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LOI CAM POAN

Téi 1a Vi Xuan Thing, hoc vién 16p Cao hoc co dién tir khoa 12, trudng
Dai hoc Cong nghiép Ha Noi. Téi xin cam doan dé an thac si “Nghién ciru diéu
khién robot di dong chiu nhidu bat dinh dwa trén hoc ting cuong” 1a c¢ong trinh
nghién ctu cua t6i dudi sy huéng dan caa TS. Nguyén Vin Truong.

To6i xin cam doan cac sb lieu va két qua néu trong Bé an la trung
thuc, khdng sao chép tur cdng trinh nghién cau khac. Cac tai liéu tham khao
duoc st dung hop 1y va minh bach, noi dung trich dan déu duoc néu trong cac
tai liéu c6 nguon goc rd rang, uy tin.

T6i cam két chiju hoan toan trach nhiém va chap nhan moi hinh thic ky
luat theo quy dinh lién quan dén tinh chinh xac va trung thuc cua dé an nghién

cru nay.

Tac gia

Vii Xuan Thing



LOI CAM ON

Pau tién ti Xin giri cam on chan thanh nhat téi TS. Nguyén Vin Truong
- giang vién huéng dan tryc tiép cua tdi. Cam on thay vi di ludn tan tuy gidp
dd va cho tdi nhitng loi khuyén quy bau khéng chi vé chuyén mdn ma con vé
cudc sdng.

T6i cling Xin cam on céac thay ¢d truong Pai hoc Cong nghiép Ha Noi da
truyén dat cho toi nhitng kién thtrc vé chuyén nganh Ky thuat Co dién tir trong
suét thoi gian hoc tap dé toi co dugc nén tang kién thuc qua trinh 1am dé an
thac si.

Cubi ciing, xin gui 10i cam on dén gia dinh d3 ludn dong vién téi trong
suét qua trinh hoc tap, cam on ban bé vi da hd tro tdi trong qua trinh nghién
clru va Viét dé an nay.

Xin chan thanh cdam on
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MO PAU
Ly do chon dé tai

Trong nhitmg nim gan day, robot di dong di trd thanh mot thanh phan quan
trong trong nhiéu wng dung thuc tién, bao gom san xuat cong nghiép, van
chuyén théng minh, cham soc y té, etc. Tuy nhién, mét trong nhiing thach thirc
l6n di véi viée diéu khién robot di dong 1a kha ning duy tri hiéu suat hoat
dong 6n dinh trong méi trudng thay doi lién tuc, vat can dong va chia nhiéu
nhidu bat dinh, co thé ké dén nhu sai s6 cam bién [1], ma sat khong xac dinh,
hoac su thay d6i dong luc hoc do tac dong tir moi trudng bén ngoai [2]. Nghién
ctru ndy duoc phat trién bo didu khién cho robot di dong véi tang diéu khién vi
tri dua trén hoc tang cuong va tang diéu khién chap hanh dua trén phuong phap
diéu khién thoi gian ¢é dinh thich nghi sir dung mang no ron. Tir d6 dam bao
robot hoat dong trong cac diéu kién vat can trong moi truong thay doi lién tuc,
va chiu tai khéng biét trudc.

Lich s nghién cuiu

Vin dé diéu khién robot di dong 1a mot bai toan di dugc nghién ciu tir nhirng
nam 1960, Mot trong nhiing vi du ban dau dang chu y nhat 1a Shakey the Robot,
duoc phét trién tai SRI International, dy 1a robot dau tién c6 kha ning suy luin

tuong trung va 1ap ké hoach cap cao [3].

Trong nhimg nam 1980 va 1990, diéu hudng robot di dong bit dau két hop
mo hinh dong hoc, diéu khién phan hdi va thuat toan Iap ké hoach duong di
toan cau. Cac ky thuat nhu diéu khién PID, tuyén tinh hoa phan héi va 6n dinh
dua trén Lyapunov da dugc ap dung cho cac nhiém vu theo déi quy dao [4].
Péi vai viéc 1ap ké hoach duong dan, cac thuat toan nhu A* va Dijkstra da

duoc gidi thiéu cho cac moi truong dua trén ludi, trong khi cac phuong phap



dwa trén l1ay mau nhu phuong phép 16 trinh xac suat (PRM) va cay ngau nhién
kham phé nhanh (RRT) cho phép lap ké hoach trong cac khdng gian cau hinh

c6 nhiéu chiéu [5].

Nguoc lai v6i cac phuong phap dya trén mé hinh, cac kién tric duwa trén hanh
vi d3 xuét hién dé cho phép phan ung thoi gian thuc ma khong yéu cau cac mo
hinh méi trudng hoan chinh. Kién triic bao ham do Brooks dé xuat nhan manh
vao kha nang kiém soét theo Idp, trong d6 cac hanh vi cap cao hon ¢ thé ghi
dé 1én cac hanh vi cap thap hon [6]. Piéu huéng dugc phan tach thanh cac hanh
Vi nguyén thiy nhu tranh chudng ngai vat, bam theo tudong va tim kiém muc
tiéu. Céc thuat toan nhu biéu d6 truong vecto (VFH) va phuong phap tiép can
ctra s6 dong (DWA) cho phép kiém soat phan tng nhanh va hiéu qua trong cac

moi truong dong [7], [8].

