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MO PAU

1. Tinh cép thiét ciia luin 4n

Trong cudc cach mang cong nghiép 4.0 yéu ciu cac nha may ty dong hoa
hoan toan, trong d6 robot di dong 1a mot thanh phan khong thé thiéu. Cac
robot di dong gitip tdi wu hoa quy trinh 1am viéc, giam thiéu su can thiép cua
con ngudi, ting hi¢u suat va dam bao su chinh xac. Trong cac loai robot di
dong pho bién hién nay thi robot di dong da hudng c6 wu diém chuyén dong
linh hoat theo moi huéng ma khong can phu thudc vao goc quay ciia robot,
c6 thé 1am viéc trong khong gian han ché.

Théng thuong, cac loai robot di dong da hudng thuong sir dung banh xe
omni hodc banh xe mecanum. Trong do, robot di dong da hudng st dung
banh xe mecanum c6 kha nang chju tai trong 16n, cé kha nang hoat dong linh
hoat trong cac méi trudng phirc tap, hep va dong duc, nhu trong céc nha kho,
bénh vién, khu vuc san xuét cong nghiép hodc moi truong do thi. Tuy nhién,
trong thuc té nhitng méi trudng ny thudng c6 nhidu yéu t6 thay déi lién tuc
(chudng ngai vat, mit san di chuyén khong bang phéng, v.v.), dic biét 1a khi
tai trong thay doi hodc trong cac tinh hudng gay méat 6n dinh (vi dy, khi robot
mang theo cac vét li¢u khong dong déu), khi d6 vi tri trong tdm ctia robot
thay d6i co thé anh huong 16n dén chuyén dong va kha ning bam quy dao.
Do d6, viéc nghién ctru cac thuat toan diéu khién thich nghi gitp robot hoat
dong chinh xac va 6n dinh hon trong moi truong lam viéc thuc té.

Bai toan diéu khién bam quy dao cho robot di dong da hudng banh xe
mecanum 1a quan trong va cap thiét. Yéu cau cic hé thong c6 kha ning diéu
khién robot duy tri quy dao ma khong bi 1éch hodc mét on dinh, dic biét khi
mo hinh robot 14 phi tuyén c6 cac thanh phan bét dinh chiu anh huong cia
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moi truong 1am viée hodc khi di chuyén trén dia hinh khong bang phéng.
Viéc phat trién cac thudt toan diéu khién bam quy dao giup giam thiéu sai sb
va 6n dinh trong qua trinh van hanh. Cic huéng nghién ciru chinh c6 thé ké
dén nhu sir dung thuat toan didu khién PID thong thuong, diéu khién PID md
hay mot ) nghién ctru st dung bd diéu khién mat truot. Gan day cac thuat
toan diéu khién tién tién nhu MPC (Model Predictive Control), LQR (Linear
Quadratic Regulator), va cac phuong phap hoc méy (machine learning) dugc
ap dung va chung minh tinh hi¢u qua.

Trong qua trinh nghién ciru, thach thirc 16n can giai quyét 1 phai phat
trién cac thuat toan diéu khién c6 thé thich nghi vdi cac yéu tb méi trudng
khong 6n dinh, nhu trong tam bat dinh cua robot khi van chuyén céac vat nang
hoic khi di chuyén trén dia hinh khong bang phang. Cac thuat toan diéu khién
hoc may, hoc tang cuong, hoc sau dya trén mang no-ron nhan tao cling dugc
nghién ctru 4p dung vao diéu khién bam quy dao cho robot, dat dugc chét
lwong diéu khién tét hon.

Vi nhitng xu huéng nhu trén, NCS d3 lira chon dé tai: Nghién ctu xay
dung thuit toan thich nghi va hoc ting cudng ciu tric Actor-Critic diéu
khién bam quy dao cho robot di dong da hwéng mecanum. Noi dung
nghién ctru cua ludn an s& tap trung vao xay dung cac thuat toan diéu khién
thich nghi va hoc ting cudng nhim ning cao chit lugng diéu khién bam quy
dao cho robot di dong da hudng bdn banh xe mecanum cb vi tri trong tdm
thay d6i. Lun 4n 4p dung cac thuit toan diéu khién truyén thng, dén cac
thuat toan diéu hoc may, hoc tang cuong dé so sanh kiém ching véi chét

lwong thuét toan diéu khién dugc dé xuit.
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2. Muc tiéu nghién ctru ciia luan an

Muc tiéu nghién ciru thuat toan diéu khién thich nghi va hoc ting cudng
nang cao chit lvong didu khién bam qu§ dao cho robot di dong da hudng
mecanum, trong diéu kién chiu anh hudng cua trong tim thay ddi va c6 nhiéu
ngoai tac dong. Luan an da dat ra cac nhiém vu nghién ctru chinh sau:

- Nghién ctru thuat toan diéu khién thich nghi nhim nang cao chat luong
diéu khién bam quy dao cho robot di dong da hudng mecanum c6 trong tam
thay doi.

