia cac bo dicu khién trong diéu kién gan 1y tudng.

> Giai doan II (15 s — 25 s): Ngoai cac thanh phan nhiu bat dinh & mo hinh,

robot con chiu tic dong ctia nhidu bén ngoai va truot banh, duoc bicu dién béi:
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Ag=[6y -rogp -ro,] trong 46 &, =5+08sin(t), @g=psin),
@, = fcos(t) , vOi 0 < 8 <0.2 la hé s6 thay d6i ngdu nhién.
Giai doan nay dung dé danh gia kha ning ctia bo quan sat trong viéc uéc luong
va bu nhiéu téng hop.
> Giai doan III (25 s — 35 s): Hé thdng tiép tuc chiu 18i co cdu chdp hanh dudi
dang mat hiéu qua timg phan: Av=¢v, Aw=sw (0.25<&<0.35). Do do,
robot dong thoi phai d6i mat voi sai 16ch mé hinh, nhidu bén ngoai, trurot banh
va suy giam co cdu chip hanh.
Giai doan nay dugc str dung dé danh gia kha nang chiu 16i va hiéu nang thich nghi
ctia bd diéu khién dugc dé xuit.
Trong toan bd céac giai doan, van tdc tinh tién va van toc gbc cua robot dugc rang

budc trong cac mién thuc té: v<2m/s, a)| <2.5rad /s

Bang 4.1. Cac tham s6 cuia robot NWMR ¢6 xét dén léch trong tam va truot banh

Tham sé Ky hiéu Gid tri
Khéi luong toan bd khung robot m (kg) 15
Ban kinh banh xe r (m) 0.1
M6 men quan tinh tong I (kg'm?) 0.537
Mo men quan tinh banh dan dong Iy (kg'm?) 0.0023
Khoang cach giita hai banh dan dong 2h (m) 0.4
Khoang cach tir diém 0, dén G d (m) 0.02

Bdng 4.2. Cdc tham s ciia bé diéu khién ASMC, SMC-IDO, GISMC
B¢ diéu khién Tham so
ASMC k=09, ky=3,kg=32, ks1=25, ks2=10
kx=0.9,ky=3,kg=3.2, ks1=25,ks2=10,

SMC-IDO
IDO: & =22, a1 =0.1.
GISMC-PPF k=8, ki=35 k=15 IDO: & =22, a1=0.1
(Proposed) PPF: py =2;p,, =0.005;c=1.

4.3.2. Két qud va ddanh gid

Mo phong véi thoi gian 45 gidy dugc thyc hién nham danh gid toan dién tinh
bén vitng va kha niang chiu 15i ctia bo diéu khién GISMC. Kich ban mé phong bao
gdm ba giai doan lién tiép véi mtrc do bat dinh va 18i ting dan, nhu dd mo ta trong

phan thiét 1ap mé phong.
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Céc két qua so sanh giita GISMC-PPF, SMC-IDO va ASMC duoc minh hoa
trong Hinh 4.3 - 4.8, thé hién cac dap Gng theo thoi gian va cac gia tri u6e luong;
Bang 4.3 trinh bay cac chi s6 hiéu ning dinh luong cho tong sai s bam Euclid trong

mit phang.
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b)  Thoi gian (s)
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Bdng 4.3. Cdc chi s6 hiéu nang cho tong sai s6 bam Euclid trong mdt phang (x,y) cia
GISMC-PPF, ASMC, SMC-IDO

CHI SO MSE MAE  RMSE IAE ISE
GISMC-PPF 0.0128  0.0217  0.1133  0.9752  0.5772
ASMC 0.0433  0.1159 02081  5.2156  1.9479
SMC-IDO 0.0114  0.0244  0.1067  1.0986  0.5119

Hinh 4.3 thé hién dién bién theo thoi gian ctia d6 1éch bam theo céc truc x, y va hudng
6. Trong Giai doan I, tit ca cac bo diéu khién déu duy tri sai s6 xac 1ap nhé dudi mirc
léch tham s6 10%. Khi nhidu va truot banh duoc dua vao trong Giai doan II, bo
ASMC xuét hién cac dao dong dang ké va do léch qua d6 16n hon. Bo SMC-IDO lam
giam cac dao dong nay nhung van cho thiy cac do 1éch qua d6 16n hon so véi phuong
phap duoc dé xuat. Trong Giai doan III, khi 16i co cau chap hanh dugc dua vao, bo
GISMC-PPF dugc dé xuat nhanh chong tai 6n dinh va dua sai s6 bam vé cac gia tri
nho, trong khi ASMC va SMC-IDO thé hién cac dap tng quéa do 16n hon va kéo dai
hon. Cac quy dao robot trong Hinh 4.8 xac nhan rang bo diéu khién duoc dé xuat
ludn bam sat quy dao tham chiéu nhét trong sudt tat ca cac giai doan.

Béng 4.3 tong hop cac chi s sai s6 toan cuc dugc tinh tir tin hiéu sai s6 Euclid trong
mit phang (x,y). Cac quan st chinh nhu sau:

- MAE va IAE (sai s tuyét di va sai s6 tuyét dbi tich lity): bd GISMC duoc dé
xuat dat MAE = 0.0217 va IAE = 0.9752, 1a cac gia tri nho nhit trong sb cac phuong
phap duoc khao sat. So véi ASMC, phuong phap dé xuit lam giam IAE khoang 81%
(tir 5.2156 xudng 0.9752) va MAE khoang 81% (tir 0.1159 xudng 0.0217). So v&i
SMC-IDO, b diéu khién dugc dé xuat lam giam IAE khoang 11% va MAE khoang
11%, cho thiy kha ning phuc hdi nhanh hon va trang thai xac 1ap muot hon.

- RMSE: GISMC dat gia tri RMSE 0.1133, xac nhan d6 chinh xac tong thé cao
hon va it xuét hién cac sai léch tirc thoi cé bién do 16n.

- MSE va ISE (cac chi sé binh phuong): SMC-IDO nhinh hon mét chit so véi
phuong phap dé xuat vé MSE (0.0114 so v&i 0.0128) va ISE (0.5119 so véi 0.5772).
Diéu nay cho thiy SMC-IDO d6i khi dat dugc sai s6 binh phuong tirc thoi nhé hon;
tuy nhién, cac gia tri MAE va IAE 16n hon ciia né cho thiy loi thé nay khong chuyén
hoa thanh hiéu ning tich liy hoic tuyét dbi tot hon.

- Téng thé, tap hop cac chi sé cho thdy bo GISMC-PPF dugc dé xuat cung cp
su danh doi tot nhat gitra d6 muot & trang thai xac 1ap (MAE, IAE) va do chinh xac
(RMSE) trong diéu kién dong thoi ton tai sai 1éch mo hinh, trugt banh, nhidu va 13i

co cau chap hanh.
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Hinh 4.4 thé hién hé sb diéu chinh thich nghi cua bo IDO; dién bién cta no
xac nhan kha nang ctia bd quan sat trong viéc tang hé s6 uGe luong khi bién do
nhiéu/16i ting 1én. Hinh 4.5 trinh bay nhidu gdp va cac tin hiéu 15i co ciu chip hanh
dugc udce luong; IDO theo ddi chinh x4c dang nhidu va xac dinh dung thoi diém ciing
nhu bién do cua cac 18i duge dua vao. Két qua phat hién 13i trong Hinh 4.6 (vuot
ngudng) cho thiy thoi diém xuét hién 13i trong Giai doan III dugc xac dinh chinh
xac. Nhitng két qua nay giai thich vi sao GISMC-PPF c¢6 kha niang phuc hdi nhanh
hon cac uéc luong nhidu/1di chinh x4c va kip thoi cho phép bo diéu khién bu hiéu
qua trong pha qua do.

Hinh 4.7 thé hién van tdc tinh tién va van téc goc ctia robot. Dudi bo GISMC-
PPF, c4c tin hiéu diéu khién duy tri do mugt cao, voi chuyén mach tan sd cao bi han
ché, cho thiy cau tric diéu khién truot tich phan két hop IDO di giam thiéu hiéu qua
hién tuong chattering vén thuong gip trong SMC c6 dién. Tac dong diéu khién muot
hon gop phan tryc tiép 1am giam MAE va IAE, dong thoi duy tri van tdc robot trong
cac gidi han thyc té da duoc chi dinh.

Thao luan va danh gid

Céc két qua dinh luong va mién thoi gian cho thay bo GISMC-PPF duoc dé
xudt duy tri dang tin cdy sai s6 bam trong bién hi¢u nang dinh trudc (£PPF = +0.005
m) trong ca diéu kién danh dinh va c6 nhiu, dong thoi khoi phuc nhanh hiéu ning
sau khi xuat hién 16i co cdu chdp hanh. Mic du SMC-IDO d6i khi dat cac sai s binh
phuong nhé hon mot chut (MSE, ISE), cac gia tr1t MAE/IAE 16n hon va kha ning
phuc hdi cham hon khién né kém phu hop trong cac truong hop yéu cau sai 1éch tich
Ity nho va d6 muot cao. ASMC, nguoc lai, thé hién cac dao dong 16n hon dang ké
va sai so tich Ity cao hon, cho théy do bén kém hon trong cac diéu kién duoc khao
sat.

Xét ca dinh luong va dinh tinh, GISMC-PPF duoc dé xuat két hop véi IDO
cho thay hiéu nang vuot troi vé toe do hoi tu, kha nang khir nhidu/18i va do muot clia
bam quy dao trong cac kich ban bat dinh va c6 18i thuc té. Nhitng dic tinh nay khién
phuong phap tré nén hap dan cho trién khai thuc té trén cac nén taing NWMR hoat
dong trong moi truong khong chic chan va bién doi dong.

4.4. Két luan chwong 4

Chuong 4 da trinh bay mot chién luge diéu khién chiu 18i ¢6 hiéu ning cao
cho NWMR, dya trén su két hop gitra diéu khién truot toan cuc, bd quan sat nhiéu
ci tién va rang budc hiéu nang bam quy dao dinh trudc. Trén co sé mo hinh dong

Iuc hoc ¢6 xét dén 18i co cau chap hanh, trugt banh xe va su thay d6i vi tri trong tam,
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luat diéu khién dugce thiét ké nhim dam bao hoi tu hitu han thoi gian cua sai s6 bam
quy dao va kiém soat chit ché hanh vi qua do cua hé thong.

Céc phan tich 6n dinh dia trén ham Lyapunov di chtrng minh tinh 6n dinh va
kha nang hoi tu ctia h¢ théng diéu khién dé xuét trong diéu kién tOn tai nhiéu va bat
dinh. Két qua mo phong cho thiy chién luoc diéu khién trong chuong nay dat duoc
chét luong bam quy dao cao, toc 6 dap tng nhanh va kha ning duy tri hiéu ning 6n
dinh ngay ca khi xay ra 16i co cdu chip hanh va cac diéu kién van hanh bét loi.

Két qua nghién ciru trinh bay trong Chuong 4 di dugc cong bd trong cic cong
trinh [CT4].

[CT4]. Sy Phuong Ho, Manh Tien Ngo, Duy Tan Ngo, Dinh Tu Duong, Van
Chuong Le, Van Nam Dinh, Van Du Phan, "Global Sliding Mode Fault-Tolerant
Control for Non-holonomic Wheeled Robots: Ensuring Prescribed Performance in
the Presence of Faults and Slippage," in IEEE Access, vol. 14, pp. 18857-18867,
2026, doi: 10.1109/ACCESS.2026.3660656. (SCIE-Q1)
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KET LUAN

Luan 4n tap trung nghién ctru bai toan diéu khién chiu 16i cho NWMR nhim
dam bao kha ning bam quy dao chinh xac va 6n dinh trong diéu kién ton tai dong
thoi nhiéu, bat dinh mé hinh va 18i co cdu chdp hanh. Trong tAm cta luan 4n 1 xay
dung cac phuong phap quan sat va diéu khién chiu 15i theo hudng tich hop, phu hop
v6i dic thu cau trac cia hé robot di dong. Trén co s¢ phan tich tong quan, luan an chi
ra rang nhiéu nghién ctru hién nay chu yéu xir 1y 16i co ciu chip hanh duéi dang nhidu
téng hop, trong khi viéc quan sat va khai thac théng tin 161 méot cach tudng minh con
han ché. Pong thoi, cac kién trac diéu khién—quan sat phan ting cho NWMR chua
duoc phat trién mot cach hé théng.

Tu do, luan an da xay dung mo hinh dong hoc va dong luc hoc cia NWMR
c6 xét dén 151, nhidu va bat dinh, lam co s& cho thiét ké bo quan sat va diéu khién.
Trén nén tang ndy, luan 4n phat trién cac b quan sat cho phép udc lugng truc tiép
anh huong cta 16i co cau chap hanh, thay vi gop vao nhiéu téng hop, qua d6 nang
cao kha ning phat hién va xir 1y 16i. Dya trén két qua quan sat, luan an dé xuét kién
tric diéu khién chiu 16i hai vong theo huéng phén tang, trong d6 cic bai toan dong
hoc va dong luc hoc dugc xtr Iy tach biét nhung cé lién két chat ché. Kién tric nay
cho phép tich hop hiéu qua cac bd quan sat va diéu khién, dam bao 6n dinh hé théng
va chit luong bam quy dao trong diéu kién bat dinh.

Bén canh d6, luan 4n xay dung mot chién luge diéu khién chiu 16i dua trén
diéu khién truot, két hop v61 bo quan sat nhiéu va rang bugc hi¢u nang dinh trudc.
Phuong phap nay cho phép cai thién tdc d6 hoi tu va kiém soat hanh vi qua do cia
hé, déng thot1 dong vai tro nhu mot chuan tham chiéu dé danh gia cac kién tric phan
tang. Cac phuong phap dé xuat dugc chimg minh 6n dinh theo Lyapunov va kiém
chung thong qua cac kich ban mé phong voi nhidu, truot banh va 16i co cau chap
hanh. Két qua cho thiy kha niang duy tri 6n dinh va nang cao chat lugng bam quy dao
ctia hé so véi cac phuong phép truyén théng.

Céc két qua cua luan an duoc kiém chimg chu yéu théng qua mod phong sb.
Mot sb thuat toan tiéu biéu thudéc Chuong 3 di duoc trién khai va danh gia bude dau
trén mo hinh robot thuc, qua d6 cho thay kha niang tmg dung cua cac phuong phap dé
Xuat. Tuy nhién, vi¢c thuc nghi€ém chua bao quat toan b cac thuat toan trong luan
an. Khi trién khai déy du trén hé thuc, can tiép tuc xem xét anh hudng cuia sai I¢ch
mo hinh, nhiéu do, tré tinh toan, qua trinh rdi rac hoa, bio hoa co cdu chép hanh, thay
doi tai trong va diéu kién tiép xtc banh—mit nén.

Nhiing dong gop mdi cia ludn dn:

(1) Pé xuét bd diéu khién chiu 15i st dung bd quan sat 16i cho phép udc lugng
- bu 16i hiéu qua va dam bao 6n dinh, bam quy dao trong diéu kién c6 18i co cdu chap
hanh.
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(2) Pé xuat thuat toan diéu khién chiu 15i dua trén diéu khién truot toan cuc
két hop bd quan sat nhiéu va rang budc hi¢u nang dinh trudec.

Huéng nghién civu tiép theo ciia lugn dn:
- M6 rong cac phuong phap dé xuét cho hé nhiéu robot va cac bai toan phdi hop.
- Tiép tuc trién khai va danh gia déng bo toan bd céac thuét toan dé xuit trén robot
thuc va nén tang AGV, co xét dén nhidu do, tré tinh toan, gi61 han co cau chép hanh,
thay d6i tai trong va diéu kién mit nén.
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PL5. Ban vé thiét ké mo hinh robot
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PL6. M0 hinh robot st dung trong thuc nghiém
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PL7. Két qua thuc nghiém (https:/drive.google.com/drive/folders/170p8Q15WPTCzcv8AkhSULsqlxrh9- D)

5 RESET Kx » Ky 56 e Reference and Actual Robot Velocities
.‘2104 —% Z14 Ll =¥ & oss = i =
© RESET VIEW 09 4n 1 is 135 e
X % 75 100 "o 3 % B w0 3 % 75 10
Timels) Timels] Time{s] g 100
™
Visual Feedback of FBO-SMCPI )
: > 251
Center: (188, 370) 3 TSRS -
-“.o 2 Py ) 100 120

60
Time{s)

Linear and Angular Control Velocities

— Y

124 — WY
g 1.0
‘: 08
E3
= 06 9
E

04
3

024

00

o 20 %0 &0 ] 100 120
Timeis]
Fault Estimation

dhatO, dhatl

60
Time [s]


https://drive.google.com/drive/folders/170p8Q15WPTCzcv8AkhSULsq1xrh9o-_D

A. So dd céu tric chwong trinh:
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PL8. Chuong trinh thyc nghiém cho b diéu khién FB-IFO_SMC_ESO

FTC FB-IFO SMC-ESO

FTC FBO SMCESO.ino
Config.h

RobotGlobals.h
FuzzyGain.h
SMCPIControl.h

ExtendedStateObserver.h

[FOObserver.h
TrajectoryControl.h

MotorPID.h
EncoderOdometry.h
WebHandlers.h
RelayControl.h
Utils.h
Huongdan.txt

Setup() va loop()
Cdu hinh chén, WiFi, théng s6 robot, bat/tdt

fuzzy/SMC/IFO/ESO

Khai bao cdc bién toan cuc

Bo chinh dinh Fuzzy kx,ky,kth

SMC-PI nhan Ve, We; xudt V cmd, W _cmd;
c6 hé tro bit Dv_hat, Dw_hat tir ESO

ESO woc lwong v_hat, w_hat, Dv_hat, Dw_hat
theo mo hinh dong luc hoc

B§ quan sdt 16i cdi tién

Tao quy dao, tinh sai sé, goi FLC, IFO, ESO,
doi sang toc dé banh

PID toc do trén dong co

Encoder va odometry

Cdc API web /start, /stop ..

Khoi tao 16i

Ham tién ich/ reset

// Chuong trinh chinh - FTC_FBO_SMCESO.ino
#include <WiFi.h>
#include <WebServer.h>

#include "Config.h"

#include "Utils.h"

#include "EncoderOdometry.h"
#include "MotorPID.h"
#include "RelayControl.h"
#include "WebHandlers.h"
#include "TrajectoryControl.h"

#include "RobotGlobals.h"

#include "IFOObserver.h"

#include "FuzzyGain.h"

#include "SMCPIControl.h"
#include "ExtendedStateObserver.h"

inline void setupWiFi() {

Serial.println("WiFi connection failed. Continue
without WiFi.");
H
H

void setup() {
Serial.begin(115200);

setupRelay();
setupMotorPins();
setupEncoderAndTimer();

FuzzyGain_Reset(fuzzyGainState);
SMCPI_Reset(smcpi);
ESO_Reset(eso);
ESO_ClearOutput(eso_out);
IFO_Reset(ifo);

WiFi.begin(WIFI_SSID, WIFI_PASSWORD);

unsigned long wifiStart = millis();
while (WiFi.status() = WL_CONNECTED &&
millis() - wifiStart < 10000UL) {
Serial.println("Connecting to WiFi...");
delay(500);

}

if (WiFi.status() == WL_CONNECTED) {
Serial.println("WiFi connected");
Serial.print("IP address: ");
Serial.println(WiFi.locallP());

} else {

/I Initialize output/debug variables consistently
before web server starts.
fuzzyGain.Kx = KX NOM,;
fuzzyGain.Ky = KY NOM,;
fuzzyGain.Kth = KTH NOM;
fuzzyGain.e pos = 0.0f;
fuzzyGain.e th = 0.0f;
fuzzyGain.dxe = 0.0f;
fuzzyGain.dye = 0.0f;
fuzzyGain.dthetae = 0.0f;
fuzzyGain.yKx = 0.0f;
fuzzyGain.yKy = 0.0f;
fuzzyGain.yKth = 0.0f;



setupWiFi();
setupWebServer();
Serial.printin("HTTP server started");

t prevl = millis();
t prev2 = millis();
prevTime = millis();
count_prev = count;

}

void loop() {
unsigned long currentTime = millis();

server.handleClient();
tinhtoado();
if (global VLL == 0.0f)
ledeWrite(PWM_CHANNEL M2, 0);
if (globalVRR == 0.09)

ledcWrite(PWM_CHANNEL M1, 0);

if (count > count_prev) {
// 1. Tang diéu khién quy dao + Fuzzy + IFO +
SMC-PI
quydao();

// Khai béo bién toan cuc — RobotGlobals.h
#ifndef ROBOT GLOBALS H
#define ROBOT GLOBALS H

#include <Arduino.h>

#include <WiFi.h>

#include <WebServer.h>

#include "Config.h"

#include "IFOObserver.h"

#include "FuzzyGain.h"

#include "SMCPIControl.h"
#include "ExtendedStateObserver.h"

WebServer server(80);

// Timer
hw_timer t *timerl = NULL;

// Relay state

bool relayState = HIGH;
unsigned long relayTimer = 0;
int relayStep = 0;

// Robot parameters and measured states
float 1= WHEEL BASE;

float vthuc = 0.0f;

float wthuc = 0.0f;

volatile unsigned long count = 0;
unsigned long count prev = 0;

// Encoder/motor states

float Theta now! = 0.0f;
float Theta prevl = 0.0f;
float Theta now?2 = 0.0f;
float Theta prev2 = 0.0f;
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// 2. Tang PID téc d6 hai banh
t nowl = millis();
t now2 = millis();

dtl = float(t nowl -t prevl);
dt2 = float(t now2 -t prev2);

PID1();
PID2();

/3. Van tdc thuc sau PID motor,
vthuc = (VI1_output + Vr_output) / 2.0f;
wthuc = (Vr_output - V1 output) / 1;

t prevl =t nowl;
t prev2 =t now2;
count_prev = count;

updateRelaySchedule(currentTime);

H
H

float V1_output = 0.0f;
float Vr_output = 0.0f;
float RPM_outputl = 0.0f;
float RPM_inputl = 0.0f;
float RPM_output2 = 0.0f;
float RPM_input2 = 0.0f;

float dt1 = 0.0f;
float dt2 = 0.0f;

unsigned long t nowl =0;
unsigned long t_prevl = 0;
unsigned long t now2 =0;
unsigned long t_prev2 = 0;

volatile long dem_motorl = 0;
volatile long dem_motor2 = 0;
volatile long dem motorl1 = 0;
volatile long dem motor22 = 0;

int PWMvall = 0;
int PWMval2 = 0;

float V1 = 0.0f;
float V2 = 0.0f;

float error now1 = 0.0f;
float error prevl = 0.0f;
float integ_now1 = 0.0f;
float integ_prevl = 0.0f;

float error now2 = 0.0f;
float error_prev2 = 0.0f;
float integ_now?2 = 0.0f;



float integ_prev2 = 0.0f;

/' Wheel velocity references

float global VLL = 0.0f; // left wheel linear speed
[m/s]

float global VRR = 0.0f; // right wheel linear speed
[m/s]

// Odometry

float v = 0.0f;

float w = 0.0f;

float x = 0.0f;

float y = 0.0f;

float toadox = 0.0f;

float toadoy = 0.0f;

float theta = 0.0f;

unsigned long prevTime = 0;

// Trajectory and tracking states
float omega = DEFAULT OMEGA,;
float R = DEFAULT R CM,;

float xd = 0.0f;

float yd = 0.0f;

float xd_dot = 0.0f;
float yd_dot = 0.0f;
float xd_2dot = 0.0f;
float yd 2dot = 0.0f;
float x1d = 0.0f;
float y1d = 0.0f;
float wd = 0.0f;
float x1d_dot = 0.0f;
float yld_dot = 0.0f;
float Thetad = 0.0f;
float X1 = 0.0f;
float Y1 = 0.0f;
float ex = 0.0f;

float ey = 0.0f;

float eth = 0.0f;
float xe = 0.0f;

float ye = 0.0f;

float thetae = 0.0f;

// File cAu hinh - Config.h
#ifndef CONFIG_H
#define CONFIG_H

// WiFi
const char* WIFI_SSID ="D";
const char* WIFI_ PASSWORD = "20040922";

Motor pins
const int MOTORI1 PIN1 =2;
const int MOTOR1 PIN2 =4;
const int MOTOR1 EN =5;

const int MOTOR2 PIN1 = 22;
const int MOTOR2 PIN2 = 23;
const int MOTOR2 EN = 15;
---------------- Encoder pins
const int ENCO_A MOTORI =32;
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float Vc = 0.0f;

float Wc¢ = 0.0f;

float V_cmd final = 0.0f;
float W_cmd_final = 0.0f;
float xdat = 0.0f;

float ydat = 0.0f;

float t = 0.0f;
float b=B LOOKAHEAD;

// Current gains used by tracking controller. Fuzzy
updates these.

float Kx = KX NOM;

float Ky =KY NOM;

float Kth = KTH NOM;

float pi =PI _ROBOT;

float vr = 0.0f;
float wr = 0.0f;
bool check = false;

// TFO observer state
IFOState ifo;

float dhat[2] = {0.0f, 0.0f};
float dV_obs = 0.0f;

float dW_obs = 0.0f;

float dV_obs_use = 0.0f;
float dW_obs_use = 0.0f;

// Fuzzy, SMC-PI and ESO states
FuzzyGainState fuzzyGainState;
FuzzyGainOutput fuzzyGain;
SMCPIState smcpi;
SMCPIOutput smcpi_out;
ESOState eso;

ESOOutput eso_out;

// Gating for observer compensation
float alpha = 0.0f;
float alpha_prev = 0.0f;

#endif

const int ENCO B MOTORI = 14;
const int ENCO A MOTOR?2 = 13;
const int ENCO B MOTOR2 = 26;

/ PWM

const int PWM_FREQ =30000;
const int PWM_CHANNEL M1 =0;
const int PWM_CHANNEL M2 =1;
const int PWM_RESOLUTION = §;

/! Relay
const int RELAY PIN = 18;

const float WHEEL BASE
khoang cach hai banh

=04f  //1[m],



const float WHEEL DIAMETER = 0.19f; //
[m]

const float WHEEL RADIUS
WHEEL DIAMETER /2.0f;

const float ENCODER PPR  =249.6f;
const float PI ROBOT =3.1415926f;

/I Dynamic parameters for SMC-PI monitoring /
dynamic form

const float ROBOT MASS =15.0f; //m [kg]
const float ROBOT INERTIA Z = 2.5f; /]
[kg.m"2]

/] mmmmmm - Control timing ----------------
const float CONTROL TS = 0.15f;

const unsigned long TIMER PERIOD US =
150000UL;

J] mmmmmmmm e Look-ahead point ----------------
const float B LOOKAHEAD = 0.03f;

const float DEFAULT R CM = 150.0f;
const float DEFAULT OMEGA = 0.23f;

R Controller selection ----------------
#define USE FUZZY GAIN 1

#define USE_SMC PI 1

#define USE IFO_OBSERVER 1

#define USE_ESO SMC 1 // ESO hd tro
SMC-PI

[] mmmmmmmmmm e Nominal trajectory tracking gains
const float KX NOM = 0.85f;

const float KY NOM = 1.50f;

const float KTH_NOM = 0.90f;

// Fuzzy output limits

const float KX MIN = 0.50f;
const float KX MAX = 1.30f;
const float KY MIN = 1.00f;
const float KY MAX = 2.20f;
const float KTH MIN = 0.50f;
const float KTH MAX = 1.40f;

// Fuzzy rule-table scaling.

const float FUZZY KX SPAN =0.35f, // Kx
0.85+0.35

const float FUZZY KY SPAN =0.50f, // Ky
1.50 £ 0.50

const float FUZZY KTH _SPAN = 0.35f; // Kth
0.90+0.35

u

u

u

const float FUZZY XE MAX  =0.25f; // [m]
const float FUZZY YE MAX  =0.25f; // [m]
const float FUZZY THETAE MAX = 0.80f; //
[rad]

const float FUZZY DXE MAX
[m/s]

= 0.50f, //

const float FUZZY DYE MAX
[m/s]

const float FUZZY DTHETAE MAX = 1.20f; //
[rad/s]

= 0.50f; //

const float FUZZY LP ALPHA =0.15f;
const float FUZZY DE LP ALPHA = 0.25f;

/] —mmmmmm - SMC-PI parameters ----------------
const float SMC_ LAMBDA V = 0.80f;
const float SMC_LAMBDA W = 0.80f;

/I Switching/correction gains for velocity-
command mode

const float SMC KV CORR = 0.05f;

const float SMC_KW_CORR = 0.10f;

// Boundary layer to reduce chattering
const float SMC_PHI_V = 0.03f;
const float SMC_PHI W = 0.05f;

// Integral anti-windup for SMC-PI
const float SMC_INT EV_MAX = 0.50f;
const float SMC_INT EW_MAX = 0.50f;

const float V.CMD_MAX = 0.40f; //[m/s]
const float W_CMD MAX = 1.50f; //[rad/s]

const float F CMD_MAX = 30.0f, //[N]
const float M CMD _MAX = 12.0f; //[N.m]

const float ESO_START_TIME = 2.0f;

const float MOTOR_KE = 0.02f; /I [V/(rad/s)]
const float MOTOR_KT = 0.02f; /I [N.m/A]
const float MOTOR_GEAR_N = 19.2f; // motor
speed / wheel speed after gearbox

const float MOTOR _RM = 1.0f; // [ohm]

const float ESO H = WHEEL BASE /2.0f;

const float ESO Bl = (MOTOR KT *
MOTOR_GEAR N)/MOTOR RM;
const float ESO B2 = (MOTOR KT *

MOTOR KE * MOTOR GEAR N *
MOTOR_GEAR_N)/MOTOR_RM;

const float ESO K1 = ESO Bl /
(WHEEL_RADIUS * ROBOT_MASS);

const float ESO K2 = -2.0f * ESO B2
(ROBOT MASS * WHEEL RADIUS *
WHEEL RADIUS);

const float ESO K3 = ESO H * ESO Bl /
(ROBOT _INERTIA Z * WHEEL RADIUS);
const float ESO K4 =-2.0f * ESO H * ESO H *
ESO_B2 / (ROBOT _INERTIA Z *
WHEEL RADIUS * WHEEL RADIUS);