Véi sy phat trién ciia robot xac suat, trong tam chuyén sang xir ly su khong
chac chin trong nhan thic va chuyén dong. Binh vi va 1ap ban d6 dong thoi
(SLAM) di tro thanh mot van dé trung tam, voi cac giai phap nhu SLAM b
loc Kalman mé rong (EKF-SLAM) va FastSLAM giai thiéu cac phuong phap
c6 thé mo rong dé xay dyung ban d trong khi wéc tinh tu thé caa robot [9]. Cac
ky thuat dinh vi nhu dinh vi Monte Carlo (MCL) da cai thién tinh manh mé
trong moi trudng dong. Cac phuong phap ndy cho phép robot didu huéng cac

khong gian chua biét véi thong tin trudc tdi thiéu.

Nhiing tién bo gan day da két hop hoc sau va hoc ting cuong (RL) vao cac hé
thong dan duong, cho phép rd-bdt hoc cac chinh sach diéu khién tir dir liéu cam
bién tho. Gradient chinh sach xac dinh sau (DDPG) va cac thuat toan tuong tu di
cho phép hoc trong cac khong gian hanh dong lién tuc phil hop véi diéu khién ro-

bét trong thé gidi thuc [10]. Cac phuong phap dau cudi hoc cach anh xa dau vao



cam bién (vi du: hinh anh camera, quét lidar) truc tiép dé diéu khién dau ra, cho

phép van hanh tu dong trong méi truong khong day da thong tin [11].
Muc dich nghién citu ciia dé &n tot nghiép.

Muc tiéu cua luan vian nay 1a dé xuat mot phuong phap diéu khién robot di

d6ng chiu nhiéu bat dinh (vat can dong, thay doi tham sé dong hoc hé théng):
« M0 hinh hoéa phuong trinh dong hoc cua robot di dong dang vi sai
. Thiét ké bo diéu khién diéu hudng cho robot dya trén hoc tang cuong
« M0 hinh h6a phuong trinh dong luc hoc cho co cau chap hanh dong co
cua robot di dong
« Thiét ké bo diéu khién co cau chap hanh thoi gian dinh trugc thich nghi
dua trén mang RBF
« Trién khai hé théng trén mé phong dé kiém tra tinh kha thi cia phuong
phap
« So sanh danh gia sy hiéu qua caa b diéu khién voi cac phuong phap
hién co
Poi twong, pham vi nghién cizu
Déi tuong nghién cau chinh cua dé &n 1a hé robot di dong hoat dong trong
moi trudng chiu nhiéu bat dinh nhu vat can dong, thiéu hut thdng tin ban d6 dia
phuong, robot chiu tai trong thay doi hodc khdng biét trugc.
TOm tat cé dong cac ludn diém co ban va déng gop moi
Pé an nay nghién ctu xay dung phuong phap diéu khién cho robot di dong

chiu nhidu bat dinh. Cac déng gop chinh gom:

e Thiét ké bo diéu khién diéu hudéng bac cao cho robot di dong dang vi sai

dua trén phuong trinh dong hoc st dung phuong phap hoc tang cuong.



e Thiét ké bo diéu khién co cau chap hanh dua trén phuong phap diéu
khién thoi gian dinh truéc.

e Mang RBF thich nghi duoc st dung dé wéc tinh tham sé hé théng chua
biét trudc cho bo diéu khién co ciu chap hanh.

e Phan tich 6n dinh cua bo diéu khién bac thip st dung tiéu chuan
Lyapunov

e Xay dung mo phong dé kiém tra chat luong hai bo diéu khién duoc dé
XUAL.

e K&t hop so sanh voi cac phuong phap diéu khién co cau chap hanh hién
dai khac nham néu bat su vu viét.

Phuong phap nghién cuu.

e Phuong phap nghién ctiu, téng hop tai liéu.
e Phuong phap mo hinh héa va phan tich Iy thuyét
e Phuong phap mo phong.
e Phuong phap phan tich dit li¢u, danh gia hiéu qua.
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CHUONG 1: TONG QUAN VE PIEU KHIEN ROBOT DI
PONG CHIU NHIEU BAT PINH

1.1. Khai quéat chung vé robot va robot di dong

Trong nhitng thap ky gan day, su phat trién vuot bac cua cdng nghé tu dong
hda va tri tué¢ nhan tao da thiic ddy manh mé qué trinh nghién ctu va ang dung
robot trong nhiéu linh vuc khac nhau caa doi séng va san xuat. Robot dugc dinh
nghia 1a mét thiét bi co dién tir ¢ kha nang thuc hién cac hanh dong duogc 1ap
trinh sén, hodc diéu chinh hanh vi caa minh dya trén théng tin thu nhan tir moi
truong théng qua cac cam bién, c6 kha niang thuc hién mot loat cac nhiém vu tir
don gian dén phic tap mot cach ty dong hoac ban tu dong [12], [13]. [1, 2]. Ching
thuong duoc 1ap trinh dé cam nhan moéi trudng, xir Iy théng tin va thuc hién cac
hanh vi tuong tng [14]. TUy thudc vao cau tric va chiic ning, robot cé thé thuc
hién cac tc vu nguy hiém, lip di lap lai hodc yéu cau do chinh xac cao ma con

nguoi kho c6 thé dam nhan.