- Nghién ctru thuat toan hoc ting cudng cau trac Actor- Critic 4p dung
diéu khién bam quy dao cho robot di dong da hudng mecanum c6 trong tam
thay doi.

3. Noi dung nghién ciru

e Tong quan vé robot di dong da hudng, cac nghién ciru trong va ngoai
nudc, dua ra hudng nghién ctru cua luan an.

e M6 hinh héa todn hoc cho robot di dong bdn banh xe mecanum c6 trong
tam thay doi.

e Ap dung céc thuat toan dé diéu khién bam quy dao cho robot mecanum
nhu: PID, SMC, Backstepping-SMC, DSC.

e Nghién ciru dé xuét thuat toan diéu khién thich nghi dwa trén hé logic
md nhdm nang cao chit luong bam quy dao cua robot di dong da hudng
mecanum cé trong tim thay doi va nhidu ngoai tac dong.

e Nghién ctru dé xuat thuat toan hoc ting cudng cau tric actor- critic diéu
khién bam quy dao cho robot di dong da huéng mecanum chiu anh hudng

cua nhi¢u ngoai luc va cac tham s6 bat dinh ciia mé hinh robot.
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® M0 phdng va thuc nghiém thuat todn trén mo hinh robot thyc tir 46 danh
gia chat lugng va kha nang thyc tién ciia thuat toan duogc dé xuat.
4. Y nghia khoa hoc va thue tién cia dé tai

Hién nay, bai toan diéu khién bam quy dao cho robot di dong da hudng
mecanum c6 tinh cép thiét. Khong chi phuc vu cho cac nganh cong nghiép
va san xuat, nghién ctru nay con gop phan phit trién cong nghé tu dong hoa,
tang cuong kha nang g dung robot trong ctru hd, an ninh, va cac linh vuc
giao thong tu dong.

Lu4n 4n dé xuit phuong phap didu khién thich nghi, hoc ting cuong dwa
trén ludt logic moé va sir dung mang no-ron nhan tao 1a moét hudng di méi cho
bai toan diéu khién bam quy dao robot di dong da hudng bon banh xe
mecanum dé thich nghi véi anh huéng cua thay dbi tim khdi luong va cac
nhiéu bét dinh ctia mé hinh, nhiéu ngoai.

Céc két qua nghién ctru cta luan an 13 co s& khoa hoc dé ap dung vao
thue tién, cung véi viée xdy dung md hinh robot thir nghiém dé kiém chimg
thuat toan, tir 46 mé ra kha nang ap dung vao thyuc tién.

5. Doéng gop méi cia luin an
Cac dong gop méi cua luan an:
> Dé xuit thuit toan diéu khién mat trugt dong chinh dinh thich nghi
md ndng cao chit lugng diéu khién bam quy dao cho robot di dong da hudng
mecanum cé trong tim thay doi.
> D¢ xuit thudt toan hoc ting cuong ciu trac Actor- Critic 4p dung
diéu khién bam quy dao cho robot di dong da hudng mecanum c6 trong tam

thay doi.
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CHUONG 1. TONG QUAN VE ROBOT TU HANH PA HUONG

1.1. Téng quan vé robot tw hanh da hwéng bén banh xe mecanum
Robot di dong da huéng mecanum (FMWR) dugc thiét ké sir dung bon
banh xe mecanum dugc truyén dan doc 14p v6i nhau béi bdn dong co riéng
biét. Cac cip banh xe dugc sip xép dbi ximg nhau tao mot tu thé cin bang
cho robot va dam bdo tinh dong hoc trén mdi banh xe. Trén timg banh xe
mecanum duogc thiét ké voi cac con lan v€ tinh thy dong dat Iéch so vai truc

chinh ctia banh xe mdt goc 45° nhu hinh 1.1.