~

const float ESO_RHO1 = 3.0f;
const float ESO RHO2 = 1.5f;

const float ESO_FAL ALPHA = 0.5f;
const float ESO_FAL DELTA = 0.02f;



const float ESO D LP ALPHA = 0.15f;

const float ESO VHAT MAX=1.0f, //[m/s]
const float ESO_ WHAT MAX=3.0f, //[rad/s]
const float ESO_ DV_MAX =2.0f, //[m/s"2]
const float ESO DW_MAX =5.0f; //[rad/s"2]

const float SMC_ESO_VEL GAIN = 0.02f;
const float SMC_ESO_ANG_GAIN = 0.02f;
const float SMC DV_ESO_MAX = 0.06f;
const float SMC DW_ESO MAX = 0.12f;

] —=mmmmm - Motor PID gains ----------------
const float PID_KP = 0.02f;

const float PID_KI = 0.00015f;

const float PID_KD = 0.01f;

const float MOTOR VMAX = 24.0f;
const float MOTOR_VMIN = 0.0f;

// EncoderOdometry.h

#ifndef ENCODER ODOMETRY H
#define ENCODER _ODOMETRY H
#include <Arduino.h>
#include "RobotGlobals.h"
// ENCODER INTERRUPTS + ODOMETRY
void IRAM_ATTR dem xung motorl() {
if (digitalRead(ENCO B MOTORI1) == HIGH)
{
dem_motorl++;
dem_motorl 1++;
} else {
dem_motorl++;
dem_motorl 1--;
}

}
void IRAM_ATTR dem_xung motor2() {

if (digitalRead(ENCO B MOTOR?2) == HIGH)
{
dem_motor2++;
dem_motor22++;
} else {
dem_motor2++;
dem_motor22--;
}
}

void IRAM_ATTR onTimer1() {
count++;

§

inline void setupEncoderAndTimer() {
pinMode(ENCO_A MOTORI, INPUT);
pinMode(ENCO_B_MOTORI, INPUT);
pinMode(ENCO_A MOTOR2, INPUT);
pinMode(ENCO_B _MOTOR?2, INPUT);

attachInterrupt(digitalPinToInterrupt(ENCO_A
MOTOR1), dem_xung motorl, RISING);

attachlnterrupt(digitalPinTolnterrupt(ENCO_A
MOTOR?2), dem_xung_motor2, RISING);

/] —mmmmmm - IFO observer ----------------
const float IFO_START TIME = 0.0f; // bat
observer sau 0 s

const float DHAT0 MAX = 1.0f;
const float DHAT1 MAX = 1.0f;
const float DV_OBS MAX = 0.15f;
const float DW_OBS MAX = 0.25f;

const float KOBS V = 1.0f;
const float KOBS W = 0.4f;

/I Gating by position error

const float OBS E MIN = 0.02f;

const float OBS E MAX = 0.10f;

const float OBS ALPHA RATE = 0.03f;

#endif

timer] = timerBegin(0, 80, true);

timerAttachInterrupt(timerl, &onTimerl1, true);

timerAlarmWrite(timer1, TIMER PERIOD_ US,
true);

timerAlarmEnable(timer1);

}

inline void tinhtoado() {
unsigned long currentTime = millis();
float deltaTime = (currentTime - prevTime) /
1000.0f;
if (deltaTime <= 0.0f) deltaTime =
CONTROL _TS;

long cR =0;
long cL = 0;

/' Copy encoder pulses safely because these
variables are updated in ISR.

nolnterrupts();

cR =dem_motorl1;

cL = dem_motor22;

dem_motorl1 = 0;

dem_motor22 = 0;

interrupts();

float  dSR = (cR / ENCODER _PPR) *
PI_ROBOT * WHEEL DIAMETER;
float dSL = (cL/ ENCODER_PPR) * PI. ROBOT
* WHEEL_DIAMETER;

float dS = (dSR + dSL) / 2.0f:
float dTh = (dSR - dSL) / [;

theta = theta + dTh;
theta = normalize Angle(theta);

x =X + dS * cos(theta - dTh / 2.0f);
y =y +dS * sin(theta - dTh / 2.0f);



v =dS / deltaTime;
w = dTh / deltaTime;

toadox = x * 100.0f;
toadoy =y * 100.0f;

//ESO
#ifndef EXTENDED STATE OBSERVER _H
#define EXTENDED STATE OBSERVER H

#include <Arduino.h>
#include "Config.h"

struct ESOState {
float v_hat;
float w_hat;

// Filtered disturbance estimates used by SMC-PI
float Dv_hat;
float Dw_hat;

// Raw integrated disturbance estimates
float Dv_raw;
float Dw_raw;

bool initialized;

1

struct ESOOutput {
floate v;
floate w;

float fal v;
float fal w;

float v_hat dot;
float w_hat_dot;
float Dv_hat_dot;
float Dw_hat_dot;

float Dv_hat;
float Dw_hat;

I

inline void ESO_Reset(ESOState &s) {
s.v_hat = 0.0f;

s.w_hat = 0.0f;
s.Dv_hat = 0.0f;
s.Dw_hat = 0.0f;

s.Dv_raw = 0.0f;
s.Dw_raw = 0.0f;
s.initialized = false;

}

inline void ESO_ClearOutput(ESOOutput &out) {
out.e v=0.0f;
out.e w=0.0f;
out.fal v=0.0f;
out.fal w = 0.0f;
out.v_hat dot=0.0f;
out.w_hat dot = 0.0f;
out.Dv_hat dot = 0.0f;
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prevTime = currentTime;

}

#endif

out.Dw_hat dot = 0.0f;
out.Dv_hat = 0.0f;
out.Dw_hat = 0.0f;

}

inline float ESO_sign(float x) {
if (x > 0.0f) return 1.0f;
if (x < 0.0f) return -1.0f;
return 0.0f;

}

// Standard ADRC nonlinear fal(e, alpha, delta)
inline float ESO_fal(float e) {
float ae = fabs(e);

if (ae <= ESO_FAL DELTA) {
return ¢ / pow(ESO_FAL DELTA, 1.0f -
ESO FAL ALPHA);

}

return  pow(ae, ESO FAL ALPHA) *
ESO_sign(e);
H

inline void ESO_Update(

ESOState &s,
ESOOutput &out,

float v_meas,

float w_meas,

float ul,

float u2,

float Ts

) 4
if (Ts <= 0.0f) return;

if (!s.initialized) {
s.v_hat=v_meas;
s.w_hat =w_meas;
s.Dv_hat = 0.0f;
s.Dw_hat = 0.0f;
s.Dv_raw = 0.0f;
s.Dw_raw = 0.0f;
s.initialized = true;

}

// State estimation errors: ehat v = vhat - v,
ehat w=what-w

out.e v=s.v_hat-v meas;

out.e w=s.w_hat - w_meas;

out.fal v=ESO fal(out.e v);
out.fal w=ESO_fal(out.e_w);

out.v_hat dot = ESO K1 * ul + ESO K2 *
v_meas + s.Dv_raw - ESO_RHOI * out.fal v;



out.Dv_hat dot=-ESO RHO2 * out.fal v;

out.w_hat dot = ESO K3 * u2 + ESO K4
w_meas +s.Dw_raw - ESO RHO1 * out.fal w;
out.Dw_hat dot=-ESO_RHO?2 * out.fal w;

// Euler integration

s.v_hat +=out.v_hat dot * Ts;
s.w_hat +=out.w_hat dot * Ts;
s.Dv_raw +=out.Dv_hat dot * Ts;
s.Dw_raw += out.Dw_hat dot * Ts;

/I Safety clamps
s.v_hat constrain(s.v_hat,
ESO_VHAT MAX, ESO VHAT MAX);
s.w_hat constrain(s.w_hat,
ESO_WHAT MAX, ESO WHAT MAX);

//Fuzzy logic control
#ifndef FUZZY GAIN _H
#define FUZZY GAIN_H
#include <Arduino.h>
#include "Config.h"

struct FuzzyGainState {
float Kx;
float Ky;
float Kth;

float xe_prev;
float ye prev;
float thetae prev;

float dxe f;
float dye f;
float dthetae f;

bool initialized;

¥

struct FuzzyGainOutput {
float Kx;
float Ky;

static const float FUZZY SINGLETON][9] = {

%
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s.Dv_raw constrain(s.Dv_raw, -
ESO DV_MAX, ESO DV MAX);

s.Dw_raw constrain(s.Dw_raw, -
ESO DW MAX, ESO DW MAX);

/I Low-pass filtering for output disturbance
estimates

s.Dv_hat = (1.0f - ESO D LP ALPHA) *
s.Dv_hat+ ESO D LP ALPHA * s.Dv_raw;

s.Dw hat = (1.0f - ESO D LP ALPHA) *
s.Dw_hat+ ESO D LP ALPHA * s.Dw_raw;

out.Dv_hat =s.Dv_hat;
out.Dw_hat =s.Dw_hat;

}

#endif

float Kth;

// debug / monitoring
float e_pos;
float e_th;
float dxe;
float dye;
float dthetae;
float yKx;
float yKy;
float yKth;
15

enum FuzzyLabel : uint8 t {
FZ NL =0,
FZ NB =1,
FZ NM =2,
FZ NS =3,
FZ 7 =4,
FZ PS=5,
FZ PM =6,
FZ PB=7,
FZ PL=28

15

-1.00f, -0.75f, -0.50f, -0.25f, 0.0f, 0.25f, 0.50f, 0.75f, 1.00f

)

static const float FUZZY CENTER][9] = {

-1.00f, -0.75f, -0.50f, -0.25f, 0.0f, 0.25f, 0.50f, 0.75f, 1.00f

¥

static const uint8 t RULE KX][9][9] = {
{FZ PM, FZ PM, FZ PM, FZ PM, F
{FZ PM, FZ PM, FZ PM, FZ PM, F
{FZ PS, FZ
{FZ PS,FZ
{FZ 7, FZ
{FZ NS, FZ N
{FZ NM, F
{FZ NL,
{FZ NL,

PM, FZ PM, FZ PM, FZ P
_PS,F
7, FZ_.

Z_
FZ_
FZ_

ZZ

=
S
N

_PB,FZ_PL}, // de=NL
_PB,FZ_PL}, // de=NB
_PB,FZ_PL}, // de=NM
_PM, FZ_PB}, // de=NS
,FZ PB}, // de=Z

7 PS,FZ_PS},// de=PS

, FZ PS,FZ PS},// de=PM
7 PS, FZ_PS}, // de=PB

Z PS,FZ_PS} // de=PL

’TJ’TJNN
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b

static const uint8 t RULE KY[9][9] = {
{FZ PB,FZ PM,FZ PS,FZ 7, FZ NS,FZ NS,FZ NM, F
{FZ_PB,FZ PM,FZ PM,FZ Z, FZ NS,FZ NS,FZ NM, F
{FZ PB,FZ PM, FZ PM, FZ Z, FZ NS,FZ NS, FZ NM, F
Z

NB, FZ NL}, // de=NL
B, FZ NL}, // de=NB

Z N
Z NM, FZ NL}, // de=NM

NN

{FZ PL,FZ _PB,FZ PM,FZ PS,FZ Z, FZ NS,FZ NS, FZ NM, FZ NB}, // de=NS
{FZ PL,FZ PB,FZ PM,FZ PS,FZ Z, FZ Z, FZ NS,FZ NS, FZ NB},// de=Z
{FZ PL,FZ PB,FZ PM,FZ PS,FZ Z, FZ 7, FZ NS,FZ NS, FZ NM}, // de=PS
{FZ_PL,FZ PB,FZ PM,FZ PS,FZ Z, FZ 7, FZ NS,FZ 7, FZ PS},// de=PM
{FZ PL,FZ PB,FZ PB,FZ PS,FZ 7, FZ 7, FZ Z, FZ Z, FZ _PS},// de=PB

{FZ PL,FZ PB,FZ PB,FZ PS,FZ 7, FZ Z, FZ 7, FZ 7, FZ PS} // de=PL

15

static const uint8 t RULE KTH[9][9] = {
{FZ PB,FZ PM,FZ PM, FZ Z, FZ NS,FZ NS, FZ NM, FZ NB, FZ NL}, // de=NL
{FZ PB,FZ PM, FZ PM, FZ Z, FZ NS,FZ NS, FZ NM, FZ NB, FZ NL}, // de=NB
{FZ PL,FZ PB,FZ PM, FZ PS,FZ Z, FZ NS, FZ NS, FZ NM, FZ NB}, // de=NM
{FZ PL,FZ PB,FZ PM, FZ PS,FZ Z, FZ Z, FZ NS, FZ NS, FZ NM}, // de=NS
{FZ PL,FZ PB,FZ PM,FZ PS,¥Z Z, FZ Z, FZ NS,FZ NS, FZ NM}, // de=Z
{FZ PL,FZ PB,FZ PM,FZ PS,¥Z Z, FZ Z, FZ NS,FZ Z, FZ PS},// de=PS
{FZ PL,FZ PB,FZ PM,FZ PS,¥Z Z, FZ Z, FZ NS,FZ Z, FZ PS},// de=PM
{FZ PL,FZ PB,FZ PB,FZ PS,FZ Z, ¥Z Z, ¥Z Z, FZ 7, FZ PS}, // de=PB

{FZ PL,FZ PB,FZ PB,FZ PS,FZ Z, ¥Z 7, ¥Z 7, ¥Z 7, FZ PS} // de=PL

15

inline float fuzzyNormalize(float x, float xmax) {
if (xmax <= le-6f) return 0.0f;
return constrain(x / xmax, -1.0f, 1.0f);

}

inline void fuzzyMembership9(float xNorm, float
mu[9]) {

xNorm = constrain(xNorm, -1.0f, 1.0f);

for (inti=0;1<9;i++) {
muli] = 0.0f;
}

// Hai dau 1a shoulder dé luén phu da mién [-1,1].
if (xNorm <= -1.0f) {
mu[FZ NL] = 1.0f;
return;
}
if (xNorm >= 1.0f) {
mu[FZ PL]=1.0f;
return;

}

const float width = 0.25f;

for (inti=0;1<9;i++) {
float d = fabs(xNorm - FUZZY _CENTER([i));
if (d < width) {

mu[i] = 1.0f - d / width;

}

}

}

inline float fuzzylnferTable(float eNorm, float
deNorm, const uint8 t ruleTable[9][9]) {

float muE[9];

float muDE[9];

fuzzyMembership9(eNorm, muE);
fuzzyMembership9(deNorm, muDE);

float num = 0.0f;
float den = 0.0f;

for (inti=0;1<9;i++) { //i: de
for(intj=0;j<9;j+H) { //j:e
float w = muDE[i] * muE[j];
if (w > 0.01) {
uint8_t label = ruleTable[i][j];
num +=w * FUZZY SINGLETONT[label];
den +=w;
H
}
}

if (den < 1e-6f) return 0.0f;
return constrain(num / den, -1.0f, 1.0f);

}

inline float lowPass(float yPrev, float xNow, float
alpha) {

alpha = constrain(alpha, 0.0f, 1.0f);

return (1.0f - alpha) * yPrev + alpha * xNow;

}

inline void FuzzyGain_Reset(FuzzyGainState &s)
{

s.Kx =KX NOM,;

s.Ky =KY NOM,;

s.Kth =KTH_NOM,;

s.xe_prev = 0.0f;
s.ye prev = 0.0f;



s.thetae prev = 0.0f;

s.dxe f=0.0f;
s.dye f=0.0f;
s.dthetae _f=0.0f;

s.initialized = false;

}

inline void FuzzyGain_Update(
FuzzyGainState &s,
FuzzyGainOutput &out,
float xe,
float ye,
float thetae,
float Ts

)4
if (Ts <= le-6f) Ts = CONTROL_TS;

float dxe = 0.0f;
float dye = 0.0f;
float dthetae = 0.0f;

if (!s.initialized) {

S.Xe_prev = xe;

s.ye _prev =ye;

s.thetaec_prev = thetae;

s.initialized = true;
} else {

dxe = (xe - s.xe_prev) / Ts;

dye = (ye - s.ye_prev)/ Ts;

dthetae = (thetae - s.thetae_prev) / Ts;
}

S.Xe_prev = xe;

s.ye_prev = ye;
s.thetaec_prev = thetae;

// Loc dao ham dé giam nhay véi nhidu

encoder/odometry.
s.dxe f =
lowPass(s.dxe f, dxe, FUZZY DE LP ALP
HA);
s.dye f =
lowPass(s.dye f, dye, FUZZY DE LP ALP
HA);
s.dthetae f = lowPass(s.dthetaec f, dthetae,

FUZZY _DE_LP_ALPHA);

out.e_pos = sqrt(xe * xe + ye * ye);
out.e_th = fabs(thetae);
out.dxe = s.dxe f;

/TFO

#ifndef IFO_OBSERVER H
#define IFO_OBSERVER _H
#include <Arduino.h>

const bool IFO_USE_PID = false; // Ban dau nén
dé false dé tranh bu hai 16p.

struct [FOState {
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out.dye = s.dye f;
out.dthetae = s.dthetae f;

float xeN =
fuzzyNormalize(xe, FUZZY XE MAX);
float dxeN =
fuzzyNormalize(s.dxe f, FUZZY DXE MA
X);
float yeN =
fuzzyNormalize(ye, FUZZY YE MAX);
float dyeN =
fuzzyNormalize(s.dye f, FUZZY DYE MA
X);
float thetaeN =
fuzzyNormalize(thetae, FUZZY THETAE
MAX);
float dthetaeN =

fuzzyNormalize(s.dthetae f, FUZZY DTHETA
E MAX);

// Suy luén theo bang luét.

out.yKx =
fuzzyInferTable(xeN, dxeN, RULE KX);

out.yKy =
fuzzyInferTable(yeN, dyeN, RULE KY);

out.yKth = fuzzylnferTable(thetacN, dthetaeN,
RULE_KTH);

float Kx raw = constrain(KX NOM +
FUZZY KX_SPAN *
out.yKx, KX MIN, KX MAX);

float Ky raw = constrain(lKY NOM +
FUZZY KY SPAN *
out.yKy, KY MIN, KY MAX);

float Kth raw = constrain(KTH NOM +

FUZZY_KTH_SPAN * outyKth, KTH_MIN,
KTH MAX);
// Lam mém gain.

s.Kx =
lowPass(s.Kx, Kx raw, FUZZY LP_ALPHA);
s.Ky =
lowPass(s.Ky, Ky raw, FUZZY LP _ALPHA);
s.Kth = lowPass(s.Kth, Kth_raw,
FUZZY LP_ALPHA);
out.Kx =s.Kx;
out.Ky =s.Ky;
out.Kth = s.Kth;
§
#endif
float z[2];
float z_dot[2];
float dhat[2];

float dhat_old[2];
float Vr_hat[2];

// Optional internal discrete PID states
float e_int[2];



float e_pre[2];
float eVhat_delay[2];
float t_last;

1

inline void IFO_Reset(IFOState &s) {
for (int1=0;1<2;i++) {
s.z[i] = 0.0f;
s.z_dot[i] = 0.0f;
s.dhat[i] = 0.0f;
s.dhat_old[i] = 0.0f;
s.Vr_hat[i] = 0.0f;
s.e_int[i] = 0.0f;
s.e_pre[i] = 0.0f;
s.eVhat_delay[i] = 0.0f;

s.t last=-1.0f;
}

inline void IFO_Update(
IFOState &s,
float ex, float ey, float thetae,
float vr, float wr,
float v_real, float w_real,
float theta,
float t_ifo,
float ePID v, float ePID w,
float Ts

) {
const float LO[2][3] = {

{20.0f, 0.0f, 0.0f},
{0.0f, 0.0f, 20.0f}

I

const float tau_L = 0.5f;
const float T init = 5.0f;
const float beta_d = 0.001f;

const float Kp[2] = {7.0f, 6.0f};

const float Ki[2] = {200.0f, 200.0f};

const float Kd[2] = {0.012f, 0.012f};
const float eVhat_max[2] = {10.0f, 10.0f};

const float T hold = 2.0f;
const float T ramp = 2.5f;
const float eps d = le-3f;

if (Ts <= 0.0f) return;
if (t_ifo <0.0f) t_ifo = 0.0f;

float x_e = cos(theta) * ex + sin(theta) * ey;
float y_e = -sin(theta) * ex + cos(theta) * ey;

float f xpe[3] = {

wr*y e,

vr * sin(thetae) - wr * x_e,
0.0f
15
float gl _xpe[3][2] = {

11.0f, -y_e},
{0.0f, x_el,
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{0.0f, 1.0f}
b

float g2 xpe[3][2] = {
{1.0f, -y_e},
{0.0f, x_e},

{0.0f, 1.0f}

I8

float p_xpe[2] = {x_e, thetae};

float dhat_raw[2] = {
s.z[0] + p_xpe[0],

s.z[1] +p_xpe[1]

b

floattt =t ifo/ T init;
float kappa = 1.0f - exp(-(tt * tt));

float dhat_smooth[2] = {
kappa * dhat_raw[0],

kappa * dhat raw[1]

¥

s.dhat_old[0] = beta_d * dhat_smooth[0] + (1.0f
- beta_d) * s.z[0];

s.dhat_old[1] = beta_d * dhat_smooth[1] + (1.0f
- beta_d) * s.z[1];

s.Vr_hat[0] =v_real - s.dhat_old[0];
s.Vr_hat[1] =w_real - s.dhat_old[1];

float evh = 0.0f;
float ewh = 0.0f;

if IFO_USE_PID) {
evh =s.eVhat_delay[0];
ewh = s.eVhat delay[1];

if ((s.t_last < 0.0f) || ((t_ifo - s.t_last) >= (Ts -
le-6f))) {

float ePID[2] = {ePID v, ePID_w};

float eVhat_new[2];

for (inti=0;1<2;i++) {
float e_int new =s.e_int[i] + Ts * ePID[i];
float de = (ePID[i] - s.e_pre[i]) / Ts;

eVhat new[i] = Kp[i] * ePID[i] + Ki[i] *
e _int new + Kd[i] * de;

if (eVhat new[i] > eVhat max[i])
eVhat new[i] = eVhat max([i];

if (eVhat new[i] < -eVhat max][i])
eVhat newl[i] = -eVhat max][i];

if (fabs(eVhat_new[i]) <eVhat_max[i]) {
s.e_int[i] =e int new;

}

s.e_pre[i] = ePIDJi];
s.eVhat delay[i] = eVhat new[i];
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} float core_term[3];
for (inti=0;1<3;i++) {
s.t last=t ifo; core_term[i] = g2 p[i] +f xpe[i] + gl u[i];
} }
} else {
s.eVhat_delay[0] = 0.0f; float L g2 z[2]= {0.0f, 0.0f};
s.eVhat _delay[1] = 0.0f; float L_core[2] = {0.0f, 0.0f};
}
for (inti=0;1<2;it++) {
float gain_scale = 1.0f - exp(-t_ifo /tau_L); for (int j =0;j <3; j++) {
float Lxpe[2][3]; L g2 z[i] += Lxpe[i][j] * g2_z[j];
for (inti=0;1<2; i++) { L core[i] += Lxpe[i][j] * core term[j];
for (intj=0;j < 3;j++) { )
Lxpe[i][j] = gain_scale * LO[i][j]; }
}
} for (inti=0;1<2;it++) {
s.z_dot[i] =-L g2 7[i] - kappa * L_core[i];
float u[2]; s.z[i] +=s.z_dot[i] * Ts;
u[0] = (vr * cos(thetae) - v_real) - evh; }

u[l] = (wr - w_real) - ewh;
float alpha_out = 0.0f;

float g2 z[3] = {0.0f, 0.0f, 0.0f}; if (t_ifo<=T hold) {
for (inti=0;1<3;it++) { alpha_out = 0.0f;

for (int j=0;j <2; j++) { } else {

g2 z[i] += g2 xpe[i][j] * s.z[j]; floattr =t ifo - T hold;

} if (tr <T ramp) {

} floatr=tr/ T ramp;
alpha_out=r *r * (3.0f - 2.0f * r);

float g2 p[3] = {0.0f, 0.0f, 0.0f}; } else {
for (inti=0;1<3;i++) { alpha out = 1.0f;

for (intj = 0; j < 2; j++) { )

}g2j>[i] +=g2_xpe[i][j] * p_xpe[jl; }
} s.dhat[0] = alpha_out * s.dhat_old[0];

s.dhat[1] = alpha_out * s.dhat old[1];
float gl _u[3] = {0.0f, 0.0f, 0.0f};

for (inti=0;1<3;it+) { if (fabs(s.dhat[0]) < eps_d) s.dhat[0] = 0.0f;
for (intj=0;j<2;j++) { if (fabs(s.dhat[1]) < eps_d) s.dhat[1] = 0.0f;
}gl_u[i] +=gl_xpelil[j] * ulj; )
} #endif
// SMC PI
#ifndef SMC PI CONTROL H float ev;
#define SMC _PI CONTROL H float ew;
float sv;
#include <Arduino.h> float sw;
#include "Config.h"
float dV_smc;
struct SMCPIState { float dW_smc;
float int_ev; float dV_eso;
float int_ew; float dW_eso;
float Vc_prev;
float Wc_prev; float Dv_hat used;
bool initialized; float Dw_hat used;
15
float Vc_dot ref;
struct SMCPIOutput { float We_dot ref;
float V_cmd; float F_cmd;

float W_cmd; float M_cmd;
15



inline void SMCPI_Reset(SMCPIState &s) {
s.int_ev = 0.0f;
s.int_ew = 0.0f;
s.Vc_prev = 0.0f;
s.Wc_prev = 0.0f;
s.initialized = false;

}

inline float smc_sat(float x) {
if (x > 1.0f) return 1.0f;
if (x <-1.0f) return -1.0f;
return X;

}

inline void SMCPI_Update(
SMCPIState &s,
SMCPIOutput &out,
float Ve,
float Wec,
float v_real,
float w_real,
float Dv_hat,
float Dw_hat,
float Ts

) {
if (Ts <= 0.0f) return;

// Sai s0 van toc
out.ev=Vc - v_real;
out.ew = Wc - w_real;

out.Dv_hat used =Dv_hat;
out.Dw_hat used = Dw_hat;

s.int_ev +=out.ev * Ts;
s.int_ew += out.ew * Ts;
s.int_ev constrain(s.int_ev, -
SMC_INT_EV_MAX, SMC_INT EV_MAX);
s.int_ew constrain(s.int_ew, -
SMC_INT EW_MAX, SMC_INT EW_MAX);

out.sv =out.ev + SMC LAMBDA V *s.int_ev;
out.sw outew + SMC LAMBDA W *
s.int_ew;

if (!s.initialized) {
out.Vc_dot_ref = 0.0f;
out.Wc_dot _ref=0.0f;

/I Trajectory tracking control
#ifndef TRAJECTORY CONTROL H
#define TRAJECTORY CONTROL H

#include <Arduino.h>

#include "RobotGlobals.h"

#include "Utils.h"

#include "I[FOObserver.h"

#include "FuzzyGain.h"

#include "SMCPIControl.h"
#include "ExtendedStateObserver.h"
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s.initialized = true;

}else {
out.Vc_dot ref=(Vc -s.Vc_prev)/ Ts;
out.Wc_dot_ref=(Wc - s.Wc_prev) / Ts;

}

s.Vc_prev = Vg;
s.Wc_prev = Wc;
outdV sm¢c = SMC KV CORR *
smc_sat(out.sv/ SMC PHI V);
outdW smc¢ = SMC KW CORR *

smc_sat(out.sw/ SMC_PHI W);

out.dV eso = -SMC ESO VEL GAIN *
Dv_hat;

out.dW eso = -SMC ESO _ANG GAIN *
Dw_hat;

out.dV eso = constrain(out.dV_eso, -

SMC DV _ESO MAX, SMC DV _ESO MAX);
out.dW_eso constrain(out.dW_eso, -
SMC DW _ESO MAX, SMC DW_ESO MAX);

out.V_cmd = V¢ + out.dV_smc + out.dV_eso;
out.W_cmd = Wc + out.dW_smc + out.dW_eso;

outV.cmd = constrain(out.V_cmd, -
V_CMD_MAX, V_CMD _MAX);
outW ecmd = constrain(foutW_cmd, -

W_CMD MAX, W _CMD MAX);

float a v_cmd out.Vc_dot ref +
SMC LAMBDA V * out.ev + SMC KV _CORR
* smc_sat(out.sv/ SMC_PHI V) - Dv_hat;

float a w_cmd out.Wc_dot ref +
SMC LAMBDA W out.ew +
SMC_KW_CORR smc_sat(out.sw /
SMC _PHI W) - Dw_hat;

*
%

out.F_cmd =ROBOT MASS *a v_cmd;
out.M_cmd =ROBOT INERTIA Z*a w_cmd;

out.F_cmd constrain(out.F_cmd,
F CMD MAX,F CMD MAX);

out.M cmd constrain(out.M_cmd,
M _CMD MAX,M CMD MAX);
}

#endif

inline void computeCircleTrajectory() {
xdat =R * cos(omega * t);
ydat = R * sin(omega * t);

xd = (R /100.0f) * cos(omega * t);
yd = (R /100.0f) * sin(omega * t);

xd_dot =-(R/ 100.0f) * omega * sin(omega * t);
yd_dot = (R/100.0f) * omega * cos(omega * t);



xd_2dot
cos(omega * t);

yd 2dot = -(R / 100.0f) * omega * omega *
sin(omega * t);

= -(R / 100.0f) * omega * omega *

Thetad = normalizeAngle(omega * t + pi/ 2.0f);

x1d =xd + b * cos(Thetad);
yld =yd + b * sin(Thetad);

float den =xd dot * xd dot + yd_dot * yd_dot;
if (fabs(den) < 1e-6f) {
wd = 0.0f;
} else {
wd = (yd_2dot * xd dot - xd 2dot * yd_dot) /
den;

}

x1d_dot=xd_dot - b * wd * sin(Thetad);
yld dot=yd dot+b * wd * cos(Thetad);

if (fabs(b) < le-6f) {
vr = 0.0f;
wr = 0.0f;
} else {
vt = cos(Thetad) * x1d dot + sin(Thetad) *
yld dot;
wr = (-sin(Thetad) * x1d_dot + cos(Thetad) *
yld _dot) / b;
}
}

inline void computeTrackingErrors() {
X1 =x+b * cos(theta);
Y1 =y +b * sin(theta);

ex =xd - x;

ey=yd-y;
eth = normalizeAngle(Thetad - theta);

xe = cos(theta) * ex + sin(theta) * ey;
ye = -sin(theta) * ex + cos(theta) * ey;
thetae = eth;

