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banh xe ’
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MO PAU
1. Tinh cip thiét ciaa luan an

Trong cudc cach mang cong nghiép 4.0 yéu cau cac nha may ty dong héa hoan
toan, trong d6 robot di dong 1a mot thanh phan khong thé thiéu. Cac robot di dong
gitip t6i wru hoa quy trinh 1am viéc, giam thiéu sy can thiép ciia con ngudi, ting hiéu
suat va dam bao sy chinh xac. Trong céc loai robot di dong phd bién hién nay thi
robot di dong da hudng ¢ wu diém chuyén dong linh hoat theo moi huéng ma khong
can phy thudc vao goc quay cia robot, ¢6 thé lam viéc trong khong gian han ché.

Thong thuong, céc loai robot di dong da hudng thuong str dung banh xe omni
hoac banh xe mecanum. Trong d9, robot di dong da hudng str dung banh xe mecanum
¢6 kha nang chiu tai trong 16n, ¢0 kha nang hoat dong linh hoat trong cac moi truong
phuc tap, hep va dong duc, nhu trong cac nha kho, bénh vién, khu vuc san Xuét cong
nghiép hodc moi trudng do thi. Tuy nhién, trong thyc té nhitng méi truong nay thuong
c6 nhiéu yéu t6 thay doi lién tuc (chuéng ngai vat, mit san di chuyén khong bang
phang, v.v.), dic biét 1a khi tai trong thay ddi hodc trong cac tinh hudng gay mat 6n
dinh (vi du, khi robot mang theo cac vt liéu khong dong déu), khi d6 vi tri trong tdm
ctia robot thay doi co thé anh hudng 16n dén chuyén dong va kha ning bam quy dao.
Do d6, viéc nghién ctru cc thuat toan dicu khién thich nghi gilp robot hoat dong
chinh xéc va 6n dinh hon trong méi trudng lam viée thyc té.

Bai toan diéu khién bam quy dao cho robot di dong da hudng banh xe mecanum
la quan trong va cip thiét. Yéu cau cac hé théng c6 kha nang diéu khién robot duy tri
qui dao ma khong bi léch hoidc mat on dinh, dic biét khi mo hinh robot 1a phi tuyén
cd cac thanh phan bt dinh chiu 4nh hudng cia méi trudng lam viée hoic khi di
chuyén trén dia hinh khong bang phang. Viéc phét trién cac thuat toan diéu khién
bam quy dao giup giam thiéu sai s va 6n dinh trong qua trinh van hanh. Cac huéng
nghién ctru chinh cé thé ké dén nhu str dung thuat toan diéu khién PID thong thuong,
diéu khién PID mé hay mdt sb nghién ctru st dung bo diéu khién mat truot. Gan day
cac thuat toan diéu khién tién tién nhw MPC (Model Predictive Control), LQR (Linear
Quadratic Regulator), va cac phuong phap hoc may (machine learning) dugc ap dung

va ching minh tinh hi€u qua.



Trong qué trinh nghién ctru, thach thirc 16n can giai quyét 1a phai phat trién cac
thuat toan diéu khién c6 thé thich nghi véi cac yéu tb moi truong khong on dinh, nhu
trong tam bat dinh cta robot khi van chuyén cac vat nang hoac khi di chuyén trén dia
hinh khéng bang phang. Céc thuit toan diéu khién hoc may, hoc ting cuong, hoc sau
dua trén mang no-ron nhan tao ciing duoc nghién ciru ap dung vao diéu khién bam
quy dao cho robot, dat dugc chat lugng diéu khién tot hon.

Vé6i nhitng xu hudng nhu trén, NCS d lya chon dé tai: Nghién citu xdy dung
thudt todn thich nghi va hoc ting cwong ciu tricc Actor-Critic diéu khién bam quy
dao cho robot di dpng da hwong mecanum. NO1 dung nghién clru cia ludn an s€ tap
trung vao xay dung cac thuat toan diéu khién thich nghi va hoc ting cuong nham
ning cao chit luong diéu khién bam quy dao cho robot di dong da hudng bdn banh
Xe mecanum c0 vi tri trong tdm thay d6i. Luan an ap dung cac thuit toan diéu khién
truyén thong, dén cac thuat toan diéu hoc mdy, hoc ting cuong dé so sanh kiém chimg
véi chat luong thuat toan diéu khién duoc dé xuat.

2. Muc tiéu nghién cwru caa luan an

Muc tiéu nghién cau thuat toan diéu khién thich nghi va hoc ting cuong nang
cao chat luong diéu khién bam quy dao cho robot di dong da huéng mecanum, trong
diéu kién chiju anh huang cua trong tam thay doi va c6 nhiéu ngoai tac dong. Luan an

da dat ra cac nhiém vu nghién ctru chinh sau:

- Nghién ctu thuat todn diéu khién thich nghi nham nang cao chét luong diéu

khién bam qu¥ dao cho robot di dong da hudng mecanum cé trong tdm thay doi

- Nghién cau thuat toan hoc tang cudng cau tric Actor- Critic 4p dung diéu khién

bam quy dao cho robot di dong da huéng mecanum c6 trong tim thay doi

3. N§i dung nghién ciru
e Tong quan vé robot di dong da hudng, cac nghién ciru trong va ngoai nudc, dua
ra hudng nghién cuu cua luan an.
e M0 hinh héa toan hoc cho robot di dong bén banh xe mecanum c6 trong tam
thay doi.
e Ap dung cac thuat toan dé diéu khién bam quy dao cho robot mecanum nhu:
PID, SMC, Backstepping-SMC, DSC.



e Nghién ctru dé xuat thuat toan diéu khién thich nghi dya trén hé logic mo nhiam
nang cao chat luong bam quy dao cua robot di dong da huéng mecanum cé
trong tam thay ddi va nhiéu ngoai tac dong.

e Nghién ctru dé xuét thuat toan hoc ting cudng cau tric actor- critic diéu khién
bam quy dao cho robot di dong da huéng mecanum chiu anh huéng cia nhiéu
ngoai luc va cac tham sé bat dinh cia md hinh robot.

e MO phong va thuc nghiém thuat toan trén mo hinh robot thuc tir d6 danh gia

chat lugng va kha nang thyc tién caa thuat toan dugc dé xuat.

4. Y nghia khoa hoc va thuc tién ciia dé tai

Hién nay, bai toan diéu khién bam quy dao cho robot di dong da huéng
mecanum c6 tinh cap thiét. Khong chi phuc vu cho céc nganh cong nghiép va san
Xuat, nghién citu ndy con gop phan phat trién cong nghé tu dong hoa, ting cuong kha
nang (rng dung robot trong ciru hd, an ninh, va cac linh vuc giao théng tu dong. Cac
thuat toan diéu khién bam chinh xac quy dao sé& gilp robot hoat dong 6n dinh va hiéu
qua, dap ing duoc yéu cau ngay cang cao trong cac moi trudng phic tap va ang dung

thuc té.

Luan an dé xuat phuong phap diéu khién thich nghi, hoc ting cuong dua trén
luat logic mo va sir dung mang no-ron nhan tao la mot hudng di maéi cho bai toan
diéu khién bam quy dao robot di dong da hudng bdn banh xe mecanum dé thich nghi
v6i anh huong cua thay ddi tam khéi luong va cac nhiéu bat dinh caa mé hinh, nhidu
ngoai.

Céc két qua nghién ciru cua luan an 1a co s khoa hoc dé ap dung vao thuc tién,
cling Véi viéc xay dung md hinh robot thir nghiém dé kiém chiing thuat toan, tir d6

ma& ra kha ning ap dung vao thuc tién.

5. DPéng gop mai caa luan an
Cac dong goép mai cua luan an:
> Peé xuit thuit toan diéu khién mit trwet dong chinh dinh thich nghi
mé dé nang cao chat hrong diéu khién bam quy dao cho robot tw hanh da hwéng
bén banh xe mecanum c6 trong tim thay ddi. Thuat toan diéu khién duoc phéat

trién vai bo didu khién logic mo chinh dinh cac tham sé cua thuat toan diéu khién



mit treot dong, st dung dau vao cua bo chinh dinh mo 1a sai Iéch vi tri va vén téc
théng qua moé hinh mo sugeno dé chinh dinh truc tuyén cac tham sb diéu khién Ki,
K> cua thuat toan diéu khién mat truot dong. Phuong phap diéu khién duoc dé xuat
4p dung cho FMWR c6 trong tam thay d6i, dam bao cho robot bam quy dao tét hon
ngay ca khi thay doi khéi luong va do léch tam, thoi gian robot tién dén quy dao
nhanh va sai léch bam cling nho hon.

> Pé xuit thuat todn hoc ting cwdng ciu tric Actor-Critic diéu khién
t6i wu bam qu¥ dao cho robot tw hanh da hwéng bén banh xe mecanum cé trong
tam thay d6i. Thuat todn hoc ting cudng duoc phét trién st dung quy hoach dong
cua Bellman, nghiém cua phuong trinh HIB duoc xap xi théng qua giai thuat lap Pl
dé giai. Thuat toan s dung hai mang no-ron véi cau tric Actor — Critic dé giai xap
Xi nghiém phuong trinh HJB. Trong d6 mang Actor dung dé xap xi luat diéu khién
t6i wu, mang Critic dung dé xap xi ham Bellman. Tin hiéu diéu khién tir Actor s lién
tuc duoc cap nhat va dua vao kich thich hé théng cho dén khi tin hiéu diéu khién l1a
t61 wu, cac luat cap nhat cua mang Critic duoc thuc hién dong thoi trong mot bude
lip dya theo tdi thiéu hda sai s6 ham Bellman tuwong tng. Thuat toan duoc ching
minh tinh 6n dinh theo tiéu chuan ham Lyapunov. Cac két qua md phong cua thuat
toan dugc ap dung diéu khién bam quy d¢ao cho FMWR c6 trong tam thay doi va anh
hudng cua nhidu ngoai. Cho thay kha nang bam quy dao va on dinh ngay ca khi trong
tAm cta robot thay doi, chiu dugc anh huang cua cac nhidu ngoai luc tac dong voi sai

Iéch nho.

6. B6 cuc cia luan an

Luén an dugc trinh bay bao gom 4 chuong:
Chuong 1: Tong quan vé robot di dong da huéng.

Noi dung nghién ctru cac loai robot di dong banh xe da hudng, phén tich cac uvu
diém, nhuoc diém cua cac cong b lién quan hién nay tir d6 dat ra huéng nghién ctu
cua luan an. Xay dung mé hinh dong hoc, dong luc hoc cho FMWR dua trén phuong

trinh Euler Lagrange.



Chuwong 2: Thuit toan diéu khién bam quy dao cho robot di déng da hwéng
mecanum

Ap dung cac thuat toan diéu khién bam quy dao nhu: thuét toan PID, diéu khién
truot, didu khién mit truot dong, dé danh gia vu nhuoc diém cua ting thuc toan va

tir d6 dé xuat thuat toan mai nham nang cao chat lugng diéu khién bam quy dao.

Chuong 3: Thuit toan hec ting cwong diéu khién bam quy dao cho robot di
dong da hwéng mecanum

Nghién ctu cac thuat toan hoc may, hoc ting cuong tir d6 dé& xuét thuat toan
diéu khién vai cau tric Actor-Critic diéu khién FMWR bam quy dao. Thuat toan dua
trén phuong trinh Hamilton- Jacobi- Bellman (HJB). Sir dung thuat todn hoc tang
cudng Vai cau tric Actor- Critic dé xap xi nghiém phuong trinh HIB. Kha ning bam
quy dao va 6n dinh cua thuat toan dugc chirng minh bang ham Lyapunov. M6 phong

thuat toan trén matlab dé kiém chung tinh hiéu qua cua thuat toan.

Chuong 4: Thuc nghiém véi mé hinh robot di dgng da hwong mecanum

Thiét ké va ché tao md hinh robot di dong bon banh xe mecanum véi kich thudc
giong v&i md hinh toan hoc da dugc nghién ciu trong chuong 2. M6 hinh duoc chay
thir nghiém vai cac thuat toan dé xuat, tir d6 danh gia kha ning tng dung FMWR vao

thuc tién.



CHUONG 1. TONG QUAN VE ROBOT DI PONG PA HUONG

1.1. Téng quan vé robot di dong

Robot di dong (Mobile Robot) Ia loai robot c6 kha ning di chuyén va thyc hién
cac nhiém vu ma khdng can su can thiép truc tiép caa con ngudi. Nhitng robot nay
thudng duoc trang bi cac cam bién, hé théng diéu khién va phan mém dé twong tac
véi moi trudng va thuc hién cac nhiém vu mot cach tu dong. Ching cd thé di chuyén
trén nhiéu bé mit khac nhau va thuong duoc thiét ké dé hoat dong trong cac moi
truong thay d6i, bao gom ca trong nha va ngoai troi. Hién nay, robot di dong duoc
tng dung rong rai trong doi sdng xa hoi nhu xe t 14i, robot di dong phuc vy, véan
chuyén kho hang ..., trong linh vuc san xuat cong nghiép 1a cac robot van chuyén vat
lieu, hang hoa trong cac nha may, xuéng san xuat, kho bii; trong linh vuc an ninh
qudc phong la cac robot trinh sat, do pha bom min, robot chién truong...; trong hang
khong vii try, tham hiém, kham pha ¢ cac hanh tinh ngoai trai dat.. .

Tuy theo tirng yéu cau nhiém vu cu hoat dong va di chuyén khac nhau ma robot
di dong dugc thiét ké theo hai loai: robot non-holonomic sir dung cac banh xe truyén
théng c6 cau tao nhu hinh 1.1 va robot da huéng holonomic duoc st dung banh xe

omni hoac banh xe mecanum nhu hinh 1.2,

v

Hinh 1.1 Robot di dong dang non-holonomic

Robot di dong truyén théng dang non-holonomic chi xét d&én hai bac tu do diéu
khién 1a: di chuyén tinh tién va di chuyén theo gdc quay. Robot dang nay ¢ wu diém
la cau tao don gian véi co cdu dan dong véi 2 banh xe chu dong phu hop véi cac quy

dao di chuyén tinh tién va ré huéng don gian.



WAYROINT

(a) (b)

Hinh 1.2 Robot di dong dang holonomic: (a) Robot da hudng banh xe omni, (b)

Robot da huéng bén banh xe mecanum

Robot di dong dang holonomic hay con goi la robot di dong da hudng, duoc xét
dén day du ca ba phwong di chuyén: tinh tién, ngang doc va theo goc quay, do d6 nd
tang tinh linh hoat, dic biét robot c6 thé di chuyén theo phuong bat ky ma goc hudng
khong ddi. Trong sé cac loai robot da huéng thuong st dung loai banh xe omni Vi
thiét ké 1a ba banh hodc bon banh nhu hinh 1.2(a) va dang thir hai 14 robot sir dung
banh xe mecanum nhu hinh 1.2(b), cac banh xe cua robot duoc dan dong doc lap vai
nhau, trén mdi banh xe cé cac con lin vé tinh dit léch gdc so véi truc chinh banh xe
gilp chuyén mot phan lyc tinh tién thanh lec truot ngang gidp robot ¢ thé di chuyén
da hudng.

Céc kha niang chuyén dong ctia robot duoc thé hién trong hinh 1.3. Bdi véi robot
sir dung banh xe truyén théng thi kha ning di chuyén tinh tién va ré huéng phu thudc
vao goc hudng cua robot nhu trong hinh 1.3(a), con ddi véi robot da hudng st dung
banh xe mecanum thi cac huéng di chuyén cua robot linh hoat hon khi c6 kha ning
di chuyén theo cic hudng khac nhau nhu hinh 1.3(b) ma khong phu thudc dén goc

hudng cua robot.
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Hinh 1.3 Céc kha niang chuyén dong cua robot: (a) Robot sir dung banh xe truyén
thdng, (b) Robot da hudng bon banh xe mecanum

Nho vao nhitng uu diém nhu kha ning co dong tét hon, khéng can quay huéng,
hiéu suat cao trong khdng gian han ché, tiét kiém khong gian va thoi gian, do d6 robot
di dong banh xe da huéng da tré thanh dbi twong nghién ciru duoc nhiéu nha khoa
hoc quan tdm. So vdi cac loai robot di dong da hudng khac co cung kich thudce thi
robot da hudng sir dung banh xe mecanum di chuyén muot ma hon, c6 kha ning
mang duoc tai trong I6n nén duoc st dung nhiéu trong cdng nghiép va nghién cuau,

day ciing 1a d6i twong nghién ciu chinh cua luan én.

1.2. Robot di dgng da hwéng mecanum

Robot di dong da huéng mecanum (FMWR) dugc thiét ké sir dung bdn banh xe
mecanum duoc truyén dan doc 1ap véi nhau bai bén dong co riéng biét. Céc cap banh
xe dugc sap xép ddi xirng nhau tao mot tu thé can bang cho robot va dam bao tinh
dong hoc trén mdi banh xe. Trén tirng banh xe mecanum duoc thiét ké véi céc con

1dn vé tinh thy dong dit Iéch so véi truc chinh cua banh xe mot goc 45° nhu hinh 1.4.



Hinh 1.4 M6 hinh robot di dong bdn banh xe mecanum

Khi robot hoat dong thi cac banh xe duoc dong co truyén dong quay theo
phuong vudng goc voi truc truyén dong, dong thoi cac con lan thy dong cua banh xe
chuyén dong bién d6i mot phan luc tinh tién thanh luc truot ngang, nho d6 cac luc
ngang gidp robot di theo phuong ngang linh hoat hay phuong bat ky ma khéng phu
thudc vao goc hudng cua robot. Véi thiét ké cua robot sir dung banh xe mecanum thi

cac hudng chuyén dong cua robot dugc thé hién hinh 1.5 [1].
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Hinh 1.5 Céc hudng di chuyén cia FMWR

Phuong thuc di chuyén cia FMWR: dé cho robot hoat dong thi cac banh xe

duoc di chuyén theo tirng cip va quay hudng khac nhau dé tao thanh cac hudng di
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chuyén mong muén. Trudng hop robot muén di chuyén tinh tién vé phia truéce thi cac
cap banh xe 1-3, 2-4 s& quay theo chiéu thuan va hoat dong cuing tc d6 vai nhau, néu
mudn robot di chuyén nguoc lai thi cac dong co banh xe quay dao chiéu. Truong hop
robot di chuyén sang phai ma gii nguyén goéc huéng cua robot thi cap banh xe 1-4 s&
quay nguoc dong thoi cap banh xe 2-3 s& quay chiéu thuan. Khi muén géc huéng cua
robot quay theo chiéu sang phai ma vi tri khong dbi thi cac cip banh xe 1-3 quay theo
chiéu thuan ddng thoi cap banh xe 2-4 quay theo chiéu nghich. Twong ty nhu vay thi

cac huéng di chuyén khac nhau cua robot duoc thé hién trong hinh 1.5.

Hinh 1.6 Mot sb ¢ng dung cuaa FMWR

Nho vao cac wu diém di chuyén linh hoat va chiu duoc tai trong 16n thi FMWR
dugc ung dung rong réi trong cdng nghiép nhu cac robot di dong lam nhiém vu nang
ha trong kho hang, nha may, van chuyén, hay robot duoc tich hop tay may thao tac
va chuyén dong trong cac day chuyén san xuét, robot tham hiém ¢ trong nhitng méi
trudng phong xa, robot co thé duoc sir dung trong cac nhiém vu khao sat dia hinh kho
tiép can hoac nguy hiém nhu trong khong gian, dudi nudc hodc cac ving dat khic

nghiét....mot s6 ang dung cia robot mecanum trong hinh 1.6.

P

Hinh 1.7 Su thay d6i trong tam cua robot tich hop canh tay cong tac
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Déi voi mot sb ung dung cia FMWR nhu: robot van chuyén hang héa trong
kho bdi hoac robot co tich hgp tay may cong tac nhu hinh 1.7. Trong qua trinh hoat
dong khi robot mang thém mét khéi luong hang héa diéu d6 din dén tong khéi luong
cua robot bi thay doi va trong tdm cua robot ciing thay doi theo. Khi trong tam cua
robot léch nhiéu vé mot phia (vi du khi robot quay hoic chuyén dong theo duong
chéo), cé thé dan dén viéc robot mat thing bang va anh hudng dén d6 6n dinh. Tir d6
dit ra van dé, nghién ctu cac thuat toan diéu khién cd kha ning thich nghi véi cac
thay ddi d6, va ty dong diéu chinh cac tham s (nhu téc do, huéng, va luc tac dong
Ién banh xe) dé dam bao robot 6n dinh trong suét qué trinh di chuyén va bam quy dao

mot cach chinh xac.

1.3. M6 hinh toan hoc robot di dong da hwéng mecanum
1.3.1. Cdu tgo banh xe mecanum

Trong sb cac loai banh xe da huéng, banh xe mecanum la mot loai banh xe dic
trung. Vi thiét ké cia banh xe nay bao gom cac con lin vé tinh dugc gan nghiéng
mot gc 45° so vai truc chinh caa banh xe. Khi truc chinh banh xe duoc truyén dong
tir dong co thi banh xe chuyén dong, dong thoi cac con lan dat xung quanh banh xe
cling chuyén dong thu dong, bién d6i mot phan luc di chuyén tinh tién thanh luc truot
ngang cua mdi banh xe, luc truyén dong dé giup banh xe co thé di chuyén dong thoi

theo phuong tinh tién va phuong ngang.

Xét mé hinh todn hoc cua banh xe mecanum [54] dugc mé ta trong hinh 1.8.

\ e

Hinh 1.8 M6 hinh toan hoc cia banh xe mecanum
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Trong hé truc toa o PX,,Y,, trong d6 diém A la tdm cua banh xe, cac théng sb
duoc xac dinh trong hé truc toa do nhu sau:
o -la goc cua vector PA so véi truc X,,
S - la goc gitra vector PA so vai truc chinh cuaa banh xe
| - 12 khoang céach gitta tim P dén tam béanh xe A
r - Ia ban kinh cua banh xe
y - la goc gitra con lan va truc chinh banh xe
w - la goc quay cua banh xe quanh truc chinh
¢ - la goc hudng cua robot
Van tdc tac thoi caa robot 1 [, ¥, ] va van téc quanh truc banh xe 1a v,
van toc dai ciia banh xe A c6 thé dugc tinh bang tong véc to van toc tinh tién X, y,

va van toc twong déi dugc tinh 1¢4. Gia sir do truot doc cua banh xe p =0 thi van téc

cua banh xe dugc tinh nhu sau [54]:
rgycosy =[sin(a+ f+y)—cos(a+ f+y)—lcos(B+y)[X. VY= 4T (1.2)

Hudng cua khung toa do robot so vai khung toa do goc duoc biéu dién bang

ma tran quay:

cosg sing O
H(¢)=| —sing cos¢g O (1.2
0 0 1

trong do: ¢ - la goc gitra truc X,, cua h¢ truc toa do gan véi robot so véi truc X cua

hé truc toa d6 géc.
Tir d6 vén toc cia banh xe v, =[ %, Yy, ¢5]T duoc tinh 1a: v, = H(#)n

Trong d6: i =[X ¥ ¢']T 1a véc to van tdc caa robot gin vai hé quy chiéu quén tinh

XOY thi phuong trinh (1.1) ¢6 thé dugc chuyén vé dang sau:
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[sin(a+ B+ y)—cos(a+ S+ y)—lcos(B+ y)].H(p)n = ry cosy (1.3)

1.3.2. Phwong trinh dpng hoc robot di dpng bén banh xe mecanum

M hinh robot di dong da huéng mecanum (FMWR) dugc thiét ké véi bdn banh
xe mecanum [54] duoc sap xép ddi xing theo tirng cip nhu thé hién trong hinh 1.9.
Mdi banh xe dugc dan dong boi mot dong co riéng biét, cho phép cac banh xe di
chuyén doc 1ap véi nhau nhd vao thiét ké nay ma mdi banh xe ¢é thé chuyén dong
doc 1ap voi nhau dé tao ra lyc tinh tién va luc truot ngang khac nhau gidp cho robot

c6 thé di chuyén doc hay di chuyén ngang ma ko can thay d6i goc hudng cua robot.

YMA
Y A
. g , w1
N A4 77 4]
~ RS
\‘\. ./_/ h
| e
I /_/P '\.\. X M
Ve N
s N
O \% W 4
rgr\,jg
0O X

Hinh 1.9 M6 hinh robot bén banh xe mecanum
Gia thiét voi mé hinh FMWR duoc thiét ké vai cac banh xe c¢6 cung kich thuéc:
I = rvagoc léch giita cdc con lan so véi truc banh xe y = 45°. Khoang cach gifta cac
banh xe i =1,2,3,4 dén trong tim P clia robot 1a d6i xtrng nhau véi chiéu dai la |, =1

xac dinh duoc [54]:
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1 -1 —ﬁlsin(%—oc)1
_V)l_ . 7T
. -1 1 —J2lsin(=-
v, | _1 valsinG )
Vsl Tl 1 Vaasin@ -a)
LV, | 4

1 —ﬁlsin(%-a) |

Trong d6: a =tan(h/g)

cosg sing 0] x
—sing cos¢g 0|y
0 0 1| ¢

(1.4)

Céc thong sb «, 5 va y, cua timg banh xe dugc thé hién & trong bang 1-1.

Bdng 1-1. Théng sé cia cac banh xe mecanum

Wheels a, i/ 7,
1 tan(h/g) ~tan*(h/g) (45° + 71 2)
2 z—tan(h/g) tan™(h/ g) —(45° + 7 12)
3 z+tan™(h/g) —tan*(h/ Q) (45° + 71 2)
4 2w —tan(h/g) tan*(h/ Q) —(45° + 7 12)

Tu d6 ma tran Jacobian duoc xac dinh:

1 —\/Elsin(%—a)_

1 1 —J2sinZ-q)|[ cosg sing 0
J= 4 —sing cos¢g O
1 1 —ﬁlsin(%—a) 0 0 1

1 —\/Elsin(%—a)

(15)

Phuong trinh dong hoc thuan mé ta su lién két giira vi tri cua robot va van téc

quay cua cac banh xe c6 thé duoc dién dat nhu sau:

X . ‘/,/1
y|=2ra|"
i) ° |

V4 ]

(1.6)
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Trong d6: J* =(J3"J)*J" la ma tran gia nghich dao cua J

Phuong trinh dong hoc nguoc caia FMWR trong hé toa do toan cuc duoc Xac

dinh nhu sau:

Xq cosg sing 0| x
Ve |=|—Sing cosg Ofy .7
B 0 0 1|4

Phuong trinh dong hoc thuan c6 thé duoc viét dudi dang ma tran nhu sau:
1, = H(#n (1.8)
Trong do: 7, =[>’(R Ve e T - 1a van toc theo tryc x, y va goc hudng cua
robot trén hé truc toa do gan vai robot. 1= [x y gﬂT - 1 van tbc theo truc x, y va
gdc hudng cua robot so vai hé truc toa do goc.

1.3.3. Phwong trinh déng luc hoc robot di dgng bon banh xe mecanum

Xét moé hinh robot str dung bén banh xe mecanum, trong dé trong tam thyc té
khong tring vai tam hinh hoc cia mé hinh robot. Diéu niy ¢ nghia 1a vi tri trong
tam cua robot cd thé Iéch khoi trung tdm hinh hoc caa cau trdc robot, va su khac biét
nay anh huéng dén dong luc hoc va cac dic tinh diéu khién cuaa robot, diéu dé anh
huong dén chét luong diéu khién cho robot. M6 hinh robot cé trong tam thay doi
(FMWR-ME) thé hién trong hinh 1.10. Trong d6, vi tri trong tim P =[x y]" duoc
xét dén 14 vi tri trong tdm theo hé quy chiéu caa robot va vi tri P' 1 vj tri trong tam
thay d6i clia robot dugc xét dén c6 vi tri twong d6i thé hign bgi P'=[x—d, y-d,]’
theo khung toa do cua robot. Vi tri trong thm P' c6 thé 1a cé dinh hoic bién thién
trong trudng hop mang tai trong hang hoa cé trong tam kho xac dinh (hoic bat dinh).
DPé dam bao cho FMWR can bang, c6 thé hoat dong 6n dinh ma khong bi lat khi di

chuyén thi trong luan an gidi han d6 léch trong tdm cua robot khong vuot qué:

1. . 1
dl<§g va d2<§h.