Hinh 1.1 M6 hinh robot tu hanh bdn banh xe mecanum

Khi robot hoat dong thi cac banh xe dugc dong co truyén dong quay
theo phuong vudng gbc véi truc truyén dong, dong thoi cac con lin thu dong
ctia banh xe chuyén dong bién ddi mot phan luc tinh tién thanh luc truot
ngang, nhd do6 cac lyc ngang gitp robot di theo phuwong ngang linh hoat hay
phwong bt ky ma khéng phu thudc vao goc huéng ciia robot. Nhd vao cic
wu diém di chuyén linh hoat va chiu dugc tai trong 16n thi FMWR dugc tng
dung rong rai trong cong nghi¢p nhu cac robot di dong lam nhiém vu nang

ha trong kho hang, nha may, van chuyén, hay robot dugc tich hop tay may
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thao tic va chuyén dong trong cac diy chuyén san xuét, robot thAm hiém &
trong nhitng moi truong phong xa, robot c6 thé dugc sir dung trong cic nhiém
vu khao sat dia hinh kho tiép can hodc nguy hiém nhu trong khong gian, dudi

nudc hodc cac vung dat khac nghiét.

P
Hinh 1.2 Sy thay dbi trong tdm ctia robot tich hop canh tay cong tac

Déi v6i mot s6 tmg dung cia FMWR nhu: robot van chuyén hang hoa
trong kho bai hodc robot c6 tich hop tay may cong tac nhu hinh 1.2. Trong
qua trinh hoat dong khi robot mang thém mét khdi luong hang héa diéu do
dan dén tong khdi lwong ctia robot bi thay dbi va trong tdm cua robot ciing
thay ddi theo. Khi trong tam cua robot Iéch nhiéu vé mot phia (vi du khi robot
quay hodc chuyén dong theo dudng chéo), co thé dan dén viéc robot mat
thing bang va anh huong dén d¢ 6n dinh. Tir d6 dit ra van d¢, nghién ciru
céc thuat toan diéu khién co kha nang thich nghi voi cac thay doi do, va tu
dong diéu chinh cac tham sé (nhu téc d6, hudng, va luc tac dong 1én banh
xe) dé dam bao robot 6n dinh trong sudt qua trinh di chuyén va bam quy dao

mot cach chinh xac.
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1.2. Phwong trinh dgng hoc robot di dong mecanum

Mo hinh robot di dong da huéng mecanum (EMWR) duoc thiét ké
v6i bdn banh xe mecanum duoc sip xép ddi xtimg theo timg cip nhu thé hién
trong hinh 1.3. M&di banh xe duogc dan dong boi mot dong co riéng biét, cho
phép cac banh xe di chuyén doc 1ap v6i nhau nho vao thiét ké nay ma mdi
banh xe c6 thé chuyén dong doc lap voi nhau dé tao ra luc tinh tién va luc
trugt ngang khac nhau gitp cho robot c6 thé di chuyén doc hay di chuyén

ngang ma ko can thay ddi goc hudng ciia robot.
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Hinh 1.3 Mb hinh robot di dong da hudng mecanum

Phuong trinh ddng hoc cia FMWR trong hé toa d toan cuc dugc xac
dinh nhu sau:

Xp cosg sing O] x
Ve |=|—sing cosg O y (1.1)
By 0 0 1] ¢
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Phuong trinh dong hoc viét dudi dang ma trdn nhu sau:

0, =H($)m (1.2)

. T ,
Trong d6: N, = [)'CR Ve ¢R] - 1a van toc theo truc x, y va goc hudng

. . e
cua robot trén h¢ truc toa d¢ gan vai robot. 1= [x ¥y ¢J - 1a van toc
theo truc x, y va goc hudng ctia robot so voi hé truc toa do géc.

1.3. Phwong trinh ddng luc hoc robot di dong bén banh xe mecanum
Xét md hinh FMWR ¢6 trong tim thuc t& khong tring v6i tim hinh
hoc ctia md hinh robot. Didu nay c6 nghia 14 vi tri trong tAm cua robot c6 thé
léch khoi trung tdm hinh hoc cua cAu trac robot, va su khac biét nay anh
hudng dén dong luc hoc va cac dic tinh didu khién ctia robot. M6 hinh robot
c6 trong tim thay d6i (FMWR-ME) thé hién trong hinh 1.4. Trong do, vi tri
trong tim P =[x y] duwoc xét dén 1a vi tri trong tdm theo hé quy chiéu
ctia robot va vi tri P' 13 vi tri trong tm thay ddi ctia robot dwoc xét dén co
vi tri tuong d6i thé hién boi P'=[x—d, y—d,] theo khung toa do ciia
robot. Vi tri trong tim P c6 thé 1a ¢6 dinh hodc bién thién trong truong hop
mang tai trong hang héa c6 trong tim khé xac dinh (hodc bét dinh). Dé dam
bao cho FMWR cén bang, c6 thé hoat dong 6n dinh ma khong bi 1at khi di

chuyén thi trong luan an giéi han do Iéch trong tdm cua robot khong vuot

: . 1
qua: dl<5g va d2<5h.
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Hinh 1.4 M6 hinh FMWR c6 xét dén d6 1éch trong tim