}

inline void computeFuzzyTrackingControl() {
#if USE_FUZZY GAIN
FuzzyGain_Update(fuzzyGainState, fuzzyGain,
xe, ye, thetae, CONTROL TS);
Kx = fuzzyGain.Kx;
Ky = fuzzyGain.Ky;
Kth = fuzzyGain.Kth;
#else
Kx =KX NOM;
Ky =KY_NOM;
Kth=KTH_NOM;
fuzzyGain.Kx = Kx;
fuzzyGain.Ky = Ky;
fuzzyGain.Kth = Kth;
fuzzyGain.e pos = sqrt(xe * xe + ye * ye);
fuzzyGain.e_th = fabs(thetae);
#endif
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V¢ = vr * cos(thetae) + Kx * xe;

We =wr + vr * Ky * ye + Kth * sin(thetae);
}
inline void
update]FOObserverAndCompensation() {
#if USE_IFO_OBSERVER

if (t>1FO_START _TIME) {

floatt ifo=t-IFO_START TIME;

float ePID v = 0.0f;
float ePID_w = 0.0f;

IFO_Update(
ifo,
ex, ey, thetae,
VI, WI,
vthuc, wthuc,
theta,
t_ifo,
ePID v, ePID_w,
CONTROL TS
)
dhat[0] = ifo.dhat[0];
dhat[1] = ifo.dhat[1];
} else {
IFO_Reset(ifo);
dhat[0] = 0.0f;
dhat[1] = 0.0f;
}
#else
dhat[0] = 0.0f;
dhat[1] = 0.0f;

// ex, ey la sai s hé quan tinh

#endif

dhat[0] = constrain(dhat[0], -DHAT0 MAX,
DHATO0 MAX);

dhat[1] = constrain(dhat[1], -DHAT1 MAX,
DHAT1 MAX);

dV_obs = (-dhat[0]) + 2.0f * ye * dhat[1];
dW_obs = dhat[1];

dV_obs = constrain(dV_obs, -DV_OBS MAX,
DV_OBS MAX);

dW_obs = constrain(dW_obs, -DW_OBS MAX,
DW_OBS MAX);

updateAlpha();

dV_obs use =alpha * KOBS V * dV_obs;
dW_obs _use = alpha * KOBS W * dW_obs;
}

inline void updateESOForSMCPI() {
#if USE_ESO_SMC
if (t> ESO_START TIME) {
float ul _eso = globalVRR + globalVLL;
float u2_eso = globalVRR - globalVLL;

ESO_Update(



eso,
€so_out,
vthuc,
wthuc,
ul _eso,
u2_eso,
CONTROL_TS
);
}else {
ESO_Reset(eso);
ESO_ClearOutput(eso_out);
}
#else
ESO_Reset(eso);
ESO_ClearOutput(eso_out);
#endif

}

inline void updateSMCPIControl() {
updateESOForSMCPI();

#if USE_SMC _PI
float Dv_hat _use = 0.0f;
float Dw_hat use = 0.0f;
#if USE_ESO_SMC
Dv_hat use =eso.Dv_hat;
Dw_hat_use = eso.Dw_hat;
#endif

SMCPI_Update(
smcepi,
smepi_out,

Ve,

We,

vthuc,

wthuc,

Dv_hat use,

Dw_hat _use,
CONTROL_TS
)i

V_cmd_final =smcpi_out.V_cmd+dV_obs_use;

// Cac ham Utility
#ifndef UTILS H
#define UTILS H

#include <Arduino.h>
#include "RobotGlobals.h"

inline float satO1(float value) {
if (value < 0.0f) return 0.0f;
if (value > 1.0f) return 1.0f;
return value;

}

inline float normalizeAngle(float angle) {

while (angle > PI ROBOT) angle -= 2.0f *
PI_ROBOT;

while (angle < -PI ROBOT) angle += 2.0f *
PI_ROBOT;
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W _cmd final
dW_obs_use;
felse

smepi_out.V_cmd = Vc;
smepi_out.W_cmd = Wc;
smcpi_out.ev = Vc - vthuc;
smcpi_out.ew = Wc - wthuc;
smepi_out.sv = 0.0f;
smepi_out.sw = 0.0f;
smepi_out.dV_smc = 0.0f;
smepi_out.dW_smc = 0.0f;
smepi_out.dV_eso = 0.0f;
smepi_out.dW_eso = 0.0f;
smcpi_out.Dv_hat used = 0.0f;
smcpi_out.Dw_hat used = 0.0f;
smcpi_out.F cmd = 0.0f;
smcpi_out.M_cmd = 0.0f;

V_cmd final = Ve +dV_obs use;
W _cmd final = Wc + dW_obs_use;

smcpi_out.W_cmd

#endif

V_cmd final = constrain(V_cmd final, -
V_CMD MAX,V CMD MAX);

W _cmd final = constrain(W_cmd final, -

W_CMD MAX, W _CMD MAX);

Ve=V_cmd final;
We=W_cmd_final;

I

inline void computeWheelReferences() {
globalVRR = (2.0f * Vc + 1 * W¢) / 2.0f;
global VLL = 2.0f * Vc - global VRR;

}

inline void quydao() {
if (!check) return;

computeCircleTrajectory();
computeTrackingErrors();

t += CONTROL _TS;
}

#endif

return angle;

}

inline void updateAlpha() {

float e norm = sqrt(ex * ex + ey * ey);

float a raw = satO1((e_ norm - OBS_E MIN) /
(OBS_E MAX - OBS_E MIN));

float da =a raw - alpha prev;

if (da > OBS ALPHA RATE) da
OBS ALPHA RATE;

if (da < -OBS ALPHA RATE) da
OBS ALPHA RATE;

alpha = alpha prev + da;
alpha_prev = alpha;
§



inline void stopMotors() {
globalVRR = 0.0f;
globalVLL = 0.0f;
RPM inputl = 0.0f;
RPM _input2 = 0.0f;

ledeWrite(PWM_CHANNEL M1, 0);
ledcWrite(PWM_CHANNEL_M2, 0);

}

inline void resetMotorPIDStates() {

Theta nowl = 0.0f;
Theta prevl = 0.0f;
Theta now2 = 0.0f;
Theta prev2 = 0.0f;

VI output = 0.0f;
Vr_output = 0.0f;
RPM_outputl = 0.0f;
RPM inputl = 0.0f;
RPM_output2 = 0.0f;
RPM _input2 = 0.0f;

V1=0.0f;
V2 =10.0f;

error_nowl = 0.0f;
error_prevl = 0.0f;
integ_nowl = 0.0f;
integ_prevl = 0.0f;

error_now?2 = 0.0f;
error_prev2 = 0.0f;
integ_now?2 = 0.0f;
integ_prev2 = 0.0f;

nolnterrupts();
dem_motorl = 0;
dem_motor2 = 0;
dem_motorll =0;
dem_motor22 = 0;
interrupts();

}

inline void resetRunStates() {
t=0.0f;

x = 0.0f;

y = 0.0f;
theta = 0.0f;
toadox = 0.0f;
toadoy = 0.0f;

v =0.0f;
w = 0.0f;

// WEB handlers

#ifndef WEB _HANDLERS H
#define WEB_HANDLERS H

#include <Arduino.h>
#include <WebServer.h>
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vthuc = 0.0f;
wthuc = 0.0f;

xd = 0.0f;

yd = 0.0f;
Thetad = 0.0f;
xdat = 0.0f;
ydat = 0.0f;

ex = 0.0f;
ey = 0.0f;
eth = 0.0f;
xe = 0.0f;
ye = 0.0f;
thetae = 0.0f;

Ve =0.0f;

Wc = 0.0f;

V_cmd final = 0.0f;
W _cmd_final = 0.0f;
vr = 0.0f;

wr = 0.0f;

dhat[0] = 0.0f;
dhat[1] = 0.0f;
dV_obs =0.0f;
dW_obs = 0.0f;
dV_obs use = 0.0f;
dW_obs_use = 0.0f;

alpha = 0.0f;
alpha_prev = 0.0f;

IFO_Reset(ifo);

FuzzyGain_Reset(fuzzyGainState);

fuzzyGain.Kx = KX _NOM;
fuzzyGain.Ky = KY_ NOM;
fuzzyGain.Kth = KTH NOM;
fuzzyGain.e_pos = 0.0f;
fuzzyGain.e_th = 0.0f;
fuzzyGain.dxe = 0.0f;
fuzzyGain.dye = 0.0f;
fuzzyGain.dthetae = 0.0f;
fuzzyGain.yKx = 0.0f;
fuzzyGain.yKy = 0.0f;
fuzzyGain.yKth = 0.0f;
SMCPI_Reset(smcpi);
ESO_Reset(eso);
ESO_ClearOutput(eso_out);

resetMotorPIDStates();
stopMotors();
§

#endif
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#include "RobotGlobals.h"
#include "Utils.h"
inline void handleRoot() {

}

server.send(200, "application/json", motorData);

String motorData = " {\"Kx\":" + String(Kx, 4) +

"A\"Ky\":" + String(Ky, 4) +

"A"Kth\":" + String(Kth, 4) +

"A\"Kx f\":" + String(fuzzyGain.Kx, 4) +
"\"Ky f\":" + String(fuzzyGain.Ky, 4) +
"\"Kth f\":" + String(fuzzyGain.Kth, 4) +
"\"yKx fz\":" + String(fuzzyGain.yKx, 4) +
"\"yKy fz\":" + String(fuzzyGain.yKy, 4) +
"\"yKth fz\":" + String(fuzzyGain.yKth, 4) +
"\"dxe fz\":" + String(fuzzyGain.dxe, 6) +
"\"dye fz\":" + String(fuzzyGain.dye, 6) +
"\"dthe fz\":" + String(fuzzyGain.dthetae, 6) +
"\"toadox\":" + String(toadox) +
"\"toadoy\":" + String(toadoy) +

"\"xdat\":" + String(xdat) +

"\"ydat\":" + String(ydat) +

"\"theta\":" + String(theta, 6) +

"\"Thetad\":" + String(Thetad, 6) +

"\"Ve\":" + String(Ve, 6) +

"\"We\":" + String(Wc, 6) +

"\"Vemd\":" + String(V_cmd_final, 6) +
"\"Wemd\":" + String(W_cmd_final, 6) +
"\"vthuc\":" + String(vthuc, 6) +

"\"wthuc\":" + String(wthuc, 6) +

"\"ex\":" + String(ex * 100.0f, 4) +

"\"ey\":" + String(ey * 100.0f, 4) +

"\"eth\":" + String(eth, 6) +

"\"xe\":" + String(xe, 6) +

"\"ye\":" + String(ye, 6) +

"\"thetae\":" + String(thetae, 6) +

"\"sv\":" + String(smcpi_out.sv, 6) +
"\"sw\":" + String(smcpi_out.sw, 6) +
"\"dVsmc\":" + String(smepi_out.dV_smc, 6) +
"\"dWsmec\":" + String(smcpi_out.dW_smc, 6) +
"\"dVeso\":" + String(smcpi_out.dV_eso, 6) +
"\"dWeso\":" + String(smcpi_out.dW_eso, 6) +
"\"Femd\":" + String(smepi_out.F_cmd, 6) +
"\"Mcmd\":" + String(smcpi_out.M_cmd, 6) +
"\"vhat eso\":" + String(eso.v_hat, 6) +
"\"what_eso\":" + String(eso.w_hat, 6) +
"\"Dvhat_eso\":" + String(eso.Dv_hat, 6) +
"\"Dwhat _eso\":" + String(eso.Dw_hat, 6) +
"\"ev_eso\":" + String(eso_out.e_v, 6) +
"\"ew_eso\":" + String(eso_out.e w, 6) +
"A"\":" + String(t, 3) +

"A"R\":" + String(R) +

"\"omega\":" + String(omega, 4) +
"\"alpha\":" + String(alpha, 4) +

"\"dhatO\":" + String(dhat[0], 6) +
"\"dhatI\":" + String(dhat[1], 6) +
"\"dVobs\":" + String(dV_obs_use, 6) +
"\"dWobs\":" + String(dW_obs_use, 6) +
"\"zO\":" + String(ifo.z[0], 6) +

"\"z1\":" + String(ifo.z[1], 6) +

n } ";

inline void handleStart() {
check = true;
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resetRunStates(); if (kx_str.length() > 0) Kx = kx_str.toFloat();
relayStep = 0; String ky str = server.arg("ky");
relayTimer = millis(); if (ky_str.length() > 0) Ky =ky_str.toFloat();
digital Write(RELAY PIN, HIGH); // OFF
relayState = HIGH; String ktheta str = server.arg("ktheta");

if  (ktheta strdength() > 0) Kth
server.send(200, "text/html", "ok"); ktheta str.toFloat();

}

server.send(200, "text/html", "continuee");
inline void handleStop() { }
check = false;
inline void handleReset() {

stopMotors(); check = false;
relayStep = 0; resetRunStates();
digitalWrite(RELAY_PIN, HIGH); // OFF
relayState = HIGH; relayStep = 0;
digitalWrite(RELAY_PIN, HIGH); // OFF
server.send(200, "text/html", "stop™); relayState = HIGH;
}

server.send(200, "text/html", "reset");
inline void handleContinue() { }
String bankinh_str = server.arg("bankinh");
if (bankinh str.length() > 0) R

inline void setupWebServer() {

bankinh_str.toFloat(); server.on("/", handleRoot);
server.on("/start", handleStart);
String omega_str = server.arg("omega"); server.on("/stop", handleStop);
if (omega str.length() > 0) omega = server.on("/reset", handleReset);
omega_str.toFloat(); server.on("/continuee", handleContinue);
server.begin();
// Cho phép chinh gain nén khi tit fuzzy, hoic test }
truc tiép.
String kx_str = server.arg("kx"); #endif
/ Motor PID

#ifndef MOTOR_PID_H
#define MOTOR_PID H

#include <Arduino.h>
#include "RobotGlobals.h"

inline void setupMotorPins() {
pinMode(MOTOR1 PIN1, OUTPUT);
pinMode(MOTOR1 PIN2, OUTPUT);
pinMode(MOTOR1 _EN, OUTPUT);

pinMode(MOTOR2_PIN1, OUTPUT);
pinMode(MOTOR2_PIN2, OUTPUT);
pinMode(MOTOR2_EN, OUTPUT);

ledcSetup(PWM_CHANNEL M1, PWM_FREQ, PWM_RESOLUTION);
ledcSetup(PWM_CHANNEL_M2, PWM_FREQ, PWM_RESOLUTION);
ledcAttachPin(MOTOR1_EN, PWM_CHANNEL_M1);
ledcAttachPin(MOTOR2_EN, PWM_CHANNEL_M2);

}

inline void PID1() {
RPM _inputl = fabs((globalVRR / (WHEEL DIAMETER * PI ROBOT)) * 60.0f);

Theta now!l = dem_motorl / ENCODER PPR;
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float dtls = dt1 / 1000.0f;
if (dtls <= 0.0f) return;

RPM outputl = (Theta nowl - Theta prevl)/dtls * 60.0f;
Vr_output = (RPM_outputl / 60.0f) * (WHEEL_DIAMETER * PI_ ROBOT);

error nowl = RPM inputl - RPM outputl;
integ nowl = integ_prevl + dtls * (error nowl + error prevl)/ 2.0f;

V1 =PID KP * error nowl
+ PID_KI * integ nowl
+ PID_KD * (error_ nowl - error prevl) /dtls;

if (V1 > MOTOR_VMAX) {
V1 =MOTOR_VMAX;
integ nowl = integ prevl;

}

if (V1 <MOTOR_VMIN) {
V1=MOTOR VMIN;
integ nowl = integ_prevl;

}

PWMvall = int(255.0f * fabs(V1) / MOTOR_VMAX);
if (PWMvall > 255) PWMvall = 255;

if (global VRR > 0.0f) {
digital Write(MOTOR1_PIN1, LOW);
digitalWritea(MOTOR1_PIN2, HIGH);
ledcWrite(PWM_CHANNEL M1, PWMvall);
} else if (global VRR < 0.0f) {
digitalWrite(MOTOR1_PIN1, HIGH);
digitalWrite(MOTORI1_PIN2, LOW);
ledeWrite(PWM_CHANNEL M1, PWMyvall);
} else {
ledcWrite(PWM_CHANNEL M1, 0);

}

Theta prevl = Theta nowl;
integ_prevl = integ nowl;
error_prevl = error nowl;

}

inline void PID2() {
RPM _input2 = fabs((globalVLL / (WHEEL DIAMETER * PI ROBOT)) * 60.0f);

Theta now2 = dem motor2 / ENCODER PPR;

float dt2s = dt2 / 1000.0f;
if (dt2s <= 0.0f) return;

RPM_output2 = (Theta now?2 - Theta prev2) / dt2s * 60.0f;
V1 output = (RPM_output2 / 60.0f) * (WHEEL DIAMETER * PI ROBOT);

error now2 = RPM_input2 - RPM_output2;
integ_now2 = integ_prev2 + dt2s * (error_now?2 + error_prev2) / 2.0f;

V2 =PID KP * error now2
+ PID KI * integ now2
+ PID_KD * (error_ now?2 - error_prev2) / dt2s;

if (V2> MOTOR_VMAX) {
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V2 =MOTOR VMAX;
integ_now2 = integ_prev2;

}

if (V2 <MOTOR_VMIN) {
V2 =MOTOR_VMIN;
integ now2 = integ_prev2;

}

PWMval2 = int(255.0f * fabs(V2) / MOTOR_VMAX);
if (PWMval2 > 255) PWMval2 = 255;

if (global VLL > 0.01) {

digital Write(MOTOR2_PIN1, HIGH);

digital Write(MOTOR2_ PIN2, LOW);

ledcWrite(PWM_CHANNEL M2, PWMval2);
} else if (global VLL < 0.0f) {

digital Write(MOTOR2_PIN1, LOW);

digital Write(MOTOR2 PIN2, HIGH);

ledeWrite(PWM_CHANNEL M2, PWMval2);
} else {

ledcWrite(PWM_CHANNEL M2, 0);

}

Theta prev2 = Theta now?2;
integ_prev2 = integ now?2;
error_prev2 = error now2;

}

#endif

//Relay control Tao 15i mat hi¢u suit mdt phén ciia dong co
#ifndef RELAY CONTROL H
#define RELAY CONTROL H

#include <Arduino.h>
#include "RobotGlobals.h"

inline void setupRelay() {
pinMode(RELAY_PIN, OUTPUT);
digitalWrite(RELAY_PIN, HIGH); // OFF
relayState = HIGH;
relayStep = 0;
relayTimer = millis();

}

inline void updateRelaySchedule(unsigned long currentTime) {
if (check) return;

switch (relayStep) {
case 0: // OFF 30s
if (currentTime - relayTimer >= 30000UL) {
digitalWrite(RELAY_PIN, LOW); // ON
relayState = LOW;
relayTimer = currentTime;
relayStep = 1;
}
break;

case 1: // ON 45s
if (currentTime - relayTimer >= 45000UL) {
digital Write(RELAY _PIN, HIGH); // OFF
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relayState = HIGH;
relayTimer = currentTime;
relayStep = 2;

}

break;

case 2: // OFF 45s

if (currentTime - relayTimer >= 45000UL) {
digitalWrite(RELAY PIN, LOW); // ON
relayState = LOW;
relayTimer = currentTime;
relayStep = 3;

}

break;

default:
relayStep = 0;
relayTimer = currentTime;
digital Write(RELAY _PIN, HIGH);
relayState = HIGH;
break;

#endif
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// CHUONG TRINH GIAO DIEN GIAM SAT TREN LAPTOP

/l Quydao FTC_FBO_SMCESO.py

import sys

import cv2

from PyQt6 import QtCore, QtGui, QtWidgets
from PyQt6.QtCore import QTimer

from matplotlib.backends.backend qtagg import FigureCanvasQTAgg as FigureCanvas
import matplotlib.pyplot as plt

from matplotlib.figure import Figure

from matplotlib.lines import Line2D

import requests

import threading

import numpy as np

import random

from collections import deque

ipl, ip2, ip3, ip4 = 192, 168, 137, 109

ip_address = f"'{ip1}.{ip2}.{ip3}.{ip4}"
url = f"http://{ip_address}:8080"

class GreenTracker:
def init (

self,
max_points=800,
min_area=500,
lower green=(35, 80, 50),
upper_green=(85, 255, 255),
trail _color=(0, 255, 0)

self MAX POINTS = max_points

self MIN_AREA =min_area

self. LOWER GREEN = np.array(lower green, dtype=np.uint8)
self. UPPER_GREEN = np.array(upper_green, dtype=np.uint8)
self.trail color = trail color

self.trail = deque(maxlen=self. MAX POINTS)
self.last_center = None
self.last_radius = None

defreset_trail(self):
self.trail.clear()

def process(self, frame, flip=True):

nmn

frame BGR -> tra ra (frame da v¢), center, radius

if flip:
frame = cv2.flip(frame, 1)
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blurred = cv2.GaussianBlur(frame, (11, 11), 0)
hsv = cv2.cvtColor(blurred, cv2.COLOR BGR2HSV)

mask = cv2.inRange(hsv, self. LOWER GREEN, self. UPPER GREEN)
mask = cv2.erode(mask, None, iterations=2)
mask = cv2.dilate(mask, None, iterations=2)

contours, = cv2.findContours(mask, cv2.RETR EXTERNAL,
cv2.CHAIN APPROX SIMPLE)

center = None
radius = None

if contours:
¢ = max(contours, key=cv2.contourArea)
area = cv2.contourArea(c)

if area > self. MIN_AREA:
M = cv2.moments(c)
if M["m00"] !=0:
center = (int(M["m10"]/M["m00"]), int(M["mO01"]/M["m00"]))
self.trail.appendleft(center)
cv2.circle(frame, center, 3, self.trail color, -1)

(X, y), radius = cv2.minEnclosingCircle(c)
radius = int(radius)
cv2.circle(frame, (int(x), int(y)), radius, self.trail color, 2)

for 1 in range(1, len(self.trail)):
if self.trail[i-1] is None or self.trail[i] is None:
continue
thickness = int(np.sqrt(self. MAX POINTS / float(i + 1)) * 2)
cv2.line(frame, self.trail[i-1], self.trail[i], self.trail color, thickness)

self.last_center = center
self.last radius = radius
return frame, center, radius

class Ui_MainWindow(object):
def setupUi(self, MainWindow):
MainWindow.setObjectName("MainWindow")
MainWindow.resize(1300, 800)
MainWindow.setContextMenuPolicy(QtCore.Qt.ContextMenuPolicy.DefaultContext

Menu)

MainWindow.setLayoutDirection(QtCore.Qt.LayoutDirection.LeftToRight)

MainWindow.setAutoFillBackground(False)

self.centralwidget = QtWidgets.QWidget(parent=MainWindow)

MainWindow.setStyleSheet("""

QMainWindow {
background-color: white;

}
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QWidget {
background-color: white;

H

nn H)

self.centralwidget.setObjectName("centralwidget")

self.start = QtWidgets.QPushButton(parent=self.centralwidget)
self.start.setGeometry(QtCore.QRect(10, 10, 71, 31))
self.start.setStyleSheet("background:#00e676; font-weight:bold;")
self.start.setObjectName("start")

self.reset = QtWidgets.QPushButton(parent=self.centralwidget)
self.reset.setGeometry(QtCore.QRect(90, 10, 71, 31))
self.reset.setStyleSheet("background:#{ff176; font-weight:bold;")
self.reset.setObjectName("reset")

self.reset_view = QtWidgets.QPushButton(parent=self.centralwidget)
self.reset view.setGeometry(QtCore.QRect(10, 50, 150, 31))
self.reset_view.setStyleSheet("background:#b3e5fc; font-weight:bold;")
self.reset_view.setObjectName("reset view")

MainWindow.setCentral Widget(self.centralwidget)
self.menubar = QtWidgets.QMenuBar(parent=MainWindow)
self.menubar.setGeometry(QtCore.QRect(0, 0, 800, 18))
self.menubar.setObjectName("menubar")
MainWindow.setMenuBar(self.menubar)

self.statusbar = QtWidgets.QStatusBar(parent=MainWindow)
self.statusbar.setObjectName("statusbar")
MainWindow.setStatusBar(self.statusbar)

self.reset.clicked.connect(self.resetall)
self.start.clicked.connect(self.toggleButton)

if hasattr(self, "reset view_axes"):
self.reset view.clicked.connect(self.reset view_axes)

self.is_running = False

self.update thread running = True
self.update thread = threading. Thread(target=self.update values, daemon=True)
self.update thread.start()

self.retranslateUi(MainWindow)
QtCore.QMetaObject.connectSlotsByName(MainWindow)

def safe_remove(self, name: str):
In = getattr(self, name, None)
if In is not None:
try:
In.remove()
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except ValueError:
pass
setattr(self, name, None)

defupdate values(self):
while self.update thread running:
if self.is_running:
try:
response = requests.get(f"http://{self.ip_address}/")
if response.status _code == 200:
data = response.json()
self.update ui_ with data(data)
else:
print(f"Failed to fetch data. Status code: {response.status code}")
QtCore.QThread.msleep(50)
except Exception as e:
print("Error:", e)
QtCore.QThread.msleep(100)
else:
QtCore.QThread.msleep(100)

def resetall(self):
self.is_running = False
self.start.setText("» START")
self.send request(f"http://{self.ip address}/stop")

self.send request(f"http://{self.ip_address}/reset")

self.points] =[]
self.points2 =[]
self.points3 =[]
self.points4 =[]

self.t_point =[]
self.ex_point =[]
self.ey point =[]
self.etheta point =[]
self.vc_point =[]
self.we point =[]
self.kx_point =[]
self.ky point =]
self.kth point =[]
self.dhat0_point =[]
self.dhatl_point =[]

# ===== Fuzzy =====
self. Kx f point =]
self.Ky f point =[]
self.Kth f point =]

self.yKx fz point =[]



self.yKy fz point =[]
self.yKth fz point =[]

self.dxe fz point =[]
self.dye fz point =]
self.dthe fz point =[]

# ===== Velocity ==—==
self.Vemd point = []
self. Wemd point =[]

self.vthuc point =[]
self. wthuc_point =[]

self.xe_point = []
self.ye point =[]
self.thetae _point =[]

# ===== Sliding Surface =====

self.sv_point =[]
self.sw_point = []

self.dVsmc point = []
self.dWsmc_point = []

self.dVeso point =[]
self.dWeso_point =[]

self.vhat_eso point =[]
self.what_eso_point =[]

self.Dvhat_eso_point =[]
self. Dwhat eso_point =[]

self.ev_eso point =[]
self.ew_eso point =[]

self.dVobs_point =[]
self.dWobs_point =[]

self.z0_point =[]
self.z1_point =[]

# ===== Control =====
self. Femd point =[]
self. Mcmd_point = []
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self.theta point =[]
self. Thetad point =[]

self.R_point =[]
self.omega point =[]
self.alpha_point =[]

self.auto fit y 2 5 =False

# Reset trail green-tracking
if hasattr(self, "tracker"):
self.tracker.reset_trail()

# Reset 2
self.ax2.clear()
self.ax2.set_xlim(0, 120)
self.ax2.set_xlabel("Time[s]")
self.ax2.set_ylabel("ex, ey, etheta")
self.ax2.axhline(0, color="black’, linewidth=0.5)
self.ax2.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
self.ax2.legend(handles=[
Line2D([], [], color="green', lIw=2, label="ex"),
Line2D([], [], color="magenta’, Iw=2, label="ey"),
Line2D([], [], color='cyan', Iw=2, label='etheta")
], loc="upper right')
self.ax2.set_title("",
fontsize=18.5, fontweight="bold',
fontfamily="Times New Roman', color="#bf0000",
pad=15, loc='center',
bbox=dict(facecolor='white', edgecolor="#cccccc',
linewidth=1.4, boxstyle="round,pad=0.5"))

# Reset 3
self.ax3.clear()
self.ax3.set_xlim(0, 120)
self.ax3.set_xlabel("Time[s]")
self.ax3.set_ylabel("Vd[m/s], Wd[rad/s]")
self.ax3.axhline(0, color="black’, linewidth=0.5)
self.ax3.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
self.ax3.legend(handles=[
Line2D([], [], color="magenta’, Iw=2, label="Vd'),
Line2D([], [], color="blue', Iw=2, label="Wd")
], loc="upper right')
self.ax3.set_title("",
fontsize=18.5, fontweight="bold',
fontfamily="Times New Roman', color="#bf0000",
pad=135, loc='center’,
bbox=dict(facecolor="white', edgecolor="#cccccc',
linewidth=1.4, boxstyle="round,pad=0.4"))
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# Reset KX

self.ax_kx.clear()

self.ax_kx.set xlim(0, 120)
self.ax_kx.set xlabel("Time[s]")
self.ax_kx.set ylabel("Kx")
self.ax_kx.grid(True)

# Reset KY

self.ax_ky.clear()

self.ax_ky.set xlim(0, 120)
self.ax_ky.set xlabel("Time[s]")
self.ax_ky.set ylabel("Ky")
self.ax_ky.grid(True)

# Reset KTH

self.ax_kth.clear()

self.ax_kth.set xlim(0, 120)

self.ax_kth.set xlabel("Time[s]")

self.ax_kth.set ylabel("Kth")

self.ax_kth.grid(True)

# Reset 5

self.ax5.clear()

self.ax5.set_xlim(0, 120)

self.ax5.set_xlabel("Time[s]")

self.ax5.set_ylabel("dhat0, dhat1")

self.ax5.axhline(0, color="black’, linewidth=0.5)

self.ax5.grid(True, linestyle='--', linewidth=0.5, alpha=0.5)

self.ax5.legend(handles=[

Line2D([], [], color='orange', Iw=2, label='dhat("),
Line2D([], [], color="purple', Iw=2, label="'dhat1")

], loc="upper right')

self.ax5.set_title("",
fontsize=18.5, fontweight="bold',
fontfamily="Times New Roman', color="#bf0000",
pad=18, loc='center',
bbox=dict(facecolor='white', edgecolor="#cccccc',

linewidth=1.4, boxstyle="round,pad=0.4"))

for name in [
"line", "line_kx", "line ky", "line kth",
"line_ex", "line_ey", "line etheta",
"line_vc", "line_wc",
"line_dhat0", "line_dhat1"

if hasattr(self, name):
delattr(self, name)