Hinh 1.10 M6 hinh FMWR c6 xét dén do léch trong tam

Tong dong nang cua robot bao gom ca khéi luong cua robot va bén banh xe
dugc tinh nhu sau [54]:

. 4 4
T3 PR g S ) 4 0 19)
i=1 i=1

Trong d6: m, l1a khéi lwong cua robot; m,, la khdi lugng cta banh xe tha i; J, 1a

moment quan tinh cua robot, J , la moment quan tinh cua banh xe thr i so véi truc

banh xe.

Giai thiét robot hoat dong trén mat phing san nén thé ning toan phan V =0,
nén phuong trinh Lagrange tré thanh: L =T —V =T . Phuong trinh dong luc hoc cua
robot c6 thé duoc suy ra bang cach str dung phwong phap dao ham theo phuong trinh
Lagrange [54], [53]:

d( oL

oL .
a(an__ij_a_q, i=12,3 (1.10)
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Trong d6: 1, - 12 toa do tong quét thir i,
Q, - la luc, moment tac dong thur i

Thay phwong trinh (1.9) vao (1.10) va thuc hién lay dao ham ta duoc:

Q =[7,—rsgn (zpl)glj[—%(cos¢—sin ¢)} +| 7, - rsgn(wz)gzj{—%(cos¢+sin ¢)}

+ 7, - rsgn(%)g]{%(oow—sin ¢)}+[z’4 - rsgn(z/)4)g“4][%(cos¢+sin ¢)}
(1.11)

Qz = I:Tl —rsgn (l//l)é/ljl[_%(Sin ¢+ COS¢):‘ +|:Tz —rsgn (W2)§2]|:—%(Sin¢—COS¢):|

+ 7, - rsgn(z/'/s)gg]{%(sin¢+cos¢)}+[74 - rsgn(%)g]ﬁ(sin¢—cos¢)}

(1.12)

Q=(r,+7,+7, +q){—£l sin(;z/4—a)}
r (1.13)
+[san (17,) ¢ +59n (v7,) &, +50n ()&, +59n (17, )¢, J[V2Isin(z 1 4 - a0)]

Véi: ¢,- la ma sat cua banh xe thar i véi mat san

Tir (1.11), (1.12) va (1.13) ta dua ra duoc phuong trinh dong luc hoc viét dudi dang

ma tran nhu sau:

M(m)ii +C(n, )i+ D3 = Dr (1.14)
Trong do: Tz[rl T, T, T4]TJC=[§1 ¢ G 44]T’

§=rUg; U=diag[sgn(y,) sgn(w,) san(v,) sgn(y,)]
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m 0 m, ]
M=0 m m, ;ml:mb+4(mw+r—;“j;
m, m, m

3

m, =m, (d,sing+d,cosg);m, =m, (—d, cos¢ +d,sing);

4 2

(
m, :mb(df+dj)+Jb+8(mw+‘:—vzvjlzsin2(7r/4—a)
c
¢, |;c, =m,g(d,cosg—d,sing);c, =mg(d,sing+d,cosg);
0

=

0
C=|0
0

o O O

_—(c—s) —(s+¢) —\/Elsin(%—a)_
—(c+s) —(s—c) —\/Elsin(%—a)

;S =SIng,Cc=CoS¢g

= |k

c-Ss  s+¢ —\/Elsin(%—a)

C+S s—cC —ﬁlsin(%—a)

Phuong trinh dong luc hoc (1.14) cia FMWR ¢6 cac tham s6 d,,d, thé hién do
léch cua trong tam thyc té so véi tam hinh hoc cua robot. Céc két qua nay duoc st
dung dé trién khai cac thuat toan diéu khién, nham danh gia anh huéng caa do léch
trong tam dén chat lugng diéu khién bam quy dao. Tir d6 dé xuat cac thuat toan diéu
khién thich nghi dé thich (g véi cac thay d6i cua tham sé mé hinh va nang cao chat

luong diéu khién.

1.4. Céu tric hé thong diéu khién robot di déng

Cau trdc chung cua hé thong diéu khién robot di dong dugc md ta trong hinh
1.11 chia ra l1am 4 khéi chinh: (1) Khdi giao tiép: Gom céc bang khién nt bam, man
hinh diéu khién nguoi may HMI, giao tiép truyén thong, (2) Khdi cam bién: Gom céc
tin hiéu cam bién tiém can phat hién va cham, camera 3D thu thap hinh anh moi
truong lam viéc, Lidar quét, thu thap dir liéu ban do dua tin hiéu vé khéi xir ly trung
tam. (3) Khéi xir Iy trung tdm 1a mot may tinh nhiing c6 chirc nang chay hé diéu hanh
ROS va thyc hién cac nhiém vy ban dd hoa méi trudng, 1ap quy dao, diéu hudng, xir

ly cac nhiém vu truyén thong. (4) Khéi diéu khién bam quy dao: thuc hién cac thuat
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toan diéu khién bam theo quy dao dat duoc giri tir khéi xtr 1y trung tdm, cac thuat toan
phai dam bao robot hoat dong chinh xac theo quy dao dat vai céc sai Iéch nho va giri

cac phan hoi vé vi tri vé cho bo diéu khién trung tam.

Cam bién,
Lidar,

Camera 3D

Piéu khién bam quy dao

o Khéi xir I |y, -
HMI/ ROS toan dieu
Truyén ’ khién
thong SI".AM’
Navigation
—

Hinh 1.11 So d6 tong quan hé théng diéu khién robot di dong

Dé robot hoat dong chinh xac thi qua trinh diéu khién chuyén dong cua robot
dugc chia lam 3 giai doan chinh nhu sau: Lap phuong an chuyén dong (Motion
planning), thiét ké quy dao di chuyén (Trajectory Generation), diéu khién bam quy
dao (Trajectory Tracking)

- Giai doan |dp phirong dan chuyén dong: Dua vao méi trudng lam viéc cua
robot va cac yéu cau nhiém vu hoat dong cua robot dé thiét ké ra duong di chuyén
cua robot gém diém dau, dich dén ma chua quan tam dén van téc, gia toc khi di
chuyén. Cac phuong an chuyén dong duoc tinh toan dé téi wu quing duong di chuyén
va tranh vat can trong qué trinh di chuyén cua robot dam bao robot cé thé di chuyén
dén diém dich. Trong giai doan ndy cac thuat toan A*, EKF-SLAM, MPC [2, 3] hoic
thuat toan hoc may [4, 5] duoc ap dung vao dé lap cac phuong an chuyén dong cho
robot duoc tdi uu.

- Giai doan thiét ké quy dgo di chuyén: Tir phuong an chuyén dong duoc lap
ra thi giai doan nay cac dudng quy dao duoc thiét ké nham dam bao rang robot c6 thé
di chuyén maot cach hiéu qua tir vi tri nay dén vi tri khac. Qua trinh thiét ké quy dao
bao gom viéc xac dinh cac diéu kién giang budc vé vi tri, van tbc, gia toc va thoi gian
di chuyén ciia mdi phan cua quy dao sao cho robot c6 thé thuc hién di chuyén muot

ma va khong gap rai ro. Tuy thuoc vao ung dung va méi truong lam viéc caa robot
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ma céc quy dao di chuyén cua robot c6 thé 1a duong thang, dudng cong hay quy dao
bac 3 (Cubic Trajectory) doi hoi muot ma cao hon.

- Giai doan diéu khién bam quy dqo: Day 1a giai doan quan trong quyét dinh
dén d6 chinh xé&c va hiéu qua 1am viéc cuaa robot. Tir quy dao duogc xac dinh & giai
doan trudc thi robot dugc diéu khién dé di chuyén bam theo quy dao duogc dat ra voéi
c4c sai léch nho nhat va dam bao thoa méan cac diéu kién vé van téc va gia téc theo
thoi gian. Bé diéu khién bam chinh xac quy dao thi cac thuat toan diéu khién dugc ap
dung nhu b diéu khién truyén théng PID, PID thich nghi hay céc bo diéu khién truot
SMC [6-8], hay thoi gian gan day cac thuét toan diéu khién dya trén mang no-ron
nhan tao, hoc may duoc &p dung [9-12]. Mat khéc, khi robot chuyén dong phu thuoc
Vvao céc yéu t6 phuc tap nhu luc kéo, luc ma sat banh xe, ma sét hé théng dan dong,
luc can, thay ddi khéi lugng, trong tm va cac tac dong caa moi trudng 1am anh huong
dén chat luong diéu khién bam quy dao cua robot. Tir d6 dit ra cac thuat toan diéu
khién bam quy dao phai thich nghi duoc véi cac anh huong caa cac nhidu tac dong
dén mo hinh. Do d6 luan an tap trung vao nghién ciu, dé xuat thuat toan diéu khién
bam quy dao cho FMWR véi sai léch nho va thich nghi dugc véi cac tham sb cia mo

hinh thay d6i dic biét quan tam dén khéi lwong va trong tam cia robot thay doi.

1.5. Téng quan tinh hinh nghién ciru trong va ngoai nwéc
1.5.1. Tinh hinh nghién citu trong nwéc

Tinh hinh nghién ctru va ttng dung robot di dong tai Viét Nam ngay cang phat
trién, vai sy tham gia nghién ciru caa cac trudng dai hoc, vién nghién ctru va cac cong
ty cong nghé 16n dién hinh nhu: Pai hoc Bach Khoa Ha Noi (HUST), Truong Pai
hoc Céng nghé TP.HCM (HUTECH), Vién Khoa hoc va Cdng nghé Viét Nam
(VAST), Truong Dai hoc FPT, Truong Dai hoc Phenikaa, Toshiba Vietnam,
Vinamilk... Cac nghién ciru va ung dung dang dugc trién khai ¢ nhiéu linh vuc bao
gom cdng nghiép, y té, ndng nghiép, va giao thdng. Cac hudng nghién ctu tap trung
cha yéu vao bai toan diéu hudng, 1ap quy dao va diéu khién bam quy dao cho robot
di dong. Cac ddi tugng robot duoc &p dung vao trong nghién ctu la robot sir dung
banh xe truyén théng dang (non-holonomic), gan day mét sé nghién ciu vé robot di
dong da hudng (holonomic) dugc cong bd. Mot s6 nghién ctru vé bai toan diéu khién

bam quy dao duoc cac tac gia va nhém tac nghién ciu cong bd nhu sau:
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CAc tac gia trong nghién cau [7] da trinh bay phwong phap diéu khién robot di
dong AGV bam theo quy dao véi bo diéu khién PID c6 tham sb bién ddi theo thoi
gian, cac tham s bién doi dugc nhdm tac gia dé xuat lya chon thdng qua sai sé trung
binh nho nhat, nghién ctu nay tac gia chwa xét dén md hinh déng hec hoc caa robot.
Trong nghién ctru [13-17] tac gia da phat trién mot luat diéu khién bam thich nghi st
dung mang no-ron 2 16p an, 1 16p dau ra dung dé xap xi cac phan khong biét trong
md hinh hé thdng két hop véi phuong phap diéu khién backstepping dua trén mang
s6ng Gaussian cho bai toan diéu khién bam quy dao robot di dong hai banh xe chu
dong, tac gia da xét dén anh hudng cua truot banh xe. Nghién cau [18] tac gia da
trinh bay mot thuat toan diéu khién truot két hop véi Ky thuat backstepping dé thuc
hién diéu khién bam quy dao cho robot di dong banh xe (WMR), trong d6 cau tric
diéu khién st dung mot mach vong va hai bo diéu khién cho céc hé con. Nghién cau
[19] da nghién ctiru vé diéu khién logic mo cho robot bam quy dao cho truéc trong
khong gian 1am viéc. Nghién ctru vé bo diéu khién mo lai cho robot di dong bam quy
dao cho robot hai banh chii dong [20] véi hai dau vao va mot dau ra, khi trong hé
théng xuat hién sai sé thi bo diéu khién mo sé tu dong diéu chinh céc thong sé cua
bo diéu khién PID dé cho robot nhanh chéng tim ding quy dao véi sai léch nho nhat,

nhung van dé tac dong caa nhiéu Ién hé théng chua duoc dé cap trong nghién ciu.

Gan day nghién ctu vé robot sir dung banh xe da huéng dwoc quan tdm nhiéu
hon. Trong d6 nghién ctiu [21] trinh bay thuat toan DSC két hop md va mang no-ron
trong céng bé [22] dugc &p dung dé nang cao chat lugng bam quy dao, cong bo [23]
diéu khién truot theo ham mii, c4c nghién ciru ndy &p dung cho ddi tuong robot banh
xe omni ¢ mé hinh bat déng va chiu tac dong cuaa nhiu. Trong nghién ctu [24] da
sir dung con quay hoi chuyén ky thuat sé dé khac cac anh huong cua sai s6 mé hinh
robot dén kha ning bam quy dao chay thang cua robot da hudng, cling voi d6 1a tac
gia so sanh kha ning di chuyén caa banh xe omni va banh xe mecanum. Tuy nhién
cac nghién ctu nay dang ap dung cho ddi twong robot c6 khdi lwong va trong tam
khong doi.

CAc co s& toan hoc va phuong phap nghién cttu v& md hinh dong hoc, dong lrc

hoc cho robot dugc trinh bay trong cac tai liéu [25], [26] va [27]. Co so ly thuyét va
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phuong phap thiét ké diéu khién cac hé thdng phi tuyén cho robot dugc trinh bay &
[28],[29] va diéu khién mo [30].

Trong cé4c nghién ctru vé bai toan diéu khién bam quy dao cho robot di dong tai
Viét Nam str dung céc thuat toan diéu khién truyén thng, gan day 1a cac thuét toan
diéu khién thich nghi hay hoc may ciing dang dugc nghién cau. Nhung da sb cac
nghién ctu thuong chua xét dén anh huong cua do 1éch trong tam robot. Khi robot
lam viéc, trong lugng cua robot thay d6i dan dén trong tam sé& thay doi theo didu do

lam cho robot mét di tinh 6n dinh.

1.5.2. Tinh hinh nghién citu ngoai nwoc

Hién nay trén thé giéi, robot di dong da huéng duoc cac nha nghién cau & cac
qudc gia nhu: Trung Qudc, Nhat Ban, Btc, An Do, My... quan thm nhiéu va c6 nhiéu
cong bd lién quan. Trong cac nghién ciu vé diéu khién bam quy dao cho robot di
dong da hudéng thi cac thuat toan diéu khién truyén théng hay gan day la cac thuat
toan hoc may, hoc ting cuong ciing duoc nghién cau ap dung vao diéu khién bam
quy dao cho robot dat duogc cac két qua tot hon.

Nhitng nghién citu vé robot da huéng sir dung banh xe omni dugc thiét ké véi
ba banh xe hoic bn banh xe duoc thé hién trong céc nghién ciu [31-36] trong d6
c4c thuat toan diéu khién PID, diéu khién trugt SMC, Backstepping, hay két hop cac
luat diéu khién mo nham nang cao chat lwong diéu khién bam quy dao. Céc nghién
ctru vé robot di dong da huéng sir dung banh xe mecanum [37-51] dya trén phuong
trinh Euler- Lagrange dé md hinh hoa, xay dung phuong trinh dong hoc trong toa do
dé céc va phuong trinh dong luc hoc. Cac mé hinh dong hoc va dong luc hoc trong
nghién ciru thudng tuong ddng, dua trén nguyén ly can bang giita dong nang va thé
ning cua robot, hoic theo phwong trinh can bang luc theo cac dinh ly Newton. Tuy
nhién, diém khac biét nam ¢ cach mo hinh dong luc hoc lién két van toc cua robot
V6i van toc cua timg banh xe, didu nay xuat phat tir sy khéc biét vé ciu tric phan
cting cua robot dugc wdc lugng bang cac tham sé khac nhau. Nghién ctu [52] da dua
ra ciu tao md hinh robot mecanum duoc sap xép banh xe theo céc cap kiéu A hay
kiéu B s& anh huong dén md hinh toan hoc cua robot. Trong nghién ciu [53] va [54]
da xay dung md hinh toan hoc day du cho FMWR, c6 cac tham sé mé hinh thé hién

trong tam thuc té cua robot so véi vi tri tdm hinh hoc va ma sét bét dinh.
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Nhitng nghién ctru vé diéu khién bam quy dao sir dung céc thuat toan diéu khién
truyén théng nhu Fuzzy- PID, Backstepping hay diéu khién truot thé hién trong céc
cong trinh cong bd [55-61] sir dung ham diéu khién thich nghi Lyapunov, thuat toan
diéu khién truot, hé logic m& hoic mang no-ron [62-65]. Thuat todn khién du bao md
hinh phan tan (DMPC) va téi uvu héa (PSO) duoc &p dung trong nghién ciru [66]. Céac
thuat toan diéu khién théng minh cho phép két hop luat diéu khién c6 cac tham sé
thich nghi nho sir dung mang no-ron trong [6, 10, 67-71]. Cac nghién ctru nay cho
thdy tinh hiéu qua cua thuat toan gop phan nang cao chat luong diéu khién robot.

Hién nay thuat toan hoc tang cwong (Reinforcement Learning- RL) la mét nhanh
quan trong cia hoc may [72, 73] da nhan duoc nhiéu sy quan tam trong ky thuat diéu
khién nho kha nang giai quyét cac bai toan diéu khién tdi wu, cac thuat toan cha yéu
duogc sir dung dé giai phuong trinh Hamilton- Jacobi- Bellman (HJB). Trong nghién
ctru [74] mot giai phap cho bai toan téi wu hé thong phi tuyén bang cach sir dung cau
trac actor- critic dua trén mang no-ron. Viéc &p dung ching véi moé hinh dong luc
chua biét rd c6 thé dugc giai quyét théng qua cau trdc hoc actor- critic- identifier
trong cac nghién cau [75-77]. Trong nghién ctu [78] bai toan diéu khién bam quy
dao cho robot di dong da hudng banh xe omni duoc chuyén thanh bai toan diéu khién
t6i wu theo thoi gian thdng qua thuat todn hoc tang cudng, 4p dung thuat toan hoc
ddng bo actor-critic online.

Trong nghién ctu [79] mot dbi tugng robot di dong da hudéng st dung 3 banh
xe omni duoc xét dén cd trong tdm cua robot khong triing vai tam hinh hoc, diéu nay
lam cho chat lwgng diéu khién bAm quy dao anh huong. Thuat toan diéu khién duoc
thiét ké dua trén hé thdng vong kin bang cach s dung ham Lyapunov véi dao ham
thoi gian ban xéac dinh trén co sd ly thuyét vé phuong trinh giGi han. Tac gia trong
nghién ciru [80] da dé xuat mot bo diéu khién truyén dan cho xe day da hudng léch
trong tdm. Mot khéi lwong, quén tinh ao duoc xac dinh bang cac tham sé dong nhu
khdi luong, hé sé giam chan va vi tri, két qua caa nghién cau duoc thr nghiém trén
m6 hinh nguy@n mau cho két qua kha quan.

Céc nghién ciru hién nay trén thé giéi da ap dung da dang céc thuat toan diéu
khién, tir cac phuong phap truyén théng dén céc ky thuat diéu khién thich nghi va hoc
may, nham giai quyét bai toan diéu khién bam quy dao cho robot di dong da huéng.

Trong d6 cac van dé vé nhiéu va cac thay doi cua méi truong lam viée tac dong 1én
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robot ciing dugc xét dén. Tuy nhién, van dé vé anh huong cua thay d6i khdi luong
cling nhu d6 léch trong tm cua robot chwa c6 nhiéu nghién ctru dé cap dén. Véi cac
phan tich nhu trén thi nghién ctru anh huong cua do léch trong tim dén viéc diéu
khién bam quy dao cua robot di d6ng da hudng 1a can thiét. Tir d6 luan an nghién ciu
d6i twong robot di dong da hudng mecanum, ap dung cac thuat toan diéu khién thich
nghi duoc cac thay d6i cua tham sé mé hinh robot va anh huéng cia méi trudng 1am

viéc, dé dat duoc chat luong diéu khién tét hon.

1.6. Két luan chwong 1

Trong linh vuc nghién ciu vé robot di dong thi robot di dong da hudng
mecanum dang 1a d6i tugng dugc quan tdm nhiéu, nho vao kha ning di chuyén linh
hoat da huéng, dap (ng mot s6 yéu cau hoat dong trong khdng gian han ché, diéu nay
c4c robot truyén thong khong thé dap tmg dugc. Bén canh d6, dé FMWR hoat dong
6n dinh thi yéu cau cac thuat toan diéu khién can dat duoc do chinh xac bam quy dao
Vi sai léch nho, dap tng vé mat thoi gian c6 kha nang thich tng véi cac nhidu va
thanh phan bat dinh caa md hinh robot. Trong qua trinh hoat dong, FMWR c6 thé
mang thém mot khéi luong hang héa, cho nén trong lwong cua robot thay d6i dan dén
trong tam cua robot thay doi khac vai tam hinh hoc cua robot. Piéu d6 anh huong
tryc tiép dén do 6n dinh va kha ning di chuyén ciing nhu chat luong bam quy dao
ctia robot. Bén canh dé, bai toan diéu khién bAm quy dao cho mobile robot la bai toan
rat quan trong vi n6 quyét dinh dén kha nang di chuyén chinh xac va an toan caa robot
trong moi truong thuc té. Viéc diéu khién robot di chuyén theo mot quy dao da dinh
truéc khdng chi lién quan dén do chinh xac trong viéc dinh vi ma con anh huong dén
kha nang tranh vat can, ti wu hoa nang luong, va thuc hién nhiém vu hiéu qua trong
c4c ung dung nhu giao hang tu dong, tuan tra, hoac dan duong trong kho bai. Bai
toan nay thuong ddi mit voi cac thach thie nhu: Tac dong cua nhidu tir moi trudng
(vi dy: dia hinh g6 ghé, cam bién sai s6), dic tinh phi tuyén cta hé thong robot, va su
thay d6i dong hoc theo thoi gian thuc. Do vay, luan an sé tap trung nghién ciu dé
XUt cac thuat toan diéu khién thich nghi va hoc ting cudng nham ning cao chat lwong
diéu khién bam quy dao cho FMWR c6 trong tdm thay ddi, gitp cho robot hoat dong

chinh xac va 6n dinh hon.
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CHUONG 2. THUAT TOAN PIEU KHIEN BAM QUY PAO CHO

ROBOT DI PONG PA HUONG MECANUM

Sau khi x@y dung mé hinh dong hoc va dong luc hoc cho FMWR, luan an sé ap

dung mot s6 thuat toan diéu khién bam quy dao dé danh gia mo hinh robot. Pong

thoi, viéc phan tich cac wu va nhuoc diém cua cac thudt toan didu khién tir d6 dé xut

thuat toan diéu khién mai gilp nang cao tinh hiéu qua.

2.1. B diéu khién PID diéu khién bam quy dao cho FMWR

Bo diéu khién PID (Proportional-Integral-Derivative) 1a mot bo diéu khién phan

hoi vong kin, hoat dong bang cach tinh toan sai sé giita gia tri thuc té va gia tri muc

tiéu. Bo diéu khién nay diéu chinh dau vao dé giam thiéu sai sé mot cach hiéu qua.
Cac nghién ctu [64, 81-83] da ap dung bo diéu khién PID cho FMWR, dya trén mo

hinh dong hoc cuia FMWR.

Tu phuong trinh dong hoc cia FMWR trong (1.6):

X 1
y |=—rJ"
7173
¢

Xét quy dao dit cho robot nhu sau: m, =[x, Y, ¢

Sai léch cua hé thong:

E=N—"nq
Pao ham sai léch theo thoi gian:

¢=i—1,

Thay phuong trinh (1.6) vao (2.2) ta dugc:

1 . %
éZErJJr l/{z - yd
W i
2oL

LV

2
W,
2

Rz

(2.1)

(2.2)

(2.3)
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Vin téc gdc cua timg banh xe duoc tinh toan dé dam bao su 6n dinh cua hé
théng diéu khién vong kin, gitp duy tri kha ning diéu khién chinh xé4c va 6n dinh

trong sudt qua trinh van hanh cua robot:

- X, dt
" aq |
Vel 2r @) K|y, |- K| [t (2.4)
vy | 2 0
, . t
_(//4 I¢edt
L0 _

Trong d6: K, K, 1a cac ma tran hé sb diéu khién, co dic tinh duong chéo xac

dinh duong.

Thong thudng, bo didu khién PID dwoc 4p dung dua trén phuong trinh dong
hoc, diéu nay chua tinh dén cac yéu té thay doi nhu trong tdm hay khéi luong cua
robot. Mzc dd mé hinh FMWR thuc té 1a phi tuyén va cd tham sé bat dinh, viéc xéac
dinh chinh xé&c cac tham sé bo diéu khién tro nén kho khin. Dé khic phuc diéu nay,
mot s6 nghién ctiru [49], [84] di tich hop bo chinh dinh m& nham téi wu héa viéc chon
lya cac tham s6 cua bo diéu khién. Tuy nhién, bo diéu khién PID thuong hoat dong
t6t vGi cac hé thdng tuyén tinh, nhung gap kho khan khi di mat véi cac yéu té phi
tuyén bat dinh cia md hinh robot. Hién nay, céc bo diéu khién phi tuyén dang duoc
nghién ctiru va phét trién manh mé dé vuot qua nhitng han ché cia cac phuong phap
diéu khién truyén thong. Trong dé, phuong phap diéu khién trugt c6 kha nang xt ly
cac hé thdng phi tuyén va do khdng chic chian cua md hinh, gidp cai thién hiéu suat

diéu khién trong cac tinh hudng thay doi va phuc tap.

2.2. B diéu khién trwot co ban cho FMWR

Thuat toan diéu khién trugt (SMC - Sliding Mode Control) 1a mét thuat toan
diéu khién phi tuyén [60], [61] duoc &p dung dé diéu khién cac hé thong c6 mé hinh
dong luc hoc phire tap va khdng chic chan. Trong thuat toan nay, cac thanh phan diéu
khién str dung cac thong sb dong luc hoc cia md hinh FMWR, déng thai xem xét cac

gidi han cua cac yéu té bat dinh. M6 hinh dong luc hoc cua FMWR c6 xét dén do
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léch trong tdm va khdi luong thay doi, dwoc sir dung gilp danh gia do chinh xac va

hiéu qua cua thuat toan diéu khién trong cac tinh huéng thuc té.

Céc budc thiét ké thuat toan diéu khién:

Chon céc bién: X, = X, (2.5)

Sai léch ctia hé¢ thong duge xac dinh: e = x, — X,
Mat truot thir nhat duge xac dinh nhu sau:
S=Ae+é (2.6)
Trong do6 hé s6 mat truot: A>0
L4y dao ham cua phuong trinh (2.6) ta duoc:
S=Aé+& (2.7)

Thay phuong trinh dong luc hoc (1.14) vao (2.7) ta duoc:

S=Aé+M7'[DT-Dd-Cx,]-%,, (2.8)
Chon ham Lyapunov:
v=isTs (2.9)
2
L4y dao ham cua (2.9) theo thoi gian duoc:
V =S"{A¢+M7'[D7-Dé-Cx,]-%,,} (2.10)
Lya chon tin hiéu diéu khién cho hé théng c6 dang:
t=—D"(DD")[M(Aé—X,, +ksgn(S)) — Cx, — D8] (2.12)

Thay tin hiéu diéu khién vao (2.10) ta thu duoc dao ham caa ham Lyapunov:
V =—k S"sgn(S)<0

véi k 12 hang s duong thi hé on dinh theo tiéu chuan Lyapunov.
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Nhdn xét: Thuat toan diéu khién trugt (SMC) ¢ wu diém noi bat 1a it nhay véi
su bién doi ciia cac tham s6 mo hinh ciing nhu anh huong caa nhidu bén ngoai. Tuy
nhién, mot han ché dang ké cua phuong phap nay 1a cac tham sé diéu khién cé dang
ham diu, diéu nay dan dén hién tuong rung "chattering”. Hién twong nay c6 thé gay
ra su dao dong manh trong hé thdng, 1am giam hiéu suat diéu khién va tham chi c6

thé anh hudng dén sy 6n dinh cua hé théng néu khong duoc kiém soat dung cach.