Phuong trinh déng luc hoc co thé duoc suy ra béng cach dao ham

phuong trinh Lagrange:
d a_L _a_LzQi, i=1,2,3 (1.3)
del om, ) om,

Trong do: 7, - 1a toa do téng quat thu i;

Phuong trinh dong luc hoc cia FMWR viét dudi dang ma tran nhu sau:

M@)ij+Cm,Mn+Dé =Dt (1.4)
Trong do: 72[71 T, T 74]Taé/:[é/1 ¢ < 54]T

0=rUl; U= diag[sgn(q)l) sgn(y,) sgn(y,) sgn(y, )]



10

m 0 m, 5
M=0 m m, ;mlzmb+4(mw+—wj;

2
r

my; m, m,

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

my =m,(d} +d; )+J, +8(mw+i—;vjz2 sin’(7/4—a)

0 0 ¢ . .
c=l0 0 ¢ ;Clzmbé(% COS¢—d231n¢)
0 0 S ;¢, =myp(d, sinp+d, cos )
_—(c —s5) —(s+c) 21 sin(% - a)_
(| e+ ~(s=0) 21 sin(% —a)

D=— ;8§ =sing@,c =cos¢
c—s s+c —\/Elsin(%—a)

c+s s—c  —/2I sin(%—a)

Phuong trinh dong luc hoc (1.4) cia FMWR c6 cac tham $6 dl,d2 thé hién

d6 Iéch cua trong tam thuc té so v6i tAm hinh hoc cua robot. Cac Kkét qua nay
dugc st dung dé trién khai cac thuat toan diéu khién, nhim danh gia anh
hudng cua d6 1éch trong tm dén chét lwong didu khién bam quy dao. Tur d6
dé xuét cac thuat toan diéu khién thich nghi dé thich img véi cac thay doi ciia

tham s6 mo hinh va nang cao chat luong diéu khién.
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CHUONG 2. THUAT TOAN PIEU KHIEN BAM QUY PAO CHO
ROBOT DI PONG PA HUONG MECANUM

Sau khi xay dung mé hinh dong hoc va dong lyc hoc cho FMWR, ludn
an s& ap dung mot sé thuét toan didu khién bam quy dao dé danh gia mé hinh
robot. Pdng thoi, phan tich cic wu va nhuge diém cua cac thuat toan diéu
khién tir d6 dé xudt thuat toan diéu khién moi giup nang cao tinh hi€u qua.
2.1. Thuft toan diéu khién mit trugt djng cho FMWR

Thuat toan di€u khién mat trugot dong (DSC — Dynamic Surface
Control) dugc phat trién dya trén phwong phap diéu khién da mat truot va ki
thuat Backstepping, gitip khic phuc cac nhuoc diém lién quan dén cac thanh
phin bit dinh anh huéng dén mé hinh. Dong thoi, thudt todn nay giam thiéu
hién tuong rung "chattering" dang ké nhd vao viée sir dung bo loc thong thip.
Thuét toan didu khién DSC bao gdém hai thanh phan chinh: khéi da mat truot
(MSS) va khéi loc théng thap. Khoi da mit truot tiép nhan cac gi tri tir trang
thai hién tai ciia hé thdng, ciing véi céc tin hiéu diéu khién da duoc xu 1y qua
b6 loc thong thap. Tin hiéu loc ndy gitp giam nhidu va lam min tin hiéu diéu
khién, giup hé thdng tranh cac hién tuong rung. Mdi bé mit truot tuong ng
v6i mot trang thai diéu khién cu thé cua hé théng. B loc b loc thong thap
dugc ap dung dé xtr 1y cac dau vao tir hé thdng, gitp tach biét cac tin hiéu

tan s6 cao khong mong muon.
Tin hiéu di€u khién cua thuat toan DSC da thiét ke, tin hi€u di€u khién
duoc xac dinh:

‘r:—DT(DDT)’l[M(—XZZ#+KZSZ) —Ci|-D§] @.1)
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Chon ham Lyapunov: V = S'S, +S8’S, (2.2)

Dao ham (2.2) va sir dung bit ding thirc ta thu duogc:

V<-(K, —%1)5{51 —(K, —%1)35 S, (2.3)

Trong d6 K, va K, la cac tham s6 diéu khién duoc thiét ké sao cho ham 14
e A . % | 1 . Lo
xac dinh am. Do d6, néu K, > EI va K, > EI thi, " <0 doi voi moi S,

va S,.Do d6, S, >0 va S, — 0 khi thoi gian ¢ — o0, 6n dinh tiém can
cua hé théng theo tiéu chudn 6n dinh Lyapunov. Pac biét, néu cac sai léch
khac khong, phuong phap diéu khién DSC s& lam giam ning luong ciia hé
théng (¥ < 0), do do6 diéu chinh c4c sai 1éch. H¢ thong néu X, va x, bam
theo quy dao mong mudn X,, va X, ,, tuong Ung khi thoi gian ¢ — oo

Céac thuat toan di thiét ké duoc dua vao mod phong trén phan mém

Matlab/Simulink dé so sanh danh gia két qua. Tham s6 mé phong ctia md
hinh FMWR duogc 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); 2.4)
g:9.8(m/s2);f:[0.05 0.05 0.05 O.OS]T(N)

- 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]

- Thua toan DSC: K, =[5,5,5]; K, =[10,10,10];

M6 phong véi m6 hinh FMWR-ME c6 d6 1éch trong tdim d, =d, =0.1m,
khdi lwong thay d6i Am=5kg

0.5

(m)

0.5

-1 -0.5 0 0.5 1 o
(m) Thai gian (s)

Hinh 2.1 Két qud mé phong bam quy dao dwong tron
Tir cac két qua mo phong cho thdy rang thuat toan diéu khién DSC ¢
tham s6 diéu khién K, va K, anh huong dén chét lugng bam quy dao ciia
robot. Cu thé, tham sb K, quyét dinh téc do tién dén mit truot, trong khi K,

anh hudng dén sy 6n dinh cta hé théng trén mat trugt. Tuy nhién, viéc lya
chon cac tham sb phii hop dé dat dugc higu suét ti wu thuong phire tap va
phu thudc vao nhidu yéu to. Dé cai thién kha nang thich nghi va nang cao
hiéu suat diéu khién, cin dé xut str dung mot b chinh dinh mo nham t6i uvu

hoéa cac tham s diéu khién. B6 chinh dinh md c6 thé lién tuc diéu chinh K,
va K, theo trang thai hién tai cua robot va cac anh hudong ctia méi trudng,

tir d6 dam bao chét lvong bam quy dao tot hon.
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2.2. D¢ xuit thuit toan didu khién mit trwgt dong chinh dinh thich nghi
mo cho robot di dong da hwéng mecanum (Fuzzy-DSC-FMWR)
2.2.1. Thiét ké thudt todn Fuzzy-DSC-FMWR

B9 diéu khién logic md dugc tich hop vao hé théng dé tu dong diéu chinh
cac tham s6 K, va K, ctia thuat toan diéu khién DSC. Trong qua trinh di
chuyén trén quy dao, cac tin hiéu dau vao ciia bd chinh dinh bao gém sai 1éch
vi tri e va sai léch van téc €. Duya trén nhing tin hiéu nay, bo diéu khién
logic mo s& diéu chinh cac tham s6 sao cho phii hgp véi ting giai doan clia
qua trinh didu khién. Thuét toan diéu khién mit truot dong chinh dinh thich
nghi mo (Fuzzy-DSC) da duoc thiét ké dé toi wu hoa qué trinh didu khién

bam quy dao. So db ciu tric cta thuat toan hinh 2.2.

e N
e’
dt K.K,
| Mat | Tin hi¢u | Dong luc hoc ,
truot diéu khién FMWR y
¢

b=
Hinh 2.2 Céu trac thuat toan diéu khién Fuzzy-DSC

Tin
hiéu 4o

n

Dau vao cua b chinh dinh mo 1a sai 1éch bam cua quy dao robot €, va

dao ham cua sai [éch theo thoi gian é,.
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2.2.2. Mé phéng va dinh gid két qu
M6 phdng thuat toan Fuzzy-DSC va DSC thong thuong véi mé hinh robot
¢6 trong tAm va khéi luong thay ddi (FMWR-ME). Thir nghiém véi nhiéu