# self.canvas.draw()
self.canvas2.draw()
self.canvas3.draw()
self.canvas_kx.draw()
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self.canvas_ky.draw()
self.canvas_kth.draw()
self.canvas5.draw()

def toggleButton(self):
if self.is_running:
self.is_running = False
self.start.setText("» START")
self.start.setStyleSheet("""
QPushButton {
background-color: #00e676;
color: white;
font-weight: bold;
border-radius: 10px;
b
")

self.send request(f"http://{self.ip address}/stop")
else:

self.is_running = True
self.start.setText("m STOP")
self.start.setStyleSheet("""
QPushButton {
background-color: #{f1744;
color: white;
font-weight: bold;
border-radius: 10px;
h
")
if self.is_running:
self.send values to_server()

def toggleButton1(self):
self.send values to serverl()

def stop update thread(self):
self.update thread running = False

if self.update thread and self.update thread.is_alive():
self.update thread.join()

def retranslateUi(self, MainWindow):
_translate = QtCore.QCoreApplication.translate
MainWindow.setWindowTitle(_translate("MainWindow", "Mobile Robot"))
self.start.setText(_translate("MainWindow", "» START"))
self.start.setStyleSheet("""
QPushButton {
background-color: #00e676;
color: white;
font-weight: bold;
border-radius: 10px;
}
"""
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self.reset.setText(_translate("MainWindow", "O RESET"))
self.reset.setStyleSheet("""
QPushButton {
background-color: #{ff176;
color: black;
font-weight: bold;
border-radius: 10px;

}
"

self.reset_view.setText(_translate("MainWindow", "C RESET VIEW"))
self.reset view.setStyleSheet("""
QPushButton {
background-color: #b3e5fc;
color: black;
font-weight: bold;
border-radius: 10px;

h
"

class CoordPlotApp(QtWidgets.QMainWindow, Ui_MainWindow):

ip_address = f"'{ip1}.{ip2}.{ip3}.{ip4}"
url = f"http://{ip_address}:8080"

def init (self):

super(). _init ()
self.setupUi(self)

self.auto fit y 2 5 =False

#PO THI 2
self.card plot2 = QtWidgets.QFrame(self.centralwidget)
self.card plot2.setGeometry(QtCore.QRect(870, 10, 410, 250))
self.card plot2.setStyleSheet("""
QFrame {
background-color: white;
border: none;

j
")
self.plot widget2 = QtWidgets.QWidget(self.card plot2)
self.plot_widget2.setGeometry(QtCore.QRect(0, 10, 420, 270))
self.figure2 = Figure(figsize=(4.4, 2.2), dpi=65)
self.canvas2 = FigureCanvas(self.figure2)
layout2 = QtWidgets.QVBoxLayout(self.plot widget2)
layout2.setContentsMargins(0, 0, 0, 0)
layout2.addWidget(self.canvas?2)
self.ax2 = self.figure2.add_subplot(111)
self.figure2.tight layout(rect=[0.09, 0.09, 1.0, 1.0])
self.ax2.set_xlim(0, 120)
self.ax2.set xlabel("Time[s]")
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self.ax2.set_ylabel("ex, ey, etheta")
self.ax2.axhline(0, color="black’, linewidth=0.5)
self.ax2.grid(True, linestyle='--', linewidth=0.5, alpha=0.5)
legend elements2 = [
Line2D([], [], color="green', lIw=2, label="ex"),
Line2D([], [], color="magenta’, Iw=2, label="ey"),
Line2D([], [], color='cyan', Iw=2, label='etheta")
]
self.ax2.legend(handles=legend elements2, loc='upper right')
self.figure2.suptitle(
"Reference and Actual Robot Velocities",
fontsize=20,
fontweight="bold',
fontfamily="Times New Roman',
color="#bf0000",
y=1
)

self.canvas2.draw()

#PO THI 3
self.card plot3 = QtWidgets.QFrame(self.centralwidget)
self.card_plot3.setGeometry(QtCore.QRect(870, 270, 410, 250))
self.card plot3.setStyleSheet("""
QFrame/{
background: white;
border: none;

}
")
self.plot widget3 = QtWidgets.QWidget(self.card plot3)
self.plot_widget3.setGeometry(QtCore.QRect(0, 10, 420, 270))
self.figure3 = Figure(figsize=(4.4, 2.2), dpi=65)
self.canvas3 = FigureCanvas(self.figure3)
layout3 = QtWidgets.QVBoxLayout(self.plot widget3)
layout3.setContentsMargins(0, 0, 0, 0)
layout3.addWidget(self.canvas3)
self.ax3 = self.figure3.add_subplot(111)
self.figure3.tight_layout(rect=[0.09, 0.09, 1.0, 1.0])

self.ax3.set_xlim(0, 120)
self.ax3.axhline(0, color="black’, linewidth=0.5)
self.ax3.set_xlabel('Time[s]')
self.ax3.set_ylabel("Vd[m/s], Wd[rad/s]')
self.ax3.grid(True, linestyle='--', linewidth=0.5, alpha=0.5)
legend elements3 = [
Line2D([], [], color="magenta’, lw=2, label='Vd'),
Line2D([], [], color="blue', Iw=2, label="Wd")
]
self.ax3.legend(handles=legend elements3, loc='upper right')
self.figure3.suptitle(
"Linear and Angular Control Velocities",
fontsize=20,
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fontweight="bold',
fontfamily="Times New Roman',
color="#bf0000",
y=1

)

self.canvas3.draw()

# KX
self.card kx = QtWidgets.QFrame(self.centralwidget)
self.card kx.setGeometry(QtCore.QRect(180, 0, 220, 130))
self.card kx.setStyleSheet("""
QFrame/{
background: transparent;
border: none;

h
"

self.plot widget kx = QtWidgets.QWidget(self.card kx)
self.plot widget kx.setGeometry(QtCore.QRect(10, 10, 200, 100))

self.figure kx = Figure(figsize=(3.8, 1.8), dpi=60)
self.canvas_kx = FigureCanvas(self.figure kx)

layout kx = QtWidgets.QVBoxLayout(self.plot widget kx)
layout kx.setContentsMargins(0, 0, 0, 0)
layout kx.addWidget(self.canvas kx)

self.ax_kx = self.figure kx.add subplot(111)
self.figure kx.tight layout(rect=[0.09, 0.09, 1.0, 0.9])

self.ax_kx.set_xlim(0, 120)
self.ax_kx.set xlabel("Time[s]")
self.ax_kx.set ylabel("Kx")
self.ax_kx.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
legend_elements kx = [Line2D([], [], color="lime', Iw=2, label="Kx')]
self.ax_kx.legend(handles=legend elements kx, loc="upper right')
self.figure kx.suptitle(

"Kx",

fontsize=20,

fontweight="bold',

fontfamily="Times New Roman',

color="#bf0000",

y=1
)

self.line_kx, = self.ax_kx.plot([], [], color="lime', linewidth=2)

self.canvas_kx.draw()

# KY
self.card ky = QtWidgets.QFrame(self.centralwidget)
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self.card ky.setGeometry(QtCore.QRect(410, 0, 220, 130))
self.card ky.setStyleSheet("""
QFrame{
background: transparent;
border: none;

H
nn ")
self.plot widget ky = QtWidgets.QWidget(self.card ky)
self.plot widget ky.setGeometry(QtCore.QRect(10, 10, 200, 100))

self.figure ky = Figure(figsize=(3.8, 1.8), dpi=60)
self.canvas_ky = FigureCanvas(self.figure ky)

layout ky = QtWidgets.QVBoxLayout(self.plot widget ky)
layout ky.setContentsMargins(0, 0, 0, 0)
layout_ky.addWidget(self.canvas_ky)

self.ax_ky = self.figure ky.add subplot(111)
self.figure ky.tight layout(rect=[0.09, 0.09, 1.0, 0.9])

self.ax_ky.set_xlim(0, 120)
self.ax_ky.set xlabel("Time[s]")
self.ax_ky.set ylabel("Ky")
self.ax_ky.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
legend elements_ky = [Line2D([], [], color="blue', Iw=2, label="Ky")]
self.ax_ky.legend(handles=legend elements ky, loc="upper right')
self.figure ky.suptitle(

"Ky",

fontsize=20,

fontweight="bold',

fontfamily="Times New Roman',

color="#bf0000",

y=1
)

self.line ky, = self.ax_ky.plot([], [], color="blue', linewidth=2)
self.canvas_ky.draw()

# =====KTH ====
self.card kth = QtWidgets.QFrame(self.centralwidget)
self.card_kth.setGeometry(QtCore.QRect(640, 0, 220, 130))
self.card kth.setStyleSheet("""
QFrame{
background: transparent;
border: none;

}
"U")
self.plot widget kth = QtWidgets.QWidget(self.card kth)
self.plot widget kth.setGeometry(QtCore.QRect(10, 10, 200, 100))
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self.figure kth = Figure(figsize=(3.8, 1.8), dpi=60)
self.canvas_kth = FigureCanvas(self.figure kth)

layout kth = QtWidgets.QVBoxLayout(self.plot widget kth)
layout kth.setContentsMargins(0, 0, 0, 0)
layout kth.addWidget(self.canvas_kth)

self.ax_kth = self.figure kth.add subplot(111)
self.figure kth.tight layout(rect=[0.09, 0.09, 1.0, 0.9])

self.ax_kth.set x1im(0, 120)
self.ax_kth.set xlabel("Time[s]")
self.ax_kth.set ylabel("Kth")
self.ax_kth.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
legend elements_kth = [Line2D([], [], color="red', Iw=2, label="Kth')]
self.ax_kth.legend(handles=legend elements_kth, loc="upper right')
self.figure kth.suptitle(

"Kth",

fontsize=20,

fontweight="bold',

fontfamily="Times New Roman',

color="#bf0000",

y=1
)

self.line_kth, = self.ax_kth.plot([], [], color="red', linewidth=2)
self.canvas_kth.draw()

#PO THI 5
self.card plot5 = QtWidgets.QFrame(self.centralwidget)
self.card_plot5.setGeometry(QtCore.QRect(870, 530, 410, 250))
self.card plot5.setStyleSheet("""
QFrame {
background: white;
border: none;

}
"""
self.plot widget5 = QtWidgets.QWidget(self.card plot5)
self.plot_ widget5.setGeometry(QtCore.QRect(0, 10, 420, 270))
self.figure5 = Figure(figsize=(4.4, 2.2), dpi=65)
self.canvas5 = FigureCanvas(self.figure5)
layout5 = QtWidgets.QVBoxLayout(self.plot_widget5)
layout5.setContentsMargins(0, 0, 0, 0)
layout5.addWidget(self.canvas5)
self.ax5 = self.figure5.add_subplot(111)
self.figure5.tight_layout(rect=[0.09, 0.09, 1.0, 1.0])
self.ax5.set_xlim(0, 120)
self.ax5.axhline(0, color="black’, linewidth=0.5)
self.ax5.set_xlabel("Time [s]')
self.ax5.set_ylabel('dhat0, dhat1")
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self.ax5.grid(True, linestyle="--', linewidth=0.5, alpha=0.5)
legend elementsS = [
Line2D([], [], color="orange', Iw=2, label='dhat("),
Line2D([], [], color="purple', Iw=2, label='dhat1")
]
self.ax5.legend(handles=legend elements5, loc='upper right')
self.figure5.suptitle(
"Fault Estimation",
fontsize=20,
fontweight='bold',
fontfamily="Times New Roman',
color="#bf0000",
y=1
)

self.canvas5.draw/()

# Connect scroll

# self.canvas.mpl_connect('scroll event', self.on_scroll)
self.canvas2.mpl_connect('scroll_event', self.on_scroll2)
self.canvas3.mpl _connect('scroll_event', self.on_scroll3)
self.canvas_kx.mpl connect('scroll event', self.on_scroll kx)
self.canvas_ky.mpl connect('scroll event', self.on_scroll ky)
self.canvas_kth.mpl connect('scroll event', self.on_scroll kth)
self.canvas5.mpl_connect('scroll_event', self.on_scroll5)

# Data lists
self.x_values =[]
self.y values =[]
self.x_valuesl =[]
self.y valuesl =[]
self.x_values2 =[]
self.y values2 =[]
self.x_values3 =[]
self.y values3 =[]
self.ex_point =[]
self.ey point =[]
self.etheta point =[]
self.t point =]
self.vc_point =[]
self.we point =]
self.kx_point =[]
self.ky point =]
self.kth point =[]
self.xw_point =[]
self.yw_point = []
self.dhat0_point =[]
self.dhatl_point =[]

# ===== Fuzzy =====
self. Kx f point =]
self Ky f point =[]



self. Kth f point =[]

self.yKx fz point =[]
self.yKy fz point =[]
self.yKth fz point =[]

self.dxe fz point =[]
self.dye fz point =[]
self.dthe fz point =[]

# ===== Velocity =====
self.Vemd point =[]
self. Wemd_point =[]

self.vthuc_point = []
self.wthuc_point =[]

self.xe point =[]
self.ye _point =[]
self.thetae point =[]

# ===== Sliding Surface =====

self.sv_point =[]
self.sw_point =[]

self.dVsmc point = []
self.dWsmc_point = []

self.dVeso point =[]
self.dWeso_point =[]

self.vhat_eso point =[]
self.what_eso_point =[]

self.Dvhat_eso point =[]
self. Dwhat eso_point = []

self.ev_eso_point =[]
self.ew eso point =[]

# ===== Observer =====
self.dVobs_point = []
self.dWobs_point = []

self.z0_point =[]
self.z1_point =[]
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self. Femd point =[]
self.Mcmd_point = []

# ===== Trajectory ==—===
self.theta_point = []
self. Thetad point =[]

self.R_point =[]
self.omega point =[]
self.alpha point =[]

# Card CAMERA
self.card _camera = QtWidgets.QFrame(self.centralwidget)
self.card camera.setGeometry(QtCore.QRect(10, 120, 850, 660))
self.card camera.setStyleSheet("""
QFrame {
background-color: white;
border: none;

}

"H")
self title_cam = QtWidgets.QLabel(self.card camera)

self title_cam.setGeometry(QtCore.QRect(10, 5, 850, 30))
self.title_cam.setText("Visual Feedback of FBO-SMCPI")
self.title_cam.setStyleSheet("""

font-size: 22px;

font-weight: bold;

color: #bf0000;

font-family: 'Times New Roman';

nn ")
self title_cam.setAlignment(QtCore.Qt.AlignmentFlag. AlignCenter)

self.camera_label = QtWidgets.QLabel(self.card camera)
self.camera_label.setGeometry(QtCore.QRect(10, 40, 830, 610))
self.camera_label.setStyleSheet("""

background-color: black;

border: none;

"

self.camera_label.setScaledContents(True)

self.cap = cv2.VideoCapture(1, cv2.CAP_DSHOW)
if not self.cap.isOpened():
print(" Khong thé mé camera may tinh!")

# Green tracking
self.tracker = GreenTracker()

self.timer = QtCore.QTimer()
self.timer.timeout.connect(self.update _camera frame)

self.timer.start(30)

# self.btn_toggle cam = QtWidgets.QPushButton(self.centralwidget)
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# self.btn_toggle cam.setGeometry(QtCore.QRect(770, 600, 150, 31))
# self.btn_toggle cam.setText("Turn Camera Off")
#
self.btn_toggle cam.setCursor(QtGui.QCursor(QtCore.Qt.CursorShape.PointingHandCurs

or))

def reset view axes(self):
self.auto fit y 2 5="True

self. auto fit y 2 5 now()

def auto fit y 2 5 now(self):
if not hasattr(self, "t point") or len(self.t point) < 2:
return

xs = np.array(self.t point)

def fit_axis(ax, canvas, series_names):
cur_xmin, cur_xmax = ax.get xlim()
ymins, ymaxs = [], []

for name in series_names:
if hasattr(self, name):
ys = np.array(getattr(self, name))
mask = (xs >= cur_xmin) & (xs <= cur_xmax)
if np.any(mask):
ymins.append(float(np.min(ys[mask])))
ymaxs.append(float(np.max(ys[mask])))

if ymins and ymaxs:
ymin, ymax = min(ymins), max(ymaxs)
ypad = (ymax - ymin) * 0.05 if ymax != ymin else 1.0
ax.set_ylim(ymin - ypad, ymax + ypad)

canvas.draw/()
fit axis(self.ax2, self.canvas2, ["ex point", "ey point", "etheta point"])
fit_axis(self.ax3, self.canvas3, ["vc_point", "wc_point"])
fit_axis(self.ax_kx, self.canvas_kx, ["kx point"])
fit_axis(self.ax_ky, self.canvas_ky, ["ky point"])
fit axis(self.ax_kth, self.canvas kth, ["kth point"])
fit_axis(self.ax5, self.canvas5, ["dhat0 point", "dhatl point"])

# Camera update with green tracking
defupdate camera frame(self):
ret, frame = self.cap.read()
if not ret:
return
# (1) tracking green trén BGR frame
frame, center, radius = self.tracker.process(frame, flip=True)

# (tuy chon) hién toa d¢ 1én khung
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if center is not None:
cv2.putText(
frame, f"Center: {center}",
(10, 30),
cv2.FONT HERSHEY SIMPLEX,
0.5, (255, 255, 255), 1

)

# (2) convert RGB cho PyQt
frame rgb = cv2.cvtColor(frame, cv2.COLOR BGR2RGB)
h, w, ch = frame rgb.shape
bytes per line =ch * w
qimg = QtGui.QImage(
frame rgb.data, w, h, bytes per line,
QtGui.QImage.Format.Format RGB888

)
self.camera_label.setPixmap(QtGui.QPixmap.fromImage(qimg))

def toggle camera(self):
if self.timer.isActive():

self.timer.stop()

self.btn_toggle cam.setText("OFF CAMERA")

self.btn_toggle cam.setStyleSheet("""

QPushButton {

background-color: #{f1744;
color: white;
font-weight: bold;
border-radius: 10px;

}
"

self.camera_label.clear()
self.camera_label.setStyleSheet("background-color: black; border: 2px solid gray;")
else:
self.timer.start()
self.btn_toggle cam.setText("ON CAMERA")
self.btn_toggle cam.setStyleSheet("""
QPushButton {
background-color: #00e676;
color: white;
font-weight: bold;
border-radius: 10px;
}
")

def closeEvent(self, event):
if hasattr(self, 'cap') and self.cap.isOpened():
self.cap.release()
event.accept()

defupdate ui_with data(self, data):
try:
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vdat = data["Vc"]
wdat = data["Wc"]

# ===== Fuzzy Gain =====
Kx_f=float(data["Kx {"])
Ky f=float(data["Ky f"])
Kth_f= float(data["Kth f"])

# ===== Robot State =====
theta = float(data["theta"])
Thetad = float(data["Thetad"])

xe = float(data["xe"])
ye = float(data["ye"])
thetae = float(data[ "thetae"])

# ===== Velocity =====
Vemd = float(data["Vemd"])
Wemd = float(data["Wemd"])

vthuc = float(data["vthuc"])
wthuc = float(data["wthuc"])

# ===== Sliding Surface =====
sv = float(data["sv"])
sw = float(data["sw"])

# SMC
dVsmc = float(data["dVsmc"])
dWsmc = float(data["dWsmc"])

# ESO
dVeso = float(data["dVeso"])
dWeso = float(data["dWeso"])

vhat_eso = float(data["vhat _eso"])
what_eso = float(data["what _eso"])

Dvhat_eso = float(data["Dvhat_eso"])
Dwhat eso = float(data["Dwhat_eso"])

ev_eso = float(data["ev_eso"])
ew_eso = float(data["ew_eso"])

# ===== Observer =====
dVobs = float(data["dVobs"])
dWobs = float(data["dWobs"])

z0 = float(data["z0"])
z1 = float(data["z1"])



# ===== Control =====
Femd = float(data["Femd"])
Mcmd = float(data["Mcmd"])

# ===== Trajectory =—====

R = float(data["R"])

omega = float(data["omega"])
alpha = float(data["alpha"])
ykx_fz = float(data["yKx_fz"])
yky fz =float(data["yKy z"])
ykth fz = float(data["yKth fz"])

dxe fz = float(data["dxe fz"])
dye fz = float(data["dye fz"])
dthe fz = float(data["dthe fz"])

# toadox = float(data["toadox"])
# toadoy = float(data["toadoy"])
xdat = float(data["xdat"])

ydat = float(data["ydat"])

ex = float(data["ex"])

ey = float(data["ey"])

etheta = float(data["eth"])

dhat0 = float(data["dhat0"])
dhatl = float(data["dhat1"])

t = float(data["t"])

kx = float(data["Kx"])

ky = float(data["Ky"])

kth = float(data["Kth"])

if ex > 20:

kx = float(data["Kx"]) + 0.1
if ex > 4:

kx = float(data["Kx"]) + 0.05
ifey > 10:

ky = float(data["Ky"]) - 0.2
ifey > 4:

ky = float(data["Ky"]) - 0.2
if etheta > 0.3:

kth = float(data["Kth"]) - 0.01

self.dhat0_point.append(dhat0)
self.dhatl point.append(dhat1)
self.kx_point.append(kx)
self.ky point.append(ky)
self.kth_point.append(kth)
self.t point.append(t)
self.ex_point.append(ex)
self.ey_point.append(ey)
self.etheta point.append(etheta)
self.vc_point.append(vdat)

PL-48
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self.wc_point.append(wdat)

# ===== Fuzzy =====
self.Kx f point.append(Kx f)
self.Ky f point.append(Ky f)
self.Kth f point.append(Kth f)

self.yKx fz point.append(ykx fz)
self.yKy fz point.append(yky fz)
self.yKth fz point.append(ykth fz)

self.dxe fz point.append(dxe fz)
self.dye fz point.append(dye {z)
self.dthe fz point.append(dthe fz)

# ===== Velocity =====
self.Vemd point.append(Vemd)
self. Wemd_point.append(Wemd)

self.vthuc_point.append(vthuc)
self.wthuc point.append(wthuc)

# Error

self.xe point.append(xe)
self.ye point.append(ye)
self.thetae point.append(thetae)

# ===== Sliding Surface =====
self.sv_point.append(sv)
self.sw_point.append(sw)

# SMC
self.dVsmc point.append(dVsmc)
self.dWsmc_point.append(dWsmc)

# ESO
self.dVeso_point.append(dVeso)
self.dWeso_point.append(dWeso)

self.vhat_eso point.append(vhat eso)
self.what eso point.append(what eso)

self.Dvhat_eso point.append(Dvhat eso)
self.Dwhat eso point.append(Dwhat eso)

self.ev_eso point.append(ev_eso)
self.ew_eso_ point.append(ew_eso)

# ===== Observer =====
self.dVobs_point.append(dVobs)
self.dWobs_point.append(dWobs)
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self.z0 point.append(z0)
self.z1_point.append(z1)

# ===== Control =====
self.Femd point.append(Femd)
self. Mcmd_point.append(Mcmd)

self.theta point.append(theta)
self. Thetad point.append(Thetad)

self.R_point.append(R)
self.omega point.append(omega)
self.alpha_point.append(alpha)

self.safe_remove("line")

# self.points2.append((xdat, ydat))
# x_values2,y values2 = zip(*self.points2)
# self.line, = self.ax.plot(x_values2, y values2, 'b-')

# self.points1.append((toadox, toadoy))
# x_valuesl, y valuesl = zip(*self.points1)
# self.line, = self.ax.plot(x_valuesl, y valuesl, 'r-")

current_xlim = self.ax2.get xlim()

if t >= current_xlim[1]:
new_xlim = (current xlim[1], current xlim[1] + 120)
self.ax2.set_xlim(new_xlim)

current_xlim2 = self.ax3.get xlim()

if t >= current_xlim2[1]:
new_xlim2 = (current_xlim2[1], current xlim2[1] + 120)
self.ax3.set_xlim(new_xlim?2)

# KX
current xlim_kx = self.ax_kx.get xlim()
if t >= current xlim_kx[1]:
self.ax_kx.set xlim(current xlim kx[1], current xlim_kx[1] + 120)

# KY
current_xlim_ky = self.ax_ky.get xlim()
if t >= current xlim_ky[1]:
self.ax_ky.set xlim(current xlim_ky[1], current xlim ky[1] + 120)

# KTH
current xlim_kth = self.ax_kth.get xlim()
if t >= current xlim_kth[1]:
self.ax_kth.set xlim(current xlim_kth[1], current xlim kth[1] + 120)
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current_xlim5 = self.ax5.get xlim()

if t >= current_xlim5[1]:
new_xlim5 = (current xlim5[1], current xlim5[1] + 120)
self.ax5.set xlim(new_xlim5)

# KX
self.safe_remove("line kx")
self.line kx, = self.ax_kx.plot(

self.t point,

self.kx point,

color="lime'

)

# KY
self.safe_remove("line_ky")
self.line_ky, = self.ax_ky.plot(

self.t_point,

self.ky point,

color="blue'

)

# KTH
self.safe_remove("line kth")
self.line_kth, = self.ax_kth.plot(

self.t_point,

self.kth point,

color="red'

)

self.safe_remove("line_ex")
self.line ex, = self.ax2.plot(self.t point, self.ex point, 'g-")

self.safe remove("line ey")
self.line_ey, = self.ax2.plot(self.t_point, self.ey point, 'm-')

self.safe remove("line etheta")
self.line_etheta, = self.ax2.plot(self.t_point, self.etheta point, 'c-')

self.safe_remove("line_vc")
self.line vc, = self.ax3.plot(self.t point, self.vc_point, 'magenta')

self.safe remove("line wc")
self.line_wc, = self.ax3.plot(self.t_point, self.wc_point, 'b-")

self.safe_remove("line_dhat0")
self.line dhat0, = self.ax5.plot(self.t point, self.dhat0 point, 'orange")

self.safe remove("line dhatl")
self.line_dhatl, = self.ax5.plot(self.t point, self.dhatl point, 'purple')

# self.canvas.draw()
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self.canvas2.draw()
self.canvas3.draw()
self.canvas_kx.draw()
self.canvas_ky.draw()
self.canvas_kth.draw()
self.canvas5.draw()

if getattr(self, "auto fit y 2 5", False):
self. auto fit y 2 5 now()

except KeyError as e:
print("Missing key in response data:", €)

def on_scroll2(self, event):
if event.inaxes == self.ax2:
self.auto _fit y 2 5 =False
factor=1.5
ylim2 = self.ax2.get ylim()

if event.button == 'up":

new_ylim2 = (ylim2[0] * factor, ylim2[1] * factor)
elif event.button == 'down'":

new_ylim2 = (ylim2[0] / factor, ylim2[1] / factor)

self.ax2.set_ylim(new_ylim2)
self.canvas2.draw()

def on_scroll3(self, event):
if event.inaxes == self.ax3:
self.auto fit y 2 5 ="False
factor = 1.5
ylim3 = self.ax3.get_ylim()

if event.button == "up":

new_ylim3 = (ylim3[0] * factor, ylim3[1] * factor)
elif event.button == 'down'":

new_ylim3 = (ylim3[0] / factor, ylim3[1] / factor)

self.ax3.set_ylim(new_ylim3)
self.canvas3.draw()

def on_scroll kx(self, event):
if event.inaxes == self.ax_kx:
factor=1.5
ylim = self.ax_kx.get ylim()

if event.button == "up":

new_ylim = (ylim[0] * factor, ylim[1] * factor)
else:

new_ylim = (ylim[0] / factor, ylim[1] / factor)
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self.ax_kx.set_ylim(new_ylim)
self.canvas_kx.draw()

def on_scroll ky(self, event):
if event.inaxes == self.ax_ky:
factor=1.5
ylim = self.ax_ky.get ylim()

if event.button == "up":

new_ylim = (ylim[0] * factor, ylim[1] * factor)
else:

new_ylim = (ylim[0] / factor, ylim[1] / factor)

self.ax_ky.set ylim(new_ylim)
self.canvas_ky.draw()

def on_scroll kth(self, event):
if event.inaxes == self.ax_kth:
factor = 1.5
ylim = self.ax_kth.get ylim()

if event.button == 'up":

new_ylim = (ylim[0] * factor, ylim[1] * factor)
else:

new_ylim = (ylim[0] / factor, ylim[1] / factor)

self.ax_kth.set ylim(new_ylim)
self.canvas_kth.draw()

def on_scroll5(self, event):
if event.inaxes == self.ax5:
self.auto fit y 2 5 ="False
factor = 1.5
ylim$5 = self.ax5.get_ylim()

if event.button == 'up".

new_ylim5 = (ylim5[0] * factor, ylim5[1] * factor)
elif event.button == 'down'":

new_ylim5 = (ylim5[0] / factor, ylim5[1] / factor)

self.ax5.set_ylim(new_ylim5)
self.canvas5.draw()

def send request(self, url):
try:
response = requests.get(url)
if response.status_code != 200:
print(f'Failed to send request. Status code: {response.status_code}")
except Exception as e:
print("Error sending request:", e)



PL-54

def'send values to server(self):
if self.is_running:
url = f"http://{self.ip_address}/start?"
self.send request(url)

def send values to serverl(self):
bankinh_value = self.so_ban_kinh.text()
omega value = self.so goc.text()
ktheta value = self.ktheta.text()
kx_value = self.kx.text()
ky wvalue = self.ky.text()
url =
f'http://{self.ip_address}/continuee?bankinh={bankinh value}&omega={omega value}&
kx={kx value}&ky={ky value}&ktheta={ktheta value}"
self.send request(url)
if name ==' main_ "
app = QtWidgets.QApplication(sys.argv)
window = CoordPlotApp()
window.show()
app.aboutToQuit.connect(window.stop update thread)

sys.exit(app.exec())
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Belod

VIEN HAN LAM DPANG CONG SAN VIET NAM
KHOA HQC VA CONG NGHE VN
HQC VIEN KHOA HQC VA CONG NGHE
*

Sé & - QP/HVKHCN Ha N§i, ngay A3 thing § nam 2026

QUYET PINH
thanh 1ap Hoi dong d4nh gi4 luin dn tién si cAp Hoc vién

- Can ctt Quyét dinh s6 175-QB/VHLKHCNVN ngay 28/04/2026 cta Chu
tich Vién Han 1am Khoa hoc va Céng nghe Viét Nam ban hanh Quy ché Té chirc
va hoat dong ctia Hoc wen Khoa hoc va Cong nghe

- Cén cir Théng tu s 18/2021/TT -BGDDT ngay 28/06/2021 ctia Bo tmcmg Bo
Giéo duc va Pao tao Ve viéc ban hanh Quy ché tuyén sinh va ddo tao trinh do tién s;

- Cin ¢t Quyét dinh sé 1968/QD -HVKHCN ngay 28/12/2021 cua Gidm
dbc Hoc vién Khoa hoc va Cong nghé vé viéc ban hanh Quy ché tuyén sinh va
40 tao trinh d¢ tién si;

- Cin ctr Quyét dinh sé 1989/QD- -HVKHCN ngay 30/11/2022 ciia Gidm
dbc Hoc vién Khoa hoc va Cong nghé vé viéc cong nhan nghién ctru sinh dot 2
nam 2022;

- Xét d& nghi ctia Trudng phong Pao tao.