2.3. Thuat toan diéu khién Backstepping - SMC
2.3.1. Thiét ké thugt toan

Thuat toan duoc xay dung dua trén sy két hop gitta phuong phap Backstepping
va diéu khién truot. Ngoai ra, luat diéu khién Backstepping phi tuyén ciing duoc trién
khai cho cac mé hinh d6ng hoc va dong luc hoc, da dugc kiém ching trong cac nghién
ctru trude day [85], [86]. Tuy nhién, su tac dong caa nhidu c6 thé khién bo diéu khién
Backstepping mat dan tinh én dinh, dic biét 1a ddi véi cac hé thdng bac cao, noi nhidu
6 anh huong manh mé hon. Trong khi d6, thuat toan diéu khién trugt (SMC) c6 kha
nang gitp hé thdng duy tri on dinh va d6i pho hiéu qua véi cac nhidu cling nhu su
thay d6i tham sé6 mé hinh. Do vay, viéc két hop Backstepping véi SMC sé& giup dam
bao sy 6n dinh cia hé théng va nang cao do chinh xac trong viéc bam sat quy dao.
Thuat toan diéu khién nay dugc xay dyng trén ca phuong trinh dong hoc va dong luc

hoc cuia FMWR, dong thoi xem xét sy thay doi trong tdm cua hé thong.
Quy trinh thiét ké thuat toan diéu khién bao gom cac budc sau:

Tu phuong trinh dong hoc (1.7) va phuong trinh dong luc hoc (1.14) caia FMWR, ta

thue hién cac phép bién ddi nhu sau:

X =Hv
) o ) (2.12)
v=M"(Drt-Dé-Cn)

Véi cac bién trong do:
x=[% y ¢]
V='1R=[XR Yr ¢5R:|T

Xét quy dao X va quy dao tham chiéu x_, ta cd véc to sai léch:



e=X—X, (2.13)
Lwa chon tin hiéu diéu khién ao duoc thuc hién nhu sau:

v, =—H(ce—x,) (2.14)

Trong d6: Matran ¢, =diag(c,,c,,C,) €O dudng chéo xéc dinh duong

1x1 Py
Véi tin hiéu diéu khién 4o di duoc lya chon, ta xac dinh ham Lyapunov theo cach
sau:

V, = %eTe (2.15)

Pao ham phuong trinh (2.15) thu dugc:

V,=e'é=e"(x—X,)

2.16
=e' (Hv—Hv, —ce (219
( r 1)

Thay v béi v, ta dugc:

V,=-e'ce<0 (2.17)
Vi dao ham ctia ham Lyapunov V, <0, tin hiéu diéu khién ao dugc lya chon dam
bao tinh 6n dinh cua hé théng.

Thiét ké tin hiéu diéu khién dau vao cho hé thong duoc thuc hién, véi sai léch

Backstepping dugc xac dinh nhu sau:

vV,=v-Vv, =H X+H"(ce—x,)
1 . (2.18)
=H"ce+H¢
Xac dinh mat truot:
S=Ae+Hv,=(A+c)e+ce (2.19)
Trong d6: ma tran hé s A =diag(A,,A,,A,) 1a ma tran cd cac phan tir trén dudng

chéo déu xac dinh duong.

Pao ham phuong trinh (2.19) ta duoc:



30

S=Aé+Hv, + Hv,

. . (2.20)
=Aé+Hv, +H(M™*(Dt-D3-Cip) -V, )
Kiém tra tinh 6n dinh ciia hé théng duoc thuc hién bang cach lua chon ham
Lyapunov thir hai theo cong thic sau:
1o
V, = ES S (2.21)
Pao ham (2.21) ta duoc:
V,=S'S (2.22)
Gia sa S =0, khi d6 tin hiéu diéu khién bao gom:
T=1,-T, (2.23)

Trong do: - 7,, 2 tin hiéu giit cho hé thdng c6 trang thai on dinh trén mat truot
- 1, tin hiéu nay 1a tin hiéu diéu khién gip hé thong tién toi va duy tri
trang thai trén mat truot.

Dé cho sai léch hé thdng e — 0 ta chon céc tin hiéu:

T, =—D'(DD") " (M(H *(Aé+ HvAé + Hy,) — C — DJ) (2.24)
T, =-D"(DD")*MH™(c,sgn(S) +c.S) (2.25)

Véi ¢, =diag(c,,,c,,,C,,) va ¢, =diag(c,,,c,,,C,,) cac matran h¢ s6 ndy c6 cac

phan tir trén duong chéo duoc xac dinh duong.

Pao ham cua ham Lyapunov ta duoc:

V, =-S"(c,sgn(S)+¢,S) <0 (2.26)

DPao ham caa ham Lyapunov &m théa mén diéu kién 6n dinh, diéu d6 dan dén mat
truot hoi tu vé 0, sai léch quy dao e va sai léch Backstepping v, ciing tién vé 0 hé

thng on dinh.
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2.3.2. M6 pheong thugt toan

Ap dung phan mém Matlab/ Simulink dé mé phong thuat toan, trong d6 thém
nhiéu ngoai vao tin hiéu diéu khién nham kiém tra tinh 6n dinh cua hé théng. Bong
thoi, so sanh hiéu qua cua bo diéu khién dé xuét véi bo didu khién PID thong thudng

dé danh gia chat luwong va hiéu suat hoat dong cua thuat toan mai.
Céac tham s cia mé hinh robot dugc lua chon nhu sau:

m=30(kg); m, =0.9(kg);
J, =5(kg.m?);J, =0.1(kg.m*); g=0.2(m),h=0.3(m);r=0.075(m); (2.27)
g=9.8(m/s?); f =[0.05 0.05 0.05 0.05]' (N)

Céac tham s6 cua bo diéu khién duoc lua chon:

A =diag(10,10,10); ¢, =c¢, =¢, = diag(20,20,20); K, =12;K, =15:K_ =1

X, =10cos wt
Phuong trinh quy dao dat dugc xac dinh: § y. =10sin wt
$.=p

Vi tri dit ban dau cua robot: x =5m,y =0,¢ = —% rad

Két qua md phong:

_Ref
= = =MD
reewnmnn Backctepping + SMC

10 |

y (m)
(==

10 F

=15 =10 -5 0o 5 10 15
¥ (ml

Hinh 2.1 Quy dao di chuyén cia FMWR
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Tién hanh md phong dong thai thuat toan diéu khién Backstepping két hop SMC
v6i bo diéu khién PID truyén théng nham danh gia hiéu qua va chat luong caa bo

diéu khién duoc dé xuét. Thoi gian mé phong T=12s.

Két qua md phong trong hinh 2.1 cho thay khi bat ¢au mé phong, robot di
chuyén tién dén duong quy dao dit va bat dau bam theo quy dao duong tron trong

thoi gian ngén, sau d6 robot tiép tuc bam theo quy dao dit va hoat dong 6n dinh.

Cac két qua trong hinh 2.2 cho thay robot sir dung bo diéu khién PID c6 téc do
bam quy dao cham hon so véi bo diéu khién Backstepping két hgp SMC duoc dé

xuat. Trong d6 sai 1éch theo cac truc x, y dang dan hoi tu vé 0 véi sai léch tinh nho.

E4 s Y D

- Backstepping + SMC
.
0 E — —— - — -
0 2 1 [ B 10 12

_____ MD
Backstepping + SMC

0 £ 4 7] B 10 12
(5]

Hinh 2.2 Sai léch quy dao cia FMWR

Khi nhiéu duoc thém vao hé théng, bo diéu khién PID gip phai hién tuong dao
dong va dan mat 6n dinh trén quy dao, didu nay duoc thé hién rd trong két qua ¢ hinh
2.2, Trong khi d6 bo diéu khién Backstepping + SMC van gilp robot hoat dong on
dinh va giam kha ning tac dong cua nhidu. Tir d6 cho thay bo diéu khién
Backstepping + SMC khdng chi c6 kha nang diéu khién robot bam quy dao chinh xac

hon, ma con duy tri su on dinh tét hon khi ¢6 tac dong cua nhiéu.



33

2.4. Thuét toan diéu khién mat trwet dong cho FMWR

Thuat toan diéu khién mit truot dong (DSC — Dynamic Surface Control) duoc
phét trién dya trén phwong phap diéu khién da mat truot va k§ thuat Backstepping,
gitp khic phuc cac nhuoc diém lién quan dén cac thanh phan bat dinh anh hudng dén
mo hinh. Pong thoi, thuat toan nay giam thiéu hién tuong rung "chattering" dang ké
nho vao viéc st dung bo loc théng thap. Thuat toan diéu khién DSC, nhu dugc trinh
bay trong cac nghién ctu [87], [88], [89] bao gom hai thanh phan chinh: khéi da mat
truot (MSS) va khéi loc thdng thip. Khéi da mit truot tiép nhan cac gié tri tir trang
thai hién tai cua hé thdng, ciing véi cac tin hiéu diéu khién da duge xu ly qua bd loc
thong thap. Tin hiéu loc nay gilp giam nhiéu va lam min tin hiéu diéu khién, gitp hé
thdng tranh cac hién twong rung. Mdi bé mat truot tuong ing voi mot trang thai diéu
khién cu thé cua hé théng. Bo loc bo loc théng thap duoc ap dung dé xir 1y cac dau
vao tir hé thdng, gidp tach biét cac tin hiéu tan s6 cao khéng mong mudn. Céc gia tri
dau ra tir bo loc duogc sir dung dé tao ra cac tin hiéu diéu khién phu hop. Nhitng gia
tri nay khdng chi lam dau vao cho qua trinh diéu khién hé thong ma con dugc dua trd
lai khdi da mat truot, gilp cap nhat va diéu chinh lién tyuc tin hiéu diéu khién. Qua
trinh nay gidp hé thong tu dong diéu chinh va thich nghi véi cac bién dong trong thoi

gian thuc, dam bao hiéu suat diéu khién 6n dinh va chinh xéc.

Cac budc thiét ké thuat toan diéu khién DSC duoc thuc hién nhu sau [88]:

X, =1
.1

Dit bién trang thai: < x, =X
X, =1

Trong d6: X, - bién trang thai caa vi tri robot
X, - trang thai vi tri cia quy dao dat
Xac dinh mit truot thir nhét:
S, =X, — Xy (2.28)

L4y dao ham mat truot S, ta duoc:

S, =X, —X,, =X, X, (2.29)
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Chon bién trang thai X, dugc xac dinh:
%, = —KS, + X, (2.30)

Xac dinh bo loc 1a mét khau quan tinh bac nhat, trong d6 tin hi¢u diéu khién ao x,,

s& bam theo sét tin higu diéu khién thyc té X, (0) = x,, (0)

X, = TX,, +X,, (2.31)
Xac dinh mat truot tha hai:

S, =X, =Xy, (2.32)

bao ham mat truot S, ta duoc:
S, =X,y +u+f(x) (2.33)

5 u=M"Dr

bat: . (2.34)

f(X) =—M"(Cn—Dd)

Két hop voi phuong trinh (2.31) ta xac dinh ham diéu khién nhu sau:

u:iz_xzd

~f(x)—K,S, (2.35)
Dua trén do, tin hiéu diéu khién vai cau tric cua thuat toan DSC da duoc thiét ké s&
duoc xac dinh:

X2 _de

t=—D'(DD")[M(~

+K,S,) —Cq—D3J] (2.36)

Bo diéu khién véi mit truot dong, trong do6 trang thai x, va van téc x, duoc phan
hoi. Két hop mat truot S, vamat truot S, , ta xac dinh:

S,=-KS, +8S, (2.37)

S, =-K,S, (2.38)

Chon mot ham Lyapunov phil hop dé phan tich tinh 6n dinh caa hé thdng
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T T
Vv :@ 50 (2.39)

Pao ham ctaa ham Lyapunov (2.39) ta duoc:

V =S'S +S]S, (2.40)
Thay cong thtrc (2.37) va cong thirc (2.38) vao trong cong thirc (2.40) ta bién doi:

V =-KS/S,~K,SS, +SS, (2.41)
Str dung bt dang thirc sau day dé phan tich va chang minh tinh on dinh cua hé théng:

T T
Si3:%5:5, 5 g5 (2.42)

Thay vao cong thic (2.41) ta thu duoc két qua nhu sau:
. l T 1 T
V< (K, -2 18IS, - (K, - S 1SS, (2.43)

Trong d6 K, va K, la cac tham s6 diéu khién dugc thiét ké sao cho ham V xac
b L A 1 . 1.5 ITITI ; .
dinh @m. Do do, neu K, >§I va K, >§I thi, V <0 doi véi moi S, va S, . Do do,

S, —»0vaS,—0 khithoi gian t — oo, 6n dinh tiém can cua hé théng theo tiéu
chuan on dinh Lyapunov. Dic biét, néu céc sai léch khac khong, phuong phap diéu
khién DSC s& lam giam nang luong cua hé théng (V <0), do d6 diéu chinh céc sai
léch. Hé thong néu x, va x, bam theo quy dao mong mudn x,, va X,,, twong tng
khi thoi gian t — o .
2.5. M6 phéng thuat toan PID, SMC va DSC trén Matlab/Simulink

M6 phong cé4c thuat toan da thiét ké voi cling bo tham sb ciia mé hinh robot dé

so sanh danh gia két qua. Cac tham s6 mé phong dugc chon nhu sau:
Tham sé caa md hinh FMWR dugc lya chon nhu trong (2.27):
Céac tham sd cua bo diéu khién:

- Thuat toan PID: K, =[15,15,15];K, =[20,20,20];K, =1
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- Thuat toan SMC: A=[5,5,5];K,=[10,10,10]

- Thuat todn DSC: K, =[5,5,5]; K, =[10,10,10];

X =Cos wt )
Quy dao dat duong tron: |y, =sinwt vai w=="
T
¢r_4

e Kijch ban 1: M6 phong véi md hinh FMWR c6 trong tim khong doi
Thuc hién md phong trong thoi gian T=15s. Két qua md phong cua cac bo diéu khién

thu duoc nhu sau:

05T

Hinh 2.3 Quy dao bam cua cac thuat toan véi FMWR cd trong tam khong doi

Quy dao di chuyén cua robot, duoc trinh bay trong hinh 2.3, cho thay ring cac
thuat toan diéu khién PID, SMC va DSC déu gilp robot bam sat quy dao dat. Trong
do, thuat toan PID gitp robot dat dugc quy dao muc tiéu trong khoang thoi gian 4
gidy, tuy nhién van con sai léch lén. Thuat toan SMC dat dugc quy dao muc tiéu
trong thoi gian ngan, va sai léch tinh ciing nho hon so véi PID. Thuat toan DSC mang

lai két qua bam quy dao tot hon véi thoi gian hoan thanh bAm quy dao ngén hon.
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%107 )
2
0F N
7
E . -
L6 [~ R i
1 1
—
| —
0.2 : :
0 5 10 15
Théi gian (s)
Hinh 2.4 Sai s6 cua quy dao theo tryc x
0.4F ' ' 1
----- e PID
N - = =g SMC
--------------------- e DSC
0 -
— 02 - = R i
£ 0005k~ oy, -
0.01F
0.1F 7y |
0fs — 2
0 5 10 15
Théi gian (s)
Hinh 2.5 Sai s6 cua quy dao theo trycy
————— e PID |4
- — —e, SMC
e DSC |
D i T RN, B
Fy T
_— ]
I |
0 5 10 15
Thi gian (s)

Hinh 2.6 Sai s6 ctia quy dao theo goc huéng.
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Két qua sai léch theo cac truc x, y va goc huéng trong hinh 2.4 va hinh 2.6 cho
thay thuat toan PID con ton tai sai Iéch 16n. Khi hé thdng & trang thai xac lap thi thuat
to4n SMC van con tdn tai sai léch va c6 hién tuong rung ‘chattering’. Trong khi do
thuat toan diéu khién DSC cho chit lugng diéu khién bam quy dao tét hon véi thoi
gian dap ing nhanh hon, trong do sai 1éch tinh nho va hién tugng “chattering™ giam
manh so véi thuat toan SMC.

e Kich ban 2: M6 phong véi md hinh FMWR-ME cé d6 léch trong tam
d, =d, =0.1m, khéi lugng thay d6i Am="5kg

Tién hanh md phong trong thoi gian T=15s. Cac bo diéu khién dugc mé phong cling

nhau dé so sanh danh gia két qua:

0.5

-0.5

(m)
Hinh 2.7 Quy dao bam cia FMWR-ME khi trong tam thay d6i

1

_____ e PID
el A B — — —eSMC| |
06 N e DSC
v‘,\\
. ”e 7 ¥
E 04 o 1
0.2 1 |
0 — =4
-0.2 :
0 5 10 15

Thi gian (s)

Hinh 2.8 Sai Iéch quy dao truc x cia FMWR-ME
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0.4 T T
----- e PID
¥
03F 0.0t - — —e SMC|
AR ) e DSC
02 B 002 p \\\v.f/f"“\\‘d Fi |
E 0 pmmemem e
0.1+¢ i
0 fe== ‘-"-:-' -_—-: --------- -.__-:___—_— —
"o‘f ..-'-u..’
'01 ! 1
0 5 10 15
Thoi gian (s)

Hinh 2.9 Sai Iéch quy dao truc y cila FMWR-ME

_____ e PID
- — —e_SMC
e DSC
W
rF 3
il TN P PR
| I
0 5 10 15
Thoi gian (s)

Hinh 2.10 Sai léch quy dao theo goc hudng cia FMWR-ME

Dua trén két qua mé phong trong hinh 2.7 — 2.10, ¢6 thé thay rang khi trong tam
ctia robot thay doi, bo diéu khién PID gip phai hién twong mat 6n dinh va sai léch
I6n hon. Trong khi @6, cac bo diéu khién SMC va DSC van duy tri kha ning hoat
dong va bam quy dao, tuy nhién sai léch van 16n hon so véi truong hop trong tam cua
robot khong thay d6i, hién twong rung ‘chattering’ cua thuat toan SMC van con ton

tai. Tuy sai Iéch bam quy dao cua thuat toan DSC nho hon cta PID va SMC nhung

bi anh huong caa do 1éch trong thm gay nén sai léch dang ké.

e Kjch bdn 3: Thay ddi quy dao md phong hinh sé 8, cho boi phuong trinh sau:

X =sin(t);y, =sin(2t); 6. :%
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0.415 |

0.41F

0.405 |

L L L
0.206 0.208 0.21

05

-1 0.5 0 05 1
X (m)

Hinh 2.11 Quy dao bam cua thuat toan DSC vaéi hinh s6 8

Két qua md phong trong hinh 2.11 cho thay khi thay ddi quy dao thi thuat toan
DSC diéu khién FMWR di chuyén tién tgi bam theo quy dao va hoat dong 6n dinh
trén quy dao dat. Tuy nhién, khi robot di chuyén dén céac vi tri quy dao c6 goc cua
khac nhau ton tai cac sai léch khéac nhau. Cu thé khi robot di chuyén dén vi tri s6 (1)
¢ goc cua hep, chiu anh hudng cua luc ly tdm 16n dan dén ton tai sai léch 16n nhat,
bén canh d6 tai vi tri s6 (3) quy dao di chuyén on dinh hon thi sai 1éch nhé hon so véi
vi tri s6 (2) co duong vong cung I6n. Biéu nay cho thay cac tham sé diéu khién cua
thuat toan DSC hién tai c6 thé chua t6i wu, dan dén hiéu suat bam quy dao chwa duoc

on dinh.

Nhan xét: Tir cac kich ban mo phong cho thay rang thuat toan diéu khién DSC
c6 tham s6 diéu khién K, va K, anh huéng dén chat lugng bam quy dao cua robot.
Cu thé, tham sé K, quyét dinh téc do tién dén mat truot, trong khi K, anh hudng dén
sur 6n dinh cua hé théng trén mit truot. Tuy nhién, viéc lua chon cac tham sb phi hop
dé dat duoc hiéu suat ti uu thuong phic tap va phu thugc vao nhiéu yéu to. Dé cai
thién kha ning thich nghi va ning cao hiéu suat diéu khién, can dé xuat st dung mot
bo chinh dinh mo nham ti wu hoa cac tham sé diéu khién. Bo chinh dinh mé ¢é thé
lién tuc diéu chinh K, va K, theo trang thai hién tai cua robot va cac anh huong cua

moi trudng, tir 6 dam bao chat luong bam quy dao tét hon.
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2.6. P& xuit thuat toan diéu khién mit trwgt ddng chinh dinh thich nghi mé cho
robot di dong da hwéng mecanum (Fuzzy-DSC)
2.6.1. Thiét ké thugt toan Fuzzy-DSC

B diéu khién logic md duoc tich hop vao hé théng dé ty dong diéu chinh cac
tham s6 K, va K, cta thuat toan diéu khién DSC. Trong qua trinh di chuyén trén quy
dao, céc tin hiéu dau vao cua bo chinh dinh bao gém sai léch vi tri e va sai léch vén
tbc é. Dya trén nhitng tin hiéu nay, bo diéu khién logic mo sé diéu chinh cac tham
s6 sao cho phi hop Véi timg giai doan cua qua trinh diéu khién. Thuat toan diéu khién
mat trugt dong chinh dinh thich nghi mo (Fuzzy-DSC) di dugc thiét ké dé téi wu hoa

qua trinh diéu khién bam quy dao. So d6 ciu tric cua thuat toan nay duoc minh hoa

trong hinh 2.12.
3
® Mat Tin hiéu bong luc hoc
hleu a0 ruot diéu khién FMWR H
n=

Hinh 2.12 So d6 khéi thuat toan diéu khién Fuzzy-DSC

Tin hiéu dau vao cua bd chinh dinh mé duoc thiét ké dua trén sai léch vi tri e
va sai léch cua van téc theo thoi gian €. Cac tap ma biéu dién cho céc bién ngon ngir

dau vao dugc dinh nghia va ky hiéu nhu trong bang 2-1.

Bdng 2-1 : Xdc dinh ngon ngie tdp me cia bién dau vao

Bién dau vao e Bién dau vao é M0 ta
NB NB Muc do am Ién
NS NS Muc do @m nho
Z Z Muc @6 0
PS PS Muc d§ duong nhé

PB PB Muc d6 duong lon
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Trong d6, c4c tap md duoc thiét ké theo mé hinh mo Sugeno [90], véi cac ham tam

giac duogc biéu dién trong hinh 2.13.

H

v

v

-10 .5 001 0 001 5 10 -25 -12 001 0 001 212 35
e (m) e (mls)

Hinh 2.13 Tap mo ddi vai bién dau vao e, ¢,

Céc gia trj cia tham sb dau ra K, K, dugc dinh nghia va ky hiéu thé hién nhu trong
bang 2-2.

Bdng 2-2: Xdc dinh tgp meé cia gia tri dau ra

Piu ra M0 ta Pau ra tin higu K, | Pau ratin higu K,
VS Rt bé 2 5
S Bé 4 10
M Trung binh 10 15
B To 13 20
VB Rat to 20 30

Hé thdng quy tac suy dién co ban cta b chinh dinh ma cho dau ra (K, K,) trinh bay

trong bang 2-3 va bang 2-4.

Bang 2-3: Hé luat co sé suy dién cho tham sé K1

e, e,

NB NS Y4 PS PB
NB M S VS S M
NS B M S M B
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PS B M S M B
PB M S VS S M

Bdng 2-4: Hé ludt co sé suy dién cho tham sé Ko

&, e,
NB NS Z PS PB
NB M B VB B M
NS S M B M S
Z VB S S VB
PS S M B M S
PB M B VB B M

2.6.2. M0 phéng va ddinh gia két qud
Dé kiém chiing hiéu qua cua thuat toan dé xuat, qua trinh mé phong dugc thuc
hién trén Matlab/Simulink. Thuat toan duoc md phong véi cac cau tric md phong da

duoc thiét ké, nhu trong PL1.

Tham sé cia m6 hinh FMWR duoc lya chon nhu (2.27):

Tham s6 cia bo diéu khién: K, =diag(5,5,5); K, =diag(10,10,10)
» MO phéng thuat toan Fuzzy-DSC véi quy dao dwong tron:

Phuong trinh mo ta quy dao duong tron:
2 . 2T T
X, =C0S(—t);y, =sin(=—t);¢, =—
, (g Oy =sin( 14 =7

Két qua mo phong trong hinh 2.14 cho thiy robot da bat dau tir vi tri c6 toa do
(0.5,0) va di chuyén theo quy dao tron di dinh, duy tri viéc bam séat quy dao véi sai

léch nho va dam bao hoat dong 6n dinh.
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0.5

051

Ref

- — =DSC
Fuzzy+DSC

(m)

0.5

Hinh 2.14 Két qua md phong thuat toan Fuzzy- DSC véi quy dao tron

15
1

05

E o0
05

-1

Ref

Fuzzy+DSC

-1.5

10

Thoi gian (s)

Hinh 2.15 Quy dao mé phong cua robot theo truc x

15

Ref

Fuzzy+DSC

1.5

1k

0.5
E o 1.001
-0.51 10005
-1t 1

-1.5

0

10

Thi gian (s)

Hinh 2.16 Quy dao m6 phong cua robot theo truc y

15
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Ref
0.8 - - - —DsC =
f l ———— Fuzzy+DSC
0.6 .
2
Eoaf —
r
0.2 .
D -
0 2 4 6 8 10 12 14

Hinh 2.17 Quy dao mé phong cua robot theo goc hudng

Két qua md phong quy dao di chuyén caa robot FMWR theo cac truc X, y va
gdc hudng trong hinh 2.15, hinh 2.16 va hinh 2.17. Theo d6, robot bat dau chuyén
dong tir vi tri toa do (0.5,0) va di chuyén theo quy dao dit véi thoi gian ngan. Goc
huéng cua robot ciing duy tri sy chinh xac, bam sat theo quy dao duoc dat ra. Két qua
mo phong con cho thay hién tuong rung da duoc giam dang ké, gop phan nang cao
hiéu qua va chét luong diéu khién.

---------- e, dsc
0.6 XI1D4 | | 1=~ —e,dsc | 1
= S = T e, dsc
- }l e fdsc
< 04 0 x §
4 e fdsc
‘© : S e fdsc
P02k T e - .
D l:'__ ] - _I | - | | [ . __I_ ]
0 2 - 6 8 10 12 14

Thoi gian (s)

Hinh 2.18 Sai léch quy dao bam cua robot
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edotxdsc
————— edotydsc
l edotwdsc |
%107 edot, fdsc
_____________________ edot fdsc | _
3 frrsesntannnessnsanantasannsannnsssnannnns Y
) edotwfdsc
1 -
_4 i Ol -
_5 1 1
0 5 10 15

Thei gian (s)

Hinh 2.19 Sai lIéch cuaa van téc theo gioi gian

Cac sai léch bam caa FMWR duoc thé hién trong hinh 2.18, sai Iéch tién vé 0
trong thoi gian ngan va cac sai léch duy tri va én dinh. Sai léch tdc d6 thé hién trong
hinh 2.19 cho thay thuat toan dé xuat c6 chat luong bam tét hon thuat toan DSC thdng
thuong. Sai léch bam duoc dua vao trong hé thong dé 1am dau vao cua cac tap mo,
tir 6 chinh dinh cac bo tham s6 K1, K2 gilp cho robot c6 thé bam sat duoc quy dao
dat véi sai s6 nho nhat. Cac tham sé duoc chinh dinh thé hién trong két qua mé phong
hinh 2.20.

20 . :
————— K1
bk K2
15 S
10 g™ o e e e e e e e e o -
'I‘Ii'
5 1 1
0 5 10 15

Thoi gian (s)
Hinh 2.20 Cac tham s6 K, Kz chinh dinh theo thoi gian

Giai doan du tién tham sb céc tham sé K1, Kz di tu chinh dinh dua vao sai léch

vi tri va sai léch van téc so vai quy dao dat, tir d6 dua ra duoc tham sb diéu khién phu
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hop gilp robot tién dén bam quy dao trong thoi gian ngin, va duy tri 6n dinh trén
duong quy dao dat.