Gaussian: €, .= normrnd (0,50, size(t))

d, =0.05sin (0.8t) +0.025cos (1 .St) +0.03sin (2.5t)

d, =0.03sin (0.31) +0.06cos (l .Zt) +0.05sin (2.8t) +0.02cos (3.5t)
Am =S5kg

- : T
Ref |
- - -Dsc |
——Fuzzy+DSC 06

Sai léch (m)

02

(N/m)

Thaoi gian (s)

2 4 6 8 10 12 14 0 5 10 15
Thoi gian (s) Théi gian (s)

Hinh 2.4 Tin hiéu diéu khién va tham s6 chinh dinh
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Két qua mo phong hinh 2.3 -2.4 cho thay khi nhidu dugc dua vao mé
hinh thi ca hai thudt toan déu diéu khién robot bam theo quy dao dit. Tuy

nhién, con gap phai sy anh huong tu nhiéu, dan dén hién tugng dao dong.

Bang 2-1: Bang danh gia sai léch cia quy dao robot

Thoi DSC Sai léch (%) Fuzzy-DSC Sai léch
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% 0.08% 0.74%

4 0.50% 3.23% 0.25% 1.44%

Nhdn xét: Thuat toan Fuzzy-DSC t6 ra vuot tréi so véi DSC thong thuong
trong viéc xur ly nhiéu va do 1éch trong tdm nho vao kha nang tu diéu chinh
tham sb va thich nghi linh hoat v6i cac tin hiéu nhidu. Cu thé, bo diéu khién
md Fuzzy c6 thé thay di nhanh chong cac tham s didu khién nhu thong qua
cac luat mo duoc thiét 1ap, giup hé théng diéu khién thich nghi véi cac thay
d6i bat ngd clia moi truong hodc nhidu. Pidu nay gitp tdi wu hoa hiéu suat
hé thong dicu khién va duy tri tinh 6n dinh trong sudt qué trinh di chuyén

cula robot.
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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, thuat toan Fuzzy-DSC duoc dé xuét 1a mot giai phap
manh m¢ trong diéu khién bam quy dao cho robot di ddong da hudng, dac biét
khi hé thong 13 phi tuyén va c6 cac yéu t bat dinh. Thuat toan co toc do hoi
tu nhanh va 6n dinh véi cac nhidu nho khi cac tham sb va luat mo duoc thiét
ké phii hgp. Tuy nhién, thuat toan c¢6 kha nang thich nghi han ché trong méi
truong thay doi hodc c6 nhiéu bat dinh khong dy doan trude, vi cac ludt mo
thuong duoc thiét ké trude va khé ty dong diéu chinh trong thoi gian thuc.
Do vay thuat toan hoc ting cudng duge dé xuit ap dung diéu khién bam quy
dao cho FMWR, d¢ cai thién kha ning thich nghi véi cac thay doi ciia moi
truong thay ddi hodc chiu cac nhiéu bat dinh ctia mé hinh robot. Thuat toan
hoc ting cudng st dung ciu triic Actor-Critic gitip robot hoc tir cac trai
nghiém thuc t& va tdi vu hoa hanh dong dé dat duoc muc tiéu bam quy dao

ma khong can biét chinh xé&c vé cac yéu to bat dinh ctia mo hinh.

3.1. Thiét ké thuit toan hoc ting cuwdong diéu khién bam quy dao cho
FMWR

Bién d6i mo hinh dong lyc hoc cia FMWR vé dang nhur sau:

z=F(z)+G(z)u (3.1)

Véi: F(z) = [f(x) ~h,(x)+ g, j G(2)= [g(X)j

h.(x,) L

Dé dat duge muc tiéu bam quy dao, ta xét quy dao dit cho robot nhu sau:
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X =h (x) (3.2)

Trong d6, x, =(M,,v,,)" va N, =V,,4.(x,) 1a mot ham lién tyc chuyén

ma tran Lipschitz, xac dinh e Sx— X, la sai léch bam, tdc d6 bam quy dao

dugc mo ta nhu sau:
e=f(X)+g(X)r—-h(x,)=f(x)-h(x,)+gXx)T+g(x)u (3.3)
Trong d6: u=1-7,, 7,(Xx,) =g (x,)(h.(x,)- f(x,) (34

biat z=(e’,x")" 1a bién trang thai méi

So dd cu truc didu khién duoc thé hién trong hinh 3.1:

Dong luc hoc n(1)
FMWR

Thuat toan ADP

=
i Critic

Hinh 3.1 So @6 diéu khién FMWR str dung céu tric actor-critic

Dé diéu khién tdi wru cho hé thdng (3.1) ta xét ham chi phi sau:
V(z(t)) = I "7 U (z(s), u(s))ds 3.5)
t

Phuong trinh Hamiltonian dugc cho béi:
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H(z,u,V'V) =22 (2)+2'Qz+u’ (z)Ru(z)-yV(z)+VV' (2)(F(z)+G(2)u(z)) (3.6)
Tir d6 ¢6 thé xac dinh ham chi phi tdi uu nhu sau:

V*(z) = min J‘me"”s_’) (/lfl (z)+zT(_)z+uTRu) (3.7

uer(Q)Jt

Tur do, tin hi€u diéu khién t61 vu duoc xac dinh nhu sau:

u’(z)=arg min [H(z,u,VV* (z)] = —%R"IGT (z)VV'(z) (3.8

uez(Q)

Dé c6 duoc tin hidu diéu khién ti wu (3.8) ta can giai bai toan cuyc tri
trong phuong trinh HIB, vi€c giai bai toan nay 1a cuc ky kho giai vay nén ta

ap dung thuat toan actor- critic vao dé giai phuong trinh nay.

Thuét toan Actor- Critic két hop v6i mang no ron trong thoi gian thuc
dé thuc hién viéc tim nghiém gﬁn dung cua phuong trinh HIB. Dya trén dinh
1y x4p xi bic cao Weierstrass, ham chi phi V' (z) c6 thé dugc x4p xi bing

cach sir dung mang no ron mét 16p nhu sau:
V(2)=W'¢(z) +2,(z) (3.9)
Tin hi¢u diéu khién t6i wu tré thanh:

u*(z):—%R1GT(Z)(V¢T(Z)W+V£V(Z)) (3.10)

Duya trén cong thirc (3.9) va (3.10) critic NN xap xi cho ham chi phi tbi

uu va actor NN xap xi cho chinh séch t6i vu dugc dua ra nhu sau:
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V(z,\?vc) =W §(z) 3.11)
ﬁ(z,wa): —%R-IGT(z)VqﬁT(z)Wa (3.12)

Trong do, Wa,\i’c 1a u6c luong cac trong sb 1y twong W. Tir d6 bd diéu

khién bam quy dao cho FMWR c¢6 thé thu duoc nhu sau:

T= —%Rlcr(z)vw(z)wa ve (1) (B (x)-1(x)) GI13)

Dé giai quyét bai toan t6i wu diéu khién ta st dung phuwong phap binh
phwong tdi thiéu duoc thiét ké dé dao tao mang no-ron critic sao cho giam

thiéu sai 1&ch tich phan E, =[}6” (s)ds nhu sau:

W, =—7,I'(¢) o(t) 5 (3.14)

c

Xac dinh sai 1éch udc lugng clia trong so critic 1a W, = W —W, va sai

léch udc luong cia trong s6 actor 1a Wa =W -W _ tur d6 sai léch Bellman

. ~ 1~ ~
c6 thé dugc xac dinh: & =-W' o +ij DW —¢, (3.15

Mo phéng vé6i tham sé ciia mé hinh robot nhur (2.5)
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Hinh 3.2 So sanh quy dao FMWR va FMWR-ME

Trong khoang thoi gian dau tién, robot di chuyén tién gan dén quy dao
dit va ty dong hoc dé diéu chinh hanh dong cta minh, gitip bam theo quy
dao mdt cach chinh xac hon. Trong sudt qua trinh nay, thuat toan hoc tang
cuong cho phép robot didu chinh cac trong sé diéu khién sao cho phu hop,
dan dan cai thién kha ning bam sat quy dao mong mudn, dui c6 mot vai sai
léch nho cu thé 1a [0.00062, —0.00374, 0.00318] m theo cac truc X, y va goc
quay. Dang tin hiéu diéu khién trong hinh 3.2.
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Hinh 3.3 Su hoi tu cla trong s6 no-ron Actor- Critic

Sau khoang thoi gian 6 gidy, qua trinh tu hoc va thich nghi véi tin hiéu
nhiéu hoan thanh khi d6 céac trong ) trong mang NNs da héi ty hinh 3.3 va
robot da bét dau di chuyén 6n dinh dé bam sat quy dao dit.