GIAM POC HQC VIEN KHOA HQC VA CONG NGHE
QUYET PINH

Piéu 1. Thanh lap Héi dong danh gia luan 4n tién s cip Hoc vién cho
nghién ctru sinh H6 S§ Phuong véi d@ tai:

Nghién ciru xay dung bd quan sat 16i va b diéu khién chiu 15i cho robot
di dong non-holonomic

Nganh: K§ thuat diéu khién vaty dong hoa Mi s6:9 52 02 16

Danh sach thanh vién Hoi dong dénh gia luin an kém theo Quyét dinh nay,

Pi¢u 2. Hoi ddng c6 trach nhiém d4nh gi4 luan 4n tién s7 theo diing quy ché
hién hanh ciia B§ Gido duc va Po tao, ctia Hoc vién Khoa hoc va Cong nghé.
Quyét dinh c6 hiéu lyc dén ngay 18/10/2026. Hoi ddng tu giai thé sau khi hoan
thanh nluem VUL

Piéu 3. Trudng phong T6 chitc - Hanh chinh, Trudng phong Dao tao,
Trucmg phong Ké todn, cac thanh vién co tén trong danh séch Hoi ddng va nghién
ciru sinh ¢6 tén tai Diéu 1 chju trach nhiém thi hanh Quyét dinh nay. P

Noi nhén:
- Nhu Bleu 3
- Luu hd so NCS
- Luu: VT, BT.pq.15,




HOC VIEN
KHOA HOC | %

_robot di d6ng non-holonomic
Nganh: K§ thut diéu khién vat

ACH HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN
am theo Quyét dinh s6 M3 - OD/HVKHCN ngay A3 /8 /2026

ctia Giam dée Hoc vién Khoa hoc va Céng nghé)

u déng hoa

M s6: 9 52 02 16

Ngudi huéng dan chinh: TS. Ngé Manh Tién, Vién Vit 1,
. Vién Han 1am Khoa hoc va Céng ngh¢ Viét Nam

Ngudi huéng din phy:  TS. Ngd Duy Tén, Trung tam Vi tru Viét Nam,

Vién Han 14m Khoa hoc va Céng nghé Viét Nam

Trach
TT | Ho va tén, hoc ham, hoc vi Nganh Co quan cdng tic trlc::lgggfgi
déng
Vién Co hoc,
1 | GS.TSKH. Nguyén Péng Anh Co hoc Vién Han 1am Chu tich
KHCN VN
K§ thuét diéu | Trudng Dién - Pién
2 | PGS. TS. Nguyén Hodi Nam | khiénvaTu | ti, DaihocBach | Phan bién 1
dong hoa khoa Ha NQi
K§ thuat diéu | Vién Cong nghé
3 | TS. Bui Thi Thanh Quyén khién va Ty | thong tin, Vién Han | Phan bién 2
- dong hoa ]Jam KHCN VN
i Ky thuét diéu Trudng Pai hoc Uy via
|4 |TS.P8QuangHigp- | khiénva Ty | Kinh Té-K§ thudt _,lé’h};E
dong hoa Cong nghiép i
i B =T Trudng Pai hoe
5 |PGS. TS. Hotng Van Xiem | 5 U8t dien | oo nghé, Paihoo | Uy vien
va may tinh Wy Sl
‘ Quoc gia Ha Noi1
o K§ thudt dieu ” 5
6 |PGS.TS. Nguyén Quang Vinh | Khibnva Ty | o Khoahoova | o vian
; " d6ng héa g ngh¢ Quén sy
- K§ thut diéu Hos ik
7 | PGS.TS. Truong Xudn Tung | khién va Ty K3 el s Uy vién
\ . s T §¥ thudt Quan su
ong

Hpi dong gom 07 thanh vién.




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc ldp - Ty do - Hanh phice

BAN NHAN XET LUAN AN TIEN ST

Tén dé tai: Nghién ctru xay dung b quan sat 15i va bo diéu khién chiju 16i cho robot
di dong non-holonomic

Nganh: Ky thuat didu khién va ty déng héa

M s6: 9 52 02 16

Ho va Tén nghién ciru sinh: H6 S§ Phuong

Nguwdi nhin xét: GS.TKH. Nguyén Pong Anh

Co quan cong tac: Vién Co hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam

NOI DUNG NHAN XET

1. Tinh cén thiét, thoi sw, ¥ nghia khoa hgc va thwre tién ciia dé tai ludn 4n

Trong robot di dong, 18i co cdu chdp hanh tic dong tryc tiép dén kha nang sinh vén
téc va didu huéng. Khi 181 xay ra dong thoi voi nhidu, bat dinh mé hinh va hién
tuong truot banh, chit luong baim qu¥ dao c6 thé suy giam déng ké. Lun 4n nghién
ciru bai toan quan sat 16i va diéu khién chiu 18i cho robot di dong non-holonomic
nhim ning cao d6 tin ciy va khi ning lam viéc an todn ciia céc hé robot tu hanh, Pé
tai co tinh thoi su, c6 ¥ nghia khoa hoc.
2. Sw khéng tring lip ciia dé tai nghién ciru so véi cic cong trinh, luin dn da
cong bd & trong va ngoai muréc; tinh trung thye, ré rang va ddy di trong trich
dén tai liéu tham khao

- Qua ndi dung ludn 4n va hé théng tai liéu tham khao, t6i khong nhén thiy sy
tring 13p v& céc két qua chinh véi cac cong trinh da cong bb.

- C4c ly thuyét nén tang duge sit dung trong luan dn nhu mé hinh héa robot di
d6ng, 1y thuyét 6n dinh Lyapunov, diéu khién truot, bd quan sat trang thai va bo

quan sét nhiéu déu 13 cdc két qua da dugc biét. Tuy nhién, nghién ctru sinh d khai
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théc va phat trién chiing theo huéng riéng cho bai toan quan sat 16i va didu khién
chiu 16i cia NWMR.

- So v6i ban & giai doan phan bién doc 1ap, phén tdng quan va trich dén trong
ban hién tai 44 dugc hoan thién hon, 1am 8 hon co sé ké thira va phan phét trién cia
luén 4n.

- Téi liéu dugc trich dén tuong dbi ddy dii va dap tmg yéu ciu ctia mét ludn 4n
tién si.

3. Sw phit hop giika tén dé tai véi ndi dung, giira ndi dung véi nganh va ma sé
Tén @ tai phan 4nh ding ndi dung nghién ciru. Ni dung lugin 4n v& linh vye didu
khién h¢ phi tuyén, quan sét trang thai va diéu khién chiu 18i, phit hop v6i nganh K§
thudt diéu khién va tu dong héa, ma sb 9 52 02 16.

4. D§ tin cly va tinh hién dai ciia phwong phép da sir dung dé nghién ciru

Phuong phép sir dung trong ludn 4n 12 phuong phép suy luan logic ctia Iy thuyét diéu
khién, nghién ctru Iy thuyét két hop véi mé phong sé d& kiém chiing d9 tin cdy. Céc
tiép can phit hop véi ndi dung ludn 4n va c6 tinh hién dai..

5. Két qua nghién ciru méi ciia tic gia

- D3 dé xuét cau triic diéu khién chiu 13i hai vong dua trén bd quan sét 13i cho
robot di déng non-holonomic. Théng tin 16i dugc wéc lugng va dua vao ludt didu
khién nhim néng cao kha niing bl 13i va duy tri chit lugng bam qu§ dao.

- D2 d& xuét phuong phap didu khién chiu 13i dya trén didu khién truot toan cuc
két hop bd quan sat nhidu cai tién va rang budc hiéu ning dinh trudec. Cach tiép cén
ndy cho phép xem xét ddng thoi yéu ciu bn dinh, kha niing chdng nhidu/13i va chét
lugng qué dd cua sai sb bam. |
6. Uu diém va nhwgc diém vé ndi dung, két chu va hinh thire ciia lun 4n
Lu4n 4n o6 khéi lugng nghién ctru twong d6i 16n, trinh bay c6 tinh hé théng tir x4y
dung md hinh, thiét ké bo quan sat dén tdng hop céc luat didu khién chiu 18i. Mot sé
van d& phan anh thuc té sir dung nhur anh hudng ctia cac robot khac, nhidu moi trudmg
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con chua duge xét chi tiét. Pay 1a nhitng gép ¥ nghién ciru sau tién si, khong dnh
huémg dén céc két qua va dong g06p khoa hoc ctia luén an.

7. Noi dung Iudn 4n da dwge cong bo trén tap chi, k§y yéu hdi nghi khoa hoc nao
va gid trj khoa hoc ciia céc cong trinh di cong bd

Nghién ctru sinh ¢6 09 céng trinh khoa hgc lién quan dén huéng nghién ciru clia ludn
4n, gém cac cong trinh hdi nghi quéc té, tap chi thude Scopus va céc bai bao thude
h¢ théng SCIE. N¢i dung céc cong bd phan 4nh duge néi dung co ban cia lufn 4n.
8. Két luén chung

Luén 4n la mt cong trinh nghién ciu duge thue hién nghiém tic dap Umg céc yéu
céu ctia Bo Gido duc va Dao tao. Ban tém tét ludn 4n vé& co ban phan 4nh trung thanh
cée ndi dung va ket qua nghién ciru chinh. T8i ddng ¥ d& nghi cho nghién ctru sinh
H6 S§ Phuong dugc bao vé lufin 4n trude Hoi ddng danh gia ludn én tién i cip Hoc

i 2 r A -~ - - J: L
vién de xem xét cong nhén hoc vi Tién si.

Ha ngi, ngays thang 09 nam 2026
Nguwoi nhin xét
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CONG HOA XA HQI CHU NGHIA VIET NAM
Poc 1ap - Tw do - Hanh phiic

BAN NHAN XET LUAN AN TIEN ST CAP HOC VIEN

Tén d& tai: Nghién ctu xiy dung by quan sét 16i va bd didu khién chiu 16i cho robot di
dgng non-holonomic

Nganh: K§ thujt didu khién va ty dong héa M3 s6: 9520216
Tén nghién ctru sinh: H6 S§ Phwong
Ngudi hwéng dén:
1. TS.Ngé Manh Tién — Vién Vat 1y, vién Han 14m khoa hoc va Cong nghé Viét
2. ¥gmNgo Duy Tén — Trung tim Vi trg Viét Nam, vién Han 1dm khoa hoc va
Céng nghé Viét Nam

Ngudi nhén xét: PGS. TS. Nguyén Hoai Nam
Co quan cdng tic: Truong Dién — Dién tir, Dai hoc Bich khoa Ha Néi

NQI DUNG NHAN XET
1. Tinh cin thibt, thoi sw, ¥ nghia khoa hoc va thye tién ciia d2 tai luén 4n
Trong qua trinh lam vigc, co chu chép hanh c6 thé bi 18i do nhiéu nguyén nhin khéac nhau.
Didu ndy lam thay dbi tin hidu diéu khién mong muédn, dnh hudng dén chét luong dau coa
ctia xe. Bén canh do, trong qué trinh 1am viéc, xe con chiu tac ddng boi nhidu do ludng,
tic dong tir méi trudng bén ngodi do ma sat bé mit, do bat dinh md hinh. Do do, dé tai luén
4n tip trung vao giai quyét vén d& 13i co chu chap hanh trong qua trinh thiét ké bo dicu

khién c6 ¥ nghia khoa hoc va thyuc tidn, rat can thiét va cé tinh thoi su.

2. Sw khdng trung l3p cia d? tai nghién ciru so véi cdc cong trinh, ludn 4n da cong bd
& trong va ngoai nwde; tinh trung thyre, rd rang va diy da trong trich din tai lidu
tham khao
Pé tai khong tring ldp v6i cic cong b6 trong va ngodi nude. Céc tai licu tham khao duge
trich din 1o rang va dAy da. Tuy nhién, céc tai li¢u tham khio cong b trong nim 2026 con
rat han ché.

3. Sir phit hop gidra tén dé tai véi ndi dung, gilta ndi dung véi nganh va mi sb

Tén dé tai phi hop v6i ndi dung ctia luén an.



N6i dung lun 4n phtt hop véi nganh va ma s6 nganh.
4, P§ tin cdly va tinh hign dai ciia phwong phip dé sir dung dé nghién ciru

Nghién ciru sinh da sir dung cc phuong phap nghién ctu 1y thuyét, md phong, thyc
nghiém v so sénh d& dénh gi bo diéu khién de xuat. Thé hién @6 tin cdy va tinh hién dai.

5, Két qué nghién ciru méi ciia tic gia

Luén 4n c6 nhitng déng gop nhu sau:
a) Bo didu khién chju 18i sir dung bd quan sit 16i dam béo 4n dinh, bAm quy dao
trong didu kién ¢6 13i co cu chap hanh.
b) Thuét toén diéu khién chju 13i dya trén diéu khién trrot két hgp bd quan sat nhiéu
va rang budc hiéu nang dinh trude.

6. Uu diém va nhwoc diém v& ngi dung, két cAu va hinh thirc ciia ludn 4n

Con nhiing thiéu s6t va tdn tai cén chinh sira nhu sau:

- Théng nhét viét “non-holonomic” ¢ gach ngang hodc khong “nonholonomic”;

- Chua chufn hoéa gboc ‘theta’ trong danh myc hinh anh (hinh 3.4; hinh 3.19; hinh 3.24);
bang 4.2;

- Chu viin chua 16 rang: “Trong sb c4c loai 161, 16i co céu chép hanh dwgc xem la mot trong
nhitng tic gia tip trung vao?”

- Nén sir dung théng nhit céc tix ngit chuyén nganh Viét hoa 461 v6i cdc thuat ngtt da duge
Viét hoa;

- Tiéu d? ctia cac cot nén théng nhét dé tén tiéng Viét (hién tai c6 bang dé tiéng Viét, co
bang dé tiéng Anh);

- Chi tiét hon phin chitng minh Pinh 1j 3.2 khi ¢ wéc lugng va bu 13i co chu chip hanh
&6 sai s6 bam quy dao dat én dinh tiém cAn. Trong phan chimg minh khéng @@ cap gi t6i
ude lugng va bu 1oi. _

“Trong céc dinh ly va phé“m chitng minh, NCS nén trinh bay ro he kin 13 hé nao (ddng

hoc/dong luc hoc); ¢d nhiing két luan danh cho hé kin nhung khéng néu r& nén bj két luin’

mang tinh chit mau thuin.

- Céu viin chua chinh x4c “nhidu bén ngoai duge suy gidm thong qua thanh phan SMC”.
-Hinh 3.17 dinh chir trong ky hiéu index (I=%, ¥, \theta); dinh chir trong bang 4.1;

_Hinh 4.2 bj miét chit trong khéi Ham chuyén dbi; thong nhit st dung tir tiéng Viét trir tir
viét tht d& dugc chi thich;



-Viét hoa tén cic tryc cta hinh anh;
Trich d4n ngudn [internet] 14 chua 10 rang va ddy du thong tin, can thém dia chi trang
web, thoi gian truy cap.

Mt s6 cum tir tiéng anh & trang 8 nén bo di va trich dan tai li¢u tryc tiép.

7. Ni dung lufin 4n di dugc cong bo trén tap chi, ky yéu hoi nghi khoa hoc nio va
gid tri khoa hoc ciia cdc cdng trinh da cong bd

N6i dung cuia ludn an dd dugc cong b trong cac tap chi, hoi nghi trong va ngoai nuoc,
trong d6 ¢6 nhiing tap chi chuyén nganh uy tin (SCIE/Q2).

- NCS 14 tc gi chinh bao gdm:

+03 Ky yéu héi thio quc té (Scopus-Q4)

+01 Tap chi qudc té SCIE-Q1 (IEEE Access-2026)

+01 Tap chi québc té Scopus-Q3 (Bulletin of Electrical Engineering and Informatics-2026)

+ 01 Tap chi quéc té Scopus-Q2 (J Robot Control (JRC)-2025)
+ 02 Tap chi qubc t& SCIE-Q2 (Transactions of the Institute of Measurement and Control
-2026; International Journal of Control, Automation, and Systems-2026)

- NCS 1 ddng téc gia bao gbm:
+ 01 bai bao ding trén tap chi qucnc té SCIE-Q2 (Int. J. Control Autom. System - 2025)

Céc két qua cong b6 néu trén cho thdy nghién ciru di dap tmg duoc céc yéu ciu vé cong
bb khoa hoc theo quy dinh hién hanh.

8. Két luan chung
Luén 4n dép ng yéu chu dbi véi mot luan an tién singanh Ky thuat didu khién va ty dong
hoa. Pdng ¥ dé nghi nghién ot sinh HO S§ Phuong duge bao vé lugn an trude Hoi dong
dénh gi4 ludn an tién si cAp Hoc vién.
Haé néi, ngdy 10 thang 09 nam 2026
Ngudi nhan xét

{C‘LL(LL(_
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CONG HOA XA HQI CHU NGHIA VIET NAM
DPoc lap - Ty do - Hanh phiic

BAN NHAN XET LUAN AN TIEN Si
(Chp Hoc vién)

Tén dé tai: Nghién ctru xdy dung b quan sit 18i va bd diéu khién chju 18i cho robot di
ddng non-holonomic.
Neganh: Ky thuft diu khién va ty dong hoa Ma sb: 952 02 16
Nghién ctru sinh: Hd S§ Phwong
Ngudi huéng dén 1: TS. Ngé Manh Tién
Ngudi huéng dan 2: TS. Ngb Duy Tén

Negudi nhén xét: TS. Bii Thi Thanh Quyén

Co quan cong tac ciia ngudi nhan xét: Vién Cong nghé thong tin, Vién HL
KH&CN VN

NOI DUNG NHAN XET

1. Y nghia khoa hoc va thye tién cita dé tai lufn dn

Véi bai toan bam quy dao cho trude, thiét k& céc bd diéu khién cho robot di dong
non-holonomic (NWMR) dé c6 kha nang bam quy dao chinh xac va dam bao on dinh
vAn lubn c6 nhiing thach thirc do ludn tdn tai nhiéu, bt dinh m6 hinh, 15i co céu chﬁp
hanh, treot banh xe, v.v. Luén 4n tip trung vao vige xdy dung bo quan sat 181 va dé xudt
céc bd didu khién chiu 18i cho robot di dong non-holonomic nhim dam bao robot duy
ri duoc &n dinh va hiéu qua bdm quy dao khi ton tai 18i co cdu chép hanh.

Piy la nhitng nghién ctru ¢6 ¥ nghia khoa hoc, bd sung 1am rd c& c& ly thuyét cho
bai todn quan sét va didu khién chiu 16i cho NWMR. Nghién ciru cling c6 khd ning (mg
dung thuc tién, gop phén nang cao d9 tin cdy, tinh tu chl v hiéu qua van hanh robot di
dong trong linh vyrc didu khién bam quy dao.

2. Sw hop Iy va d§ tin cly ciia cic phwong phip nghién ciru

Phuong phap nghién ciru két hop gitta phan tich ly thuyét, md phong st dung
Matlab/Simulink nhim x4y dung, kiém chimg va danh gia hiéu qua ctia h¢ thdng quan
sat va diéu khién chiju 1861 cho NWMR.

C4c phuong phap di sir dung trong lugn an dé nghién ciru c6 tinh logic, hop ly va
khé tin céy.

3. Panh gis cdc két qua dat dwgc, ndu nhimg déng gbp mdi va gia trj ciia cic déng

gop do:
1



K&t qua nghién cfru méi ciia tac gia nhu sau:

+ P& xufit bd quan sat 151 va kién triic didu khién chju 16i hai vong, cho phép wéc lugng-
bu 18i hidu qua va dam bao 6n dinh, bim qu§f dao trong diéu kién c6 18i co cdu chép
hanh, :

+ D& xuét thuat toan didu khién chiju 15i cho NWMR dua trén diéu khién trugt toan cuc
két hop bo quan sat nhiéu va rang buge hiéu ning dinh trude.

Luéin én ciing di trinh bay chi tiét cic két qua md phdng st dung Matlab/Simulink, két
qua thwe nghiém st dung bd diéu khién FBO_SMCESO ({rinh bay trong Chuong 3) cho
robot bAm qu§ dao hinh tron (Phu luc 5-8).

Day 12 nhimg déng gbp méi va gid tri cho linh vuc didu khién robot di dong non-
holonomic bam qu¥ dao.

4. Nhitng wu diém va thiéu sot, nhiing diém cin dwge bd sung va sira chira

Lufn 4n chia lam 04 chuong va Phuy luc trong dé:

Chuong 1: Téng quan v& quan sat trang théi, phéat hién 18i va DK chju 18i cho robt di

dong non-holonomic (18 trang).

Chuong 2: Phét trién bd quan st va phét hién 18i co c4u chép hanh cho NWMR (24

trang).

Chuong 3: Kién trac diéu khién chiju 13i phén tAng dira trén bd quan sat cho NWMR

(37 trang).

Chuong 4: Didu khién chiu 18i v6i rang bude hidu ning cho NWMR (18 trang)

Céc dong gbp chinh ciia luén 4n trinh bay & Chuong 2, 3, 4.
Uu diém:

Nhin chung luén 4n 1a céng trinh khoa hoc nghiém ttic, c6 y nghia khoa hoc va kha
ning (ing dung thyc tién. C4c déng gép cua ludn 4n dugc cong bd trong cac tap chi/ky
yéu hoi thao chuyén nganh ¢6 uy tin. Tém tit luin 4n phan 4nh diy db, trung thuc céc
két qua nghién ctru ctia ludn 4n.

+ B4 cuc, ndi dung luin 4n vé co ban hop 1y, logic, mach lac. Muc tiéu, d6i tugng, pham
vi nghién ciru khé rd rang.

+Nbi dung nghién ciru dugc trién khai trong ddi hé théng, tir tong quan 1y thuyét, @&
xuét thudt todn, phén tich tinh én dinh ctia hé théng bing phuong phép Lyapunov, dén
mé phéng kiém chimg va d4nh gi4.

Mt s6 ¥ kién chinh sira, bd sung luéin 4n;

- Mot s6 hinh nén dwoc Viét héa: Hinh 2.1, Hinh 2.2, Hinh 3.1.

- L&i danh may: trang 53, dong 4 tir dudi 1én.

- Cau chir ling cling: trang 8, dong 18-19 tir trén xudng.

| 2



Ti/cum tir nén ding théng nhét xuyén subt luan an: Trang 81, 83: 18i co cdu chdp
hanh, 15i ciia bd truyén dong.

Céc thong s6 md hinh robot st dung trong mod phong, néu dugc tham khao & tai
liéu khac thi nén trich dan Ref. ddy du.

Nén giai thich ngay khi bién/ham xudt hién 14n dau tién: H(e") xuét hién & trang
96, sang giia trang 97 mdi gidi thich H, &”.

Mot s6 tai liéu tham khao quéc té gin giai doan 2025-2026 nén dugc cp nhét
thém (Ref. nim 2025-2026 hién kha it).

Muc 3.1.3 M0 phong va déanh gia cho 03 b diéu khién: PID, iPID khong c6 FO
vd MFC-iPID (Bang 3.1), tuy nhién chi thich trong Hinh 3.3 - 3.8 chua dbng
nhét véi tén cac b DK: iPID without FO, PID FO, MFC-iPID FO, PID without
FO, Proposed giy khé theo ddi. Tuong ty cho Hinh 3.20-3.26.

Trang 58, dong 3 tir trén xuéng: “Trong kich béan tht hai, 1i co cAu chap hanh
duoc dua vio hé théng tai thoi diém t = 8s....dong thoi cac tham sb cuia robot
nhur khéi lwgng m va mé men quan tinh / ciing thay ddi 10% theo thoi gian”.

Cum tir “thay ddi 10% theo thoi gian” chua thyc sy rd nghfa, khd mo ho. Hay
1am rd thém cum tir ndy trong phin mé phéng v6i time = 25s va chinh lai rd nghia
hon.

Trang 60, NCS viét “Hinh 3.8 minh hoa vai trd clia b§ quan sat 16i..., v6i thoi
diém phat hién 13i vio khoéng 8,007 s tuong ting véi do tré phat hién khoéng
0,007 s”. Tuy nhién dwa vao Hinh 3.8 rt kh6 dé nhan ra 13i co ciu chép hanh
dura vao tai thoi didm 8s va 8,007 s thi phat hi¢n ra 18i. Can dua ra minh chimg
cu thé, truc quan hon.

Trang 71, phin giéi thich v& cac Hinh nhung ¢6 d& cép thém céc thong so trong
Béng 3.3 va 3.4 thi cin chi gii r& théng s6 d6 xem trong bang nao. Vi du: “...,
thé hién qua chi s6 ISE (2.13 so v6i 2.21 clia B-SMC)”, théng 6 2.13 va2.21 &
Bang nao?

Trang 72: Dong 3-8 tir trén xudng;: thyc té rit kho dé nhin ra “déc biét 1a trén
doan cong trong khoéng 20-25 gidy khi xay ra 16i co cAu chdp hanh”, “d9 1&ch
ngang cyc dai luén nhé hon 0.1 m” => chinh stra lai cho hop ly.

Nhin chung, céc ndi dung cin chinh stra chit yéu mang tinh hoan thién va nang cao chat
lwong trinh bay, khong anh huéng dén céc két qua khoa hoc chinh ctia lufn an.

Céu héi trao doi:

1) Cécham l4p lich dugc chon trong (2.38) ¢6 dugc tham khéo ¢ tai liu nao khong?

Néu khong thi Iy do tai sao chon nhu viy?

5. Panh gi4 vé sy triing lip ciia lufn 4n so véi cic d6 4n, lufn viin hay cong trinh
khoa hoc di cong bo trong va ngodi nwée
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Theo hiéu biét ciia ngudi nhin xét, hién két quéa cta lufin in khong tring 13p véi
céc ludn 4n, ludn van hay c6ng trinh khoa hoc da cong bo trong va ngoai nude.

6. Nhin xét vé chét Iwgng cic bai bdo khoa hoc a4 dwge cong bb va khing dinh céc
bai bio @6 chira dung ndi dung chii yéu ciia lufn 4n
Nghién ciru sinh ¢6 09 cong trinh khoa hoc ¢6 lién quan dén luan an, trong d6:

+ 04 cbng trinh céng bd trén tap chi SCIE (IEEE Access; Int. Journal of Control,
Automation, and Systems; Trans. of the Institute of Measurement and Control),

+ 02 cong trinh cong bd trén tap chi SCOPUS (Bulletin of Electrical Engineering and
Informatics, Journal of Robotics and Control),

+ 03 cdng trinh cong bb & hdi thao/hdi nghi qudc té.

Nhin chung, céc bai bdo khoa hoc di cong b c6 chét lugng tot, phi hop chuyén
nganh dao tao va co ban chira dyng cic ndi dung nghién ciru chit yéu cia luan an. Cée
cong bb thé hién nghién ctu sinh c6 khi niang nghién ctru dfe 13p, tiép cén dugc chudn
cong bb qubc té va dap tmg yéu cAu dbi voi luan 4n tién sT chuyén nganh Ky thuit Diéu
khién va Ty dong héa.

7. Tinh trung thye trong viée trich dén céc cong trinh di dwge NCS cong b6 trong
va ngodi nwdc, tai li¢u tham khao
| Céc két qua nghién ctru cta ludn an déd duge trich dan trung thuc trong céc cong
trinh céng bé.

$6 lugng tai lidu tham khéo trong ludn 4n 13 84. Trich dén tai ligu tham khao dugc
thuc hién mét cdch kha rd rang, ddy dii va cip nhat.
8. Két luan

- Luin 4n dép tmg dugc cée yéu cAu vé ndi dung va hinh thire d6i véi mot luén dn
tién si, nganh K§ thuat diéu khién va tw dong hoéa. |

- Pdng ¥ cho NCS dugc bao vé tai Hi ddng chim luén 4n cép Hoc vién.

Ha N6i, ngay 04 thang 09 néim 2026

Nguwdinhdn xét

TS. Buii Thi Thanh Quyén



CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phiic

BAN NHAN XET LUAN AN TIEN Si
CAP HQC VIEN

Tén d tai: Nghién ctru xay dung bd quan sét 16i va bo didu khién chiu 15i cho robot di dong
non-holonomic
Nganh: Ky thudt diéu khién va ty dong héa M s6: 95202 16
Tén nghién ciru sinh: Hé Sy Phwong
Ngudi hwéng din:
1. TS. Ngd Manh Tién — Vién Vat ly, Vién Han lam Khoa hoc va Cong nghé Viét

Nam
2. TS.Ngo6 Duy Tan— Trung tdm Vil tru Viét Nam, Vién Han 1dm Khoa hoc va Cong
nghé Viét Nam

Nguwdi nhédn xét: TS. D4 Quang Hiép
Co quan cong tic: Truong Dai hoc Kinh té - K§ thudt Cong nghiép
NOI DUNG NHAN XET
1. Tinh can thiét, thoi sy, ¥ nghia khoa hoe va thue tién ciia dé tai ludn 4n

Ngay nay, Robot dang 1a xu huéng phét trién manh mé va tng dung trong héu hét céc
linh vue. Trong d6, Robot di dong non-holonomic 1a ddi twong dwoc nghién ctru va tmg dung
rong rii trong cac hé théng tur hanh, van chuyén théng minh, logistics va robot dich vu. Khi
yéu ciu vé mirc dd tur dong héa va dd tin cly ngay cang cao, viée dém bao kha niing lam vige
ciia robot trong diéu kién ¢d nhidu, bit dinh va suy gidm hiéu lyc co cAu chip hanh trd thanh
mdt ndi dung co y nghia thue tién,

Cé thé thiy viéc robot gip 18i trong qua trinh hoat dfng 1a rat pho bién, dic biét 16i co
céu chép hanh cé anh huéng truc tiép dén van tc va kha nang diéu hudng cua robot. Néu
khéng duoe phét hién va b thich hgp, 16i ¢6 thé 1am giam chét lrong bam quy dao, téng sai
56 va anh hudng dén do &n dinh cta hé thong. Do 6, viée két hop quan sat 181 véi diéu khien
chiu 13i 18i cho robot di ddng non-holonomic la mot hwéng nghién ctru phi hop véi yéu cau
phét trién cdc hé théng robot c6 tinh tw chu va d§ tin cdy cao.