(N/m)

1 1 1 1 1 1 1

2 4 6 8 10 12 14
Thoi gian (s)

Hinh 2.21 Tin hiéu diéu khién Tor véi quy dao duong tron

> Thay dbi quy dao md phéng hinh sé 8: Quy dao dit hinh s6 8 ¢4 dang phuong

trinh: X =sin(t); y, =sin(2t); ¢, =% mo phong dugc két qua nhu sau:
1k Ref i
— — —DSC
Fuzzy+DSC
05+ .
-0.5r —

Hinh 2.22 Chuyén dong cia FMWR véi quy dao hinh s6 8
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Ref
= DSC
——— Fuzzy+DSC |\

0 5 10 15
Théi gian (s)

Hinh 2.23 Quy dao di chuyén cia FMWR theo tryuc x

1.5 . T
Ref
1 DSC 7
Fuzzy+DSC
0.5 7
E o :
-0.5 i
-1
-1.5 : :
0 5 10 15

Thoi gian (s)

Hinh 2.24 Qu¥ dao di chuyén cia FMWR theo tryc y

Ref
0.8k — — —=DSC =
/ Fuzzy+DSC
I
.06 4
e
o
T 04 |
0.2 4
O 1 1
0 5 10 15

Thoi gian (s)
Hinh 2.25 Quy dao di chuyén ctia FMWR theo goc hudng
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1 T T
€ 05 1
g .0.02 Nt g exdeC
Q- \
= T eyfdsc
S o (._ - e, fdsc =

-0-5 1 1
0 5 10 15

Sai léch (m/s)

Thoi gian (s)

Hinh 2.26 Sai léch quy dao véi trong tim robot khong doi

4 T [
.......... edotxdsc
- | edotydsc
| edotwdsc
0 ,7 edotxfdsc ™
| | ] l edotyfdsc
-2 Ii veal TN edot,, fdsc | -
=N\
4 k '
-0.02 ~ '/
-6 ) I
0 5 10

Thoi gian (s)

Hinh 2.27 Sai léch van tc véi trong tim robot khong doi

16

LA A AL

_____ K1
14 K2}
12 .
L — e Ll f’uh‘ -
10 -.rl*r S R H"M,# N ]
Jl
H
I
B ' i
0 ] 10

Thai gian (s)

Hinh 2.28 Chinh dinh c4c tham sé K1, Ka

15

15
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500

(N/m)

-500

2 4 6 8 10 12 14
Thoi gian (s)

Hinh 2.29 Tin hiéu diéu khién Tor véi quy dao hinh s6 8

Bdng 2-5: Bdng so sanh sai Iéch quy deo thugt toan DSC va Fuzzy-DSC

Thoi DSC Sai léch (%) Fuzzy-DSC Sai léch (%0)
gian (s) X-axis y-axis X-axis y-axis
1 0.97% 3.03% 0.27% 1.34%
2 0.78% 1.40% 0.32% 0.99%
2.5 0.60% 3.05% 0.23% 1.37%
3 0.27% 1.90% 0.09% 0.73%
4 0.49% 2.98% 0.24% 1.39%
) 0.80% 0.60% 0.33% 0.59%

Nhdn xét: Khi quy dao md phong duogc thay d6i, robot van di chuyén theo quy
dao da dinh trong thoi gian ngan. Tuy nhién, su thay d6i quy dao din dén céc sai léch
va dao dong tai nhitng thoi diém khac nhau trong qué trinh di chuyén caa robot. Tai
thoi diém 1s robot di chuyén & dinh duong cong cia quy dao c6 goc cua hep dan dén
lyc ly tm 16n nén sai léch tai ddy 1a 16n nhat, d6i vai thuat toan DSC thong thuong
la 3,03% con thuat toan Fuzzy-DSC c0 sai 1éch nho hon 1a 1,34%. Tuong tu tai cac
thoi diém khéc nhau thuat toan dugc dé xuat ciing gitp cho robot bam quy dao véi

sai léch nho hon, cho thay tinh hiéu qua cua thuat toan dugc dé xuat.
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» M6 phéng thuat todn Fuzzy-DSC va DSC thong thwong véei mo hinh robot
c6 trong thm va khoi lrgng thay d6i (FMWR-ME)
- Gia thiét vi tri trong tdm robot thay d6i bién thién dwgc md ta boéi phuong trinh

nhu sau:

d, = 0.05sin (0.8t ) +0.025c0s (1.5t ) +0.03sin (2.5t

d, = 0.03sin(0.3t)+0.06cos (1.2t)+0.05sin(2.8t) +0.02cos (3.5t) (2.44)
Am =5kg

0.2

Trong tam P
0.15} 9 r

%  Trongtam P

01r

0.05

Trucy (m)

-0.05

-0.1F

-0.15 : : :
-0.1 -0.05 0 0.05 0.1

Truc x (m)

Hinh 2.30 M6 ta vj tri trong tam robot thay doi bién thién

Trong tam cua robot bién thién nhu mé ta trong hinh 2.30 ung véi trudong hop thuc
té robot c6 gang céanh tay cong tac vira di chuyén vira thao tac chuyén dong canh tay
1am thay doi trong tam thuc té (Pr) ciia robot so véi vi tri trong tam hinh hoc (P).

T T T T T

Ref

— — —DSsC
Fuzzy+DSC
0.5 i
E of 1
-0.5 b

(m)
Hinh 2.31 Quy dao di chuyén cuia FMWR-ME
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Két qua trong hinh 2.31 cho thay khi khéi lwrong va trong tdm cua robot thay doi
ca hai thuat toan van cd thé diéu khién robot di chuyén theo quy dao tham chiéu va
hoat dong 6n dinh. Tuy nhién, c6 méot do léch dang chu ¥, nhu trong hinh 2.32, trong
d6 thuit toan DSC thé hién 15i theo ddi quy dao Ién hon 14 eydsc=0,023m. Hinh 2.33
cho thy rang thuat toan Fuzzy-DSC dat dugc hiéu suat bam van téc tét hon. Ngoai
ra, thuat todn Fuzzy-DSC diéu chinh c4c tham sé bo diéu khién Ki, Kz, nhu thé hién
trong hinh 2.34, dé thich tng véi cac thay doi caa md hinh, dan dén chat luong diéu

khién duoc cai thién véi 16i theo ddi nho hon 1a eyfdsc=0,011m.

| 14 ) e I S I =
06 : o /, \.\\ .......... exdsc |
| . . y
047 sl S R e, dsc |
E | P a8
= 024 i
g 1 e fdsc
% T (i e g e fdsc
(0]
04} |
-0.6 : ’
Thoi gian (s)
Hinh 2.32 Sai léch cua quy dao FMWR-ME
4 T [
---------- edotxdsc
o9 |_.___ edotydsc 1
@ edotwdsc
é 0 N T e — edotxfdsc |
N
—~ | edot fdsc
‘- 1 0.04 } ’ 7
= -2 1 ol edot fdsc
w | '
| 0
4t )
-0.02
-0.04 |
8 : '

Thoi gian (s)
Hinh 2.33 Sai léch van toc cita FMWR-ME
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gt | =m—_—— K1 |
K2
14 | N—1

12§
'/——~\~ ,——'h\ ,—‘-'~\ /——~\ /——'~,
10 v vl ~v¢ ~v¢ §v¢
f
8 -
6 1
0 5 10 15
Thoi gian (s)

Hinh 2.34 Chinh dinh céc tham sé khi léch trong tam

Bang 2-6: Bang danh gia sai Iéch cia quy dao robot

Vv6i trong tam thay doi

Thoi DSC Sai léch (%) Fuzzy-DSC Sai léch (%0)

gian (s) X-axis y-axis X-axis y-axis
1 1.35% 3.30% 0.28% 1.42%

2 0.87% 1.41% 0.33% 1.00%
2.5 0.67% 3.33% 0.25% 1.39%

3 0.31% 2.18% 0.11% 0.74%

4 0.50% 3.23% 0.27% 1.44%

5 0.89% 0.62% 0.36% 0.61%

Trong md phong vai robot ¢ khéi luong va trong tam bj thay doi thi quy dao
di chuyén cua robot van bam theo quy dao dat nhung ton tai sai léch 16n hon. Cuy thé
tai cac thoi diém 1s va 2,5s robot di chuyén dén quy dao c6 vong cua nho nén chiu
tac dong cua do léch trong tam nhiéu hon gay nén sai 1éch 16n hon d6i voi thuat toan
DSC thong thuong nhu trong bang 2-6. Bén canh d6 vai bg chinh dinh fuzzy dugc
thém vao da gitp cho thuat todn Fuzzy-DSC giam dugc sy anh huong cua léch trong
tam va khdi luong thay d6i giip cho robot van bam sét voi quy dao dat vai sai léch
nho hon. Céc sai 1éch vé van téc thé hién trong hinh 2.33 thay chat lugng bam trong
thuat toan duge dé xuat 1a nho hon va khong con hién twong rung. Piéu d6 cho thay

thuat toan Fuzzy-DSC dé xuat c6 hiéu qua hon so voi thuat toan DSC thong thudng
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> M0 phéng truong hop co nhiéu ngoai tac dong:
Nhiéu Gaussian dugc thém vao mé hinh cia FMWR dé danh gia kha nang thich
nghi vai nhidu caa bo diéu khién dé& xuat. Nhidu ngau nhién nay khéng nam trong
thuat toan diéu khién va kho xac dinh chinh xac, nhiu c¢é dang nhu hinh 2.35 duoc

moO ta nhu sau:

€= NOrmrnd (0,50, size(t)) (2.45)
200 |
100
£
= 0
-100
-200
0 5 10
Thoi gian (s)
Hinh 2.35 Nhiéu ngoai lec Gaussian
1r Ref i
— — =DSC
Fuzzy+DSC
05r i
051 .
At i

(m)
Hinh 2.36 Két qua mé phong c6 nhidu ngoai

Két qua md phong hinh 2.36 cho thay khi nhidu duoc dua vao mé hinh thi ca
hai thuat toan déu diéu khién robot bam theo quy dao dat. Tuy nhién, con gap phai su

anh huong tir nhidu, dn dén hién tuong dao dong.
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Hinh 2.37 Sai léch quy dao khi c6 nhiéu ngoai

Trong d6 d6i véi thuat toan Fuzzy-DSC khi c6 nhiéu xuat hién, bo chinh dinh
mo& nhan dién va thich nghi véi sy tdc dong cua nhiu bang cach chinh dinh cac tham
s6 diéu khién K1, Kz sao cho phti hop véi tac dong cta nhiéu nhu trong hinh 2.38. Do
vay, sai léch qu¥y dao cua thuat toan Fuzzy-DSC nho hon so vai thuat toan DSC thdng
thuong thé hién trong hinh 2.37.

0 5 10 15

Thoi gian (s)
«©  20F _
€ 19.5
@©
= 19
0 5 10 15
Thoi gian (s)

Hinh 2.38 Chinh dinh tham s6 K1, K2 khi c6 nhiéu

Nhan xét: Thuat toan Fuzzy-DSC t6 ra vuot tri so vai DSC thong thuong trong
viéc xtr ly nhidu va do léch trong tdm nho vao kha ning ty diéu chinh tham sé va
thich nghi linh hoat véi céc tin hiéu nhiéu. Cu thé, bo diéu khién mo Fuzzy c6 thé
thay ddi nhanh chéng céac tham sé diéu khién nhu thdng qua céac luat mo duoc thiét

lap, gidp hé thong diéu khién thich nghi vai cac thay doi bat ngo ciia moi trudng hoac
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nhiéu. Biéu nay gidp tbi wu hoa hiéu suit hé thng diéu khién va duy tri tinh 6n dinh
trong suét qua trinh di chuyén cua robot. Nho vay, FMWR c6 thé bam sat quy dao
dit mot cach chinh xac hon, dong thoi giam thiéu cac dao dong do nhidu gay ra, mang

lai két qua diéu khién tét hon so véi bd diéu khién DSC thong thuong.

2.7. Két luan chwong 2

Trong chuong 2, mot sé thuat toan diéu khién da duoc 4p dung dé diéu khién
bam quy dao cho FMWR va thuc hién mé phong thuat toan trén Matlab/Simulink dé
kiém chtng va danh gia thuat todn. Tir d6 dé xuat thuat toAn méi nham nang cao chat
luong diéu khién FMWR:

- Ap dung mét s6 thuat toan diéu khién truyén thong vao diéu khién bam quy dao
cho robot FMWR:
+ B diéu khién PID
+ Diéu khién trugt SMC
+ Piéu khién Backstepping + SMC
+ Diéu khién mit truot dong DSC
- Pé xuit thuit toan diéu khién mit trwot dong chinh dinh thich nghi me dé
nang cao chat lwong diéu khién bam quy dao cho robot tw hanh da hwéng bon
banh xe mecanum c6 trong tAm thay déi. Thuat toan nay khéng chi gilp cai thién
kha ning bam quy dao trong cac diéu kién thay doi vé vj tri trong tdm ma con nang
cao tinh 6n dinh va do chinh xac trong subt qué trinh di chuyén. Viéc sir dung bo
chinh dinh mo cho phép thuat toan thich nghi chinh dinh céc tham s6 diéu khién trong
thoi gian thuc, phi hop véi su thay doi vé khdi luong va vi tri trong tam, tir d6 dat
duoc hiéu qua diéu khién tét hon.

Két qua nghién ciru trong chuong 2 da duoc cdng bé trong cac cong trinh sau:

[CTO1] Dong Nguyen Minh, Tien Ngo Manh, Hiep Do Quang, Nam Duy Buy, Linh
Bui Van, Cuong Nguyen Manh, “Backstepping Aggregated with Sliding Mode
Control Algorithm for Mecanum Wheeled Mobile Robot” Proceedings the 6th
Vietnam International Conference and Exhibition on Control and Automation
VCCA-2021, ISBN 978-604-73-5569-3.



57

[CT02] Nguyén Minh Péng, Ngdé Manh Tién, P4 Quang Hiép, Bui Van Bic, Chu
Vin Vuong & Nguyén Puc Thing (2022). “Xay ding bg diéu khién mat trieot déng
diéu khién bam quy dao cho robot di déng da hwéng bén banh Mecanum” Journal of
Military Science and Technology, (FEE), 41-49.

[CT03] Nguyé&n Minh Péng, D6 Quang Hiép, Ngd Manh Tién, Bui Vin Bic & Chu
Vin Vuong, “Xdy dung thudt todn diéu khién thich nghi mo mét truot déng diéu
khién bam quj dao cho mecanum robot” Hoi thao qubc gia 1an thir XXV: Mot sb van

dé chon loc cia Cong nghé thdng tin va truyén thong — Ha noi 8-9/12/2022.

[CTO4] Minh Dong Nguyen, Hiep, D. Q., Nam, D. P., & Tien, N. M. (2025).
“Trajectory tracking control for four-mecanum-wheeled robots considering mass
eccentricity: A fuzzy adaptive and dynamic surface control approach ”. Journal of
Computer Science and Cybernetics, (1). https://doi.org/10.15625/1813-9663/21537
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CHUONG 3. THUAT TOAN HQC TANG CUONG PIEU KHIEN BAM
QUY PAO CHO ROBOT DI PONG PA HUONG MECANUM

Trong chuong 2, thuit toan Fuzzy-DSC dugc dé xuét 1a mot giai phap manh mé
trong diéu khién bam quy dao cho robot di dong da hudng, dic biét khi hé thong l1a
phi tuyén va c6 cac yéu té bat dinh. Thuat toan c6 toc d6 hoi tu nhanh va n dinh véi
cac nhiéu nho khi céc tham sb va luat mo dugc thiét ké phiu hop. Tuy nhién, thuat
toan cd kha ning thich nghi han ché trong méi trudng thay doi hoic c6 nhidu bat dinh
khéng dir doan trudc, vi cac luat mo thudong dugc thiét ké trude va kho tu dong diéu
chinh trong thoi gian thuc. Viéc thiét ké luat mo va lya chon céc tham sé diéu khién
1a mot nhiém vu kho khin, phu thudc vao kinh nghiém va ki nang cta nguoi thiét ké.
Bén canh do viéc dua cac rang budc gigi han cia md hinh robot vao thuat toan dé
chang minh 6n dinh thi rat phic tap. Do vay thuat toan hoc tang cudong duoc dé xuat
ap dung diéu khién bam quy dao cho FMWR, dé cai thién kha ning thich nghi voi
cac thay doi ciia méi trudng thay d6i hozc chiu cac nhidu bat dinh cia md hinh robot.
Thuat todn hoc ting cudng st dung cau trdc Actor-Critic gilp robot hoc tir c4c trai
nghiém thuc té va tdi vu hoa hanh dong dé dat duoc muc tiéu bam quy dao ma khong
can biét chinh xac vé cac yéu té bat dinh cia md hinh. Khi méi truong thay d6i hoic
c6 cac bat dinh khong xac dinh trudc thi robot ¢6 thé tu hoc cach xu 1y céc yéu té nay

ma khong yéu cau md hinh chinh xac cia céc yéu té bat dinh.

Trong chuong nay, luan &n s¢€ trinh bay co s& phuong phap nghién ctru cua thuat
toan hoc tiang cudng véi cau tric actor-critic, tir d6 dé xuat ap dung vao diéu khién
bam quy dao cho FMWR va mé phong véi cac kich ban khac nhau danh gia chat

lugng thuat toan.

3.1. Co sé phwong phap luan nghién ciru
3.1.1. Mang no-ron xdp xi ham

Trong thuat toan hoc ting cudng, mang no-ron ding dé xap xi ham ¢ cau tric
don gian st dung mang MLP (Multi-layer Perceptron) [91] truyén thang mét 16p an,

c6 mot dau ra duy nhat dugc biéu dién trong hinh 3.1.
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Hinh 3.1 Mang MLP mét 16p an [91]

Lwa chon ham dau ra caa mang no-ron dugc xac dinh theo [92],[93] nhu sau:
~ N ~
f(x) = W, () = W g(x) (3.1)
i=1

trong d6 vector dau vao: x e Q, < R", Vector trong s6 W =[w,,w,,...w, ] € R"

Theo két qua nghién ciu cua cac cong trinh [94] d6i véi mot ham lién tuc bat ky
f(x):Q, >R, trong d6 Q < R" l1a mot tap compact, ludn ton tai mot NN sao cho
ham f(x) duoc Xap xi:

FX)=W'p(x) +e(x), VX e Q, (3.2)
Trong d6: W 4 trong sé 1y twong ciia mang no-ron, N s6 luong nit ¢ 16p an.

o(X) =[4(x), 4, (x),....4, (x)] € R" véc-to ham kich hoat va e(x) la sai s6 xap xi

NN. Sai s6 xap xi € s& hoi tu € -0 khi N — co. Ngoai ra khi N hitu han € va 2—6
X

s& bi chan bai cac hiang s duong trong tap dong.

Két hop phuong trinh (3.1) va (3.2) ta duoc:

Af=f(X)—F(X) =W p(X)+5, VxeQ, (3.3)
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Trong d6: W = W —W, W 1a u6c lugng cua W . Bé cho hé théng hoi tu va én dinh
thi diéu kién PE 1a diéu kién rat quan trong. Céc trong sé mang NN va nhan dang
chinh x4c dong hoc hé thdng [95]. Tuy nhién, vé thuc té diéu kién PE rat kho kiém

tra, hon nita diéu kién PE chi la diéu kién du.

3.1.2. On dinh bj chgn té¢i han déu (UUB- Uniformly Ultimate Bounded)
Dinh nghia 1.1 Xét hé phi tuyén sau [96]:

x = f(t,x) (3.4)
Nghién cua phwong trinh (3.4) la:
= UB néu ton tai hang sé duong ¢ doc lap véi t, >0 va Va e (0,c) thi ton tai
S =p(@)>0 doc lap voi t, sao cho:

IXt)|<a=|x®)|< B, Vt=t, (3.5)

= GUB néu (3.5) théa man Va lon tuy y.
= UUB voi bién chén b néu ton tai cac sé duwong b va ¢, déc lap véi t, >0 va

Vae(0,c), thitontai T =T(a,b)>0, déc ldp véi t,, sao cho:
Ix(t,)|<a=[x)|<b, Vt=t,+T (3.6)

= GUUB néu (3.6) cho Va Iéntiy y.
Trong truong hgp cua hé kin la hé dung, nghiém cua hé¢ chi phu thudc vao t—t,, do
d6 c6 thé bo thuat ngix “Uniformly” nén két qua chi can 1a UB (Ultimate Bounded).

Pinh Iy 1.1 [96]Goi D < R" la mién chira goc va V :[0,00)x D — R 1a mgt ham c6

dao ham lién tuc sao cho:

o, (X)) <V (6.%) < o, ([x]) (3.7)
%*% (%) <W,(x), V[X|2 >0 (38)

Vt>0 va vxeD, trong do o, va «, la nhiing ham thuge lop £ va W, (x) la mgt

ham lién tuc xdc dinh dwong. Goi r >0 sao cho B, D va gid thiét rang:
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1< a3 ey (1)) (39)

Ton tgi B 14 ham thugc 16p AL va véi moi trang thai dau x(t,), théa man
()| < e, (e, (r)) , €6 T 20 (khong phu thugc vao x(t,) va ) sao cho nghiém cuia

(3.4) thoa man:

x@)| < B(x@)|.t-t,), Wt <t<t +T (3.10)
[x@®] < A(x@].t-t), vt <t<t,
IX@)]| < (e, (1)), VE=t,+T (3.11)

Cac bat phuong trinh (3.10) va (3.11) cho biét rang x(t) bi chan déu véi moi
t >t, va UUB (Uniformly Ultimate Bounded) v&i bién chan «a;" (e, (x)) . Bién chan
la ham lop A cua u, do vay gid tri cia  cang nho thi gia tri cua bién chan cang

nho. Khi ¢ — 0 thi bién chan tién t6i 0.
Nhdn xét:

Tiéu chuan o6n dinh ISS (Input-to-State Stability) va tiéu chuan 6n dinh UUB
c6 diém gidng nhau cac nghiém cua hé (3.4) déu tién vé lan can (tap bat bién) cua
géc, 1an can nay 1on hay nho phu thudc vao hé va bo diéu khién duoc thiét ké cho hé.
Trong noi dung caa Pinh ly 1.1 thé hién rang moi hé 6n dinh ISS thi déu 6n dinh
UUB nhung c6 diém khéc biét tiéu chuan ISS khong dé cap toi thoi gian di vé 1an
can cua gdc, trong khi d6 tiéu chuan UUB dé cap tai thoi gian hitu han khi tién vé 1an
can cua goc, diéu ndy c6 ¥ nghia quan trong dam bao sau cac budc cap nhat NN hiru

han hé di vao 6n dinh, céc trong s6 caa mang NN hoi tu.

3.2. Thuat toan quy hoach dgng (ADP- Adaptive Dynamic Programming)

Bai toan diéu khién t6i wu khong chi doi hoi phai dam bao muyc dich toi uu ma
con dam bao tinh on dinh cta hé théng. Phuong trinh HIB 1a phuong trinh vi phan
dao ham riéng phi tuyén, trong truong hop dic biét hé 1a tuyén tinh thi phuong trinh
HJB tr& thanh phuong trinh dai s6 Riccati. Thuat toan quy hoach dong (ADP) duoc
sir dung dé tim nghiém xap xi cua phuong trinh HIB [94] théng qua cac giai thuat
vong lap PI dé giai phuong trinh Lyapunov (LE) [97]. Thuat toan ADP st dung hai
mang no-ron dé xap xi nghiém phuong trinh HIB dua trén cu tric mang no-ron nhan

tao Actor va Critic. Trong d6 mang Actor NN dung dé xap xi luat diéu khién t6i wu,
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Critic NN dung dé x4p xi ham Bellman. Céu tric AC-NNs duoc st dung trong cac
cdng trinh nghién ctru [94], [97] dua trén lut cap nhat tuan tu tham sb cia mang NN.
Hay cac nghién ctu [74, 75, 98, 99] tién hanh cap nhat céc tham sé song song hay

cap nhat truc tuyén.
Xét hé théng phi tuyén sau:
x=f(X)+g(x)u (3.12)
Trong d6 xeR", f(x)eR",g(x) e R™™ Ia nhitng véc-to ham phi tuyén,
ueR™ la dau vao diéu khién.
Gid thiét 1.1 Hé (3.12) c6 nghiém va ¢é diém can bang la goc.

Ham chi phi cua hé dugc dinh nghia:

J(X,u) = Tr(x(t), u(t))dt (3.13)

0

Gia str rang ton tai mot luat diéu khién dé tdi thiéu hda ham chi phi va ham Bellman

V':R" - R_, dugc dinh nghia [74]:
V' (x(1)) = min j r(x,u)dt (3.14)

Trong d6 () 1a mot tap cua cac luat chap nhan duogc, r(x,u) € R duoc dinh nghia:
r(x,u)=q(x)+u"Ru=x"Q,x+u’'Ru (3.15)
V6i q(x) e R*; q(x) = X'Q,X; xac dinh dwong, R € R™™ la ma tran d6i xang xac

dinh duong. St dung két qua trong nghién ciru [74] thu duoc:

min [r(x,u)+%(f(x)+g(x)u)]=0 (3.16)

ue¥(Q)

Dinh nghia ham Hamilton t5i wu:

*

H(x,u,éi) =r(x,u)+
OX

a\’a ) (£ + g(x)u) (3.17)
X
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Tur phuong trinh (3.16) va (3.17) ta ¢6 phuong trinh HIB sau:

min {H(x u’ ﬂ)} (3.18)

ue¥(Q)
A A =R Ko , . Y - A 5V )
Luat dieu khién toi vu duogc xac dinh theo dicu kién: oH (x, u,a—) [ou=0
X

U0 =-RY (x )[avéx(x)j (3.19)

Thay luat diéu khién téi vu (3.19) vao phuong trinh (3.16) thu duoc phuong trinh

HJB c06 dang nhu sau:

q(x){av (X)jf( )~ (a\’ (X)jg( )R (x)[av (X)j

o (3.20)

V*(0)=0

Phuong trinh vi phan dao ham riéng phi tuyén HIB (3.20) rat khé giai dé tim
dugc nghiém V' (X) bang cac phuong phap giai tich thong thuong. Tir d6 dé xuat giai
thuat ADP vdi cau triic diéu khién AC-NNs dugc phan tich sau day 1a phuong phap
xap xi V"(x) va luat diéu khién t6i wu u’(x).

e Diéu khién téi wu véi yéu té chiét khdu va phwong trinh HIB hoan thién

Viéc sir dung RISE, cac tham sé bat dinh hozc nhidu c6 thé duoc xir ly bing cach
udc luong anh hudng 1én hé théng thong qua phuong trinh (3.22) khi d6 sai 1éch s&

hoi tu tién vé 0. Phuong trinh tong quat hé théng duoc md ta nhu sau:
d .
Ex =F(x)+G(x)a, (3.21)

Phuong trinh u6c luong nhidu dau vao [100]:

2(0) = (k, +1)(e,®) ~,(0)) + [ (k. +1) 4e,(r) + As0n (&,(2)))dr (3.22)



64

Muc tiéu cua bai toan diéu khién ti wu vo han la tim mét chién luoc diéu khién toi
ru U (X) sao cho vira dat dugc muc tiéu bam quy dao vira tdi thiéu hoa ham chi phi

sau véi mot yéu tb chiéu khau duong A >0:
V (x(1),0, (1) = €U (x(5),0,(s))ds (3.23)

Trong d6: U (x,0,,) 2 x"Qx+0]R0A,,R e R™ la ma tran hing sé doi xtmg xé4c dinh

rl?