Nhdn xét: Két qua cho thiy thuat toan khong chi dam bao hiéu qua bam quy
dao ma con c6 tinh 6n dinh cao, ké ca khi ¢ su tic dong ctia nhidu bat dinh
tir m6 hinh. Hon nira, thuat toan ndy c6 kha nang thich nghi véi cac thay déi

vé khoi luong va trong tam cua robot.

So sanh thuat toan Fuzzy- DSC va hoc ting cudng ciu triic actor-critic thi
hai thuét toan déu c6 nhitng wu nhuoc diém riéng, va phi hop véi timg tng
dung nhau. Néu yéu cau robot c6 kha ning téi uu hoa dai han, kha ning tu
hoc tir moéi truong thi thuét toan RL-AC la lya chon phu hop, mic du qua
trinh hoc c6 thé kéo dai va yéu cau cau hinh méy tinh tinh toan 16n. Mit khac,
néu yéu cau 6n dinh ngay lap tic va kha niang thich nghi v6i nhidu manh mé&
thi thuat toan Fuzzy-DSC la lya chon tét, dac biét trong cac ung dung yéu

cau tinh 6n dinh cao va moi trudng it thay doi.
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CHUONG 4. THUC NGHIEM VOI MO HINH ROBOT DI PONG
PA HUONG MECANUM

Mo hinh FMWR dugc thiét ké va ché tao sir dung trong phong thi nghiém.

4.1. Thiét ké ché tao mdé hinh FMWR
Mo hinh robot duge thiét ké véi téng trong lwong robot: 30kg, toc do di
chuyén: 0.5m/s, tai trong 20kg, thoi gian hoat dong 30 phut.

Mach diéu khién st dung Jetson_Tx2, chay hé diéu hanh ROS, STM32

Hinh 4.1 M hinh thyc nghiém FMWR

4.2. Két qua chay thye nghiém
Thuét toan Fuzzy- DSC dugc dé xuét ap dung vao md hinh robot dé chay

thue nghiém dat két qua tdt, cho thdy kha ning ap dung thuc té.

Vit (38720, 16.12)

Hinh 4.2 Két qud chay thuwee nghiém mé hinh FMWR
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KET LUAN VA KIEN NGHI

Trong ludn 4n d trinh bay cac nghién ctru va dé xuit cac thuit toan nhdm
nang cao chit lvong didu khién bam qu§ dao cho robot di dong da hudng
bbn banh xe mecanum c6 trong tim thay di. Déng gop chinh cua luén an:

> D@ xuit thuat toan diéu khién mit trugt dong chinh dinh thich
nghi m& nang cao chét lrgng diéu khién bam quy dao cho robot di dong
da huwéng mecanum cé trong tim thay déi. Thuat toan duogc thiét ké véi
dau vao cla bd chinh dinh mo 1a sai 1€ch vi tri va van tde thong qua mo hinh
md sugeno, dé chinh dinh tryc tuyén cac tham sd diéu khién cua thuat toan
diéu khién mit trrot dong.

> D@ xuit thuit toan hec ting cwong ciu tricc Actor- Critic diéu
khién bam qu§y dao cho robot di dong da hwéng mecanum c6 trong tim
thay doi. Thuat toan sir dung mang no-ron véi cu triac Actor — Critic dé giai
xap xi nghiém phuong trinh HIB. Trong d6, mang Actor NNs dung dé xap
xi luat diéu khién t&i wu, Critic NNs ding dé x4p xi ham Bellman. Thuat toan
dugc chimg minh tinh 6n dinh theo tiéu chuan ham Lyapunov. Cac két qua
mo phong cua thut toan duoc ap dung diéu khién bam quy dao cho FMWR
cho thiy kha ning bam quy dao cta robot va 6n dinh ngay ca voi trong tim
ctia robot thay d6i, chiu dugc anh hudng ciia cac nhidu ngoai luc tac dong va
hoat dong on dinh voi1 sai 1éch nho.

> Hudéng phat trién cia ludn an: Trong tuong lai viéc nghién ctru
cac thudt toan co thé dwoc phat trién nhu sau: Phat trién thuét toan voi giai
thuat ADP sir dung mang no-ron nhan tao nhiéu 16p. Nghién ctru 4p dung
thudt toan hoc ting cudng vao mé hinh thyc t& va danh gia két qua dé co thé

dua vao tng dung thyc tién.
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