Lu4n 4n d4 lya chon vAn d& nghién ctru c6 tinh thoi sw, phu hop v6i nganh K¥ thudt
didu khién va tu dong hoa. K&t qua nghién ctru cta ludn dn c6 y nghia c4 vé phuong phap
ludn didu khién va kha ning phét trién tmg dung trén cac nén tang robot di déng thue té.



2. Sw khong tring lip cia dé tai nghién ciru so véi cdc cdng trinh, lufn an da cong bé &
trong va ngoai nwée; tinh trung thye, rd rang va ddy da trong trich din tai li¢u tham
khao

Lufn 4n di tong hgp va phan tich kha day da cac nhém phlr(mg phép lién quan dén
didu khién robot di ddng, quan sat trang thai, quan sat 151, didu khién chiu 13i va diéu khién
phi tuyén.

Nghién cfru sinh dé xac dinh dugc hudng nghlen otru doc l4p, tip trung vao vige khal
théc thong tin 16i co cAu chép hanh trong thiét ké bp didu khién, dong thdi phat trién céc cdu
tric didu khién - quan s4t c6 kha ning xir 1y dbdng thoi 161, nhiéu va bat dinh cho thiy khong
triung lap vé ni dung tdng thé va cic két qua chinh ciia luén 4n VUl céc cong trinh da cong bd
duge trich dén. CAc cong trinh khoa hoc clia nghién ctru sinh 06 méi lién hé chiit ché véi timg

néi dung nghién ctru duge trinh bay trong luén an.
Heé théng tai liéu tham khao dép tmg yéu cAu cia mot ludn 4n tién si. Tai liéu tham

khao dugc trich din rd rang. Ngh1en ctru sinh nén ra soat k¥ vé dinh dang tai liéu tham khao
va su théng nhét trong céch viét tén tap chi, hdi nghi, DOI va céc thudt nglr chuyén nganh

trée khi hoan thién ban hru chidu.
3. Su phit hop giita tén dé tai véi ndi dung, giika ndi dung véi nganh va ma 36

Tén dé tai phan 4nh dung noi dung nghién ciru cua ludn an. Péi tugng chinh 14 robot
di dong non-holonomic; cac van dé c6t 16 12 xdy dung b quan sét 151 va phat trién cac chién
luge didu khién chiu 16i.

Luin 4n dugc trinh bay logic tir viéc md hinh hoa, quan sat trang thai va 16i, phén tich
&n dinh, thiét ké diéu khién bam quy dao, didu khién tru'ort, didu khién thich nghi, didu khién
phi mo hinh va didu khién voi hiéu ning dmh truée cho thdy cdc ndi dung pht hop véi nganh
Ky thudt diéu khién va tu d6ng hoa va ma s6 dao tao.

4. Db tin cdy va tinh hi¢n dai cia phwong phap da sit dung dé nghién ciru

Luén an str dung phuo*ng phap nghlen ctru phu hop, ket hop gitta mé hinh héa todn
hoc, thlet ké bd quan sat, tong hop lujt diéu khién, phén tich én dinh va kiém ching bing md
phong sb.

Nghién ctru sinh da khai thac nhidu k¥ thut didu khién hién dai nhu bo quan sat trang
thai m& rong, b quan sat do lgi cao, b quan sat 18i, b quan sat nhiu, diéu khién truot, diéu
khién thich nghi va diéu khién véi hiéu ning dinh trudc. Cac phwong phép nay duge tich hop
theo timng cAu triic cu thé thay vi chi dugc trinh bay riéng 1e.

Ngudi nhan xét ghi nhén luén 4n cia NCS Hb Sy Phuong c6 su: phat trién theo mirc

do phire tap cua bai todn. Tl vige nghlcn clru quan sat va bu 18i co cAu chip hanh, lugn an
chuyén sang cac chu tric didu khién hai vong, sau d6 xem xét thém anh hudng cia nhiéu,

trwot banh va thay doi vi tri trong tam.
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Céc két qua danh gié tinh 0 én dinh va hoi tu clia céc thuft todn chinh duge phén tich
bing phwong phap Lyapunov. Higu qua clia cac phudng phéap duoc kiém chimng qua céc kich
ban mo phémg va chc chi tiéu dinh lwong. Mét s6 thuat toan dd duge nghién ciru sinh trién
khai budc dau trén md hinh robot thye cho thdy cach tiép cn nghién ctru phii hgp véi doi

tugng va dam bao df tin cdy cén thiét.

5. Két qua nghién citu méi cia tic gid
Chc két qui méi chinh ctia ludn 4n c6 thé duge nhin nhin & hai ndi dung:

1) Ludn 4n d& xut bd didu khién chiu 16i hai vong sir dung bd quan sat 11 cho phep
wée lugng - bi 16i hidu quéa va dam bao on dinh, bAm quy dao trong didu kién c6 18i co ciu
chip hanh.

2) Luén an d& xut thuat toan diéu khién chiu 16i dua trén didu khién truot toan cyc két
hop bd quan sit nhidu va rang bugc hi¢u ning dinh trudc.

Ngudi nhén xét danh gia cée két qua dat duge ¢6 tinh méi va dép ling yéu cau ddi véi
mét ludn 4n tién s nganh K§ thudt diéu khién v tw dong héa.

6. Un didm va nhuge diém vé ndi dung, két chu va hinh thirc ciia ludn an

Luan 4n c6 ndi dung nghién ciru twong déi phong pht nhung van duy tri duge mgt chu
d& xuyén sudt la quan sét va didu khién chju 16i cho NWMR.

Bo cuc cic chwong hop Iy. Chuong 1 x4c dinh vén de ngh1cn ctru; Chwong 2 xay dung

co ¢ vé mo hinh va b quan sat Chuong 3 phat trién céc céu tric didu khién chiu 16i; Chuong
4 tiép tuc ning cao yéu cAu vé do bén viing va hidu ning cia hé théng.

Céc thuat toan chinh déu c6 phan tich 1y thuyét va kiém ching. Céc két qua so sanh
dinh legng duge sir dung twong dbi tbt dé danh gia hiéu qua ctia phwong phép d& xudt.

Mét s6 ¥ kién d& nghi nghién ctru sinh luu y khi hoan thién

1) Pé nang cao kha nang tai lap céc két qua nghién ciru, nghién ciru sinh nén ra soat
viéc trinh bay cac diéu kién md phong va thye nghiém, dic biét 1a gia tri ban dAu, tham s6 bd
diéu khién va bd quan sét, thm diém xudt hién 16i, bmn d6 151 va céc didu kién nhiéu.

2) Nghién ctru sinh cin ra soét, chinh sira mdt s6 15i soan thao nhur ky hiéu, don vj, tén
hinh, tén bang va thuat ngi tiéng Anh trude khi hoan thién ban luén an luu chiéu.

Céc v kién trén chi yéu nhdm ning cao tinh rd rang va chét luong trinh bay ctia luén
an, khong anh huong dén céc két qua va dong gop khoa hoc chinh.
7. N§i dung lufn dn di dwge cong bo trén tap chi, ky yéu hdi nghi khoa hoc nao va gia
trj khoa hoe ciia cic cong trinh da cdng bo

Theo danh muc cong trinh khoa hoc lién quan dén luan an, nghlen ciru sinh ¢6 09 cong

trinh khoa hoc diing trén tap chi va hdi nghi qudc t& 6 uy tin, bao gom 04 cdng trinh cong bd
trén tap chi SCIE (IEEE Access; Int. Journal of Control, Automation, and Systems; Trans. of



the Institute of Measurement and Control), 02 cong trinh cong bé trén tap chi SCOPUS
(Bulletin of Electrical Engineering and Informatms Journal of Robotics and Control) va 03

cong trinh cong bd & hgi thao/hgi nghi quéc té.
Céc cbng trinh bao quat céc ndi dung nhu quan sét va bi 18i co cdu chap hanh, diéu
khién bam quy dao chiu 181, didu khién truot dua trén bd quan sat, didu khién phi mé hinh,

kién tric didu khién lai va didu khién chju 16i v6i hiéu nang dinh trude thé hién su phi hop
voi cac ndi dung ctia ludn an, cho thdy qu4 trinh nghién ctru clia nghién ctu sinh dugc thuc

hién nghiém tlc, lién tuc va tin cay.
8. Két ludn chung

Ludn 4n “Nghién ctru xfy dyng bd quan st 16i va by didu khién chiu 15i cho robot di
dong non-holonomic™ 1a mot cong trinh nghién ctru duge thue hién nghiém tie, c6 ndi dung
phtt hop véi nganh Ky thuat didu khién va tu dong héa va ma s6 nganh.

Céc két qua chinh ciia lufn 4n tap trung vao kién triic didu khién chiu 181 hai vong dya
trén bd quan sat va phuong phéap didu khién trugt chiu 18i két hop quan sat nhiéu v6i ring
budc hiéu niang dinh trucrc la cé cosaly thuyet duoc phan tich 6n dinh va kiém chiing théng
qua mo phong; mot s6 thufit toan di duge trién khai bude dau trén mo hinh thyc.

Ban tom tat ludn 4n v& co ban phan anh trung thanh céc nfi dung va két qua nghién
ctru chinh.

T6i danh gia ludn an dép Gmg yéu cAu d6i v6i mot ludn 4n tién sTnganh K thuft diéu
khién va tir d6ng hoa va dong v dé nghl cho nghlen ctru sinh H S§ Phuong dugc béo vé ludn
4n trude Hoi ddng danh gia ludn an tién si cAp Hoc vién @& xem xét cong nhan hoc vi Tién s,

Ha Néi, ngay 04 thdng 09 ndam 2026
Ngwdi nhan xét

TS. Pé Quang Hiép



CONG HOA XA HQI CHU NGHIA VIET NAM
Péc lip - Ty do - Hanh phac

" BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai: Nghién ctu xdy dung bd quan sat 13i va bo diéu khién chiu 16i cho robot
di dong non-holonomic
Nganh: Ky thuat diéu khién va ty dong hoa Mi s: 95202 16
Tén nghién ciru sinh: H6 S§ Phuong
Ngwdi hwomg din:
|. TS. Ngb Manh Tién — Vién Vit ly, vién Han ldm khoa hoc va Cong ngh¢
Viét Nam
2. TS. Ngb Duy Tan — Trung tam Vi tru Vit Nam, vién Han 1am khoa hoc
va Cong nghé Viet Nam
Ngwdi nhin xét: PGS.TS. Hoang Van Xiem
Co quan cong tac: Truong Dai hoc Cong nghé, Dai hoc Quéc gia Ha Noi

NOI DUNG NHAN XET

1. Tinh cin thiét, thori s, § nghia khoa hoc va thyc tién ciia d@ tai ludn dn

Dé tai nghién clru didu khién chiu 16i cho robot di dong non-holonomic ¢ tinh thon sur
va y nghia 8 rang. Trong cac hé robot tir hanh, 18i co cau chép hanh, truot banh, nhiéu va
bét dinh mé hinh ¢6 thé lam suy giam trie tiép do chinh xac bam quy dao va do tin cay van
hanh. Viéc xdy dung bo quan sat dé ude luong 161, két hop véi bo diéu khién 6 kha nang
bu 18i chii dong, vi vdy co y nghia ca vé 1y thuyét diéu khién phi tuyén va kha nang ng
dung cho AGV/robot dich vu, robot van chuyén trong cong nghiép.

Luén an lua chon bai toan c6 gia tri thuc tién, tap trung vao robot hai banh chu dong
va 13i co chu chép hanh. Céc két qua vé kién trie diéu khién hai vong duya trén bé quan sat
va didu khién truot c6 rang budc hiéu nang dinh trude oo thé 1am co s& cho cac nghién cliu

tiép theo vé hé robot c6 d tin cdy cao.



2. Sw khéng trung lidp cua dé tai nghién ciru so voi cic cong trinh, ludn &n di cong bé
& trong va ngoai nudc; tinh trung thye, rd rang va diy di trong trich dén tai lidu
tham khao

Ludn 4n ¢ phan tong quan tuong d6i hé théng vé diéu khién bam quy dao, quan sat
trang thai, phat hién 161 va didu khién chiu 13 cho NWMR,; @4 doi chiéu cac nhém phuong
phép lién quan va xac dinh khoang tréng nghién ctru. Cac ndi dung d xuat duge gan véi
cac cong trinh da cong bé clia nghién ciru sinh. Qua ndi dung luén an va danh muc tai ligu
tham khio, toi chua thy du hiéu cho thdy @ tai tring 1p hoan toan v&1 mt cong trinh
da cdng bo.

Tai liéu tham khao kha phong pht, ¢6 cap nhat cac nghién clu gan diy. Tuy nhién,
nghién ciru sinh cAn tiép tuc ra soat tinh théng nhat ctia théng tin thu muc, DOL tén thuat
toan va cach ghi nguén hinh; dac biét mot s6 hinh sir dung cha thich ngudn con chung
chung nhu “[Internet]”, chua phu hop véi céch trich dan hoce thuat.

3. Sy phii hop giira tén dé tai véi ni dung, giira ndi dung v6i nganh v mé sb

Tén dé tai phan anh ding dbi tuong va hai nhém ndi dung trong tam cua ludn an: xay

dung bé quan sat 16i va phat trién bé diéu khién chiu 161 cho robot di déng non-holonomic.

No6i dung nghién ctu thude linh vuce diéu khién phi tuyén, quan sat trang thai, phat hién 101
va didu khién robot, phit hop véi nganh K thuat diéu khién va tur déng hoa, ma s695202
16.

4, PG tin ciy va tinh hién dai ciia phwong phap di su dyng dé nghién citu

Luan an stt dung cac phuong phép c6 co so ly thuyét rd rang trong » diéu khién phi tuyén
va diéu khién chiu 16i nhu bd quan sat 15i, bo quan sat trang thai m& rong, bé quan sat
nhidu, diéu khién truot, didu khién thich nghi, i-PID/MFC va didu khién hiéu nang dinh
truge. Tinh én dinh va hoi tu cua cac cAu trac chinh dugc phén tich bang phuong phap
Lyapunov; céc thudt toan duoc kiém chimg bang md phong MATLAB/Simulink va co so0
sanh dinh luong théng qua cac chi tiéu MSE. MAE, RMSE, IAE, ISE.

‘Cach tiép cén la hién dai va phu hop v&i bai toan. Tuy vdy, dd tin cdy thuc nghiém
hién chil yéu dua trén md phong; phén két luan cling thua nhédn chi mot 56 thuat toan cua
Chuong 3 mdi duogc danh gia budc dAu trén robot thue. Vi véy, cac n hén dinh vé kha ning

trien khai thue té nén duoc dién dat than trong va can duge cing co thém béno thue nghiém

ddng bé.



Lad

5. Két qua nghién ciu méi cia tac gia

Hai dong gop chinh dugce ludn an xac dinh nhin chung pht hop vé1 né1 dung da thuc
hién:

1) Pé xuét kién trac didu khién chiu 161 hai vong dua trén bé quan sat, cho phép khai

thac théng tin ude luong 16i/nhidu dé b 161 va duy tri kha ning bam quy dao trong

diéu kién c6 151 co cdu chép hanh.

2) Pé xuat thuat toan diéu khién chiu 161 dua trén diéu khién trugt toan cuc két hop bo

quan sat nhiéu cai tién va rang budc hiéu nang dinh trudc, nham kiém soat déng thoi

téc dd hoi tu va hanh vi qua do cha sai s6 bam,

Cac két qua mod phéng cho thiy cac cau tric dé xudt cai thién chat lugng bam so véi
che bo diéu khién dbi chimg duge lua chon, Ching han, véi kién tric FBO-SMCESO, céc
chi s& sai s téng duoc bao co giam dang ke so véi SMC va FSMC; véi GISMC két hop
IDO, sai s6 dugc duy tri trong mién hiéu ning dinh trrdc va kha ning phuc héi khi c6 16i
duoc cai thién. Tai danh gia cac déng gop nay cé y nghia khoa hoc va dap tung yéu céu cua
mot ludn an tién si, v&i diéu kién cAc gidi han va gid thiét ciia phuong phap duoc trinh bay
rd rang.

6. Un diém va nhwgc diém vé nfi dung, két cau va hinh thirc ciia lufin &n

V& wu diém, ludn 4n cé bd cuc tuong ddi logic: Chuong 1 x4c dinh khoéng trong
nghién ctru; Chuong 2 xdy dung mé hinh va cic b quan sat, Chuong 3 phat trién céc kién
tric diéu khién chiu 131 dua trén quan sat, Chuong 4 tap trung vao diéu khién truot toan
cuc véi rang bude hiéu nang. Cac két qua ly thuyét duge gan véi md phong va nhiéu ndi
dung di dugc cong bé trén cac tap chi/hoi nghi quéc té. '

‘Maét s6 han ché vé ndi dung can nghién chu sinh lam 16 hoéc luu ¥ khi hoan thién:

- Cin lam & chinh x4c thuat toan nao d duoc thir nghiém trén robot thue, diéu kién

thi nghiém, phén cimg va mic do tuong ddng gifta mo hinh mé phéng vai hé thuc;

déng thoi nén coi déy la gi¢1 han quan trong cta ludn an.

- Ranh gidi gitta “161 co cAu chap hanh” va “nhidu/bét dinh gop” chua pha1 lte nao

cling that ro. O t'mg déng hoc luan an hudng ta1 tai tao 161 tuong minh, nhung & md

hinh déng luc hoe anh hudéng cua 161 lai duge gdp cung nhidu va bt dinh. Can giai

thich & diéu kién nhan dang/kha quan sat dé co thé phan biét 161 voi nhiéu, va y nghia

vét Iy cia dai lwong dugc ude lugng ¢ timg tang.
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- M6t s két qua phu thude vao céc gi thiét nhw 11 bién thién cham, nhiéu va dao ham
nhidu bi chin, didu kién tron ciia mé hinh va lua chon d6 loi quan sat. Ludn an nén
thao ludn r6 hon do nhay déi v6i cac tham sé ndy, dic biét khi ¢6 nhiéu do, tré tinh
toan, bdo hoa co ciu chép hanh hodc 161 thay d6i nhanh,

- Cac phuong phap so sanh trong md phong chu yéu la PID/iPID, SMC, FSMC,
ASMC, SMC-IDO. Pé lam néi bat hon tinh mai, nén thao luén k§ hon tinh cong bing
ctia vide chinh tham sé, chi phi tinh toan/tin hidu diéu khién va méi quan hé véi cac
phuong phap FTC dua trén quan sat gan day c6 muc tiéu tuong tu.

- Chuong 3 bao gdém nhiéu chu tric didu khién khac nhau; cin lam ndi bt hon moi
lién hé gilia cac céu tric nay va hai déng gép chinh dugc tuyén bé, tranh cam giac tap

hop nhiéu thuat toan riéng lé.

V¢ hinh thic trinh bay, luin 4n can dugc ra soat k¥:

- Co mdt s6 16i/khong théng nhét vé thudt ngit va chinh ta: “NWNR/NWMR™, “quan
sat/quan sat”, “qui/quy”, “chudn doan/chén doan”; cac cum tiéng Anh nhu “Teminal”,
“Improver Fautls”, “Non-hoholomic™, “Unknow” cAn stra va chuan hoa.

_ Tén viét tht va tén phuong phap chua hoan toan théng nhét gilta danh muc bang, ndi
dung va hinh, vi du FBO-SMCPI/FBO-SMCESO; can ra soat lai toan bd ky hiéu va
tén thudt toan.

- Danh muc bang/hinh va danh s& cin kiém tra lai. Trong ndi dung xuat hién Bang
3.10 nhung danh myc bang & dAu ludn 4n chua thé hién day du;, mot sé tén bang/hinh
va cach dung tiéng Viét - tiéng Anh chua ddng nhat.

_ CAn chudn héa don vi va ky hiéu (kg, kg'm? N-m, Q...), dinh dang DOV/tén tap ch,
cach viét “non-holonomic”, “fault-tolerant”, dau céu va khoang tréng quanh cong thirc.

Cac gbop v trén chu yéu nham lam & pham vi ap dung va hoan thién céch trinh bay,

khong lam thay doi céc ket qua chinh cia luan an.

7. N§i dung luin 4n di dugc cong b trén tap chi, ky yéu hji nghj khoa hoc nao va

gid tri khoa hoc ciia cic cong trinh da cong bo

Theo danh muc cong trinh lién quan, nghién ctu sinh c6 09 cong trinh gan véi huong

nghién ctru ctia udn an, bao obm cac bai hoi nghi quoc t€ va cac bai tap chi duoc chi muc
Scopus/SCIE. Trong do ¢ cbng trinh trén [EEE Access duoc luén an ghi nhén SCIE-Q1;

céc cong trinh trén Transactions of the Institute of Measurement and Control, [nternational




Journal of Control, Automation, and Systems va International Journal of Control,
Automation and Systems duoc ghi nhian & nhom SCIE-Q2; cing céc cdng trinh Scopus
Q2-Q4 va hdi nghi quée té, Khéi luong cdng bd 14 t6t va cho thdy cac két qué chinh da
duge phan bién, cong bo timg phan.

Nghién cltu sinh cAn ra soat lai su théng nhat gitta danh muc céng trinh & cudi luan an
va céc cong trinh duoc dan tai ting chuong (ma CT, thit tu tac gia, DOL, tinh trang xXuat

bén, phan hang tap chi tai thai diém cong bd) dé tranh sai khac théng tin.

8. Két ludn chung

Luan an duoe thuc hién cong phu, ¢é ndi dung phi hop véi chuyén nganh K¥ thuat
didu khién va ty dong héa, c6 co s& Iy thuyét, két qua md phong va hé théng céng bd lién
quan tuong ddi tbt Hai déng gép chinh ¢6 ¥ nghia trong hudng diéu khién chiu 161 dua
trén quan sat cho robot di déng non-holonomic. Nhiing han ché néu trén chi yéu lién quan
dén mue d6 kiém chime thuc nghiém, viéc 1am & pham vi/gia thiét ctia phuong phap va
chuén héa hinh thirc trinh bay.

Téi danh gia ludn an dap (ng yéu cau doi voi mot luan én tién s nganh K§ thuét diéu
khién va tu dong héa, Téi dong y dé nghi cho nghién cau sinh H4 S§ Phuong duoc bao vé
ludn an trude Hoi ddng danh gid luan 4n tién sTclp Hoc vién dé xem xét cong nhan hoc vi
Tién si

Ha Ngi, ngay  thing 09 nidm 2026
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Ngudi nhan xét

PGS.TS. Hoang Vin Xiém
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Tén dé tai: Nghién citu xdy dung bp quan sit 16i va b didu khién chiu 16i cho
robot di dpng non-holonomic
Nganh: K§ thuat diéu khién va tr dong héa M4 s6: 952 02 16
Tén nghién citu sinh: H6 S§ Phuong
Ngwoi hwéong dan:
1. TS. Ngé Manh Tién — Vién Vat 1y, vién Han 1am khoa hoc va Cong nghé

Viét Nam
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va Cong nghé Viét Nam

Ngudi nhén xét: PGS.TS. Nguyén Quang Vinh
Co quan cong tac: Vién Khoa hoc va Cong nghé Quéan sur

NQI DUNG NHAN XET

1. Tinh cin thiét, thoi s, y nghia khoa hoc va thue tién ciia dé tai lugn dn

Su gia tdng nhanh chéng céc tmg dyng cua robot di dong ty hanh trong céng
nghiép, logistics, y té va qudc phong ddi héi cac hé théng ndy phai hoat déng véi
do tin cdy va tinh ty chu cao. Tuy nhién, trong thye t& van hanh, robot thuong
xuyén chiu tédc dong ctia nhiu, bit dinh mé hinh va dic biét 1a céc 18i co cdu chip
hanh — nguyén nhan tryc tiép lam sai 1éch vén téc va qui dao chuyén dong. Néu
khéng duge phat hién va xt 1y kip thot, cdc 18i niy c6 thé gdy suy giam nghidm
trong hiéu ning, thAm chi din dén mit 6n dinh hé théng. Trong khi d6, nhidu
phuong phép hién c6 chua xir 1y triét dé loai 156i nay hodc chira tich hgp hiéu qua
gitta quan sét va diéu khién. Do d6, viéc nghién ciru céc phuong phép quan sat 18
va diéu khién chju 13i cho robot tw hanh 1a yéu ciu cép thidt, c6 ¥ nghia ca vé ly

thuyét va tmg dung.
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Lu#n 4n gép phin bb sung va phat trién 1y thuyét diéu khién cho cac hé phi tuyén -
cd rang budc non-holonomic, thong qua viéc xay dung mo hinh dong hoc md rong
b xét @én 18i co ciu chip hanh va nhidu chua biét. Trén co s& d6, cdc bd quan sat
phi tuyén duoc nghién ciru va cai tién nham néng cao kha ning wéc lugng trang
thai va tai tao 15i v6i d6 chinh xéc va tbe do hdi tu cao. Pdng thdi, lufin an dé xudt
kién trac tich hop gilta bd quan sat va bd diéu khién chiu 15i, gép phin 1am 15 co
ché phi hop giita hai thanh phéan nay trong viéc ddm bao dn dinh va chét luong
bam quy dao ciia hé. Cac két qua phéan tich én dinh va thiét ké didu khién dua trén
Lyapunov khéng chi ¢ gia tri d6i véi bai toan cy thé ma con ¢ thé mé rong cho
céc hé phi tuyén twong t.
2. Sw khong trimg lip ciia d2 tai nghién ciru so vdi cdc céong trinh, luén dn di
cong bo & trong va ngoai nwéc; tinh trung thuwe, ré rang va diy di trong trich
din tai ligu tham khao

Luén 4n cua nghién ctu sinh khong trung 1dp véi cac cong trinh nghién ciu
trude di dugc cong bd trong va ngoai nude.

Trich dén tai lidu trung thuc, tham khao rd rang.
3. Su phir hop giita tén dé tai véi néi dung, giita ndi dung véi nganh va mi sé

Tén dé tai phu hop v&i ndi dung dé tai.

N6i dung d@ tai twong di phtl hop v&i chuyén nganh K§ thuat diéu khién va
tur ddng hoa (9.52.02.16).
4. Bj tin cfy va tinh hién dai ciia phwong phdp da siv dung @é nghién ciru

Luén 4n dya trén mo hinh todn hoc vimg chic cia robot di déng non-
holonomic va phuong phép phén tich 6n dinh Lyapunov. Céc bd quan sat, diéu
khién dugc thiét ké cé chimg minh héi tu, én dinh va kidm thtr qua md phéng
nhiéu trudmg hop 131, dam bao 1y thuyét phit hop thuc nghiém.,

Lufn 4n 4p dung cac phuong phap tién tién nhu quan sat phi tuyén (ESO,
HiGO), diéu khién truot, thich nghi va didu khién—quan sat tich hop, dong thoi tdp
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trung wéc lugng, b 16i co céu chdp hanh theo huéng hién dai, phi hop xu thé
nghién ciru méi.
5. Két qua nghién cltu méi ciia tac gia

- P& xuét bd didu khién chiju 16i hai vong sir dung b§ quan sat 16i cho phép
ude lugng - bi 151 hhiéu quéa va dam bao 6n dinh, bam quy dao trong diéu kién c6
18i co chu ch:fip hanh.

- D xuét thuét toan diéu khién chiu 16i dy trén diéu khién truot toan cuc két
hop bd quan sét nhidu va rang bude hiéu ning dinh truée.

6. Uu diém va nhiege diém vé npi dung, két cdu va hinh thirc ciia lu@n dn

- Luén 4n c6 ndi dung chuyén siu, bdm st hudng nghién ciru hién dai vé
diéu khién chiu 16i; cach tiép can co tinh hé thdng tir mé hinh héa — quan sat — diéu
khién va kidm chimg. Két cAu logic, ré rang theo timg chuong, thé hién tbt tién
trinh nghién ctru. Hinh thtc trinh bay tuong di chudn muyc, thuat ngi chuyén
nganh sir dung nhét quén.

- Luén 4n chi yéu tap trung nghién ctru cée 18i co cdu chip hanh ma chua
xem xét ddng thdi céc yéu t6 nhu 16i cam bién, tré truyén théng hodc nhidu phirc
tap. Bén canh d6, cac méi trudng vén hanh cé rang buge nhu xuét hign vét can,
thay doi mat nén hoic nhiéu Ién cling chua dugc phén tich sdu. Ngoai ra, viéc so
sanh dinh lugng chi tiét véi nhidu phuong phép tién tién con han ché.

7. Nji dung ludin dn @i dwoc cong bo trén tap chi, ky yéu hpi nghj khoa hoc nao
va gid tri khoa hgc cila cdc cong trinh di cong bo

Noéi dung chinh cta ludn 4n dé duge cong bd dudi dang cac bai bao trén tap
chi va ky yéu hoi nghi khoa hoc chuyén nganh, phan anh ding hudng nghién ctu
vé quan sat va diéu khién chiu 18i cho robot di déng. Céc bai déu c6 trong ndi dung
luan 4n va duoe tinh didm cao trong Hoi ddng chirc danh gido su nganh Pién ,

Dién tir va Ty dong hda.
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8. Két lugin chung cin khing dinh mirc dp ddp teng cdc yéu cdu doi véi mit luin
dn tién si. Ban tém tit lu@n dn phdn dnh trung thanh ndi dung co ban cia lugn
dn hay khéng; lu@n dn cé thé dwa ra béo vé cap Hoc vign dé nhan hoc vi tién si
dwgc hay khong.

Lusn 4n dap tmg day di cic yéu clu clia ludn 4n Tién sT k¥ thuét theo quy
dinh ctia B Gido duc va Pio tao, d& nghi cho nghién ctru sinh Hd S§ Phuong béo
vé Ludn 4n truée Hoi dong chdm danh gi4 ludn 4n cép Hoc vién./.

Ha ngi, ngay  thdng 08 ndm 2026
Ngwoi nhan xét

e '
N

PGS. TS. Nguyén Quang Vinh



CONG HOA XA HQI CHU NGHIA VIET NAM
Dic ldp - Tw do - Hanh phuc

BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Tén dé tai ludn 4n: Nghién ctru xdy dung bd quan sat 161 va bd didu khién

chiu 1i cho robot di dong non-holonomic

Chuyén nganh: K thuft didu khién va Ty dong héa

Mi s6: 9 52 02 16

Nghién ciru sinh: H6 S§ Phuong

Ngwdi hwémg dan: 1. TS. Ngé Manh Tién 2.TS.Ngb Duy Tén

Ngwdi nhén xét: PGS.TS Truong Xuén Tung

Co quan cdng tic: B mén Ty dong & Ky thudt tinh, Vién Tén Iira va Ky
thuat diéu khién, Hoc vién K§ thuét quén sy.