2nx2n 2nx2n

O = 0
duong, va Q duoc dinh nghia nhu sau: Q = {O Q 2nx2n}

Trong d6: Q € R*™"1a mot ma tran xac dinh duong, ¢6 vai tro diéu chinh trong sé
cua trang thai x. Viéc thém hé s6 chiét khau A vao chi sb hiéu suat (3.23) 1a dé giir
tin hi¢u diéu khién O, 6n dinh khi thoi gian tién dén vo ciing. Bang cach chén quy

dao it vao véc to trang thai x =z m; ]T e R*, thach thuc cua viéc phat trién

thuat toan RL cho céc hé thong thay d6i theo thoi gian duoc thuc hién. Do d6, ham

Bellman d6i véi thoi gian t tiy ¥ duoc biéu dién bang ham tinh V*(X(t)) nhu sau:

VI(x(t)) = min V(x(t),0,(x())) (3.24)

Uy (X (t))eY (U)

Ham Hamiltonian hoan thién vai hé sb chiét khau A dugc xay dung bang cach
liy dao ham thoi gian caa ham Bellman tinh (3.24) theo hai phwong phéap khac nhau.
Dau tién 1a cach suy ra truc tiép nhu sau:

ﬂv*%_é’v*
ox dt  Ix

%V*(x(‘[)) - (F)+Gqu’) (3.25)

Céch xac dinh tha hai 1 tinh toan bang phuong phap lap trinh dong (DP) cho ham
Bellman (3.24) tai thoi diém tirc thoi dé dat duoc phuong trinh sau:

VI (x(D) = [ e U (x(s), " (x(5)) ) ds + eV (x(t+A)  (3.26)
Do d6, xac dinh duoc:

VIx() -V (x(t+A) 1
A A

[T 0u (x(s),u (x(s)) ) ds + (e A_l)v “(x(t+A) (3.27)
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Khi A — 0 (khoang thoi gian cuc nho), bai toan téi wu dwoc giai lap di 1ap lai cho
mdi budc thoi gian, dam bao tin hiéu diéu khién duoc diéu chinh thu dugc V* (x(t))
tr U (¢):

. . N
U (x(t),u" () - AV " (x(t)) + "

(FO)+G(xu’)=0 (3.28)

Bai toan t6i wu hoa dugc dua ra dé co duoc ham nghich dao V™ (x(t)) — u’(¢) bang

cach sir dung ham gi4 tri toi wu V" (x(t)) va phuong phap (DP) nhu sau:

V(X)) = min (”Au (x,o,l)ds+eMv*(x(t+A))) (3.29)

0y (x)eY (u) \ 9 t

Véi A — 0", bai toan téi vu sau duoc dua ra dé giai quyét ham nghich dao

V*(X(1) = U ()

£

. (rl}!Yn(U)(U (x,0,)—AV"(x) + 0;; (F(x)+G(x)a, )j =0 (3.30)

Bang céach sir dung ham Hamiltonian da stra doi vai viec bo sung hé sé chiét khau

A >0 ta duoc:
H(X,0,,7V"V") = X"Qx+0} ()R, (X) - AV " () + 7V T (x) (F(x) + G(x)d, (x)) (3.31)
- . A O/’\/*(X)T . . N S Ea aiA DAL
Vai WV (x) = > . Mat khac, theo (3.30) va (3.31) thi tin hiéu dieéu khién toi
X

wu U (X) sau d6 thu dugc nhu sau:

u”(x) = argmin [H (x,0
Uy (x)eY (Q)

rl?

vv*,v*)] = —% RIGT(X)VV'(X)  (3.32)

Ngoai ra, theo quan diém cua diéu khién téi vu u”(x) (25) va bai toan ti wu hoa (23),

phuong trinh dao ham riéng (PDE) sau khi duoc thiét lap nhu sau:

H*(x,a Vv*,v*):

rl?

B 1 (3.33)
=X Qx—AV"(X) —ZVV*T (X)G(X)R'GT (X)VV*(X) +WV T (X)F(x) =0
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Tuy nhién, khdng thé giai bai toan tich phan dao ham riéng cua phuong trinh
(3.33) bang giai tich thong thudng. Do d6, &p dung thuat toan actor- critic dé giai va
tim tin hiéu diéu khién téi wu.

Nhdn xét: Viéc sir dung hé sé chiét khau trong ham chi phi (3.23) la can thiét.
Thuc té quy dao tham chiéu n, trong phuong trinh X = [ZT n, ", ]T eR* c6thé
khong hoi tu vé 0 trong céac hé théng thyc té. Do d6, ham chi phi (3.23) s& trg thanh
v cuing sau khi loai bo hé s6 chiét khdu A , trong khi gia tri ham téi wu V™ (X(t)) can
phai c6 gia tri hitu han. Ngoai ra, khac véi chi sb hiéu suat bac hai [75, 101], xem xét
mot hé sé chiét khau bo sung A trong ham chi phi (3.23) dé duy tri tin hiéu diéu
khién (, khi thoi gian tién dén vo cung. Vi vay, ham Hamiltonian hoan thién (3.31)
dugc xay dung bang cach dao ham theo thoi gian cua ham Bellman véi hai phuong
phap tiép can khac nhau nhu di néu trén.

Ham chi phi téi wu va luat diéu khién téi wu str dung NN dé xap xi, dugc dinh

nghia:

V' (X) = W p(X) +&(X) (3.34)

u*(x)=—%ngT (x)((z—fj W+(%j J (3.35)

Trong d6 W eR" 1a cac trong sb ly tuong cua NN, vGiNIa sé no-ron,
D (X) =[4,(X),,(X),....4, ()] € R" 1a ham kich hoat caa NN va ¢ e R 1a sai s6 xap
Xi NN.

Critic NN V (x) va actor NN @(x) x4p xi ham Bellman (3.34) va luat diéu khién tdi

uu (3.35) duoc dinh nghia:

V(x) = W] p(x) (3.36)

@(x) =%ngT (x)(a‘b(x)j W (3.37)

OX :
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Trong d6 W, e R" va W, e R" la cc xap xi trong sb 1y twong cua cac NN tuong
tng. Sai léch trong sb cua cac actor NN va critic NN duoc dinh nghia
W, 2W-W,cR" va W, 2W - W, € R" tuong tng. Sir dung gradient ciia xap xi

ham Bellman (3.34) [102] dé xac dinh luat diéu khién t6i vu duoc xac dinh nhu sau:

\ NNs
\ Actor ]—)[He phi tuyén
~ NNs |
Critic

Hinh 3.2 Cau trdc AC-NNs xap xi nghiém phuong trinh HJB

So d6 cau tric mang no-ron xap xi nghiém cua phuong trinh HIB duoc trinh
bay trong hinh 3.2. Tin hiéu diéu khién tir Actor s& lién tuc dugc cap nhat va dua vao
kich thich hé théng cho dén khi tin hiéu diéu khién 1a t6i wu. Cac luat cap nhat cua
trong sb critic NN W, e R™ va actor NN W, e R™ duoc thuc hién dong thoi trong

mot bude ldp dua theo téi thieu hda sai s6 ham Bellman twong ung:

H(xu—) H (X *ﬂ> H(x,a \X’) (3.38)

Trong d6 H(X,u %) 0, sai s6 ham Bellman c6 thé viét nhu sau:

0,

hib

= W w(X, @) +r(X, @) (3.39)

Vi w(X,4) = Z—f(F(x) +G(x)a) e R 1a véc-to hoi quy critic NN

a, Ludt cdp nhdt cho Critic NN theo phwong phdp binh phirong téi thiéu

Goi E (6,;,) e R” biéu thi sai s6 tich phan binh phuong sai léch Bellman duogc

tinh nhu sau:
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E, =[5, (r)dr (3.40)
0

Luat cap nhat cho trong s critic NN duoc xac dinh nhu [75]:

W, =k
1+ yw T'w

o (3.41)

t -1
Trong do k_,y € R lacac s6 duong, T'= (jw(r)wT (T)er e R™™ 1a ma tran hé s6
0

udce lugng d6i xtmg duoc tinh va cd thé bi chin nhu sau:

dpopr— "

" A mr L) =T0) =9I (3.42)

Trong d6 t' la thoi gian khai dong lai tai thoi diém A (T(t)) <¢,, ¢ >¢@, >0 Ma
tran hiép phuong sai I'(t) c6 thé bi chin nhu sau:
oI <TMt)<opl (3.43)
b. Ludt cap nhat cho Actor NN theo gradient
Ciing giéng nhu viéc cap nhat trong s6 cua critic NN duya trén viéc thu nho sai
s6 ham Bellman §,,(.) . Tuy nhién, khdng giéng nhu céc trong sé cua critic NN, cac
trong so cua actor NN biéu thi tinh chét phi tuyén trong &, (.) , gdy kho khan khi phat

trién mot luat cap nhat theo cuc tiéu hoa binh phuong sai 1éch (LS). Do d6, mét luat
cap nhat theo d6 dbc (gradient) duoc phét trién cho actor NN dé téi thiéu hoa binh

phuong sai léch Bellman E, = 62

o> dugc dinh nghia nhu sau:

o5, . i) 0t L
aa;; A Z(WJ % 6(fa+AgU) aavzitf rER 88"1;} }% .
u

a

Lu4t cap nhat trong sb cua actor NN duoc md ta theo cong thic [75]:

W, = #[%)glw (@] (W, ~W,)5,, k., (W, ~W,) (3.45)

“Jlrww\ oz oz

Véi k., k., € R* 1a cac hang sb thich nghi duong.

al?’ ‘a2
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Thudt toan 1.1: ADP cdu tric AC-NNs cdp nhdt dong bé

Buwéc 1: Thyc hién khéi tao ludt diéu khién w® (x) véi gia tri VO(x) =0 trong dé

vxel.

v Gan i=0.

Buwéc 2: Cdp nhdt dong thoi trong s6 AC-NNs:

v’ Cdp nhdt trong so critic NN theo (3.41)

v Cdp nhdt trong so actor NN theo (3.45)

v’ Xdc dinh ham V@ (x) dya vao critic NN (3.36) va 4" (x) dwa vao actor NN
(3.37)

Buwéc 3: Kiém tra diéu kién két thuc gidi thugt:
- Néu théa man tiéu chudn héi tu sao cho ’\7“*“ (X) —V("(x)‘ <etrong d6 & 1asé

dirong dii nhé thi tién hanh gan w”(x) = 4" (x) va V' (x) =V ™ (x) = két thic gidi
thuat.

- Néu khong théa man, gan i =i+1 va quay lai budc 2.

Nhgn xét: Cau trdc cua giai thuat ADP sir dung mot mang Critic NN dé xap xi

ham Bellman V (x) sau d6 viéc tinh toan luat diéu khién 4(x) sir dung dao ham

Jacobi cua ham Bellman N

X : \ A X o 2 K
) da xap xi ma khéng can téi mang Actor NN dé xap

xi luat diéu khién trong céac cong trinh [103, 104]. Thuat todn c6 wu diém khong phirc
tap, qua trinh tinh toan don gian, nhung bén canh do thi viéc dao ham cua dai luong
dugc xap xi nén qua trinh xap xi dién ra nhanh thi din toi dao ham cia dai lugng sé
sai sb 16n, anh huong téi qué trinh hoi tu cua thuat toan. Sai sb 16n 1am cho sai léch
bam s& 16n anh hudng téi muc tidu giai quyét bai toan bam t6i wu. Vi vay giai thuat
ADP dugc nghién ctru dé xuat sir dung cau trac gém critic NN ding xap xi ham

Bellman, actor NN duing xap xi luat diéu khién.

Thuat todn hoc tang cudng véi giai thuat ADP, sir dung cau tric On-Policy tin
hiéu diéu khién tir Actor s& lién tuc dugc cap nhat va dwa vao kich thich hé théng cho
dén khi tin hiéu diéu khién, thuat toan c6 uu diém o6n dinh khi hoc tap boi vi cac dir

liu huan luyén duoc cap nhat lién tuc tir méi truong, thuat toan don gian hiéu qua
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cao. Do vay luan &n s& tap trung vao nghién ciru tng dung giai thuat ADP céu tric

mang AC on-policy dé giai quyét bai toan diéu khién bam quy dao cho FMWR c6

trong tam thay doi.

3.3. Thiét ké thuat toan hoc ting cwong diéu khién bam quy dao cho FMWR

3.3.1. Bién d6i m6 hinh dpng luc hoc FMWR

Tt méi lién hé giira van toc cua robot trong hé quy chiéu gan véi tam va hé quy

chiéu quan tinh duoc tinh ¢ trong chuong 2 ta c¢6 duoc:

v, =H(@)n

(3.46)

Trong d6: v, =1, |2 van toc cua robot, H(¢) 1a ma tran chuyén tir hé quy chicu gan

véi tam robot sang hé quy chiéu quan tinh:

cosg sing O
H(¢)=|—sing cos¢g O
0 0 1

L4y dao ham cua phuong trinh (3.46) theo thoi gian ta duoc:
v, = gH($)n+ H(g)ii
Bién d6i phuong trinh dong luc hoc (1.14) :
ij=M Dt —M ‘D5 -M 'Cj)

Két hop phuong trinh (3.49) vao (3.48) ta duoc:

v, = H(AM "Dt~ HHM D5 + [§H(H)H(¢) * ~MClv

Pua ra dugc phuong trinh dong luc hoc cho FMWR ¢6 dang:

V,=fmv,+gm)r+gmdm,v,)

f(n) =[ gH(g)H($)* -MC]
Trong d6: g(n) = H(¢)M D
fd(n,v,) = —H(¢)M ‘D3

q

(3.47)

(3.48)

(3.49)

(3.50)

(3.51)
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Dé giai quyét bai toan cho robot di chuyén véi quy dao ny(t) bam theo quy dao dat
n, (t) ta thuc hién:

x=",v,)",
it bién: (x) = (v],(f(m)v,)7)", tir d6 (3.51) duoc viét lai nhu sau:

g (X) = (03><3’ g (TI)T )T

x=f0)+g()T+g(x)d(n,v,) (3.52)

Dé dat duwoc muc tiéu bam quy dao, ta xét quy dao dat cua hé théng nhu sau:

X, =h,(x,) (3.53)

Trong d6, x, =(n;,v})' va @, =v,,h(x,) 1a mot ham lién tuc chuyén ma tran
Lipschitz, xac dinh e =x—Xx_ la sai léch bam, toc do bam quy dao durgc mo ta nhu

Sau:

e=fX)+g(X)t—h(x,)=f(x)-h(x,)+g(xX)T+g(x)u (3.54)
Trong do: u=t—7,, 7,(x,)=09"(x,)(h.(x,)- f(x,)) (3.55)

Dat z=(e",x])" 1a bién trang thai méi, tir d6 ta c6 mé hinh ctia hé thong dugc mo ta

theo z nhu sau:

z=F(2)+G(z)u (3.56)

Ve F(Z):{f<x)—h,(x,)+g<x)r;]’ G(z):(g(x)j

h.(X,) 0

6x4

Thuce hién bién doi toan hoc tir bai toan diéu khién bam quy dao cho robot c6
dang (3.51) c6 thé chuyén thanh bai toan tdi wu diéu khién u”(z) nhu phuong trinh
(3.56) dé tao ra céc tin hiéu vong kin cua hé théng nam & trang thai 6n dinh. Bai toan
duoc giai quyét bang cach sir dung phuong trinh HIB.

3.3.2. B diéu khién t6i wu va phwong trinh HJB
Pé diéu khién t6i wu cho hé théng (3.56) ta xét ham chi phi sau:

V(z() = [ e 7 U(z(s), u(s))ds (3.57)
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Trong d6, y >0,U(z,u) = 22 (2) +2'Qz +u"Ru,R € R*® la mot ma tran hang so xac

dinh duong, va Q la ma tran dugc xac dinh nhu sau:

~ [ Q 0O
Q_(Oexs Oeer (3.58)

Trong d6, Q € R®® la mot ma tran xac dinh duong
Ta c6 phuong trinh vi phan V (z(t)) nhu sau:

A2(2)+2'Qz+Uu'Ru—yV(z2) +VV' (2)(F(z) + G(z)u) =0 (3.59)
Trong d6, VV(z)= ((8V(Z)) / 82)
Phuong trinh Hamiltonian dugc cho bai:
H(z,u,"V) =4’ (2) +2'Qz +Uu" (2)Ru(z) - yV(2) +VV' (2)(F(2) + G(2)u(z)) (3.60)
Tt d6 c6 thé xac dinh ham chi phi tdi vu nhu sau:

V'(z) = min j:oe‘y‘s“)(ﬂ,f,l (z2)+2'Qz+u'Ru) (3.61)

uer(Q)
Trong d6, () biéu thi mot tap luat diéu khién chap nhan dugc trén tap Q < R™.
Khi d¢6 ham chi phi t6i uu V' (z) thoa mén diéu kién ciia phuong trinh HJIB sau:

H(z,u",WV') =45 (2) +2'Qz+u" (z)Ru’ (z) - V' (2)

3.62
+7VT(z)(F(2)+G(z)u'(2)) =0 (362

T do, tin hiéu diéu khién tdi wu duge xac dinh nhu sau:

u(z)=arg min{H(z,u,VV*(z)} = —%R‘lGT (z)VV'(z) (3.63)

UEH(Q)
Thay tin hiéu diéu khién téi vu vao (3.62) ta duoc phuong trinh HIB trd thanh:

H'(2,9V")= 2} (2)+2'Qz —yV*(Z)—%VV*T (2)G(2)R7G'(z)VV'(2) (3.64)

+VV™7 (z)F(z)=0
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Dé ¢ duoc tin hiéu diéu khién téi wu (3.63) ta can giai bai toan cuc tri trong
phuong trinh HIB, viéc giai bai todn nay la cuc ky kho giai vay nén ta &p dung thuat

toan actor- critic vao dé giai phuwong trinh nay.

3.3.3. Thudt toan hoc ting cwong cdu tric Actor- Critic

Trong phan nay ta str dung thuat toan hoc ting cudng vai cau tric Actor-Critic
(RL-AC) két hop v&i mang no-ron trong thoi gian thuce dé thuc hién viéc tim nghiém
gan dung cua phuong trinh HIB.

Dua trén dinh Iy x4p xi bac cao Weierstrass, ham chi phi V'(z) c6 thé duoc

xap xi bang cach sir dung mang no-ron mét Iép nhu sau:
V' (2) =W 4(2) + ¢, (2) (3.65)
Trong d6, W € R" 1a mét vector trong sb 1y tuong khong dbi duoc gidi han boi
mot vector hing duong da biét W sao cho [W| < W,¢(z) e R" 1a mét ham kich hoat
pht hop. N la sb no-ron, g (z) 12 sai s6 xap xi. Tir d6 chung ta xac dinh duoc gradient

cia V' (2):

YV (2) =V4 (2)W + Vs, (2) (3.66)
Déi voi ham kich hoat ¢(z) ching ta c6 gia thiét: Ham kich hoat va gradient
cuaa nd bi gidi han ||¢(Z)|| < b¢,||V¢(Z)|| <b,, phuong trinh Hamiltonian t6i wu s& tro

thanh

H'(z, W) =1} (Z)+ZT(_?Z+WTV¢F—]/WT¢—%WTD1W+£H =0 (3.67)
Trong d6: D, =V¢GR'G'V¢',D,=GR'G" va

g, =Ve F- %VajGRlGTWTW —~ %VaIDZVaV —yg,(2)

Ton tai mot gioi han khong doi ¢, sao cho e, <e, 12 s6 don vi I6p 4n N tang

1én. Tin hiéu diéu khién téi wu tré thanh:
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U (2)= _%R-lc;T (2)(V4' (2)W+ Ve, (2)) (3.68)

Dua trén cong thtc (3.65) va (3.68) critic NN xap xi cho ham chi phi téi vu va

actor NN xap xi cho chinh sach téi wu dugc dua ra nhu sau:

\7(z, \ivc) =W 4(z) (3.69)
N A 1 -1~T T A
u(z,Wa)z—ER G’ (V4 ()W, (3.70)

Trong d6, W_, W, 1a wéc luong cac trong s 1y twong W. Tir d6 bo diéu khién bam

quy dao cho FMWR c6 thé thu dwoc nhu sau:

= —%RlGT (Vg @)W, +9° (x,)(h (x,)- T (x,)) (3.71)

A

L4y cac gia tri xap xi 0 va V thay vao (3.60) c6 thé suy ra duoc gia tri gan

ding ctia ham Hamiltonian nhu sau:

A2 W, W, )= 22 (z)+zTQz+%w;Dlwa W
(3.72)

+W'Vg F—EGR*GTWTW
C 2 a

Xéc dinh ham Bellman 1a 6 = H—H" ta dugc:
5(2 W, W, )= 25 (2) +27Qz +%\iv; DW, + W (74(F + GO)— 76) (3.73)
Dé giai quyét bai toan toi wu diéu khién ta sir dung phuong phap binh phuong
t6i thiéu duoc thiét ké dé dao tao mang no-ron critic sao cho giam thiéu sai léch tich

phan E_ =[{6”(s)ds nhu sau:

W, =020 5 (3.74)

I'(t)=-n, (—ﬂr(t)+r(t)Mr(t)} (3.75)
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Trong d6, o =V§(F+G0)—yp, m_ = (1+V0'T1“0')ll2 .1,V 1a cac hang s6 duong,

B <(0,1), T'(t) 1a ma tran khuéch dai wéc luong.

Xac dinh sai léch udc lugng cua trong sb critic 1a W, = W — W, va sai léch uéc
lwong cua trong sé actor 1a W, = W — W, tir d6 sai léch Bellman c6 thé duoc xéac
dinh:

. 1 .
3=-Wo+-WDW, -¢, (3.76)
4

Dit =(c/m_) &p dung (3.75) va (3.76) sai léch dong ctia trong sb critic ¢ thé
duoc tinh nhu sau:

W, =W-W, =—,T56"W, + ncrmi(% W DW, -¢, j (3.77)

Gid thiét diéu kién PE duoc ap dung cho & (t) dé dam bao rang W, s& tién t6i W
Tontai T >0, >0,,>0 sao cho véi moi t
B1<[5(s)5 (s)ds < 3! (3.78)

Gia thiét ton tai a, > a, > 0 sao cho

al <T(t)<al Vvt [0, ] (3.79)
Tir d6 két luan rang:
_ 1
||a(t)|| < Vvt e[0, ] (3.80)
v

1

Lu4t diéu chinh cho trong sé no-ron cua actor dugc phét trién nhu sau:

. T
W, = —77,, (W, =W, ) -7, W, +% D,W, g—w (3.81)

o
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Trong d6, 7, >0, 7,,>0 va ;, >0 la cac tham s diéu chinh. Vi sai léch Bellman
la phi tuyén ddi véi cac wac tinh trong sd, phurong phap binh phuong nhé nhat khong
thé duoc sir dung dé cap nhat trong sb [105].

Xac dinh sai léch

1

0=0(z,W,)-0 (z,W,) = —ER*GT(Z)V¢T @)(W,-W,) (382

c

s n 1 ;. . 2 L P 2
va ham muc tiéu E, = EuTRu dé giam thiéu ham muc tiéu ta co thé su dung thuat
toan Gradient- descent dé chiéu chinh trong s6 no-ron cia actor:
W, =7, (E,W, ) =—n,D, (W, - W, ) (3.83)

Vi vay (3.81) c6 thé xem la mot luat sira doi diéu chinh cho trong s6 cua actor
va s6 hang thir hai cua (3.81) 1a dé cai thién do bén viing cho hé théng, con sé hang
thar ba cua (3.81) duoc thiét ké dé dam bao su 6n dinh cua vong kin hé thdng theo
ham Lyapunov

So do cau tric diéu khién dugc trinh bay trong hinh 3.3, trong d6 tin hiéu diéu
khién gom hai thanh phan: Tin hiéu diéu khién 1y tuong duge xac dinh trong cong
thirc (3.55) va tin higu diéu khién toi wu 0(z, W,) dugc xac dinh nhu cong thirc (3.70)

dua vao dong luc hoc cia FMWR.

1(1) ®€ (Tinhiéudiéukhién) T, ® r ( Dong luc hoc (1)

L Iy twong (3.55) J L FMWR -

f?(r_) |

/" Thuattoan ADP | °

Critic /

\

_______________________

Hinh 3.3 So @6 diéu khién FMWR st dung cau trlc actor-critic
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3.3.4. Xét tinh én dinh cho hé thong

Xét hé thdng (3.56), trong s6 NN cua critic va tin hiéu diéu khién dugc cho bai
(3.69) va (3.70). Luat diéu chinh trong s6 cho critic va actor NNs dugc cho bai (3.75)
va (3.81). Trang thai ciia hé thong vong kin, sai léch trong s NN critic W, va sai
léch trong s6 NN actor W, déu bi chin theo diéu kién UB [106]. Hon thé sai s udc

lwong trong sé6 W, hi tu theo cip s6 nhan

Xét ham Lyapunov nhu sau:

V(D) =V (1) +V,(1) + V,(1)

- ~ ~ ~ 3.84

VO R W OroW0 SV oo
Trong d6, V*(t) 1a ham chi phi t6i uu va co6 dao ham theo thoi gian nhu sau:
V() =V (F+GO) = (VT W+ Ve, ) (F _ EGRl(;TVqﬁT\fvaj

2 (3.85)

=W'V — %WT D,W, +Ve] (F = %GR‘lGTngﬁT wj

Tu phuong trinh HIB (3.67), ta co:

Vit)=-A2(2)-2"Qz+yW ¢+ %WT D,W — %WT DW, —¢, +&, (3.86)

Trong d6 g, =&, = Vg] (F —(1/ Z)GR‘lGTV¢TWa),

~ 1
g€, = %W;\7¢D2\78V + ZVSIDzvaV +yg,(z)

Tir d6 phuong trinh (3.86) duoc viét lai nhu sau:

Vi(t)=-A2(2)-2'Qz+yW g+ %WT D,W + %W; D,W

. . (3.87)
+E\7v; VgD, Ve, + ZVsIDZVaV +ye,(z)

Thay (3.85) vao (3.87) va dao ham theo thoi gian cua V| (t) ta co:
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V(0 =~ S W oW~ DT W EGW; DWW, —&, ) (3.88)
m

Véi V,'(t), sirdung (3.81) va W, =W - W, ; W, = W - W, , ta co:

V() = LW W, =
g i (3.89)
+ ~ o ~ o~ ~ ~ A O A
- —ngwa iy o T irw - 2o, T W
773 77a 776

o2

Thay vao dao ham theo thoi gian cua V (t) ta duoc:

. 1 W' N N
V) =-22(2)-e'Q. - W' DW-—"¢ —-W'A
() M() Qe 4 1 ma H c 1 c (390)
~W/ AW, + W/ AW, +W!B, +B,

Trong do6:
—_T T
Alzlo_'o_'T +£r-1, AZZMI—EQG—W, A3:1D1W0—+@I
2 ., 4 "m, 4 m. 7,
—T
B, = SDW+2VgD,e, — DWWz w,
2 2 4 m_ n,

B,=yW'g+ %VsIDZVsV +y¢,(z)

Ton tai cac hang sb duongk,,k,,k, sao cho ||B,| <k, [B,]<k,,

|@/4)D,(&" I'm,)W| <k,. Ap dung bét dang thirc Young thi (3.90) tré thanh:

. e B P Mt ey o B L b
V(O < -gleff - - - e (4% zg(nfks)j”"“
_L%ZJ’;:AZ _kS_%(Z_j"'ks)jHWa 2+\/%HWC +le\/~\/a +K,

(3.91)
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Trong do, q = 4,,,(Q) . Chon cac thdng s6 sao cho (B/4a,) > A12c) (.1 1,) +K,)

‘min

Va (nal + (naZ /27723)) 2 k3 + (glz)((nal / na) + k3) ! dét é: = (eT’W(;r ’Wr: )T !

@, =min(q,(B/ 4a,) va @, = max((e, / \Ve,) k) thi (3.91) tro thanh
V) <-a, 1€ IF +@, 1€ 1l +k, (3.92)

Do d6, néu bat dang thuc || £ ||> (@, / 2@, + (@2  4@7) + (k, | @,))"* giit nguyén
thi ta 6 thé suy ra rang dao ham caa ham Lyapunov V(t) &m. Sir dung ly thuyét 6n
dinh Lyapunov ta c6 thé thay rang trang thai cua hé théng vong kin va sai léch uéc
lugng trong sé6 W, , W, bj chan

1

lu"—0l< ————h, (b,b, +b,)=b, (3.93)

22...(R)

Trong d6 b, 1a mot hang s6 dwong.