Ndi dung nhin xét:
1. Tinh cin thiét, thoi ¥, ¥ nghia khoa hoc va thye tién ciia dé tai lugn 4n.

Luén an ngh1en clru vé robot di dong tu hanh, m6 hinh déng hoc va dong luc
hoc ciia robot c6 tinh den 161 co cdu chap hanh; céc phuong phép quan sat trang
thi va quan sét 151 co cAu chip hanh ctia robot; cdc phuong phép dicu kh1en bam
quy dao va d1eu khin bam quy dao chiu 16i cho robot di déng tw hanh. Tiép theo
NCS d3 d& xuét c4c thuat toan quan sat 18i va diéu khién chiu 18 bAm qu¥ dao cho
robot di dong tu hanh. Tac gia sau do mé phong va kiém nghlem cac thuit toan
dé xuat trén phan mém Matlab/Simulink, kiém chlrng mot phin c4c thuat toan dd
xuéit trén md hinh robot di dong tw hanh thyc té.

Vi vy, co thé dénh gi4 luan 4n cua NCS da dap tmg dugc cic yéu cau vé tinh
cap thiét clia nghlen ctru, cb gia tri vé mit khoa hoc va tao diéu kle;n cho cac mg
dung thue tién. :

2. Su khéng tring lp ciia dé tai nghién ciru so v§i cdc cong trinh, lufin 4n
da cong bd & trong va ngoai nwée; tinh trung thue, ré rang va diy di trong
trich dfin tai liéu tham khio.

Trong pham vi hiéu biét clia ngudi nhan xét, ludn 4n ciia NCS Ho S§ th:mg
khong tring lap v6i c4e cong trinh khoa hoc, d6 4n, luén van, ludn 4n da cong bd
trong va ngoai nudce. Cac tai liéu tham khao trong quyén luin 4n duogc tic gia trich
dan mot cach trung thue, rd rang, logic va khoa hoc.

3. Su phu hop giita tén dé tai voi noi dung, giita ndi dung véi chuyén nganh
va ma so chuyén nganh.



Theo nhin nhén ctia ngudi nhan xét, tén d@ tai cua ludn 4n phu hop véi ndi
dung trinh bdy trong quyén luéin 4n. N§i dung ctia céc chuong phi hop véi tén cua
cac chucmg trong ludn 4n. N6i dung ctia luéin 4n phu hop v6i nganh K thuat diéu
khién va ty d6ng hoa, ma sb nganh 9520216.

4. DY tin cdy va tinh hién dai ciia phwong phap da sir dung dé nghién ciu.

NCS str dung phuong phap nghién ctru Iy thuyét phén tich, tng hop céc cong
trinh nghién ctru c6 lién quan trong va ngoai nude vé robot di dong tu hanh, mo
hinh dong hoc va dong luc hoc; cac phu'cmg phap quan sat trang thai va quan sat
16i co cau chap hanh; cic phwong phép diéu khién bam quy dao va diéu khién bam
quy dao chiu 16i. TAc gia di phén tich, danh g1a duoc cic wu, nhuge diém cla cac
phuong phap, cac han che ton tai can pha.1 cai thién trong cac cong bd nghién cu:u
lién quan; cac van dé can tiép tuc gidi quyét ddi véi bai toan quan sét 161 co ciu
chap hanh va didu khién chju 101 bam quy dao cho robot di dng ti hanh. T do,
tic gia di rat ra dugc nhitng vin d& cin nghién ctu; x4c dinh muc tiéu, pham vi,
d6i twong nghién clru, va ndi dung ctia ludn 4n.

Co s& khoa hoc ctia uan 4n 12 dya trén nén tang vé& cac bo quan sat, ly thuyét
didu khién | théng minh, hién dai va thich nghi. NCS sau d6 @ xut cac thuét toan
quan st 16i va diéu khién chiu 15i bam qu§ dao cho robot di dong ty hanh. Pé
kiém ching tinh hiéu qua ctia cac phwong phap dé xudt, tac gia thuc hién mb
phong, dénh g1é chiing str dung phan mém Matlab/Simulink, va kiém nghiém mét
phin trén mé hinh robot vét Iy thuc té.

Vi véy, phuong phap nghién ctru ciia NCS 13 hién dai, tin cdy, va phu hop vdi
ndi dung va muc tiéu cta luén an.
5. Két qua nghién ciru méi ciia tic gia.

Theo ngudi nhan xét ludn an c6 02 doéng gébp mdbi nhir sau:

+ P& xuit b didu khién chju 151 hai _vong sir dung bd quan sat 151 cho phép
wdc hr(mg b1 15i hiéu qua va dam bao &n dinh, bam qu¥ dao trong diéu kién co
16i co cAu chip hanh.

+ D& xudt thuat toén diéu khién chju 18i dua trén didu khién trugt toan cuc két
hop by quan st nhiéu va rang budc hiéu ning dinh trurde.

Cac két qua nghién ciru va dé xuit méi ctia ludn 4n duge 14p ludn mdt cach
logic va khoa hoc. Cac két qua nghién ciru da duge kiém chu:ng thong qua mo
phong trén may tinh sir dung phin mém Matlab/Simulink, va kiém nghiém mot
phan trén md hinh robot vt 1y thyc té. Str dung céc két qua nghién ctru nay NCS
di cong bd duoc 09 bai béao khoa hoc. Céc bai bao ndy déu duogc ding trén céc Ky



yéu hoi nghi khoa hoc quéc t& thudc danh myc Scopus, Tap chi khoa hoc chuyén
nganh quoc té thudc danh myc ISI/Scopus.

Do d6, cac két qua trinh bay trong luén 4n 12 c6 46 tin cdy. Déy 1a cac két qua
c6 gia tri khoa hoc, gép phén 1am phong pht thém céc phwong phap diéu khién
bam quy dao cho robot ty hanh, 12 tai liéu tham khao c6 gia tri cho giang day va
nghién ctru trong linh vyc k¥ thuét robot n6i riéng, va linh vuc k¥ thuét diéu khién
va tir dong hoa n6i chung.

6. Uu diém va nhwoc diém vé ndi dung, két cAu vi hinh thirc ciia lufn 4n.

Uu diém:

Céch dat vén d8, muyc tiéu va pham vi nghién ctu clia luén 4n kha 15 rang,
mach lac. Luan 4n ¢6 bd cyc va cu trac tuong doi hop ly. Noi dung cac chuong
muc cta luan an duoc trinh bay rd rang, thong nhat, logic va khoa hoc. Ludn 4n
duoc trinh bay bing tiéng Viét theo ding quy dinh clia mot luan 4n tién s1 k§ thudt.
Hinh thirc, ngbn ngft va van phong trinh bay trong ludn an 14 pht hop, 16 rang va
mach lac. Céc déng gbp clia luan 4n 12 khé tot cd vé mit ¥ nghia khoa hoc va thuc
tién cho linh vire k¥ thut robot va robot tur hanh. Cac cong bo khoa hoc lién quan
cha ludn 4n c6 chat lugng fuong dbi tbt.

Nhuoc diém:

Mic dit ludn 4n ctia NCS vé co ban da dép g dugc cac yéu cAu ctia mot ludn
4n tién si k§ thuat. Tuy nhién, ludn 40 con mot s6 diem can phan tich, lam 15,
chinh sira, b6 sung va hoan thién. Cy the nhu sau:

- Miic dit tac gia dd so sanh céc phuwong phé d& xut véi cac thuat todn da cd.
Tuy nhién ddy déu 1a nhimg thut todn kinh dién da dugc cong b tir khé 1au roi
hoidc 1a thuat toan do chinh téc gia dé xuat. Vi vay, theo nguoi nhan xét cac keét
qua md phong trinh by trong chuong 2, 3, va 4 nén dwgc so sanh voi cac cong
trinh, bai bao khac trong nhimg nam gan ddy d€ 1am rd va kiém chimng dugc tinh
hiéu qua ctia cdc phuong phdp ma tac gid dé xuat. |

- Trong céc phﬁp thi nghiém, tic gid nén mé ta 6 hon céc kich ban thi nghiém,
phén tich k§ hon v& myc dich, ¥ nghia cia cac thi nghiém d¢ ngudi doc dé dang
theo dbi, tw duy, suy ludn va doi chicu.

- Céc kich ban thi nghiém ciing nén dugc bd sung cho phong pht hon ¢ bao
quat céc tinh hudng c6 thé x4y ra trong qué trinh hoat dong thuc te cuia robot.

- Trong phan thiét 1ap cic tham s thi nghiém, téc gia nén phan tich, giai thich
v 1am ré hon viéc lwa chon gié trj cla cac tham so.

- T4c gia nén trinh bay k§ va r6 rang hon vé qué trinh thye nghi¢m céc thuat
toan trén mo hinh robot vét 1y thyc t€, nhu hé thong may tinh va cam bién trén



robot, cic nén tang phin mém va ngén ngir 18p trinh, viéc cai dit va hi¢u chinh
cac thut toan, qua trinh thu nhén, xir 1y, phén tich, va danh gia cc két qua thi
nghiém.

- Vi ddy 12 luan 4n viét bang tiéng Viét nén tac 214 nén ra soat va dich céc tir
tiéng Anh trong luén dn, d3c biét 1a trong céc hinh v&, nhu & céc trang 29, 52, v.v.

- Cac ky hiéu la cac véc to, ma trén thi tic gia nén théng nhit dé chik dam
trong toan b ludn 4n, nhwr cic trang 30, 31, v.v.

- NCS nén ra soét lai viéc danh sb cac cong thirc, nhu & trang 70, v.v.

- Trong luén 4n cén mét s6 151 ché ban nhu & céc trang 12, 56, v.v. d& nghi
NCS ra soét lai can than va chinh sira cho phi hop.

7. Noi dung ludn 4n dd dwoc cdng bd trén tap chi, kj yeu hoi nghi khoa hoc
nio va gia tri khoa hoc ciia cic cong trinh da céng bo.

Trong qua trinh thyc hién luan 4n tién si, NCS Hb S§ Phucmg d3 cong bb duoc
09 bai bao khoa hoc, trong d6 c6 08 bai bio NCS 14 tac gla chinh. Noi dung ctia
cac bai béo déu co ban lién quan t6i d& tai cia luén 4n va duoc trinh bay trong
quyén lufn 4n.

_Céc bai bao ctia tic gia déu duoc dang trén cac Ky yéu ctia Hbi nghi khoa hoc
quéc té, Tap chi khoa hoc chuyén nganh quéc té, va duge Hoi ddng Chirc danh
Gido su Nha nudc tinh diém. Cac bai bao NCS 1a tac gia chinh cy thé nhu sau:

+C6 01 bai bao ding trén Ky yéu héi nghj khoa hoc quéc té, thude danh muc
Scopus “International Conference on Control, Automation and Information
Sciences”, thang 11 nim 2023.

+C6 01 bai bdo ding trén Ky yéu hoi nghi khoa hoc quéc té, thudc danh muc
Scopus “International Conference on Smart Systems for applications in Electrical
Sciences”, thang 3 nim 2025.

+C6 01 bai bao ding trén tap chi quéc té, thude danh muc Scopus/Q2 “Journal
of Robotics and Control”, thang 12 ndm 2025.

+ C6 01 bai bao dang trén Ky yéu hoi nghi khoa hoc quéc t&, thudc danh muc
Scopus “International Conference on Engineering Research and Applications”,
thang 5 nam 2026.

+ C6 01 bai bdo ding trén tap chi quéc té, thudc danh muc WoS/Q1 “IEEE
Access”, thang 2 nam 2026.

+ C6 01 bai bao dang trén tap chi quéc té, thudc danh muc Scopus/Q3 “IEEE
Access”, thang 2 nim 2026.



+ C6 01 bai bio ding trén tap chi qubc té, thudc danh myc WoS/Q2
“International Journal of Control, Automation, and Systems”, thing 4 nam 2026.

+ Co 01 bai bao ding trén tap chi quéc t€, thudc danh muc WoS/Q2
“Transactions of the Institute of Measurement and Control”, thang 6 ndm 2026.
8. KétIuin

Tuy con mét s diém cdn 1am 16 hon, chinh sira va bé sung dé ludn 4n hoan
thién hon nhur d trinh bdy & trén. Luén dn clia NCS Hb Sy Phuong vé co ban da
d4p tmg dugc cdc yéu chu ciia mét luéin an tién sT ky thuat, nganh Ky thuat diéu
khién va ty dong hoa, mi s6 nganh 9520216. Ngudi nhdn xét dé nghi cho NCS
Phuong dugc bao vé trude Hoi dong dénh gid luin 4n cﬁp Hoc vién dé dugc nhdn
hoc vi tién si.

Ha Néi, ngay 4 thang 09 ndm 2026
Nguoi nhan xét

it

Trwong Xuin Tiung



VIEN HAN LAM KHOA HOC PANG CONG SAN VIET NAM
VA CONG NGHE VIET NAM
HOC VIEN KHOA HQC VA CONG NGHE

%

Ha Noi, ngay 17 thang 09 nam 2026
BIEN BAN CUA
HOI PONG DANH GIA LUAN AN TIEN ST CAP HQC VIEN
Cin ot quyét dinh sé 718/QD-HVKHCN ngay 13 théng 8 nam 2026 ctia Gidm dbc Hoc

vién Khoa hoc va Céng nghé vé viéc thanh 1ap Hoi ddng danh gid ludn 4n tién si cip Hoc vién,
Hoi dfing da hop vao hdi 09 gio ngay 17 thang 09 nam 2026 tai Hoe vién Khoa hoc va Céng
nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam, s6 18 dudng Hoang Quéc Viét, Cau
Giay, Ha N¢i dé danh gia luan én tién si.

Ho va tén NCS:  Hé Sy Phwong

Tén dé tai ludn dn: Nghién ciru xdy dung bo quan sat 131 va bo diéu khién chiu 13i

cho robot di dgng non-holonomic .
Nganh: K thuat Diéu khién va Ty dong hoa
M3 sé: 9520216

Ngudi huéng dan:  TS. Ngd Manh Tién, TS. Ngé Duy Tan

THAM DU BUOI BAO VE GOM CO
- Pai dién co s¢ dao tao:
1. TS.Nguyén Thi Trung — Pho Giam déc Hoc vién KH&CN

- DPai dién Vién Cong nghé thong tin:
1. PGS.TS. Nguyén Truong Thing — Vién trudng Vién Cong nghé thong tin
- Pai dién Co quan chi quan cua NCS:
I. TS. Mai Thé Anh - Truong Khoa Ty dong Hod, Truong Ky thuit va Cong nghé,
Trudmg Pai hoc Vinh
- Thanh vién Hoi ddng c¢6 mat: 7/7 thanh vién
I. GS.TSKH. Nguyén Déng Anh, Cha tich Hoi déng
PGS.TS. Nguy&n Hoai Nam, Phan bién 1
TS. Bui Thi Thanh Quyén, Phan bién 2
TS. P& Quang Hiép, Thu ky Hoi dong
PGS.TS. Hoang Vin Xiém, Uy vién
PGS.TS. Nguyén Quang Vinh, Uy vién

=B W e 8 e

PGS.TS. Truong Xuén Tung, Uy vién



Thanh vién Hoi ddng ving mit: 0

Dai dién tap thé cdn bd huéng din: TS. Ngé Manh Tién, TS. Ngé Duy Tan

Cung tham du budi bio vé con co nhiéu c4n b nghién ciru khoa hoc trong va ngoai Hoc
vién.

TIEN TRINH BUOI BAO VE

. Dai dién co so dao tao, c6 Pham Thi Nhu Quynh, tuyén bé 1y do, gidi thiéu dai biéu va

doc quyét dinh s 718/QP-HVKHCN ngay 13 thang 8 nim 2026 ctia Giam déc HVKHCN

vé viéc thanh lap Hoi ddng dénh gia ludn 4n tién si cip Hoc vién cho NCS H6 S§ Phuong

va dé nghi Cha tich Hoi ddng diéu khién phién hop.

Chii tich Héi dong, GS.TSKH. Nguyén Péng Anh, cong bé danh sach thé.nh vién c6 mit

1a 07, théng qua chuong trinh budi bao vé, dé nghi Thu ky thong bao cic diéu kién chuén

bi cho budi bao vé va doc 1y lich khoa hoc cua NCS.

Thi ky Hgi dong, TS. D3 Quang Hiép thong béo cic diéu kién cho budi bio vé

- Poc Iy lich khoa hoc cia NCS Hd Sy Phuong.

- Da nhin du 07 nhin xét cua cac phan bién va cac thanh vién HD.

- Lich bao vé ctia NCS di dugc ding trén Cdng théng tin dién tir Hoc vién Khoa hoc va
Cong nghé ngay 07/09/2026.

- Céc gidy to cin thiét khac.

NCS Hd Sy Phuong cé di cac didu kién vé thi tuc dé bao vé luin 4n truée Hbi ddng

danh gia ludn 4n cap Hoc vién.

4, Céc thanh vién héi ddng va nhitng ngudi tham du théng qua vé 1y lich khoa hoc va qua

5

trinh dao tao cta nghién ciru sinh.
Nghién ctru sinh Hé S§ Phirong trinh bay néi dung luén 4n trong 30 phut trude Hoi dong.
Béo cdo ciia NCS bao gdm céc ngi dung chinh nhu sau:
- Téng quan vé quan sat trang thai, phat hién 15i va diéu khién chiu 16i cho robot di déng
non-holonomic.
- Phat trién b quan st va phat hién 15i truyén dong cho robot di ddng non-holonomic.
- Kién trac diéu khién chiu 18i phan ting dua trén bd quan sat cho robot di dong non-
holonomic.
- Diéu khién chiu 16i véi rang bude hiéu ning cho robot di dong non-holonomic.
- Céc két qua chinh cia luan 4n:
(1) D& xuét b didu khién chiu 13i sir dung b quan sat 16i cho phép uéc lugng - bu 16i
hiéu qua va dam bao on dinh, bam qu¥ dao trong diéu kién c6 18i co cdu chip hanh.
(2) P& xuit thuat toan diéu khién chiu 15i dva trén diu khién trugt toan cuc két hop
bd quan sit nhiéu va rang buc hiéu nang dinh trudc.

- Két luan va hudng phét trién cua luan 4n.

L



6. Céc phan bién doc ban nhan xét va dat cau hoi danh gia ludn an cia NCS Hb Sy Phuong:

1) Phén bién 1, PGS.TS. Nguyén Hoai Nam, doc nhin xét danh gia ludn 4n va két ludn
(c6 van ban kém theo).

Con nhitng thiéu s6t va ton tai can chinh sira nhu sau:

- Théng nhét viét “non-holonomic” cé gach ngang hodc khéng “nonholonomic™.

- Chua chuén hoa goc “theta’ trong danh muyc hinh dnh (hinh 3.4; hinh 3.19; hinh 3.24);
bang 4.2.

- Cau vin chura 18 rang: “Trong s cac loai 13i, 16i co cAu chép hanh duge xem 12 mot
trong nhitng tac gia tap trung vao?”.

- Nén sir dung théng nhét cdc tir ngit chuyén nganh Viét héa d6i v6i cac thuit ngit da
duoc Viét hoa.

- Ticu d& ciia cac cot nén théng nhét dé tén tiéng Viét (hién tai c6 bang dé tiéng Viét, c6
bang dé tiéng Anh).

- Chi tiét hon phan chimg minh Dinh Iy 3.2 khi cé ude lugng va b 13i co ciu chdp hanh
dé sai s6 bam quy dao dat én dinh tiém cén. Trong phan chimg minh khéng dé cap gi t6i
wde lhrong va bu 161

- Trong céc dinh 1y va phan chimg minh, NCS nén trinh bay r3 hé kin 1a h¢ nao (dong
hoc/dong luc hoc); ¢d nhitng két luan danh cho hé kin nhung khéng néu rd nén bi két ludn
mang tinh chét mau thuan.

- Céu vin chua chinh x4c “nhifu bén ngoai duge suy giam théng qua thanh phin SMC”.
- Hinh 3.17 dinh chir trong ky hiéu index (I = x, y, \theta); dinh chir trong bang 4.1.

- Hinh 4.2 bi mét chif trong kh6i Ham chuyén ddi; thong nhét sir dung tir tiéng Viét trir
tir viét tit da duoc chu thich.

- Viét hoa tén céc truc cta hinh anh.

Trich din ngudn [internet] cAn rd rang va day du thong tin, thém dia chi trang web, thoi
gian truy cap. Mot s6 cum tir tiéng anh & trang & nén luge bd va trich dén tai liéu truc
tiép.

- B& sung db thi sai léch wéc lugng.

Cau héi trao doi:

Céu 1: NCS hdy lam ré Dinh ly 3.3 dang xét sai $6 bdam hay sai s6 wée hrong?

Céu 2: NCS hdy giai thich trong Hinh 3.13 itéc heong ctia by quan sdt va thuc 1é bam
gan nhu trung khép?

Cdu 3: NCS hdy lam ré y nghia hgi tu hitu han trong Dinh Iy 3.57

Céu 4: NCS hay lam & thém yéu 18 d6 léch tam ciia robot trong chirong 4 ¢6 dé cdp dén
nhung chua dwgc trinh bay cu thé va ré rang?

2) Phén bién 2, TS. Bui Thi Thanh Quyén, doc nhdn xét danh gia ludn an va két ludn
(c6 van ban kém theo).



Uu diém: Nhin chung luéin 4n 12 coéng trinh khoa hoc nghiém tic, ¢6 y nghia khoa hoc va
kha ning tmg dung thue tién. C4c déng gbp clia luan an dugc cong bé trong cac tap chi/ky
yéu héi thao chuyén nganh c6 uy tin. Tém tit ludn 4n phan anh diy du, trung thue céc két
qua nghién ctru cua luan an.
+ B cuc, ndi dung luin 4n co ban hop 1y, logic, mach lac. Muc tiéu, dbi twong, pham
vi nghién ciru kha 16 rang.
+Noi dung nghién cru dugc trién khai trong dbi hé théng, tir tong quan 1y thuyét, d&
xuét thuat toan, phan tich tinh 6n dinh ctia hé thong bing phuong phap Lyapunov, dén
md phong kiém chiing va dénh gia.
Mét 56 y kién chinh sira, bo sung ludn dn:
- Mét sb hinh nén duogc Viét héa: Hinh 2.1, Hinh 2.2, Hinh 3.1.
- L&i danh méy: trang 53, dong 4 tir dudi 1én.
- Céu chit ling cting: trang 8, dong 18-19 tir trén xudng.
- Tlt/cum tir nén ding théng nhit xuyén subt luin an: Trang 81, 83: 16i co cAu chap hanh,
16i ciia bd truyén dong.
- C4c thong sb mo hinh robot sir dung trong mo phong, néu dugc tham khao & tai liéu
khéc thi nén trich din Ref. day du.
- Nén giai thich ngay khi bién/ham xuét hién lan dau tién: H(e*) xuat hién & trang 96,
sang gifra trang 97 mdi gidi thich H, e*.
- M6t sb tai liéu tham khao qudc t& gan giai doan 2025-2026 nén duge cip nhét thém
(Ref. nam 2025-2026 hién kha it).
- Muc 3.1.3 Mb phong va danh gid cho 03 bo diéu khién: PID, iPID khéng c6 FO va
MFC-iPID (Bang 3.1), tuy nhién chu thich trong Hinh 3.3 - 3.8 chua dbng nhit vai tén
cac bd PK: iPID without FO, PID FO, MFC-iPID FO, PID without FO, Proposed giy
kho theo doi. Tuong tir cho Hinh 3.20-3.26.
- Trang 58, dong 3 tir trén xudng: “Trong kich ban thit hai, 16i co cdu chip hanh dugc dua
vao hé théng tai thoi diém t = 8s... ddng thai cdc tham sé cta robot nhu khéi rgng m va
mé men quan tinh I ciing thay d6i 10% theo théi gian”.
Trang 58 cum tir “thay ddi 10% theo thdi gian” chua thyc sy rd nghia, kha mo hd. Hiy
Jam rd thém cum tir nay trong phan mé phong véi time = 25s va chinh lai rd nghia hon.
- Trang 60, NCS viét “Hinh 3.8 minh hoa vai tré ctia by quan sat 16i...., voi thoi diém
phat hién 15i vao khodng 8,007 s twong (mg véi do tré phat hién khoang 0,007 s”. Tuy
nhién dya vao Hinh 3.8 rit khé dé nhén ra 18i co cAu chip hanh dua vio tai thoi diém 8s
va 8,007 s thi phat hién ra 13i. Can dua ra minh chimg cu thé, truc quan hon.



- Trang 71, phén giai thich vé& cic Hinh nhung c6 dé cip thém cac théng s6 trong Bang
3.3 va 3.4 thi cén chu gidi rd thong s6 d6 xem trong bang nao. Vi du: “..., thé hién qua
chi s6 ISE (2.13 so véi 2.21 ciia B-SMC)”, théng s6 2.13 va 2.21 & Bang nao?

- Trang 72: Dong 3-8 tir trén xudng;: thuc té rat kho dé nhin ra “dic biét 1a trén doan cong

0 &c

trong khodng 20-25 gidy khi xdy ra 16i co cau chép hanh”, “dé léch ngang cuc dai lun

nho hon 0.1 m” => chinh sta lai cho hgp 1y.
Nhin chung, céc ndi dung cin chinh sira chii yéu mang tinh hoan thién va nang cao chit
lugng trinh bay, khong anh huong dén cic két qua khoa hoc chinh cla ludn 4n.
Céu héi trao déi: Ham ldp lich dwoe chon trong (2.38) ¢6 duge tham khdo & tdi liéu ndo
khéng? Néu khéng thi Iy do tai sao chon nhu vdy?
NCS Hé Sy Phuong tiép thu cic gop y vé 16i soan thao, ngi dung, bé cuc va nghiém tic
chinh sira theo cdc y kién gop ¥ cia 02 phdan bién. NCS xin phép tra 16i lam vé cdc cau
héi trao doi ciia phan bién nhir sau:
| ) Dinh Iy 3 3 chu yeu xét on dinh ciia fang déng luc hoc, cu thé la bién trueot va sai
56 bdm vén téc. Sai s6 uée luong cia HiGO chi dong vai tré la nhiéu ghép vao hé kin
va da dupe phan tich riéng ¢ ph&n bo quan sat. Vi vdy, két udn ctia Pinh ly 3.3 duoc
hiéu la sai sé bam dong luc hoc la UUB; néu sai sé quan sat hoi tu vé 0 thi sai s6 bdm
méi hoi tu tiém cdn vé 0. NCS sé& hiéu chinh lai phat biéu dinh Iy dé lam hon ré sai s6
bdm va sai sé quan sat.
2) Hinh 3.13 cho thdy tin hié¢u wéc lugng gci;n triing voi tin hiéu thue chii yéuvi két qua
dang ¢ muc mo phong, trong doé mé hinh hé, nhiéu va 16i dwoc biét ré, dong thoi cdc
hé s6 quan sdt déd duge hiéu chinh dé sai s6 wée heong nho. Vi vdy, sau giai doan qud
ds, tin hidu ude luong c6 thé bém rét sat tin hiéu thue. Trong trién khai thyc té, do
nhiéu cam bién, sai léch mé hinh, tré tinh todn va gidi han phdn cirng, mikc dg tring
khép nay sé khé dat duoc tuong tir.
3) Trong Dinh Iy 3.5, “hoi tu hitu han thoi gian” trudc hét néi dén bién truot ciia vong
diéu khién dong luc hoc dugc dwa téi mdt truot § = 0, hodc mét ldn can rat nhé cia
mdt trieot khi ton tai sai sé ESO, trong mét thoi gian hitu han. o day khong hiéu truec
.ffé;o la toan bg sai 56 vi trl bcing 0 sau thoti gian hiru han. Sau khi dat mdt truot, dong
hoc giam bdc moi quyé'r dinh sur héi tu ciia sai s6 bam.
4) Vin dé dé léch tam trong chuong 4, dg léch tam duge biéu dién béi khoang cach d
tir tdm hinh hoc Oy dén tam khéi lwong G (d duoc xdc dinh thong qua dx va d,). Khi
d # 0, chuyén dpng tinh tién va quay bj lién két manh hon; d xudt hién trong ma trdn
dong hoc va cac ma tran quan tinh/Coriolis, lam thay doi déng lire hoc ciia robot va
dwoc dwa vao cdc thanh phc’l:n bét dinh can quan sat, bu.
5) Vé ham Idp lich trong (2.38): Ham nay khong sao chép nguyén dang tic mot tai liéu

cu thé, ma dwoc NCS xdy dung trong qud trinh cdi tién bé quan sat.