3.3.5. Md pheng thudt toan
Trong phan nay thuat toan hoc tang cuong ap dung diéu khién bam quy dao cho
robot di dong bén banh xe mecanum dugc md phong vai cac kich ban khac nhau trén

Matlab dé danh gia hiéu qua cta thuat toan.
Tham sé cia m6 hinh FMWR duoc lya chon nhu (2.27):

Pé dam bao hé thdng diéu khién hoat dong hiéu qua va on dinh trong qua trinh bam
quy dao, cac tham sé ban dau cua thuat toan duoc lya chon bao gom: cc ma tran

trong sd, hé sé diéu chinh nhu sau:

W, (0) =600 x1,, W, (0) =6x1,,I'(0) =10x1,,,Q=1,R=1,,
n, =3,1,, =3,71,, = 0.001,7, = 0.001, 4 = 0.001,y = 0.0001,v = 0.002

Ham kich hoat duoc chon nhu sau:

1 2 2 2 252 252 252
¢(Z) = E[ Zl ZZ 23 ZlZA ZlZS 2126 Z224 Z225 Z226 Z324 ZBZS 2326 Zl ZZ Zl 23 ZZ 23

252 252 252 252 252 252 252 252 252 252 2,52 2,52 2,52 2,52 2,52
Zl Z7 Zl 28 Zl ZQ Zl ZlO Zl le Zl 212 ZZ Z7 ZZ Z7 ZZ ZB ZZ 29 ZZ 210 ZZ le ZZ 212 23 Z7 23 28

2,52 252 2,2 2,52 2,2 2,52 252 2,2 2,52 252 2,2 2,2 2,2 2,2 2,2
23 29 23 ZlO Z3 le Z3 Z12 Z4 Z7 Z4 28 Z4 29 Z4 ZlO Z4 le Z4 Z12 Z5 Z7 Z5 ZB Z5 29 Z5 ZlO Z5 le

2,2 2,2 2,52 2,2 2,2 2,2 2,27
ZS 212 26 Z7 26 ZB 26 29 26 ZlO 26 le 26 212
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Quy dao dat duong tron dugc cho baoi phuong trinh:
X, (t) =[sin(t) cos(t) cos(0.5t)]'
Vi trf va vén téc ban du dugc chon: x(0) =[1.5 1.5 1.3 0 0 0]

Thuc hién md phong trong thoi gian T=50s, véi cac kich ban khac nhau:

> Kich ban md phéng 1: M6 hinh robot c6 khéi lwong va trong tam khong doi

1.5}

FMWR
Quy dao dat

05

(m)

05

Hinh 3.4 Két qua md phong caa FMWR véi quy dao dudng tron

Trong 5 gidy dau tién, robot di chuyén tién gan dén quy dao dit va tu dong hoc
dé diéu chinh hanh dong caa minh, gitp bam theo quy dao mot cach chinh xac hon.
Trong suét qua trinh nay, thuat toan hoc ting cudng cho phép robot diéu chinh cac
trong sé diéu khién sao cho phl hop, dan dan cai thién kha ning bam sat quy dao
mong mubn. Sau khoang thoi gian ngan, robot di 6n dinh va tiép tuc duy tri quy dao
dat.

) 0 5 10 15 20 25 30 35 40 45 50
Thoi gian (s)

Hinh 3.5 Quy dao di chuyén caia FMWR theo truc x
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5 10 15 20 25 30 35 40 45 5C
Thoi gian (s)
Hinh 3.6 Quy dao di chuyén cia FMWR theo trucy
T T T T T T T
| | | 1 1 1 |
5 10 15 20 25 30 35 40 45 50
Th&i gian (s)

Hinh 3.7 Quy dao di chuyén cia FMWR theo goc hudng

Trucx l
1.4 ||- Trucy
19 # Géchuwéng | |
|
1 1 0.005 | |
£ |
'S 0.8 "II 0 . o .
2 06 . .
3 10.005 |
0.4 1\ ]
0.2\ .
e
0r A— |
_0.2 1 | | 1
0 10 20 30 40 50
Thoi gian (s)

Hinh 3.8 Sai Iéch quy dao cua FMWR theo c4c truc x, y va goc hudng

Sai léch quy dao thuc té so voi quy dao dat thé hién trong hinh 3.8 cho thay

robot di chuyén rat gan véi quy dao dat, di c6 mot vai sai léch nho cu thé 14 [0.00062,
—0.00374, 0.00318] m theo cac truc x, y va goc quay.
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1200 . . . .
w1 |
1000 / a
w_2
800 w3 |1
600 [ Wat |
% w5 |
®
400 | -
= — w_6
200 V w7 |
‘ w_8
0 &\\ wag 1
-200 w10 | -
_400 1 | 1 1
0 10 20 30 40 50
Thoi gian (s)
Hinh 3.9 Trong s6 cia mang no-ron Actor
1200 . . . .
w 1
1000 ﬂf ¢ 1
WCZ
800 w3 |
600 E‘\f WC4 .
w5 []
o) \f © ]
= 400 w6
200 V w7 ]
w 8
C
0 L w9 [
-200 -k w 10| |
_400 1 1 1 1
0 10 20 30 40 50
Thoi gian (s)

Hinh 3.10 Trong sé caa mang no-ron Critic

Sau khoang thoi gian 5 gidy, c4c trong s6 mang no-ron cia Actor va Critic trong
thuat toan dd hoan thanh qua trinh tu hoc va diéu chinh, hoi tu vé cac gié tri téi wu
Vé6i céc gia tri trong s6 Wa = [-226.6 560.3 578.7 973.9 328.5 81.9 666 501.1
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422.9 647.3] va We = [-226.5 560.1 578.5 973.6 328.4 81.8 665.8 501 422.8
647] thé hién trong hinh 3.9 va hinh 3.10. Qué trinh hoi tu ndy chiing to rang mang
no-ron Actor dd hoc dugc cach lwa chon hanh dong tdi wu dwa trén trang théi hién tai
cua hé théng, trong khi mang no-ron Critic danh gia cac gia tri cia cac hanh dong
nay dé cai thién qué trinh hoc. Sau khi cé4c trong sé hoi ty, robot tiép tuc duy tri quy

dao dit 6n dinh va giam thiéu sai léch theo thai gian.

15 T T T T
Tor 1
10 Tor 2 | -
Tor 3
5t Tor 4 |/ |
e /] il )
\E/ 0 F/ | \
5l _
-10 7
-15 : : : :
0 10 20 30 40 50

Thoi gian (s)
Hinh 3.11 Tin hiéu mé men diéu khién cua banh xe

Tin hiéu diéu khién cia banh xe dugc thé hién trong hinh 3.11 véi céc gia tri
md ta luc md-men xoan tac dong I&n cac banh xe cua robot. Tin hiéu diéu khién nay
phan anh céc gia tri lyc moé-men xoan can thiét dé robot cd thé bam theo quy dao mot
cach chinh xac. Céc gia tri luc md-men xoan Tor 16n nhat cho cac banh xe trong mo
phong dugc ghi nhan la [12.06, 6.45, 6.45, 12.06] N/m, twong ung véi cac banh xe
cua robot.

> Kich ban mé phéng 2: M6 hinh robot c6 khéi luong va trong tam thay doi
(FMWR-ME) nhu trong cong thtrc (2.44):
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15 T T T T T LY
QuYy dao dat
FMWR
1F — — —FMWR-ME |7
0.5 i
-0.5 -
1k 4
_1.5 1 1 1 1 1 1
-1.5 -1 -0.5 0 0.5 1 1.5 2

Hinh 3.12 So sanh quy dao FMWR va FMWR-ME

Dua vao két qua md phong hinh 3.10 nhan thay khi trong tam cua robot thay
d6i thi bo diéu khién hoc tang cudng van gilp cho robot bam theo quy dao dat va ty
hoc trong khoang thoi gian 13 6s, sau d6 tiép tuc di chuyén va duy tri 6n dinh trén quy
dao dat.

e, FMWR
e, FMWR
e FMWR
W
— — —e, FMWR-ME
ey FMWR-ME
£ — — —e, FMWR-ME
_0-2 1 1 1 1
0 10 20 30 40 50

Th&i gian
Hinh 3.13 Sai léch quy dao khi trong tam thay doi

Sai léch thé hién trong hinh 3.13 cho thay robot c6 trong tdm bi Iéch thi ton tai
sai léch theo céc truc x, y va goc hudng lan luot 12 [0.0066 -0.0038 0.00032] m. Viéc

thay doi trong tdm anh hudng dén dong hoc va dong luc hoc cua robot, dan dén viéc
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robot ¢6 thé khé khan hon trong viéc duy tri quy dao. Khi bi léch trong tam thi mot
khdi lwong 16m hon & mot phia caa robot c6 thé khién banh xe chuyén cham hon hoic
phan &ng khéng kip thoi véi cac tin hiéu diéu khién, trong khi bén con lai khéi luong
nhé hon c6 thé khién banh xe dé bj léch khei quy dao.

1200 T T T T 1200
w1 || w1 ||
1000 a 1000 F c
w_2 w2
a c
800 w_3 | 800 w3
a [ ¢ —
w_4 4
600 | a 600 =\ We
w_5 [] w5 []
© v ] o Vs °
= 400 — wé = 400" w6
200 |; / Ya’ |1 200} w7 ]
v w,8 \/ w 8
c
(U w_ 9 [ 0K w 9
\ : L :
-200 | Wa101 4 200 - w 10|
400 . . . L -400 . . . .
0 10 20 30 40 50 0 10 20 30 40 50
Thoi gian (s) Thoi gian (s)

Hinh 3.14 Sy hoi tu cua trong sé no-ron Actor- Critic

Khi bat dau md phong thi trong s6 no-ron Actor va Critic can khoang thoi gian
6s dé tu hoc va hoi ty, thé hién trong hinh 3.14 vai cé4c gia tri Wa = [-223.1 558.6
577.8 967.1 343.4 81.4 665.7 506.7 423.1 646.6] va Wc = [-223.2 558.8 578
967.4 343.5 81.45 665.98 506.85 423.3 646.8].

20
Tor 1
15 Tor2 |
Tor 3
10 Tor4 | 7
—~ 5 / \ ]
E | |
= | ‘ ‘ , ‘
5k )
-10
15 : : ' '
0 10 20 30 40 50

Thoi gian (s)
Hinh 3.15 Tin hiéu diéu khién Tor cia FMWR-ME

Tin hiéu diéu khién Tor trong hinh 3.15 cho thay khi bt ¢du md phong, tin hiéu

diéu khién da duoc tinh toan dé gilp robot tién dén bam quy dao dit. Sau khoang thoi
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gian 10s thi robot da 6n dinh di chuyén trén quy dao véi céc tin hiéu 16n nhat la:
Tor=[12.06 6.45 6.45 12.06]" N/m dam bao kha ning dap ung thuc té cua thuat toan.

> Kich ban mo phéng 3: thir nghiém véi nhiéu ngoai luc tic dong vao mé hinh

FMWR. Tin hiéu nhiéu Gaussian c6 dang nhu sau:

€= Normrnd (0,1.5, size(t))

_5 1 1 1 1
0 1 2 3 4
Hinh 3.16 Nhiéu ngoai luc Gaussian
1.5 K T T T T T T |
FMWR
QuY dao dat
1 [ .
05 .
E
O - -
05 :
A+ i

(m)

Hinh 3.17 Quy dao di chuyén khi ¢ nhiéu tac dong
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Khi ¢ tin hiéu nhiéu tac dong vao md hinh robot thi thuat toan hoc ting cuong
van gidp robot di chuyén bam theo quy dao dat, mic di con ton tai sai léch nho thé
hién nhu trong hinh 3.18. Diéu nay dat duoc nho kha ning hoc héi va diéu chinh hanh
dong cua robot thong qua phan hoi tir méi truong, tir d6 gitp robot thich tng va giam

thiéu anh huong cua nhiéu.

|

Sai lech (m)

\ |

-0.2 ' ' -
0 10 20 30 40

Thoi gian (s)

Hinh 3.18 Céc sai léch bam khi ¢6 nhiéu tac dong vao mé hinh

1200 w w . ' 1200
w1 || w1 ||
1000 ° |1 1000 / c
wa2 WCZ
800 w3 | 800 f w3
a L C L
w_4 w 4
600 a | 600 A c
w5 [ w5 [
® va a ] o Va ¢ H
2 400 = wé 12 400F wb |
200 | / YT a0 Wl [
U w8 U w38
a c
0 R w9 . 0k w9 [
c
-200 \ wa10 | - 200 \ WC10 |
_400 L L 1 1 _400 1 1 L L
0 10 20 30 40 50 0 10 20 30 40 50
Thoi gian (s) Thoi gian (s)

Hinh 3.19 Céc trong s6 Wa va Wc khi ¢6 nhiéu tac dong

Sau khoang thoi gian 6 gidy, qua trinh tu hoc va thich nghi véi tin hiéu nhiéu
hoan thanh khi d6 céc trong s6 trong mang NNs d hoi tu hinh 3.19 va robot da bat

dau di chuyén 6n dinh dé bam sét quy dao dat. Bidu nay cho thay rang qué trinh huan
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luyén va diéu chinh di dat duoc su hoi tu tét va robot c6 thé thuc hién dugc nhiém

vu di chuyén theo quy dao muc tiéu mot cach chinh xéc.

20 T T T T
Tor 1
1571 Tor2 | |
| Tor 3 1
10 Tor 4
E 5N
= 07y \‘ /'/ \ | \ /I \ / \[
5 ] | W '
-10 1
_1 5 1 1 1 1
0 10 20 30 40 50

Th&i gian (s)
Hinh 3.20 Tin hiéu diéu khién Tor khi c6 nhiéu tac dong vao md hinh

Sau khi tin hiéu nhiéu duoc dua vao mé hinh, robot d3 bat dau chiu tac dong tur
nhiéu. Tuy nhién, diéu dang chu ¥ 1a cac tin hiéu diéu khién Tor da diéu chinh thich
nghi vai sy thay doi nay trong hinh 3.20. Nho vay, robot van duy tri on dinh va tiép
tuc bam theo quy dao myc tiéu. Piéu nay cho thay tinh thich nghi cua hé théng voi

nhiéu va sy thay d6i ctia méi truong.

> Kich ban mé phéng 4: So sanh véi thuat toan Fuzzy-DSC dugc dé xuat trong
chuong 2.

Thuc hién md phong dong thoi thuat toan Fuzzy-DSC va thuat toan hoc ting
cudng cau tric Actor-Critic véi md hinh FMWR c¢6 cuing tham sé va nhidu ngoai tac
dong nhu nhau, két qua moé phong hinh 3.21.

Két qua mé phong cho thiy thuat toan Fuzzy-DSC ngay 1ap tirc 6n dinh va bam
sat quy dao voi do chinh xéc cao véi thoi gian ngan chi khoang 1 gidy, thé hién trong
hinh 3.22. B6 chinh dinh mo gidp thuat todn diéu khién cd thé thich nghi duoc véi
cac tac dong cua nhiéu ngoai va anh hudng cua do Iéch trong tdm. Tuy nhién, thuat
toan chua t6i wu hoa chinh sach diéu khién theo thoi gian, thé hién nhu trong hinh

3.23 cho thiy mé men diéu khién chua dugc téi vu so véi thuat todn hoc ting cuong.
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T T T T T

Quy dao dat | -
FDSC
— — —RL

0.5

Hinh 3.21 Quy dao di chuyén thuat toan Fuzzy-DSC va RL-AC

12 — — —e FDSC )
1 — — —e, FDSC | |
e FDSC
08 w -
E | eXRL
= 06F e RL 1
ot Y
5 047 ewRL |
n
02 i
L .
O | —
-02 L 1 1 L 1 ]
0 10 20 30 40

Thoi gian (s)
Hinh 3.22 So sanh sai Iéch bam thuat toan Fuzzy-DSC va RL-AC

Bén canh dé, thuat toan hoc ting cuong c6 kha ning tu hoc va téi wu hoa céac
hanh dong diéu khién theo thoi gian, thuat toan can thoi gian dé cho mang actor va
critic tu hoc sau d6 dua ra hanh dong giup robot bdm quy dao dat trong khoang 18
giay. Sau khi hoc xong thuat toan c6 thé téi wu trong viéc bam quy dao va toi vu ning

lwong thé hién trong hinh 3.23 cho théy tin hiéu diéu khién md men nhé hon. Tuy
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nhién, thuat toan doi hoi thoi gian hoc ban dau nén sai léch trong giai doan hoc con

I6n, thoi gian hoi tu 1au.

Tor1 FDSC
Tor2 FDSC
Tors FDSC
Tor4 FDSC
Tor1 RL
Tor2 RL
Tor3 RL
Tor4 RL

Thoi gian (s)

Hinh 3.23 So séanh tin hiéu diéu khién Fuzzy-DSC va RL-AC

Nhdn xét: Ca hai thuat toan duoc dé xuat déu cé nhitng vu nhuoc diém riéng,
va phl hop véi tirng tng dung nhau. Néu yéu cau robot c6 kha nang t6i wu hoa dai
han, kha nang tu hoc tir méi truong thi thuat toan RL-AC la lua chon phu hop, mac
di qué trinh hoc cd thé kéo dai va yéu cau cau hinh may tinh tinh toan I6n. Mat khéc,
néu yéu cau 6n dinh ngay 1ap tirc va kha nang thich nghi voi nhidu manh mé thi thuat
toan Fuzzy-DSC 14 lva chon tot, dic biét trong cac tng dung yéu cau tinh 6n dinh cao
va méi trudng it thay doi.

3.4. Két luan chwong 3

Trong chuong nay, thuat toan hoc tang cuong dua trén giai thuat ADP st dung
cau tric Actor — Critic da duoc nghién ctu. Thuat todn hoc ting cudng nay da duoc
danh gi4, phan tich vé vu diém va nhuoc diém, va tir 46 dé xuat thuat toan nham khic
phuc cac khé khin k§ thuat trong viéc diéu khién robot, dic biét 1a véi tinh chét bién
d6i theo thoi gian cua bai toan diéu khién téi wu.

Pé xuit thuat toan hoc tiang cwong ciu tric Actor-Critic diéu khién téi wu
bam quy dao cho robot tw hanh da hwéng bon banh xe mecanum c6 trong tam

thay déi. Thuat toan duoc ap dung sir dung giai thuat ADP v&i cAu tric mang no-ron
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Actor- Critic trong thuat toan nay duoc cap nhat dong bo va lién tuc trong tirng buéc
lip. Céc sai s6 ude lwong ciia mang no-ron va sai s6 bam quy dao da duoc ching
minh 1a c6 giGi han chit ch& thong qua phan tich dua trén ham Lyapunov, ddi véi hé
bién ddi khdng phu thudc vao thoi gian. Két qua cho thay thuat toan khong chi dam
bao hiéu qua bam quy dao ma con c6 tinh on dinh cao, ké ca khi cé sy tac dong cua
nhiéu bit dinh tir mé hinh. Hon nita, thuat todn nay cé kha ning thich nghi véi cac

thay d6i vé khéi luong va trong tam cua robot.
Cac nghién ciru trong chuong 3 dugc cng bd trong cdng trinh sau:

[CTO5] Dong Nguyen Minh, Tien Ngo Manh, Hiep Do Quang, Nam Dao Phuong,
"Reinforcement Learning-Based Trajectory Control for Mecanum Robot with Mass
Eccentricity Considerations™ Journal of Robotics and Control (JRC), Volume 3, Issue
2, March 2022, ISSN: 2715-5072, Scopus Q2.
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CHUONG 4. THUC NGHIEM VO1 MO HINH ROBOT DI PONG bA
HUONG MECANUM

M6 hinh robot di dong da hudng mecanum duoc thiét ké va ché tao sir dung
trong phong thi nghiém. Cac thuat toan duoc dé xuat 4p dung vao mo hinh robot dé
chay thuc nghiém, tir d6 danh gia kha ning ap dung thuc té cua thuat toan.

4.1. Thiét ké co khi cho FMWR o ,

Mo hinh robot di dong bon banh xe mecanum dugc thiet ké cau tao sur dung bon
banh xe mecanum duoc dan dong doc 1ap bsi bén dong co Planet riéng biét vai kich

thudc va cach sap xép duoc thé hién trong hinh 4.1

SECTION A-A

Hinh 4.1 Ban vé thiét ké co khi cho mo hinh FMWR

Trong d6 cac thanh phan: 1,2,3- 1 bo khung gam cuaa robot duoc 1am bang chat
ligu thép, 5- hop thén cua robot, 6- banh xe mecanum, 7- dong co planet, 8- mat bich
két ndi gitra than va dé robot, 9- Lidar 306°, 10- man hinh diéu khién HMI, 11- n(t

nhan ding khan cap, 12- bo nat nhan diéu khién, dén bao.

Hé théng dan d¢ong cua md hinh FMWR sir dung co cau dan dong truc tiép trén

banh xe, mdi banh xe gan véi mot co planet c6 bd giam téc banh rang hanh tinh, hoat
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d6ng 6n dinh. Md hinh st dung banh xe mecanum ché tao bang hop kim ¢6 cac con
lan vé tinh bang cao su, duong kinh mdi banh xe 1a 150 mm. Pong co planet c6 cong
suit 60 W, dién ap 24V DC va sir dung bo giam toc c6 toe do quay 468 vong/ phit.
Téng trong lwong cua robot 1 30kg da bao gdbm pin, kha ning chiu dwoc tai trong cua

robot ¢ thé chiu dugc 1a 20kg.

_— = ST ——
_OQO’ oi ‘;’*\n - ol

. » ior
O | I

Hinh 4.2 M6 hinh co khi FMWR hoan thién

M6 hinh co khi cia FMWR duoc thiét ké vai hé thong cau can bang dam bao
bdn banh xe ludn tiép xuc véi mat dat ké ca voi dia hinh bé mat khong bang phang,
lam giam d6 truot ciia banh xe trong qua trinh diéu khién gitp robot di chuyén duoc

tot hon.

4.2. Thiét ké mach diéu khién cho FMWR
Hé théng mach diéu khién cua robot duoc thiét ké vai ba khdi chinh: Khéi xur

ly trung tdm, khdi cam bién va khdi mach dong luc, dugc thiét ké theo so do hinh 4.3
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Hinh 4.3 CAu tric hé thong diéu khién cia FMWR
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CAu tric mach diéu khién duoc st dung bao gdom:

- Khéi xtr Iy trung tam: Khéi nay déng vai tro xtr ly trung tam, dwoc sir dung bo
chip xtr ly hiéu nang cao Jetson-TX2 ¢ nhiém vu tinh toan, thu thap cac tin hiéu tu
khdi cam bién va dua ra cac ménh lénh dén khdi co cau chap hanh. Chay chuong
trinh ROS, thu thap cac dit liéu tir cam bién, encoder, camera, Lindar, IMU va xt ly

sau d6 guri tin hiéu dén cho mach diéu khién.

- Khéi cam bién: Str dung Camera, cam bién tiém can va Rplidar quét laser s&
dua tin hiéu vé khéi xur 1y trung tam dé xay dung ban d6 2D, 3D. Rplidar c6 tac dung
quét laser 360° gitip cho robot xac dinh dwoc vi tri ban do va nhan dién vat can véi

khoang cach xa.

- Khéi mach dong luc: C6 nhiém vu dé diéu khién co cau chap hanh, trong d6
str dung mach cau H (Driver diéu khién dong co) st dung cac MOSFET(BJT) la mach
cong suat diéu khién cac dong co banh xe, két hop cac Encoder dé phan hoi toc do
chinh xac cac vong quay cua banh xe. Ngoai ra con ¢ thém cac cong ma rong tin

hiéu 1/0 dé c6 thé diéu khién cac canh tay robot hay co chau chap hanh khac.

- Khéi mach truyén thdng RS-232, RF nhan tin hiéu diéu khién tir tay cam diéu

khién hoac dién thoai di dong khi mudn diéu khién truc tiép.

- Khéi diéu khién cua robot duoc giao tiép théng qua chuan truyén thong
Ethernet: truyén dit lidu tir Jetson-TX2 dén khéi diéu khién mot cach thuan tien va
giam do tré khi truyén, Man hinh HMI dugc sir dung diéu khién va giam sat cac thong

s cua robot.

Hinh 4.4 M6 hinh robot di d6ng bdn banh xe mecanum hoan thién
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Hé théng ngudn dién cung cap ning luong cho robot duoc st dung pin Lippo,

cung cap thoi gian hoat dong lién tuc caa robot 1a 30 pht.

4.3. Hé diéu hanh ROS

ROS (Robot Operating System) [107, 108] 14 phan mém ma ngudn ma duoc
thiét ké dé hd trg phét trién cac tng dung robot. ROS cung cép cac cdng cu, thu vién
va céc phan mém hd tro gilp céc nha phat trién dé dang xay dung va diéu khién céc

hé thdng robot.

ROS chia tng dung robot thanh cac node (nat), moi node thuc hién mot tac vu
cu thé, vi du nhu cam bién, diéu khién dong co, hoac xir Iy hinh anh. ROS cung cap
mét phuong thirc giao tiép giita cac node thdng qua céc topic, services va actions, cua
ROS chia thanh céc package. Mdi package c6 thé chira ma nguon, cau hinh, thu vién,

tai liéu, va cac tai nguyén khac. Mot sé céng cu quan trong trong ROS:

- RViz: Mét cdng cu dé truc quan hoa dit liéu va trang thai caa robot, bao gom
ban d6, cam bién, va cac mé hinh mé phong.

- Gazebo: La mot phan mém md phong robot manh mg, gidp thir nghiém va mo
phong cac méi truong thuc té ma khdng can phan cing robot that.

- Roslaunch: Mat cong cu gitp khoi dong cac node va cau hinh hé thong robot

mot cach tu dong.

Ung dung ciia ROS trong linh vuc robot di dong rat quan trong. ROS cung cap
cac thu vién va cong cu hd tro cac phuong phap SLAM (Simultaneous Localization
and Mapping), gitip robot xay dung ban do ciia méi trudng xung quanh trong khi van
dinh vi chinh xéc vi tri cia minh. Cac thuat toan SLAM phé bién nhu GMapping,
Hector SLAM, va Cartographer c6 thé dugc st dung trong ROS dé cho phép robot di
chuyén ty dong trong moi truong bat dinh. Piéu khién chuyén dong (Motion
Planning): ROS hd trg cac thuat toan 1én ké hoach di chuyén (motion planning) nhu
A*, RRT, va Dijkstra giup robot tinh toan quy dao toan cuc va cuc bo khi gap vat
can. Thu vién Movelt! trong ROS 1a mét cong cu rat manh mé cho lap ké hoach

chuyén dong cho robot di dong, bao gém viéc tinh toan cac quy dao va tranh vat can.
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4.4. Chay thir nghiém mé hinh trén Gazebo

Gazebo [107, 109, 110] la phan mém mé phong manh mé duoc tich hop st dung
trong mdi trudng ROS. N6 cho phép mo phong robot trong méi trudng gidng voi moi
truong thuc té. Hon nita, né cho phép chay thir nghiém céc thuat toan ma khéng can
dén phan ciing vat ly. Trong md phong mot mé hinh robot mecanum duoc xay dung

Véi céc théng sb gidng vai cac thdng s ciia mé hinh robot thuc té.

- Kich thudc robot: 0,4 x 0,6 (m)

- Béan kinh banh xe: 0.075 (m)

- Van tdc di chuyén theo phuong x va y: 1.5 (m/s)
- Van téc goc: 0.5 rad/s

- Cam bién Lidar: Khoang cach quét: 0.2 <10 m, Do phan giai:1°, Goc
quét:360°

Hinh 4.5 Thiét ké m6 hinh FMWR trong Gazebo

Trén md hinh robot Rplidar duoc thiét ké dat & trén cliing caa robot, c6 thé quét
duoc toan canh 360°, 6 thé xac dinh dwoc cac vat can va ban do ciia méi trudng Xung
quanh. Moi trudng mo phong cua robot dugc thiét ké trong khong gian 3D vai cac
vat can, cac phong duoc phan chia khac nhau gidp tao cac tinh huéng mé phong giéng
moi truong thuc té dé c6 thé md phong hé théng diéu hudng cho robot nhu trong
(hinh 4.5).

e Cac qua trinh mé phéng hoat dong:
> Bdn dé héa méi truong: Robot thuc hién qua trinh SLAM, st dung goi
Gmapping dé thu thap céc tin hiéu tir Lidar quét dugc, tir d6 xac dinh duge moi trudng

xung quanh va ban d6 héa méi trudng, qua trinh SLAM duoc thé hién trong hinh 4.6
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Hinh 4.6 Qué trinh SLAM ban db hda méi trudng

> Diéu hiréng chuyén déng: Quy dao di chuyén cua robot duoc tinh toan sao cho
robot di chuyén dén vi tri dich bat ky dugc dat trude trén ban d6 va dong thoi tranh
duoc vat can trong qua trinh di chuyén, két qua cua qua trinh diéu hudng duoc thé
hién trong hinh 4.7

¥ Z|malknol

Hinh 4.7 Quy dao di chuyén cia FMWR

Quy dao chuyén dong cia robot dugc chia ra 1am hai loai: Puong mau do 1a
quy dao toan cuc & quy dao duoc tinh toan sao cho n6 1a quy dao ngin nhét tir vi tri
hién tai cia robot dén diém dich. Buong mau xanh 1a quy dao cuc bd: quy dao nay
khi gap vat can trén duong di chuyén s& diéu chinh quy dao ciia robot sao cho robot

c6 thé di chuyén an toan, tranh vat can ma van dam bao robot tién dén vi tri dich.
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Khi robot di chuyén téi mot vi tri co vat can va nhan thay c6 kha ning robot va
cham, thi quy dao cuc bo ngay 1ap tic diéu chinh lai quy dao cho robot di chuyén
vong chanh xa vat can hon nhung van dam bao cho robot di chuyén hudng dén dich,

két qua mod phong duoc thé hién trong hinh 4.8

Hinh 4.8 Qua trinh diéu hudng robot tranh vat can

Trong qué trinh 1ap quy dao cuc bo thuat toan TEB [111] duoc st dung sé cho
ra ké hoach di chuyén véi khoang cach c6 thé thay doi khi gap vat can dong. Béi voi
vat can thap hon ving quét cuia lidar thi lGc nay tin hiéu laser scan khong thé quét
duoc vat can. Khi do, tin hiéu thu duoc tir camera sé& thay thé tin hiéu laser scan dé
phat hién vat can ny, tin hiéu d6 duoc dua vao phan phat hién vat can caa hé thong
nhan thac. Tiép theo, quy dao cuc bd s& dugc tinh toan va dua ra quy dao phd hop dé
cho robot dé c6 thé tranh duoc cac loai vat can nay, thé hién & duong mau xanh. Sau
khi robot di chuyén qua viing vat can duong quy dao cuc bo s& dugc ty dong tinh toan

sau d6 di chuyén ti véi duong quy dao toan cuc da xac dinh.

4.5. Thuc nghiém mé hinh robot
» Cai dat thuc nghiém thuat toan Fuzzy-DSC

Thuat toan diéu khién dugc 1ap trinh trén may tinh nhang Jetson-TX2 1am bo
xur ly trung tdm. CAc dit liéu tir cam bién, lidar va cac thiét bi ngoai vi dugc dua vao
hé thong thdng qua cac node, mdi node 1a mot chwong trinh thuc hién cac tc vu khac
nhau. So db khéi dé cai dat thuat toan thé hién trong hinh 4.9, thuat toan Fuzzy-DSC
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duoc cai dit nhang trén bo xt ly trung tdm. Céc tin hiéu diéu khién cudi cung Tor
dugc dua ra mach diéu khién co ciu chap hanh STM32 bam xung PWM diéu khién
dong co tirng banh xe.

Khi thuat toan Fuzzy-DSC

Khéi phan hoi vi tri va tdc dé

r
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Hinh 4.9 So @6 khéi lap trinh thyc nghiém thuat toan Fuzzy-DSC

Tham s6 ctia mé hinh robot duoc dua vao bo diéu khién nhu (2.27), cac tham
s6 cua bo diéu khién DSC duoc thiét ké trong muc luc 2.5 va luat mo caa bo chinh

dinh Fuzzy duoc lya chon nhu trong muc 2.6 dugc cai dat trén Jetson-TX2.

Mo hinh robot dugc thir nghiém tai phong nghién cau Tu dong hda, Vién Vit
ly, Vién Han 1d&m khoa hoc va C6ng nghé Viét Nam. Qué trinh chay thir nghiém sé
duoc 1ap trinh, diéu khién trén mé hinh robot di duoc ché tao, mit san thuc nghiém
robot 1a nén nha phang voi cac diéu kién moi truong ciia phong thi nghiém. Cac thiét

bi thuc nghiém bao gom:

- M6 hinh FMWR nhu hinh 4.2

- May tinh c6 phan mém Rviz giao tiép vai may tinh nhing Jetson-TX2 qua két
ndi wi-fi ¢d thé diéu khién, quan sat trang thai, vi tri caa robot.

- Vi tri gbc cua robot duoc do thong qua tinh toan tir encoder két hop véi cam
bién Lidar.

- Cac quy dao di chuyén trong qua trinh thuc nghiém duoc dan dudi mit san voi
c4c vach rong 3cm dé d& dang quan sat danh gia.

- Hé thong camera phia trén phong thi nghiém theo d&i quéa trinh chay bam quy
dao cua robot thong qua xt ly anh, chon diém mau den (Lidar) & tdm cua robot dé
xac dinh vi tri va vé duong quy dao thuc.
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Vi tri: (387.20, 16.12)

Hinh 4.10 Camera theo di quy dao di chuyén robot

» Kich ban thwc nghiém FMWR nhw sau:

Cac quy dao di chuyén khac nhau duoc dua vao dé danh gia kha nang di chuyén
bam quy dao cua robot. M6 hinh robot dugc thuc nghiém véi cac van tée ¢b dinh 1a
0.3m/s, cac quy dao thuc nghiém gom quy dao dudng tron, quy dao hinh sé 8 va quy
dao duong zich zic, thuc nghiém trong 2 truong hop: thir nhét 1a robot khong mang
tai trong, c6 do léch tam khong ddi. Truong hop 2 1a robot mang tai trong va cé trong

tam thay doi.

» Kich ban 1: thuc nghiém véi quy dao dwong tron:
- Qu¥ dao duong tron c6 béan kinh 1,5m, van téc di chuyén cua robot 1a 0.3 m/s,
vi tri dat ban dau cua robot la & tam cua duong tron quy dao.

- Thoi gian thuc nghiém 1a 50s, diéu kién thuc nghiém phong thi nghiém
Trwong hop 1: Robot khéng mang tai trong, trong tdm cua robot khong doi:

- Két qua thuc nghiém: Giai doan dau sau khoang thoi gian 4 gidy, robot di 6n
dinh va bam sat vao quy dao dudng tron, véi sai sb gitra quy dao thuc té va quy dao

muc tiéu nho. Piéu nay cho thay thuat toan diéu khién bam quy dao da giup robot

nhanh chong dat dugc trang thai on dinh.



Hinh 4.11 Thuc nghiém véi quy dao duong tron trong tim khong doi

Qua trinh di chuyén: Trong suét qua trinh di chuyén, robot duy tri téc do on
dinh 0.3 m/s va khéng gap phai cac dao dong Ion trong qua trinh bam quy dao. Sai s6
bam quy dao ludn duoc duy tri dudi 5 cm, cho thiy thuat toan diéu khién hoat dong
hiéu qua va chinh xac. Robot khéng bi léch khoi quy dao va duy tri huéng di chuyén
6n dinh trong sudt thoi gian thir nghiém. Khdng cé su thay dbi dang ké vé van téc

hay gia toc, chizng minh rang hé théng diéu khién dam bao 6n dinh.
Truong hop 2: Robot mang tai trong Am =5kg , do léch trong tdm d =0.1m.

Thém vat nang c6 khdi luong 5kg vao robot, gay nén sy thay doi trong tam so

vai trang thai khdng mang tai trong.

Hinh 4.12 Thém tai trong 5kg va dat léch trong tdm trén robot
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Hinh 4.13 Thuc nghiém vaéi tai trong S5kg va dat l1éch trong tdm trén robot

Két qua thiec nghiém: Khi robot mang tai trong 5kg, trong tam cua robot thay
dbi, diéu nay co thé anh huong dén kha nang bam quy dao. Tuy nhién, sau khoang 6
giay tir khi bat dau di chuyén, robot d 6n dinh va bat dau bam sét vao quy dao duong
tron. So véi trudng hop khdng mang tai, robot mat thém maot khoang thoi gian dé 6n

dinh do anh huong cua trong tim thay doi.

Trong suét qua trinh di chuyén, robot c6 xu huéng dao dong nhe xung quanh
quy dao muc tiéu. Sai s6 gitra quy dao thuc té va quy dao muc tiéu dao dong trong
pham vi tir 5 cm dén 10 cm. Diéu nay cho thay tai trong thém vao va su thay doi trong
tam cd anh hudng dén kha niang bam quy dao cua robot, tuy nhién van trong gisi han

chap nhan duoc.

Anh huang cua tai trong: Mac di robot van bam dugc quy dao, nhung do trong
tam thay d6i, robot c6 xu huéng di chuyén kém muot ma hon so véi trudng hop
khdng mang tai. Tuy nhién, robot van duy tri toc do on dinh va khéng gap phai su bat
6n 16n. Thoi gian 6n dinh ting thém mot chit so voi trudng hop khdng mang tai

trong.
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- Thoi gian 6n dinh: Truong hop robot khéng mang tai trong dat trang théai 6n
dinh sau 4 gidy, trong khi trudng hop robot mang tai trong 5kg mat khoang 6 gidy dé
6n dinh.

- Sai s6 bam quy dao: Trong truong hop khéng mang tai trong, sai s6 bam quy
dao luén dudi 5 cm. Trong khi d6, khi mang tai trong, sai s6 dao dong tir 5 cm dén
10 c¢m, cho thay sy anh huong cua tai trong va thay ddi trong tim ddi véi kha ning
bam quy dao. Mac du robot mang tai trong van c6 thé bam theo quy dao, nhung su

thay ddi trong tam 1am cho qué trinh di chuyén c6 chut dao dong.

> Kich ban 2: thuc nghiém véi quy dao hinh sé 8:

Trwong hop 1: Robot khdng mang tai trong, trong tim khong doi
o Quy dao: Puong hinh sé 8 (gom hai vong tron dbi xing ndi vai nhau).
o Béan kinh qu§ dao: 1.5 m cho méi vong tron.
o Van téc di chuyén cua robot: 0.3 m/s.
o Vi tri ban dau: Robot bat dau tai diém giao nhau cia hai vong tron trong quy
dao hinh sé 8.
o Thoi gian thuc nghiém: 50 giay

Hinh 4.14 Thuc nghiém véi quy dao hinh s 8 trong tdm khong doi
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Sau khoang 5 gidy, robot dd hoan thanh budc dau tién cua quy dao hinh sb 8,
bam theo phan quy dao dudng tron dau tién ma khéng gap su ¢d. Trong sudt qua trinh
di chuyén, robot giir viing sai s6 bam quy dao dudi 5 cm, diéu nay ching to thuat

toan diéu khién bam quy dao c6 hiéu qua tot ngay tir giai doan dau.

Qua trinh di chuyén: Robot tiép tuc di chuyén sang vong thir hai cua hinh sé 8
ma khdng bi léch ra ngoai quy dao. Sai s6 giira quy dao thuc té va quy dao Iy thuyét
van luén trong khoang chap nhan duoc (dudi 5 cm), véi d6 on dinh cao. Toc do di
chuyén cua robot dugc duy tri 6n dinh va khong cé hién tuong truot hay léch hudng.
robot khéng gap phai dao dong bat thuong trong qua trinh bam theo quy dao. Trong
sudt thoi gian thir nghiém, robot tiép tuc giir vitng duoc trang thai on dinh va bam

theo quy dao hinh sé 8 ma khéng gap su ¢ dang ké.

Trwong hop 2: Robot mang tai trong 5kg, trong tim thay doi

Trong luong robot tang thém Skg, do 1éch trong tdm cua robot véi d=0.1m
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Hinh 4.15 Thuc nghiém quy dao hinh sé 8 trong tim thay doi

i

Két qud thuc nghiém: Khi robot mang thém tai trong, trong tdm thay doi, khién

thoi gian 6n dinh ban dau cua robot kéo dai thém mét chat. Sau khoang 7 gidy, robot
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bit dau bam vao quy dao hinh sé 8 va tiép tuc di chuyén véi sy 6n dinh dan. So véi
truong hop khdng mang tai, thoi gian 6n dinh cta robot 1au hon, do su thay doi trong

tam gay anh hudng dén cac tham sb dong luc hoc.

Qua trinh di chuyén: Robot tiép tuc di chuyén qua vong dau tién caa quy dao,
nhung sai s6 bam quy dao dao dong tir 5 cm dén 10 cm. Pay 1a su anh huéng tir thay
dbi trong tdm khi robot mang thém tai trong. Trong vong thi hai caa quy dao hinh sé
8, robot da c6 nhitng dao dong nhe nhung van duy tri duoc kha ning bam theo quy
dao. Mic du c6 su dao dong, robot van hoan thanh quy dao hinh s6 8 mot cach kha

on dinh.

Anh huéng cua tai trong: Mac du robot van ¢6 thé bam theo quy dao, nhung voi
su thay ddi trong tam, robot c6 xu huéng di chuyén it muot ma hon va gip mot sb
dao dong nhe, dic biét khi chuyén tir vong tron nay sang vong tron kia trong hinh sé
8. Tuy nhién, thuat toan diéu khién van dam bao rang robot khdng léch quéa xa khoi

quy dao va van hoan thanh quy dao hinh sé 8 trong thoi gian quy dinh
> Kich ban 3: thuc nghiém véi quy dao hinh zich zic:

Chay thir nghiém FMWR véi quy dao hinh zich zac gém cac doan duong thang

thay ddi hudng lién tiép, goc cia cac doan duong thang: 45°

Hinh 4.16 Thuc nghiém md hinh FMWR véi quy dao duong zich zac
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Khi robot bat dau di chuyén da dan 6n dinh dé bam theo quy dao hinh zich zic.
Trong suét qua trinh thir nghiém, sai s6 bAm quy dao cia robot dao dong trong khoang
tir 2 cm dén 4 cm.

Qua trinh di chuyén: Robot chuyén tir mot doan duong thang sang doan tiép
theo mot cach muot ma. Mac du c6 mot s dao déng nho & cac khic quanh do md

hinh déng luc hoc va cta dong co, robot duy tri quy dao mét cach chinh xac.

Hiéu suat bam quy dao: Sai s6 bam quy dao trong sudt qué trinh di chuyén
khong vuot qua 4 cm, va robot khdng gap phai hién tugng Iéch hudng hoac truot
banh. Qué trinh chuyén huéng tir 45° sang 135° duoc thyc hién muot ma, va robot

tiép tuc duy tri vi tri dung trén quy dao

Nhdn xét: Trong tat ca cac quy dao thir nghiém (duong tron, hinh sé 8, hinh zich
Zic), robot déu ¢ kha nang bam sat quy dao mot cach chinh xéc, véi sai s6 bam quy
dao & muc chap nhan dugc. Anh huong cua tai trong: viéc mang tai trong (Skg) da
1am tang nhe sai s6 bAm quy dao, nhung robot van c6 thé di chuyén theo quy dao yéu
cau ma khéng gap phai su gian doan Ién. Tai trong lam thay dbi dac tinh dong hoc
cta robot va c6 anh huong dén tdc do va phan tng khi thay doi hudng. Tuy nhién,
thuat toan diéu khién da thé hién kha nang thich nghi tét véi su thay doi nay, dam bao

robot van di chuyén on dinh.

Qua trinh thuc nghiém di chitng minh rang robot di dong da hudéng sir dung
banh xe mecanum, két hop véi thuat toan diéu khién da dé& xuat, c6 kha ning bam
quy dao mot cach chinh xac, 6n dinh va hiéu qua, ca trong diéu kién khéng mang tai
trong va khi mang thém tai trong. Céc két qua thu duoc cho thay tinh kha thi va tiém
nang ctia hé théng robot nay trong cac wng dung thuc té, dong thoi khang dinh duoc
su hiéu qua cua thuat toan diéu khién trong viéc duy tri 6n dinh va t6i wu hoa qué

trinh di chuyén cua robot.

4.6. Két luan chwong 4
Chuong 4 tap trung vao viéc thuc hién cac thir nghiém thyc té dé danh gia hiéu
qua cua c&c thuat toan diéu khién dugc nghién ciru trong luan an. Cac noi dung nghién

ctru va két qua dat dugc trong chuong nay bao gom:
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- Thiét ké, ché tao mé hinh robot di dong bén banh xe mecanum: M6 hinh co khi
ctia robot dd duogc thiét ké va ché tao hoan chinh, dam bao tinh 6n dinh va kha ning

di chuyén da huéng véi cac banh xe mecanum.

- Chay thir nghiém trén phan mém Gazebo: Céc thuit toan diéu khién da duoc
kiém tra va chay thir nghiém trén phan mém Gazebo. Gitip danh gia truéc hiéu suat
cua cac thuat toan trong diéu kién mé phong, tir d6 dua ra nhitng nhan xét vé kha

ning hoat déng cua robot trude khi thuc hién trén thuc té.

- Thuc nghiém trén mé hinh robot thuc véi thuat toan Fuzzy-DSC: Cac thir
nghiém thyc té da duoc tién hanh vai robot thyc, st dung cac quy dao duong tron,
hinh s6 8 va hinh zich zic dé danh gia do chinh xac va hiéu qua cua cac thuat toan
diéu khién. Cac két qua thu duoc cho thay robot co thé bam sat quy dao mot céach

chinh xac, on dinh, ké ca trong cac tinh hudng thay doi trong tdm va tai trong.

Cac két qua thir nghiém da cho thay kha ning hoat dong on dinh va chinh xac
cua hé thdng, ddng thoi cung cap co so virng chic dé 4p dung thuat toan vao cac tng

dung thuc té trong tuwong lai
Nghién ctru trong chuong 4 duoc cdng b trong céc cong trinh sau:

[CT06] Nguyé&n Minh Pong, D6 Quang Hiép, Ngé Manh Tién, Nguyén Btc Thang,
Nguyén Minh Duong, Nguyén Tién Bic, “Xay dung hé robot di déng c6 gan tay may
céng tac Cobot 6 bdc ti do trén hé diéu hanh ROS” REV-ECIT 2022, NXB Théng
tin va TT; 12/2022; pp 388-393, ISBN 978-604-80-7468-5.

[CTO7] Nguyé&n Minh Péong, Ngé Manh Tién, Nguyén Manh Cuong, DS Quang
Hiép, Vii Viét Anh, Bui Dinh Duy, Nguyén Tuan Anh, “Xdy dung Hé théng Piéu
hwréng Thong minh cho robot di dong dang Mecanum dia trén nén ting ROS”
Proceedings the 7th Vietnam International Conference and Exhibition on Control and
Automation VCCA-2024, ISBN 978-604-937-357-2.
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KET LUAN VA KIEN NGHI

Bai toan diéu khién bam quy dao cho robot di dong da huéng la mot van dé
quan trong trong linh vyuc diéu khién ty dong va robot hoc, dic biét ddi véi cac loai
robot c6 kha ning di chuyén linh hoat da huéng ma khdng can phai thay ddi goc
huéng, tir d6 nang cao kha ning hoat dong va tng dung trong thyc té. Thach thuc dat
ra 1a lam sao dé robot c6 thé bam theo dang quy dao mong mudn maot cach chinh xac
va hiéu qua, dong thoi dam bao tinh 6n dinh va an toan trong suét qua trinh di chuyén.
Tuy nhién trong thuc té FMWR lam viéc phai mang thém tai trong, hang héa dan dén
trong tam cua robot thay d6i khong triing véi tam hinh hoc cua robot, diéu d6 gay anh
huéng dén chat lugng bam quy dao ciia robot. Luan an di tap trung nghién ciu va dé

Xuat thuat toan giai quyét van dé dat ra va dat duoc cac két quan trong

1. Céc két qua dat dwoc cia Luan an.

Trong luan 4n da trinh bay cac nghién ctru va dé xuat cac thuat toan nhim nang
cao chat luong diéu khién bam quy dao cho robot di dong da hudng bon banh xe
mecanum c0 trong tdm thay do6i. Luan an dé xuat nhitng dong gop chinh nhu sau:

> Pé xuit thuat toan diéu khién mit trwet dong chinh dinh thich nghi mo dé
nang cao chat lwong diéu khién bam quy dao cho robot twr hanh da hwéng bon
banh xe mecanum c6 trong tim thay d6i. Phuong phap diéu khién duogc phét trién
trén két hop thuat toan diéu khién mit trugt dong voi diéu khién logic mo dé hiéu
chinh tham sé cua bo diéu khién. Thuat toan dugc thiét ké véi dau vao cua bd chinh
dinh mo 14 sai léch vi tri va van toc théng qua mé hinh ma sugeno, dé chinh dinh truc
tuyén céc tham sé diéu khién cua thuat toan diéu khién mit treot dong. Phuong phap
diéu khién dugc dé& xuat p dung cho FMWR ¢ trong tim thay d6i, dam bao cho
robot bam quy dao tét hon ngay ca khi khéi lugng va trong tam thay doi, thoi gian
robot tién dén quy dao nhanh va sai léch bam nho.

> Pé xuat thuat toan hoc ting cwong cau tric Actor-Critic diéu khién tdi wu
bam qu§ dao cho robot tw hanh da hwéng bén banh xe mecanum c6 trong tam
thay d6i. Thuat toan hoc ting cuong dugc phat trién st dung quy hoach dong cua
Bellman, nghiém cua phuong trinh HIB dwogc xap xi thdng qua giai thuat lip PI dé
giai phwong trinh Lyapunov. Thuat todn str dung mang no-ron véi ciu tric Actor —

Critic dé giai xap xi nghiém phuong trinh HIB. Trong d6, mang Actor NNs dung dé
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xap xi luat diéu khién tdi vu, Critic NNs dung dé xap xi ham Bellman. Tin hiéu diéu
khién tir Actor s& lién tuc duoc cap nhat va dua vao kich thich hé théng cho dén khi
tin hiéu diéu khién 1a tbi wu, cac luat cap nhat cua critic NNs duoc thuc hién déng
thoi trong mot budce lap dua theo téi thiéu hda sai s ham Bellman twong ung. Thuat
toan duoc ching minh tinh 6n dinh theo tiéu chuan ham Lyapunov. Cac két qua mo
phong cua thuit toan duogc ap dung diéu khién bam quy dao cho FMWR cho thiy kha
ning bam quy dao cua robot va on dinh ngay ca véi trong tm cua robot thay doi,
chiu dwgc anh huéng cua cac nhidu ngoai lre tic dong va hoat dong 6n dinh véi sai
Iéch nho.
2. Huwéng phét trién cia Luan an

Hién nay cac nghién ciru vé cac thuat toan hoc may, hoc ting cudng hay sir dung
tri tué nhan tao Al vao diéu khién bam quy dao cho robot da huéng dang ngay cang
duogc tap trung nghién ciu. Trong twong lai viéc nghién cau cac thuat toan co thé
duoc phat trién nhu sau:

- Phat trién thuat toan véi giai thuat ADP st dung mang no-ron nhan tao nhiéu
l6p dé tang kha nang thich &ng cua thuat toan véi cac moi trudng hoat dong cua robot.

- Két hop giai thuat ADP — AC véi mang no-ron nhiéu lép dé khac phuc nhugc
diém con ton tai cua AC-NNSs.

- Nghién ctu ap dung thuat toan hoc ting cudng vao md hinh thyc té va danh

gia két qua dé co thé dua vao ung dung thuc tién.
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1. Code mbd phéng thuat toan Fuzzy-DSC

So dd mé phong cua thuat toan trén Simulink

HEO

— oy

Hinh PL.1 So d6 mé phéng thuat toan Fuzzy-DSC

- Code khéi Reference:
function gr = fen(t)
RO=1;
xr=RO*sin(t);
yr=R0O*sin(2*t);
thetar=pi/4;
qr=[xr;yr;thetar];

- Code khéi Control law:

function [tor,x2r_dot]= fcn(q,qr,q_dot,qr_dot,m, Jw, Jb, L1, L2, r,u,
g,x2r,T,k1,k2)

k11=K1(1);
k22=K1(2);
k33=K1(3);
b11=k2(1);
b22=k2(2);
b33=k2(3);
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theta=q(3);

X_dot=q_dot(1);

y_dot=q_dot(2);

theta_dot=qg_dot(3);

%% dynamic matrix for control

M=[m+4*Jb/(r*2) 0 0;0 m+4*Jb/(r"2) 0;0 0 1+(4*Jb*(L1+L2)"2)/(r"2)];
Q=[(m+4*Jb/(r"2))*y_dot*theta_dot;-(m+4*Jb/(r"2))*x_dot*theta_dot;0];

B=(1/r)*[cos(theta) -sin(theta) 0;sin(theta) cos(theta) 0;0 0 L1+L2]*[111
1;-11-11;-111-1];

shi=(r*u*m*g/4)*sign(transpose(B)*qg_dot);

%% Control

k1=[k11 0 0;0 k22 0;0 0 k33];

k2=[b11 0 0;0 b22 0;0 0 b33];

sl=qg-qr;

x2ngang=qr_dot-k1*s1;

X2r_dot=(x2ngang-x2r)/T;

s2=q_dot-x2r;

tor=-(B.")*inv(B*(B."))*(M*(-x2r_dot+k2*s2)-Q-B*shi);
- Code khoi Model FMWR:

function g_2dot = fcn(q,q_dot,tor,mb,mw, J, Jw, k, h, r ,g ,d1, d2, mul)

theta=q(3);

x_dot=q_dot(1);

y_dot=q_dot(2);

theta_dot=q_dot(3);

I=sqrt(k"2+h"2);

ml=mb+4*(mw+J/r"2);

alpha=(tan(h/k))"-1;

m2=mb*(d1"2+d2"2)+Jw+8*(mw+J/r"2)*1"2*sin(pi/4-alpha);

m3=mb*(d1*sin(theta)+d2*cos(theta));

m4=mb*(-d1*cos(theta)+d2*sin(theta));
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M=[m1 0 m3;0 m1 m4;m3 m4 m2];
cl=mb*theta_dot*(d1*cos(theta)-d2*sin(theta));
c2=mb*theta_dot*(d1*sin(theta)+d2*cos(theta));
Q=[00¢1;00¢2;000];

B = 1/r*[-cos(theta)+sin(theta) -cos(theta)-sin(theta) cos(theta)-sin(theta)
cos(theta)+sin(theta);

-cos(theta)-sin(theta) cos(theta)-sin(theta) cos(theta)+sin(theta) -
cos(theta)+sin(theta);

-sqrt(2)*1*sin(pi/4-pi/4) -sqrt(2)*I*sin(pi/4+pi/4) -sqrt(2)*1*sin(pi/4-
3*pild) -sqrt(2)*I*sin(pi/4+3*pi/4)];

delta=(r*mul*g/4)*sign(transpose(B)*q_dot);
g_2dot=M\(B*tor-B*delta-Q*q_dot);
- Tham s6 ciia mé hinh robot va b diéu khién:

%% Dynamic parameters

mb=30;

mw=0.9;

Jb=5;

Jw=0.1;

k=0.2;

h=0.3;

1=0.25;

r=0.075;

mul=0.01;

mu2=0.05;

g=9.8;

d1=0.0;

d2=0.0;

%% Control parameters

u=0.01;

7=0.02;
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cl=5;

c2=15;

%% Simulation parameters
T _sample=0.01;

T end=15;

2. Code mo phéng thuat toan hoc ting cwong trén Matlab:
%% Simulation RL for Mecanum Wheeled Mobile Robot
clc;clear:close all;
%% Time interval and simulation time
Step = 0.001;T_end = 50;
t = 0:Step:T_end;