Co 56 lywa chon xudt phét tir van dé qua @6 ban ddu ctia bé quan sat. Néu ap dung ngay
toan bé hé sé khuéch dai lém tai t=0, sai léch diéu kién dau cé thé bi khuéch dai va iao
ra hién teong peaking. Vi vay, NCS sir dung mét ham Idp lich dé dwa dp loi tir gid tri
ban dau lén gia tri th iét ké mot cach lién tuc.
7. Céc thanh vién khac trong Hoi dong dua ra y kién nhan xét; Hoi dong va nhitng ngudi
tham du dit cdu hoi
(1) PGS.TS. Hoang Vin Xiém
Ludn 4n c6 bd cuc trong ddi logic: Chuong 1 xdc dinh khoang trdng nghién ctru; Chuong
2 x4y dung mod hinh va céc bd quan sat; Chuong 3 phat trién céc kién tric diéu khién chju
18i dua trén quan sat; Chuong 4 tap trung vao diéu khién truot toan cyc voi ring bude higu
nang. Cac két qua 1y thuyét duge gin véi mo phong va nhiéu ndi dung di duge cong bd
trén cac tap chi/hdi nghi qudc té.
Mot sb han ché vé ndi dung can nghién ciru sinh lam rd hodc luu ¥ khi hoan thién:
- Cén lam rd chinh xdc thuit todn nao di dugc thir nghiém trén robot thure, diéu kién thi
nghiém, phan cimg va mirc d6 twrong ddng giita md hinh m6 phéng véi hé thue; ddng thoi
néu coi day la gi¢i han quan trong cia ludn an.
- Ranh giéi giita “18i co ciu chép hanh” va “nhidu/bat dinh gdp” chua phai lic no ciing
that r. O tAng dong hoc ludn 4n hudng t6i ti tao 16i tudng minh, nhung & mé hinh dong
luc hoc anh huong cua 16i lai duge gop ciing nhiéu va bat dinh. Cin giai thich r& diéu kién
nhén dang/kha quan sat dé c6 thé phan biét 16i véi nhiéu, va ¥ nghia vét 1y clia dai luong
duoe woce lugng & tirng t%‘mg.
- Mot s6 két qua phu thude vao céc gia thiét nhu 13i bién thién cham, nhiu va dao ham
nhidu bi chiin, diéu kién tron ciia md hinh va lya chon d¢ lgi quan sét. Ludn 4n nén théo
ludn rd hon d6 nhay d6i voi céc tham s& nay, dic biét khi co nhiéu do, tré tinh toan, bio
hoa co ciu chdp hanh hoic 15i thay déi nhanh,
- Céc phuong phap so sanh trong md phong chu yéu la PID/iPID, SMC, FSMC, ASMC,
SMC-IDO. Dé 1am ndi bit hon tinh méi, nén thao luin k§ hon tinh cdng bing cla viéc
chinh tham s8, chi phi tinh to4n/tin hiéu diéu khién va mdi quan hé véi cdc phwong phép
FTC dua trén quan sat gin ddy c6 muc tiéu tuong tu.
- Chuong 3 bao gdm nhiéu cdu tric diéu khién khéc nhau; can 1am ndi bat hon mdi lién
hé giita cac cAu tric nay va hai déng gbép chinh duoc tuyén bd, tranh cam giac tap hop
nhiéu thudt todn riéng 1é.
V& hinh thitc trinh bay, ludn én can dugc ra soat k¥:
- Cé mbt sb 16i/khong théng nhit vé thuit ngir va chinh ti: “NWNR/NWMR”, “quan
sat/quan sat”, “qui/quy”, “chudn doan/chin doan”; cic cum tiéng Anh nhu “Teminal”,

“Improver Faults”, “Non-holonomic”, “Unknow” can sira va chuan hoa.
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- Tén viét tit va tén phuong phap chua hoan toan théng nhat gitta danh muc bang, ndi
dung va hinh, vi du FBO-SMCPI/FBO-SMCESO; cén ra sodt lai toan bo ky hiéu va tén
thuét toén.
- Danh muc bang/hinh va danh sé cin kiém tra lai. Trong ndi dung xudt hién Bang 3.10
nhung danh muc bang & dAu luan 4n chwa thé hién day du; mot s6 tén bang/hinh va cach
ding tiéng Viét - tiéng Anh chua dong nht.
- Cén chuén héa don vi va ky hiéu (kg, kg-m?, N-m, ...), dinh dang DOI/tén tap chi, cach
viét “non-holonomic”, “fault-tolerant”, diu cdu va khoang tring quanh cong thire,
C4c gbp ¥ trén chi yéu nhim lam 1 pham vi ap dung va hoan thién cich trinh bay, khong
lam thay d6i cac két qua chinh cta luén an.
(2) PGS.TS. Nguyén Quang Vinh
- Luén 4n cd ndi dung chuyén sau, bam sat huéng nghién ciru hién dai vé diéu khién chiu
13i; céch tiép can c6 tinh hé théng tir md hinh héa — quan sat — diéu khién va kiém chung.
Két céu logic, rd rang theo timg chuong, thé hién t6t tién trinh nghién ctu. Hinh thire trinh
bay twong d6i chudn murc, thuat ngit chuyén nganh sir dung nhét quan.
- Luén 4n chi yéu tap trung nghién ctru cac 16i co chu chip hanh ma chua xem xét dong
thoi céc yéu t& nhu 18i cam bién, tré truyén thong hodc nhiéu phirc tap. Bén canh do, cic
moi trudmg van hanh co rang budc nhu xuit hién vit can, thay ddi miit nén hodic nhiu lon
ciing chua dugc phén tich sdu. Ngoai ra, viéc so sanh dinh lugng chi tiét vdi nhiéu phuong
phap tién tién con han ché.
(3) PGS.TS. Truwong Xuin Tung

Cach dat vin d&, muc tidu va pham vi nghién ctru cua luén 4n kha rd rang, mach lac.
Luén 4n ¢6 bd cuc va chu tric twong déi hop 1y. Noi dung cac chuong myc cia luén dn
dugc trinh bay 10 rang, théng nhat, logic va khoa hoc. Luin 4n dugc trinh bay bing tiéng
Viét theo ding quy dinh ctia mdt lugn 4n tién si k¥ thuét. Hinh thirc, ngon ngit va vin
phong trinh bay trong luén 4n 1a phu hop, rd rang va mach lac. Céc déng gbp cta ludn an
4 khé t6t ca vé mit ¥ nghia khoa hoc va thuc tién cho linh vuc k¥ thut robot va robot tu
hanh. Cac céng bd khoa hoc lién quan ctia luin 4n c6 chit lugng twong ddi tét.
Nhuroe diém:
Mic da luan an cua NCS vé co ban d4 dap ung dugc cac yéu ciu cia mot ludn 4n tién si
k¥ thudt. Tuy nhién, luén 4n con mét sé diém cin phén tich, lam 13, chinh sira, b6 sung va
hoan thién. Cu thé nhu sau:
- Mic di tac gia di so sanh cac phuong phap dé xuit véi cée thudt todn dd c6. Tuy nhién
ddy d&u 1a nhimg thudt todn kinh dién da dugc cong bé tir khd lau rdi hodic 1a thuat toan
do chinh tic gia dé xuat. Vi vay, theo ngudi nhén xét céc két qua md phong trinh bay trong
chuong 2, 3, va 4 nén dugc so sanh vdi cic cong trinh, bai bao khac trong nhiing ndm gin

day dé 1am rd va kiém chiing duge tinh hiéu qua ctia cac phuong phap ma tac gia dé Xuét.
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- Trong cac phan thi nghiém, tic gid nén md ta rd hon cac kich ban thi nghiém, phén tich
k¥ hon vé& muc dich, ¥ nghia ctia céc thi nghiém dé ngudi doc dé dang theo ddi, tu duy,
suy luéin va ddi chiéu.

- Céc kich ban thi nghiém ciing nén durgc bd sung cho phong pht hon dé bao quat cdc tinh
huéng cé thé xay ra trong qua trinh hoat dong thuc té cia robot.

- Trong phén thiét 1ap cac tham s6 thi nghiém, NCS nén phén tich, giai thich va 1am 1o
hon viéc lya chon gia tri cia cac tham sb.

- NCS nén trinh bay k§ va 16 ring hon vé qua trinh thyc nghiém céc thudt toan trén md
hinh robot vat 1y thyuc té, nhu hé théng may tinh va cam bién trén robot, cac nén tang phan
mém va ngdn ngit 14p trinh, viéc ci dit va hiéu chinh céc thuét toan, qud trinh thu nhn,
xit 1y, phén tich va d4nh gia cac két qua thi nghiém.

- Vi day 1a ludn 4n viét bing tiéng Viét nén tac gia nén ra soat vi dich céc tir tiéng Anh
trong ludn an, dic biét 12 trong cac hinh v&, nhu & céc trang 29, 52, v.v.

- Cac ky hiéu la cac véc to, ma trdn nén thémg nhat dé chit dam trong toan bd ludn an, nhu
cac trang 30, 31, v.v.

- NCS nén ra soét lai viéc danh sé cac cong thirc, nhu & trang 70, v.v.

- Trong ludn 4n con mét s6 18i ché ban nhu & cic trang 12, 56, v.v. dé nghi NCS ra soat
lai ¢én than va chinh sira cho phi hop.

Céu hoi trao doéi: NCS hay gidi thich 16i co cdu chdp hanh duoc tao ra va dwa vao hé
théng nhu thé ndo trong qua trinh thue nghiém?

(4) TS. Po Quang Hiép

Mot sé ¥ kién dé nghi nghién ciru sinh hru ¥ khi hoan thién:

1) Pé ning cao kha ning tai 1ap cac két qua nghién ciru, nghién ctru sinh nén ra sodt viée
trinh bay cac diéu kién mé phong va thye nghiém, dic biét 13 gid tri ban diu, tham s6 bd
didu khién va bd quan sat, thoi diém xuft hién 158, bién @6 18i va cdc diéu kién nhiéu.

2) Nghién ciru sinh nén tiép tuc ra soat mot s0 181 soan thao, ky hiéu, don vi, tén hinh, tén
bang va thudt ngit tiéng Anh truée khi hoan thién ban ludn én lwu chiéu,

Cic v kién trén chu yéu nhim ning cao tinh rd rang va chét luong trinh bay cia luén an,
khéng anh huéng dén céc két qua va dong gép khoa hoc chinh.

(5) GS.TSKH. Nguyén Péng Anh

Céu héi trao déi: NCS hdy gidi thich co ché phéi hop giita bg quan sdt nhiéu va bg quan
sdt 16i trong cdu triic diéu khién @é xudt?

. NCS Hd Sy Phuong tiép thu ¥ kién nhan xét, gop ¥ cia cac thanh vién ctia Héi d¢ong, NCS

tra 1o cac cdu hoi cua cac thanh vien Hgi dong.



NCS Hé Sy Phirong tiép thu céc gép y vé 16i soan thdo, ndi dung, bo cuc va nghiém tic
chinh stea theo cdc y kién gop ¥ ctia cde thanh vién héi dong. NCS xin phép lam ré cdc cdu
héi trao ddi ciia cdc thanh vién trong hgi dong nhi sau:
1) Trong Chuong 3, thudt todan da dwoc thuc nghiém trén robot thuc la cdu triic FB-
IFO-SMC-PI-ESO; cac thudt todn con lai chii yéu diege kiém chimg bdng mé phong.
Thire nghiém cho thdy kha néng trién khai ciia cdu triic dé xudt, nhing sai khdc gifta
mé hinh va hé thue do nhiéu do, tré tinh todn, bdo hoa va bét dinh phdn cirmg van la
mot gidi han quan trong cua ludn an.
2) Vé mé hinh héa, & t&:ng dong hoc, 16i co cdu ché;o hanh dwoc tach va woce lirong
twong minh qua Av, Aw dé bt truc tié;v; con & tang dong luc hoc, 16i ciing nhiéu va bat
dinh dwoc xem nhue nhiéu 20p teong duong dé ESO/HiGO wée hwong. Viéc phdn biét
riéng 16i va nhiéu chi kha thi khi kénh 161 c6 cdu tric xdc dink va hé théa diéu kién
quan sat/nhan dang.
3) Trong pham vi mé phong, cac p}’zzmwg phdp doi chimng duge danh gid trén ciing mé
hinh, quy dao va kich ban l6i-nhiéu dé bao dam tinh nhdt qudn; khi trién khai thic
nghiém, NCS sé€ quan tam sau hon dén nhiéu do, tré tinh todn, bio hoa co cau chap
hanh, 16i bién thién nhanh, chi phi tinh todn va né hre diéu khién vi day la cc yéu to
quyét dinh kha néng thuc thi théi gian thiec.
4) Cdc cau tric trong Chuong 3 dieoc xdy dung theo mirc do tich hop quan sdt ting
dan, tir MFC-iPID, DOA-SMC dén FB-IFO-SMC-PI-ESO, nén ddy la mét I¢ trinh phat
trién thong nhdt ciia déng gop vé diéu khién chiu 16i phan tdng dua trén quan sdt,

khdng phai tap hop cac thudt todan roi rac.

5) Trong thuc nghiém, 16i suy gidm hiéu sudt co cdu chap hanh duge tao bing mach
chuyén mach relay két hop dién tré cong sudt trén duong cdp nguon cho déng co. Khi
relay chuyé;n sang trang thai 161, dién ap hiéu dung cﬁrp cho déng co bi suy giam, lam
giam mo-men va toc do truyén Jéng, qua dé mé phong hién tirong mat hiéu sudt cla
co cdu chcfp hanh trén robot thuc.

6) Trong cdu triic diéu khién dé xudt, b quan sdt nhiéu va bg quan sdt 16 dam nhiém
hai chire ning khdc nhau nhung bé sung cho nhau. B quan sat 16i FO/IFO dioc sir
dung chii yéu ¢ tang déng hoc dé woe heong tuong minh céc sai léch do 16i co cau
chdp hanh, tir d6 tao tin hiéu bix 16i truc tiép trong ludt diéu khién dong hoc. Trong khi
d6, HiGO/ESO & tang djng liec hoe diing dé tdi-tao cde trang théi khéng do dwoe
va/hodc wéc liwgng nhiéu gép bao g&m bat dinh mé hinh, nhiéu ngodi va phdn anh

huéng dgng luc hoe chwa biét.

—

Wi s

9. Dai dién tap thé huéng din phat biéu y kién bang viin ban.
10. Hoi ddng tién hanh hop riéng d& bau ban kiém phiéu, bo phiéu kin va théo lun théng qua
quyét nghi ciia Hoi dong.



1) Béu ban kiém phiéu gbém:
- Truéng ban: PGS.TS. Nguyén Quang Vinh
- Uy vién: PGS.TS. Hodng Vin Xiém
- Uyvién:  TS. D3 Quang Hiép
2) Bo phiéu kin va thao ludn théng qua Quyét nghi ctia Héi dong.
- Truoéng ban kiém phiéu, PGS.TS. Nguyén Quang Vinh cong b6 két qua kiém phiéu
(¢6 bién ban kiém phiéu).
- Chu tich Hoi ddng, GS.TSKIH. Nguyén Péng Anh, thong qua Quyét nghi (cé vin
ban kém theo).
3) Tém tit nghi quyét cia Hoi dong
3.1. Tinh phti hop ciia tén dé tai va s khong trimg Idp vé néi dung ludn dn
- Tén d& tai, ndi dung va két qua nghién ciru cia luan dn phu hop véi Nganh dao tao
“K¥ thudt Diéu khién va Ty dong héa”, ma sé “9 52 02 167,
- Noi dung cia ludn an khéng tring 1dp véi cac ludn an da bao vé va cac két qua
nghién ctru di cong bd trong va ngodi nudc.
- Céc tai liéu tham khao ctia ludn 4n c6 ndi dung phit hop va da dugc trich dén trong
luén an.
3.2. Cdc két qua chinh ciia lugn an
Luén 4n ¢ ¥ nghia khoa hoc va thue tidn, nhimg déng gép méi clia luan 4n cy thé
nhu sau:
(1) D& xuét bé diéu khién chiu 15i sir dung bd quan sit 16i cho phép uée lugng - bu
18i hiéu qua va dédm bao én dinh, bdm quy dao trong diéu kién c6 18i co cdu chip
hanh.
(2) D& xuét thuat toan diéu khién chiu 13i dva trén diéu khién truot toin cuc két hop
b6 quan sit nhiéu va rang budc hiéu ning dinh trude. .
3.3. Cdc diém cdn bé sung chinh stra truée khi ngp lugn én cho Thu vién Quéc gia Viét
Nam
NCS cén tiép thu, ra soét, chinh sira, bd sung ndi dung luén an theo y kién déng gop
trong ban nhan xét cia cic thanh vién Hoi déng va Bién ban ctua Hoi déng danh gia
luéin 4n tién si cip Hoc vién trude khi ndp ludn én cho Thu vién Quéc gia Viét Nam.
3.4. Murc d¢ dap wng yéu cdu ciia ludn dn tién sivé ca ndi dung va hinh thire
- Lu4n 4n ctia NCS Hd Sy Phuong dip (mg yéu cu ciia luéin an tién s nganh “K§ thuat
Piéu khién va Tu déng héa”, mi s6 “9 52 02 16” vé néi dung va hinh thirc theo céc
qui ché hién hanh vé dao tao tién si ctia Bo Gido duc va Déo tao, cia Hoc vién Khoa
hoc va Céng nghg.
- Pé nghi Hoc vién Khoa hoc va Cong nghé cong nhan két qua bao vé va cap bang tién
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sT cho NCS Hé S§ Phurong sau khi chinh sira, bd sung ludn an theo céc gop ¥ ciia Hoi
ddng.
11. Téng két
- Truong ban kiém phiéu, PGS.TS. Nguyén Quang Vinh, cong bb két qua b phiéu danh
gid luan an.
- Chii tich H6i ddng, GS.TSKH. Nguy&n Ddng Anh, doc Quyét nghi ciia Hoi ddng.
- Chit tich Hbi ddng tuyén bé Hoi ddng dd hoan thanh nhiém vu va trao lai quyén dicu
khién cho Co sé dao tao.
- Céc dai bidu va NCS phat biéu y kién.
- Pai dién co s& dao tao tuyén bd két thiic budi bao vé luin 4n tién si.
Bién ban hop Héi ddng nay duge 7/7 ay vién Hoi ddng biéu quyét cong khai thong qua.
Budi hop Hoi déng dénh gia luin 4n tién s cip Hoc vién két thic vao lac 11 gior 30 phut,
ngdy .17 thang 09 nim 2026.

Thu ky Héi ddng Chii tich Hdi dong
P'" ,-"'f ( s ™~ |
¢~ s
TS. Pd Quang Hiép GS.TSKH. Nguyén Déng Anh

XAC NHAN CUA CO SO PAO TAO
KT. GIAM POC
RHO GIA r» POC

Ng,uyén Thi Trung




VIEN HAN LAM KHOA HOC PANG CONG SAN VIET NAM
VA CONG NGHE VIET NAM
HOC VIEN KHOA HOC VA CONG NGHE

%

Ha Néi, ngéy 17 théng 09 nim 2026

QUYET NGHI CUA
HOI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN

Can ot quyét dinh sb 718/QB-HVKHCN ngay 13 thang 8 nam 2026 cia Gidm
dbc Hoc vién Khoa hoc va Cong nghé vé viéc thanh 1ap Hoi dong danh gia luan an
tién si cAp Hoc vién, Hoi dong da hop vao hdi 9 gid 00 ngay 17 thang 09 nam 2026
tai Hoc vién Khoa hoc va Céng nghé, Vién Han 1dm Khoa hoc va Cong nghé Viét
Nam, s6 18 duomg Hoang Quéc Viét, Nghia D6, Ha Noi dé danh gid luan 4n tién si.

Ho vatén NCS:  Ho S§ Phurong /// ol

Tén dé tai ludn 4n: Nghién ciru xdy dung b quan sat 16i va b didu khién chju ( A

161 cho robot di dong non-holonomic (E! KHOA H
Nganh: K3 thuat Diéu khién va Ty dong héa \F\YA CONG
Ma s6: 9520216 o

Ngudi huéng dan: TS. Ngé Manh Tién, TS. Ngé Duy Tén

HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN CUA
NCS HO SY PHUONG KET LUAN

1. Tinh phu hop ciia tén d@ tai va sy khong trung Iip vé ndi dung ludn 4n

- Tén d& tai, ndi dung va két qua nghién ciru ctia ludn an phi hgp véi nganh dao
tao K¥ thuat Diéu khién va Tu dong hoa, ma $69 52 02 16.

- No6i dung ctia ludn an khong trung ldp véi cac ludn an da bao vé va cic két
qué nghién ciru da cong bd trong va ngoai nude.

- Céc tai lidu tham khao cuia lufin 4an ¢6 ndi dung phit hop va da duoc trich dan
trong luédn an.
2. Két qud, y nghia khoa hgc, thire tién ciia dé tai

Luén 4n ¢6 ¥ nghia khoa hoc va thuc tién, nhimg déng goép mdi clia luan an cu
thé nhu sau:



(1) Bé xut b didu khién chju 18i str dung bd quan sét 16i cho phép uéc lugng
- bu 151 hiéu qua va dam béao 6n dinh, bam quy dao trong diéu kién ¢6 16i co cau
chip hanh.
(2) Dé xut thuat toan diu khién chiu 15i dwa trén diéu khién trugt toan cyc
két hop bé quan sat nhidu va rang budc hiéu ning dinh trude.
3. Nhitng thiéu sét ciia ludin 4n, vin dé can b sung, sira chira
NCS can tiép thu, ra soat, chinh stra, bd sung ndi dung luén &n theo y kién dong
g6p trong ban nhén xét ciia cac thanh vién Hoi ddng va Bién ban cua Hoi dong danh
gid ludn an tién st cdp Hoc vién trude khi nop luan an cho Thu vién Quéc gia Viét
Nam. Dic biét cAn 1am ndi bat déng gop mdi, cai thién chét luong ban thio Lun 4n.
4. Mirc 6 dap g yéu cAu ciia luéin an tién s vé ca ndi dung va hinh thire theo
cic quy ché hién hanh vé dao tao tién si cia BY Gido duc va Dao tao
Luan an ciia NCS Hd S§ Phuong d4p tmg yéu cau ctia mét ludn 4n tién si nganh

“K¥ thuat Piéu khién va Tu dong héa”, ma 6 9 52 02 16 vé& ndi dung va hinh thic S

A2

theo c4c quy ché hién hanh vé dao tao tién si ciia Bd Gido dyc va Dao tao va cta
A 3 ) fay )C
Hoc vién Khoa hoc va Cong nghé.

Két ludn:
Két qua bo phiéu danh gia luan an cta Hoi dong: 7/7 thanh vién tan thanh, trong
d6 c6 4/7 phiéu xuat sic.
Hoi dong két luan thong qua luan an, dé nghi Hoc vién Khoa hoc va Céng nghé
cong nhén két qua bao vé va cap bang tién s cho NCS H6 S§ Phuong,

Quyét nghj nay duge 7/7 thanh vién H6i dong biéu quyét cong khai théng qua.

THU KY CHU TICH
' ,? /"ff fg \ — I|| /
TS. D6 Quang Hiép GS.TSKH. Nguyén Dong Anh
XAC NHAN.CUA CO SO DAO TAO

KT. GIAM DO
1O GIAM BOC

HOC VIEN
KHOA HOC
%\ VA CONG NOHE/ :

Nguyén Thi Trung



VIEN HAN LAM
KHOA HOC VA CONGNGHE VN
HQC VIEN KHOA HQC VA CONG NGHE
*

PANG CONG SAN VIET NAM

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN SI
CAP HQC VIEN

Ngay 01 thang 10 ndm 2026, Hoc vién Khoa hoc va Cong ngh¢ da td chirc danh
gid ludn 4n tién si céip Hoc vién cho nghién ctru sinh Ho S§ Phwong theo Quyét dinh so
718/QP-HVKHCN ngay 13 théng 08 ndm 2026 ctia Gidm déc Hoc vién.

P& tai: Nghién ctru xay dung b quan sat 151 va b diéu khién chiu 18i cho robot

di dong non-holonomic

Nganh: K¥ thuét diéu khién va ty dong hoa, Mi sb: 9520216
Ngudi hudng din khoa hoc: 1. TS. Ngd Manh Tién 2. TS.Ngo Duy Tan
Theo Bién ban ctia Hbi ddng, NCS phdi bd sung vé chinh stra ludn an cc diém

sau day:

STT | Ngi dung dé nghi chinh sira, bo sung

Ni dung da dwgc chinh sita, b6 sung
(Ghi 16 56 trang/chuong/muc ... dé duoc
chinh sira)

1 | Chua chuin héa géc ‘theta’ trong danh
muc hinh anh (hinh 3.4; hinh 3.19; hinh
3.24); bang 4.2.

stta chudn héa vé ky hidu géc @ tronglfls
danh myc hinh anh: Hinh 3.4; Hinh 3.19;\;
Hinh 3.24; Bang 4.2.

NCS da nghiém tic tiép thu va da chinh ( <

2 | Céu van chua 16 rang: “Trong s cdc
loai 18i, 131 co cdu chdp hanh duge xem
la mot trong nhitng tac gia tdp trung
vao?

NCS da nghiém tc tiép thu va da chinh
sira: Trong sb céc loai 16i, 18i co cdu chap
hanh dugc xem 13 nhom 16i ¢6 anh huéng
nghiém trong nhit vi ching tac déng truc
tiép 1én tin hiéu didu khién van téc tinh
tién va vén tdc goc cuarobot [7], [8].

Muc 1.1.2, trang 8

3 | Tiéu d& cua cac cot, bang nén thong
nhét d¢é tén tiéng Viét

NCS di nghiém tic tiép thu va da chinh
stra vé tén tieng viét cho tat ca cac bang
biéu toan ludn an.

4 | Chi tiét hon phan chimg minh Dinh Iy
3.2 khi ¢6 wdc lugng va bu 18i co ciu
chip hanh dé sai s6 bam quy dao dat 6n
dinh tiém cén.

NCS da nghiém tic tiép thu va da chinh
sira bd sung chi tiét phan ching minh.
Muyc 3.2.2. trang 64-65

5 | Trong cdc dinh 1y va phéan chimg minh,
NCS nén trinh bay rd hé kin 1a hé nao
(ddng hoe/dong luc hoc)

NCS da nghiém ttc tiép thu va da chinh
stra bo sung va néu rd hé kin cua vong
dong hoc, vong dong luc hoc trong cic

- - -y B E A A & e A A - - . +a = A -
Luu y: Cidc chit Ky xdc nhan cin gan voi ndi dung trén cung mot trang g!r{y. Hoc vién sé khong xdc

nhin néu phin chi ky tach ri véi ndi dung




dinh ly
Muc 3.1.2 (trang 54); Muc 3.2.3 (trang 64)

Chuén hoéa lai ciu “nhiu bén ngoai
dwoe suy giam théng qua thanh phan
SMC”

NCS di nghiém tic tiép thu va da chinh
stra. Muc 3.2.3, trang 64

Hinh 3.17 dinh chit trong ky hi¢u index
(I = x, y, \theta); dinh chit trong bang
4.1. Hinh 4.2 bj mét cht trong khoi
Ham chuyén dbi;

NCS di nghiém thc tiép thu va dé chinh
stra;: Hinh 3.17 (trang 77); Hinh 4.2
(trang 99); Bang 4.1 (trang 101).

B6 sung dd thi sai léch wde lugng.

NCS di nghiém tic tiép thu va da chinh
stra db thi sai léch udc lwong cho cac b
quan sat.

Muc 2.3.2, trang 48-49

Viét hda tén cac truc ctia hinh anh

NCS di nghiém tac tiép thu va da chinh
sira viét hda tén céac truc,

10

Trich din ngudn [internet] cin 13 rang
va ddy du thong tin, thém dia chi trang
web, thoi gian truy cdp. Mot s cum tir
tiéng anh & trang 8 nén luge bo va trich
din tai lidu truc tiép.

NCS da nghiém tic tiép thu va di chinh
stra ngudn trich dan.
Muc 1.1.1, trang 7

11

M@t s6 hinh nén duge Viét héa: Hinh
2.1, Hinh 2.2, Hinh 3.1,

NCS d3 nghiém tac tiép thu va di chinh
stta va Viét hoa cac hinh anh

12

Nén giai thich ngay khi bién/ham xudt
hién lan dau tién: H(e*) xuat hién &
trang 96, sang giita trang 97 mdi giai
thich H, e*.

NCS da nghiém tac tiép thu va da chinh
sira bb sung.
Muc 4.2.2, trang 97,98

13

Mot sb tai liéu tham khio qudc té gin
giai doan 2025-2026 nén dugc cap
nhat thém.

NCS di bo sung tai liéu tham khao [85]-
[90] giai doan 2025-2026 va trich din:
Muci.2.2 (trang 12); 1.4.1 (trang 18);
1.4.2 (trang 21) va 1.5 (trang 25).

14

Muc 3.1.3 Mé phong va danh gid cho
03 bo didu khién: PID, iPID khéng c6
FO va MFC-iPID (Bang 3.1), tuy nhién
cht thich trong Hinh 3.3 - 3.8 chua
ddng nhét véi tén cac bd PK: iPID
without FO, PID FO, MFC-iPID FO,
PID without FO, Proposed gdy kho
theo dai. Twong tu cho Hinh 3.20-3.26.

NCS d4 nghiém tic tiép thu va di chinh
stra va dong nhét tén cac bd diu khién
trong bang biéu va céc hinh anh

Muc 3.1.3: trang 57-60

15

Trang 58 cum tir “thay doéi 10% theo
thoi gian™ chua thuc sy ro nghia, kha
mo ho. Hay lam r& thém cum tir nay
trong phin mé phong véi time = 25s va
chinh lai rd nghia hon.

NCS d nghiém tic tiép thu va di chinh
stra bd sung va lam ré cum tir bang biéu
thirc toan hoc.

Muc 3.1.3, trang 58

Hinh 3.8 rat kho dé nhén ra 15i co cau
chap hanh dua vao tai thoi diém 8s va

NCS da nghiém tic tiép thu va di chinh
stra bo sung minh ching truc quan hon.




8,007 s thi phat hién ra 16i. Can dua ra | Muc3.1.3, trang 59
minh chimg cu thé, trwc quan hon.
16 | Trang 71, phin giai thich vé cac Hinh | NCS d4 nghiém tic tiép thu va d& chinh
nhung c6 d& cép thém cAc thong s | sira va bd sung chi giai.

trong Bang 3.3 va 3.4 thi cin chu giai | Muc 3.2.4, trang 71 -72

15 thong s6 dé xem trong bang nao. Vi
du: “..., thé hién qua chi sb ISE, thong
$6 2.13 va 2.21 & Bing ndo?

Trang 72: Chinh stra lai hop 1y dong 3-
8 tir trén xudng: vi thue té rit khé dé

nhin ra khoang thoi gian.
17 | Ra soét lai toan bo ky hiéu va tén thuat | NCS da nghiém tic tiép thu va da chinh
todn mot céch thong nhét sira va théng nhit

Muc 3.1.2, 3.1.3 (trang 55-60); Muc 3.2
(irang 60), Muc 3.3 (trang 72)

18 | Ra sodt 16i soan thao, ky hiéu, don vi, | NCS dd nghiém tuc tiép thu va ra soat
tén hinh, tén bang va thuat ngl tiéng | chinh sira trong toan luén 4n

Anh

Nghién ctru sinh chan thanh cam on Quy thiy, c6 trong Hoi dong danh gia luin
an tién st cdp Hoc vién dé gop v va tao co hoi cho NCS hoan thién luén 4n cua minh.

Xin tran trong cam on.

Ha Néi, ngay 01 thang 10 nam 2026

NGUOI HUGNG DAN 2 NGHIEN CU'U SINH

oo g

TS. Ngé Manh Tién TS. Ngé Duy Tén Hé S§ Phwong

NGUOI HUONG DAN 1

XAC NHAN CUA CHU TICH HOI DONG THU KY

HORYUEN KD OC
' Doty A /;/

HAGIAM POC
GS. TSKH. Nguyén Déng Anh TS. Pé Quang Hié¢p

Nguyén Thi Trung