- Tham s6 cia FMWR va tham sé bg diéu khién:
mb = 30+delta_m; % Mass (kg)
mw = 0.9;
a = 0.2; % Length of MWMR (m)
b=0.3;
I=sqrt(a"2+b"2);
r =0.075; % Wheeled radius (m)
| =5; Iw =0.1; % Rotational inertia (kg.m"2)
Ib = I + 4*(lw+mw*(a"2+b"2));
g=29.8;
Q = eye(6); % Positive-definite matrix
R = eye(4); % Positive-definite symmetric constant matrix
n_NN = 51; % Number of NN nodes
% The control gain with
eta_c = 6;
eta_ al =3;
eta a2 = 0.001;
eta_a=0.001;
beta = 0.001;
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gamma = 0.0001;
v =0.002;

%% Variables
q_r = cell(1,size(t,2));
q_r_dot = cell(1,size(t,2));
q = cell(1,size(t,2));
q_dot = cell(1,size(t,2));

phi = cell(1,size(t,3));

phi_dot = cell(1,size(t,3));
upsilon = cell(1,size(t,2)); % upsilon =v_q
upsilon_dot = cell(1,size(t,2));
upsilon_r = cell(1,size(t,2));
upsilon_r_dot = cell(1,size(t,2));
x = cell(1,size(t,2));
x_dot = cell(1,size(t,2));
x_r = cell(1,size(t,2));
x_r_dot = cell(1,size(t,2));
e = cell(1,size(t,2));
z = cell(1,size(t,2));
W_c = cell(1,size(t,2));
W_a = cell(1,size(t,2));
gamma_upper = cell(1,size(t,2));
V_z = cell(1,size(t,2));
grad_V_z = cell(1,size(t,2));
tau = cell(1,size(t,2));

%% Initial Conditions
tau{1} = [0;0;0;0];
a1} = [1;1;1.3];
upsilon{1} = [0;0;0]; %v_q
W_c{1} = 100*ones(n_NN,1);
W_a{1} = 6*ones(n_NN,1);
gamma_upper{1} = 10*eye(51);
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- M6 hinh toan hoc cia FMWR:
%% Inertia matrix
mb = 12+delta_m;
alpha = 1/tan(b/a);
mll = mb+4*(mw +1/r"2);
m33 = mb*(d1"2+d2"2)+Iw+8*(mw+I/r"2)*I"2*sin(pi/4-alpha)"2;
m13 = mb*(d1*sin(q{i}(3))+d2*cos(q{i}(3)));
m31 = m13;
m23 = mb*(-d1*cos(g{i}(3))+d2*sin(q{i}(3)));
m32 = m23;
M =[m11 0 m13;0 m11 m23;m31 m32 m33];
m_qgrl3 = mb*(d1*sin(cos(0.5*t(i)))+d2*cos(cos(0.5*t(i))));
m_qr23 = mb*(-d1*cos(cos(0.5*t(i)))+d2*sin(cos(0.5*t(i))));
M_gr=[m110m_qrl3;0 m11l m_qgr23;m_qrl3 m_qr23 m33];
c13 = mb*upsilon{i}(3)*(d1*cos(g{i}(3))-d2*sin(a{i}(3)));
c23 = mb*upsilon{i}(3)*(d1*sin(q{i}(3))+d2*cos(q{i}(3)));
C=[00¢c13;00¢c23;000];
c_grl3 = mb*-0.5*sin(0.5*t(i))*(d1*cos(cos(0.5*t(i)))-
d2*sin(cos(0.5*t(1))));
C_(Qr23 = mb*-
0.5*sin(0.5*t(i))*(d1*sin(cos(0.5*t(i)))+d2*cos(cos(0.5*t(i))));
C_qr=[00c_qr13;00c_qr23;000];
%% H matrix
Rm = [cos(a{i}(3)) sin(a{i}(3)) 0;-sin(afi}(3)) cos(afi}(3)) 0;0 0 1];
dRm = [-sin(a{i}(3)) cos(afi}(3)) 0;-cos(afi}(3)) -sin(afi}(3)) 0;0 0 0];
theta_dot = upsilon{i}(3);
B = 1/r*[-cos(a{i}(3))+sin(afi}(3)) -cos(a{i}(3))-sin(a{i}(3)) cos(a{i}(3))-
sin(a{i}(3)) cos(afi}(3))+sin(afi}(3));
-cos(a{i}(3))-sin(a{i}(3)) cos(a{i}(3))-sin(a{i}(3))
cos(a{i}(3))+sin(a{i}(3)) -cos(a{i}(3))+sin(a{i}(3));
-sqrt(2)*I*sin(pi/4-pi/4) -sqrt(2)*1*sin(pi/4+pi/4) -sqrt(2)*I*sin(pi/4-
3*pil4) -sqrt(2)*I*sin(pi/4+3*pi/d)];
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B_gr = 1/r*[-cos(cos(0.5*t(i)))+sin(cos(0.5*t(i))) -cos(cos(0.5*t(i)))-
sin(cos(0.5*t(i))) cos(cos(0.5*t(i)))-sin(cos(0.5*t(i)))
cos(cos(0.5*t(i)))+sin(cos(0.5*t(i)));

-cos(cos(0.5*t(i)))-sin(cos(0.5*t(i))) cos(cos(0.5*t(i)))-sin(cos(0.5*t(i)))
cos(cos(0.5*t(i)))+sin(cos(0.5*t(i))) -cos(cos(0.5*t(i)))+sin(cos(0.5*t(i)));

-sqrt(2)*1*sin(pi/4-pi/4) -sqrt(2)*1*sin(pi/4+pi/4) -sqrt(2)*1*sin(pi/4-
3*pi/4) -sqrt(2)*I1*sin(pi/4+3*pi/4)];

H=-(1/r)*[11-1-1;1-1-11;sqrt(2)*I*sin(pi/4-pi/4)
sqrt(2)*I*sin(pi/4+pi/4) sqrt(2)*1*sin(pi/4-3*pi/4)
sqrt(2)*I*sin(pi/4+3*pi/4)]’;

J = 1/sqrt(2)*[1 1 sqrt(2)*I*sin(pi/4-pi/4);1 -1 sqrt(2)*I*sin(pi/4+pi/4);-1
-1 sgrt(2)*I*sin(pi/4-3*pi/4);-1 1 sqrt(2)*I*sin(pi/4+3*pi/4)]*Rm;

J_cong = pinv(J'*J)*J';

St = sign((-sqrt(2)/2)*1/r*pinv(J_cong)*upsilon{i})*0.05*r;
% Sf=sign(H*Rm*upsilon{i})*0.05;
%% g Model(2.12)

%f g

f_q = theta_dot*dRm*pinv(Rm)-pinv(M)*C;

%9_q

g_q = Rm*pinv(M)*B;

%fd(q,va)

f d_g_vqg = -Rm*pinv(M)*B*Sf;

%d(q,v_a)

% d_q_vq =g_q\f_d_q_vaq;

%% x Model(2.2.3)

% upsilon =v_q

x{i} = [ofi}" upsilon{i}T";

f x = [upsilon{i}' (f_g*upsilon{i})']’;

g_x = [zeros(4,3) (9_a)'T;

%% z Model
%G _z =[g_x'zeros(6,3)']’;
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G_z =[g_x;zeros(6,4)];
%% Reference model
Rm_gr = [cos(cos(0.5*t(i))) sin(cos(0.5*t(i))) 0;-sin(cos(0.5*t(i)))
cos(cos(0.5*t(i))) 0;0 0 1];
dRm_qgr = [-sin(cos(0.5*t(i))) cos(cos(0.5*t(i))) 0;-cos(cos(0.5*t(i))) -
sin(cos(0.5*t(i))) 0;0 0 0];
theta_qr_dot = -0.5*sin(0.5*t(i));
g_q_r = Rm_gr*pinv(M)*B_qr;
g_x_r = [zeros(4,3) (g_a_nN'1;
%g_cong = pinv(g_x_r);
g_cong = (pinv(g_x_r*g_x_r))*(g_x_r");
e Quy dao mo phéng:
% Quy dao duong tron
g_r{i} = [sin(t(i)) cos(t(i)) cos(0.5*t(i)]’;
g_r_dot{i} = [cos(t(i)) -sin(t(i)) -0.5*sin(0.5*t(i))]";
x_r{i} = [q_r{i} q_r_dot{i}']’;
x_r_dot{i} = [cos(t(i)) -sin(t(i)) -0.5*sin(0.5*t(i)) -sin(t(i)) -cos(t(i)) -
0.25*cos(0.5*t(i))]’;
f_q_r =theta_qgr_dot*dRm_qgr*pinv(Rm_qgr)-pinv(M_qr)*C_qr;
f x_ r=[q_r_dot{i}' (f_ q_r*q_r_dot{i})']";
e Thuat todn hoc tang cwong:
%% Caculate F_z
% tau_r(2.15)
tau_r = g_cong*(x_r_dot{i}-f_x_r);
% F_z(2.16)
F z=[f x-x_r_dot{i}+g_x*tau_r; x_r_dot{i}];
%% Tracking error
e{i} = x{i} - x_r{i};
i} = [e{i} x_r{i}T;
%% Activation function
% phi_z = zeros(51,1);
phi_z = (L/2)*[z{i}(1)"2 z{i}(2)"2 z{i}(3)"2 ...
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{i}(1)*z{i}(4) Z{i}(1)*z{i}(5) z{i}(1)*z{i}(6) z{i}(2)*z{i}(4) 2{i}(2)*{i}(5)
z{i}(2)*Z{i}(6) ...

{i}3)*{i}(4) z{i}(3)*z{i}(5) z{i}(3)*z{i}(6) (z{i}(1)"2)*(z{i}(2)"2)
Z{i}(1)"2)*({i}(3)"2) ...

({132 2)*({i}(3)"2) ({i}(1)"2)*({i}(7)"2) ({i}(1)"2)*({i}(8)"2)
(Z{i}(1)"2)*(z{i}(9)"2) ...

(Z{i3(1)"2)*({i}3(10)"2) (Z{i}(1)"2)*(z{i}(11)"2) ({i}(1)"2)*(z{i}(12)"2)
Z{i}(2)"2)*({i}(7)"2) ...

(Z{i3(2"2)*({i}(8)"2) ({i}(2)"2)*(z{i}(9)"2) (z{i}(2)"2)*(z{i}(10)"2)
Z{i}(2)"2)*({i}(11)"2) ...

(Z{i}(2)"2)*(Z{i}(12)"2) ({i}(3)"2)*({i}(7)"2) (z{i}(3)"2)*(z{i}(8)"2)
(Z{i3(3)"2)*({i}(9)"2) ...

(Z{i3(3)"2)*(z{i}(10)"2) (z{i}(3)"2)*(z{i}(11)"2) ({1}(3)"2)*(z{1}(12)"2)
(Z{i3(4)"2)*({i}(7)"2) ...

(Z{i}(4)"2)*(z{i}(8)"2) (z{i}(4)"2)*(z{i}(9)"2) (z{i}(4)"2)*({i}(10)"2)
(Z{i}(4)"2)*(z{i}(11)"2) ...

(Z{i}(4)"2)*(Z{i}(12)"2) ({i}(5)"2)*({i}(7)"2) (z{i}(5)"2)*(z{i}(8)"2)
(Z{i}(5)"2)*(Z{i}(9)"2) ...

(Z{i}(5)"2)*({i}(10)"2) ({i}(5)"2)*({i}(11)"2) (z{i}(5)"2)*({i}(12)"2)
({i}(6)"2)*({i}(7)"2) ...

({i}(6)"2)*({i}(8)"2) ({i}(6)"2)*(z{i}(9)"2) ({i}(6)"2)*(z{i}(10)"2)
({i}(6)"2)*(z{i}(11)"2) ...

({i}(6)"2)*({i}(12)"2)]";

% grad_phi_z = zeros(51,12);

grad_phi_z = (1/2)*[2*z{i}(1)00000000000; ...

02*z{i}(2)0000000000; ...

002*z{i}(3)000000000; ...

H{i}(4)00z{i}(1)00000000; ...

Z{i}(5)0002z{i}(1)0000000; ...

{i}(6)00002z{i}(1)000000; ...

0z{i}4)0z{i}(2)00000000; ...

0z{i}(5)002z{i}(2)0000000; ...
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0{i}(6)0002z{i}(2)000000; ...
00Z{i}(4) {i}(3)00000000; ...
00Z{i}5)0z{i}3)0000000; ...
00Z{i}6)002z{i}(3)000000; ...
2*2{i}(1)*(z{i}(2)"2) 2*(z{i}(1)"2)*z{i}(2)0000000000; ...
2*2{i}(1)*(z{i}(3)"2) 0 2*(z{i}(1)"2)*z{i}(3)00000000O0; ...
0 2*Z{i}(2)*({i}(3)"2) 2*({i}(2)*2)*z{i}(3) 00000000 0; ...
2*2{i}(1)*(z{i}(7)*2) 000 0 0 2*(z{i}(1)"2)*z{i}(7) 0000 O; ...
2*7{i}(1)*(z{i}(8)"2) 000 0 0 0 2*(z{i}(1)"2)*z{i}(8) 000 O; ...
2*2{i}(1)*(z{i}(9)*2) 00000 0 0 2*(z{i}(1)"2)*z{i}(9) 0 0 0; ...
00000 2*z{i}(6)*(z{i}(10)*2) 0 0 0 2*({i}(6)"2)*z{i}(10) 0 O; ...
00000 2*z{i}(6)*(z{i}(11)"2) 0 0 0 0 2*(z{i}(6)"2)*z{i}(11) O; ...
00000 2*z{i}(6)*(z{i}(12)*2) 00 0 0 0 2*(z{i}(6)"2)*z{i}(12)];
%% Estimated controlling performance(3.11)
V_Z{i} = W_c{i}"*phi_z;
grad_V_z{i} = grad_phi_z"*W_c{i};
%% Controller(3.10)
u = -1/2*(pinv(R))*G_z'*grad_phi_z'*W_a{i} +noise;
tau{i+1} = u + g_cong*(x_r_dot{i} - f_x_r);
%% Update stage(2.12)
F_q = upsilon{i};
F_upsilon =f_g*upsilon{i} + g_g*tau{i} + f d_qg_va;
if i==size(t,2)
break;
end
upsilon{i+1} = upsilon{i} + Step*F_upsilon;
o{i+1} = q{i} + Step*F _gq;
e Cap nhit trong so:
%W c
sigma = grad_phi_z*(F_z+G_z*u)-gamma*phi_z;
W_c{i+1} = W_c{i} + Step*(-

eta_c*gamma_upper{i}*sigma/(1+v*sigma'*gamma_upper{i}*sigma)*delt);



PL-11

gamma_upper{i+1} = gamma_upper{i} - Step*eta_c*(-
beta*gamma_upper{i}+gamma_upper{i}*(sigma*sigma’)/(1+v*sigma'*gamma
_upper{i}*sigma)*gamma_upper{i});

W_a{i+1} =W _a{i} + Step*(-eta_al*(W_a{i} - W_c{i})-
eta_a2*W_a{i}+eta_a/4*D_1*W_a{i}*sigma_ngang'/((1+v*sigma'*gamma
_upper{i}*sigma)*(1/2))*W_c{i});
end
e Két qua mod phéng:

q = cell2mat(q);

q_r = cell2mat(q_r);

W_a = cellZmat(W_a);

W _c = cell2mat(W _c);

%% Plot Real Trajectory vs Reference Trajectory

figure;
plot(q_r(1,:),q_r(2,:),'r",'linewidth’,0.5);
hold on
plot(q(1,:),q(2,:),'b’,'linewidth’,0.5);
title('Trajectory');

legend('Real Trajectory’,'Reference Trajectory");
ylabel('y-axis (m)")

xlabel('x-axis (m)")

hold off

%% Plot error trajectory

figure;

plot(t,a(1,:)-a_r(1.:));

hold on

plot(t,a(2,:)-_r(2,:));

hold on

plot(t,a(3,:)-a_r(3,:));

title("Error signal’);

legend(*X error',"Y error','Head angle error");

ylabel("Tracking Error (m)’)
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3. Thiét ké, ché tao m6 hinh FMWR

a, Ban vé thiét ké co khi

SECTION A-A

12 Switch push buton 2
11 Stop button 1
10 HMI Detal DOP 1
9 Lidar 1
8 AMR-V $5400 2
7 4
] 1
5 AMR-TT §5400 1
4 AMR-N §5400 2
3 AMR-TC $5400 2
2 AMR-TB §5400 2
1 AMR-DX §5400 1
ST SL

Hinh PL.2 Ban v& thiét ké mé hinh FMWR

SECTION B-B

AMR-MB

Steel

AMR-TR

AMR-CT

1SO 8765 - M8x1.0 x 60
X 22-N

ISO - 4034 - M8 - N

Spring 9 - 50

IS0 7045 - M4x5-1-
SN

AMR-DDC1

55400

AMR-TNDC

Steel

AMR-TN

Steel

plate_1

linner_cylinder

plate-4

—[==l===] & |00 |p|e]|=

Satellite Wheel

15

3x35_screw

30

Njw|s|oe| e

DONGCO

1

AMR-DDC2

SS400

ITEM NO.

PART NUMBER DESCRIPTION

QTY.

Hinh PL.3 Ban v& chi tiét co cdu truyén dong banh xe

b, Thiét ké mach diéu khién:

e Bo xtr ly trung tdm Jetson_TX2




Hinh PL.4 Jetson TX2 developer Kit

Cau hinh cua Jetson_TX2:
+GPU: 256-core Pascal™ GPU
+ CPU: Dual-core Denver 2 64-hit CPU

+ Quad-core ARM Cortex-A57 MPCore
+ RAM: 8GB

+ Luu trir: 32GB
e So d6 mach diéu khién STM32

9

( PAELYE

Hinh PL.5 So ¢4 mach in cia mach STM32
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a. So dd khéi lap trinh phan mém

Khdi ph

Hinh PL.6 So d6 nguyén ly mach diéu khién STM32

an hoi vj tri va toc do

[laser scan

Lidar

[position

Astra

Thgc nghiém thuat toan Fuzzy-DSC

Khoi thuét toan Fuzzy-DSC

Fuzzy

Camera

| tde Robot

Logic

/KK, parameter

Encoder

fencoder_reader

I
|

I

I

|

I

I

|

> |
/depth_image _ V1 tl’i, vzfm :
|

I

I

|

I

I

I

|

Sai léch
DSC

Tin hiéu diéu
khién a0

Sai léch
bdm

Quy dao

| ferrorl

dat

Jerror2

vt_signal

Tin hiéu

Jerror2

diéu khién

fcontrol

' FMWR

Mit truot

A 2

[reference

Hinh PL.7 So d6 khéi Iap trinh thuc nghiém thuat toan Fuzzy-DSC
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b. Code lap trinh diéu khién trén ROS
- Node ldy tin hiéu tir Lidar
<launch>PL23
<arg name="serial_port_lidar" default = "/dev/ttyUSB1"/>
<node name="rplidarNode" pkg="rplidar_ros" type="rplidarNode"
output="screen">
<param name="serial_port" type="string" value="$(arg
serial_port_lidar)"/>
<param name="serial _baudrate" type="int" value="115200"/><!--
Al/A2 -->
<I--param name="serial_baudrate" type="int" value="256000"--><!--
A3 -->
<param name="frame_id" type="string" value="laser"/>
<param name="inverted" type="bool" value="false"/>
<param name="angle_compensate" type="bool" value="true"/>

</node>
</launch>

- Node tinh toan vi tri robot
<launch>
<node pkg="rf20_laser_odometry" type="rf20_laser_odometry_node"
name="rf20_laser_odometry" output="screen">
<param name="laser_scan_topic" value="/scan"/> # topic where the
lidar scans are being published
<param name="odom_topic" value="/odom" /> # topic where tu
publish the odometry estimations
<param name="publish_tf" value="true" /> # wheter or not to
publish the tf::transform (base->odom)
<param name="base_frame_id" value="/base_footprint"/> #

frame_id (tf) of the mobile robot base. A tf transform from the laser_frame to
thebase_frame is mandatory
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<param name="odom_frame_id" value="/odom" /> # frame_id
(tf) to publish the odometry estimations
<param name="init_pose_from_topic" value="" /> # (Odom topic) Leave
empty to start at point (0,0)
<param name="freq" value="5.0"/> # Executionfrequency.
<param name="verbose" value="false" /> # verbose
</node>
</launch>
- Node tinh toan bg diéu khién
<?xml version="1.0" encoding="UTF-8"?>
<launch>

<rosparam command="load"
file="$(findros_robotics)/config/vast_controller.yaml" />

<!-- load the controllers -->

<node name="controller_spawner" pkg="controller_manager"
type="spawner" respawn="false"

output="screen" ns="FMWR_robot" args="jointl_position_controller
joint2_position_controller joint3_position_controller
joint4_position_controller />

<I-- convert joint states to TF transforms for rviz, etc -->

<node name="robot_state publisher" pkg="robot_state publisher"
type="robot_state_publisher"respawn="false" output="screen">
<remap from="/joint_states" to="/vast_robot/joint_states" />
</node>

</launch>

<?xml version="1.0"?>

<launch>

<!-- Declare the arguments -->

<l--arg name="node_start_delay" default="2.0" /-->

<arg name="serial_UART" default = "/dev/ttyUSB0"/>
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<arg name="serial_lidar" default = "/dev/ttyUSB1"/>

<include
file="$(findros_robotics)/launch/practical/practical_robot.launch"></inclu>

<include file="$(find my_serial_node)/launch/serial_port.launch">
<arg name="serial_port_ UART" value="$(arg serial_UART)"/>
</include>

<include file="$(find rplidar_ros)/launch/rplidar.launch">

<arg name="serial_port_lidar" value="$(arg serial_lidar)"/>
</include>

<include file="$(findtimed_roslaunch)/launch/timed_roslaunch.launch">
<arg name="time" value="2" />

<arg name="pkg" value="rf20_laser_odometry" />

<arg name="file" value="rd20_laser_odometry.launch" />

<arg name="node_name" value="timed_roslaunch" />

<I-- This is anoptional argument -->

</include>

<Il--include
file="$(findrf20_laser_odometry)/launch/rf20_laser_odometry.launch"></inc
lude>

<arg name="node_start_delay" default="2.0" /-->
<include file="$(find gmapping)/launch/slam.launch"></include>

<node pkg="move_base" type="move_base"
respawn="false"name="move_base" output="screen">

<rosparam
file="$(findros_robotics)/practical_config/costmap_common_params.yaml|*

command="load" ns="global_costmap" />

<rosparam
file="$(findros_robotics)/practical_config/costmap_common_params.yaml|"

command="load" ns="local_costmap" />

<rosparamfile="$(findros_robotics)/practical_config/local_costmap_params.y
aml"command="load" />
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<rosparam
file="$(findros_robotics)/practical _config/global_costmap_params.yaml"
command="load" />

<rosparam
file="$(findros_robotics)/practical_config/teb_local_planner_omni_params.y
aml”

command="load" />

<param name="base_global_planner"
value="global_planner/GlobalPlanner" />

<param name="planner_frequency" value="1.0" />
<param name="planner_patience" value="5.0" />

<param name="base_local planner"
value="teb_local_planner/TebLocalPlannerROS" />
<param name="controller_frequency" value="5.0" />
<param name="controller_patience" value="15.0" />
</node>

<I-- Show in Rviz

<node name="rviz" pkg="rviz" type="rviz" args="-d $(find
ros_robotics)/rviz/vast0l.rviz" required="true" output="screen"/> -->

</launch>

- Code lap trinh trén mach STM32:
/* Includes ----------------- */
#include "main.h"

[* Private includes ------------------- */
/* USER CODE BEGIN Includes */
#include "stdio.h"

#include "stdlib.h"

#include "string.h"
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#include "math.h"

/* USER CODE END Includes */
/* USER CODE BEGIN PV */

/I UART variable

uint8_t rx_data;

char rx_index;

char rx_buffer[20];

char temp[100];

int check_var = 0;

/lencoder variable

int pulse_counterl =0, pulse_counter2 = 0, pulse_counter3 =0,

pulse_counter4 = 0;

/Ivelocity variable

double k = sqrt(2)/2;

float vx =0, vy = 0, w_angle = 0;
float w_referencel temp = 0;
float w_reference2_temp = 0;
float w_reference3_temp = 0;
float w_reference4_temp = 0;

float w_referencel = 0, w_reference2 = 0, w_reference3 = 0, w_reference4 =
0;

floatwl=0,w2=0,w3=0,w4 =0;
floatel =0,e2=0,e3=0,e4 =0;

float pre e1 =0, pre e2=0, pre_ e3=0, pre_e4 =0;
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float const max_pwm = 300;

/lrobot variable

float d_robot = 0.25; //robot radius

float r_wheel = 0.07;

/* Private function -------------------mmmmemmmeeoeee e */

void SystemClock_Config(void);

static void MX_GPIO_Init(void);

static void MX_TIM3_Init(void);

static void MX_TIM2_Init(void);

static void MX_USART3 UART _Init(void);

static void MX_TIM9 _Init(void);

static void MX_TIM12_Init(void);

static void MX_TIM5_Init(void);

/* USER CODE BEGIN PFP */

void check_w_ref()

{
sprintf(temp, "vx_ref = %.2f\n", vx);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);
sprintf(temp, "vy_ref = %.2f\n", vy);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);

HAL_Delay(100);
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sprintf(temp, "w_ref = %.2\n", w_angle);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);

sprintf(temp, "wl_temp = %.2f, wl_ref = %.2f\n", w_referencel temp

,\W_referencel);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);

sprintf(temp, "w2_temp = %.2f, w2_ref = %.2f\n", w_reference2_temp

,\W_reference2);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);

sprintf(temp, "w3_temp = %.2f, w3_ref = %.2f\n", w_reference3_temp

,W_reference3);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);

sprintf(temp, "w4_temp = %.2f, w4_ref = %.2f\n", w_reference4_temp

,\W_referenced);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);
HAL_Delay(2000);

}

void signal_feedback w_wheel()

{
sprintf(temp, "wl = %.2f rpm r\n", wl);

HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
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HAL_Delay(100);
sprintf(temp, "w2 = %.2f rpm r\n", w2);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);
sprintf(temp, "w3 = %.2f rpm r\n", w3);
HAL_UART _Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(100);
sprintf(temp, "w4 = %.2f rpm r\n", w4);
HAL_UART_Transmit(&huart3, temp, strlen(temp), 10);
HAL_Delay(2000);
}
int main(void)
{
HAL_Init();
SystemClock_Config();
MX_GPIO_Init();
MX_TIM3_Init();
MX_TIM2_Init();
MX_USART3_UART _Init();
MX_TIMO_Init();
MX_TIM12_Init();
MX_TIM5_Init();

HAL _TIM_Base_Start_IT(&htim2);
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HAL_ UART_Receive IT(&huart3, &rx_data, 1);
Init_Motorl();
Init_Motor2();
Init_Motor3();
Init_Motor4();

/* USER CODE END 3 */

HAL_GPIO_WritePin(GPIOE,
MO1_EN_R_Pin|MO1_EN_L_Pin|M02_EN_L_Pin|[M02_EN_R_Pin

IM02_3_3V_Pin, GPIO_PIN_SET);

HAL_GPIO_WritePin(M01_3_3V_GPIO_Port, MO1_3_3V_Pin,
GPIO_PIN_SET);

HAL_GPIO_WritePin(M01_GND_GPIO_Port, MO1_GND_Pin,
GPIO_PIN_RESET);

HAL_GPIO_WritePin(M02_GND_GPIO_Port, M02_GND_Pin,
GPIO_PIN_RESET);

HAL_GPIO_WritePin(GPIOD,
M03_EN_R_Pin|M03_EN_L_Pin|M03_3_3V_Pin, GPIO_PIN_SET);

HAL_GPIO_WritePin(M03_GND_GPIO_Port, M0O3_GND_Pin,
GPIO_PIN_RESET);

HAL_GPIO_WritePin(M04_GND_GPIO_Port, M04_GND_Pin,
GPIO_PIN_RESET);

HAL_GPIO_WritePin(GPIOG, M04_3_3V_Pin|M04_EN_L_Pin,
GPIO_PIN_SET);

HAL_GPIO_WritePin(M04_EN_R_GPIO_Port, M04 EN_R_Pin,
GPIO_PIN_SET);

/************************************************/