Industry - 7

~7

Security ‘CE*E;
} .

Medical

Transport 1}3\-\"'*
Commercial
=

c ! : - o
onsumer (. , - <

Hinh 1.1. Mot sb dang robot di dong phé bién [15]
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Ngay nay, robot dugc tng dung rong réi trong nhiéu linh vuc khac nhau nhu:
san xuat cdng nghiép (robot han, lap rap, son...), y té (robot phau thuat, robot cham
s6¢ bénh nhan), quan sy (robot trinh sat, robot chién d4u), néng nghiép (robot gieo
hat, thu hoach) va ca trong doi séng hang ngay (robot hit bui, robot phuc vy) [16],
[17], [18]. V&i sy phat trién manh mé& cua cac cong nghé nhu tri tué nhan tao, hoc
may, thi gi4c may tinh va cam bién thong minh, robot hién dai ngay cang théng

minh, linh hoat va twong tac tot hon v&i con ngudi va méi trudng [19], [20].

Mot hé théng robot dién hinh gom cac thanh phan co ban nhu:

e Bo chap hanh: Tao chuyén dong cho robot, thuong 1a cac dong co
dién, thuy luc hoac khi nén.

e Cam bién: Thu thap thong tin vé mdi truong xung quanh hoic trang
thai bén trong cua robot.

e BO6 diéu khién: X Iy tin hiéu tir cam bién va dua ra lénh diéu khién
cho bd chap hanh.

e Hé truyén dong: Truyén luc tir bd chap hanh téi bo phan di chuyén

hoac canh tay robot.

Robot c6 thé dugc phan loai theo nhiéu cach nhu: cau trlic (robot tay may, robot
hinh nguoi, robot di dong...), chirc nang (robot cong nghiép, robot dich vu...), hoac
kha nang tu cha (robot diéu khién tir xa, ban tu dong, hoan toan tu dong). Trong
s6 do, robot di dong 1a mot trong nhirng phan nhém quan trong va ¢ nhiéu tiém
nang tng dung trong thé gisi thuc [21], [22], [23]. Tir khi ra doi, robot d3 mang
lai nhitng thay d6i dang ké trong cach thirc con ngudi lam viéc, giup tiang nang
suit lao dong, cai thién do chinh xac, dong thoi giam thiéu rui ro trong cac mai
truong nguy hiém nhu hAm mo, nha may hoa chat, hodc khong gian vii try. Su két
hop giita robot va tri tué nhan tao dang mé ra nhitng co hoi méi cho cac hé théng
robot théng minh, c6 kha nang hoc hoi tir dit liéu, thich nghi v&i méi trueong va ra

quyét dinh trong thoi gian thuc.
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Trong béi canh chuyén d6i sé va cong nghiép 4.0, nghién cau va phét trién
robot khdng chi 1a xu huéng tat yéu, ma con dong vai tro chién lugc trong viéc
nang cao nang luc canh tranh cia cac quéc gia va doanh nghiép. Do do, viéc tiép
can cac phuong phap thiét ké, diéu khién va ang dung robot mét céch c6 hé thdng
1a diéu can thiét dbi véi cac nha khoa hoc, k§ su va sinh vién trong linh vuc co

dién ta, tu dong hda va tri tué nhan tao.

Robots and
robotic devices
Industrial robots Non industrial robots
I ", Assistive robots Non assistive
’ /\\ robots
‘/ '\\\‘
Non social assistive robots Assistive L S
social robots o
_—Service. ompanion

robo

bots \

Hinh 1.2. Phan loai robot theo cau trlic va chirc ning [24]

1.2. Téng quan vé robot di déng
1.2.1. Lich sir phéat trién robot di dong

Robot di dong, véi kha nang tu hanh va tuwong tac vai moi trueong mot cach linh
hoat, da tré thanh mét linh vc nghién ciru quan trong trong nganh robot hoc hién
dai. Lich sir phét trién cua robot di dong 1a mot qué trinh dai gan lién véi su tién
bo caa cac nganh khoa hoc lién quan nhu co dién tir, tri tué nhan tao, cam bién va

Xt ly tin hiéu.



1989: Aquarobot design
1948: Turtle robot ax o

1709 : The Duck % & .
Oexl \. ZO
. el @' 1o ame

Robotic Dog

77-1008BC: 2000: Sony
Antikythera 1998: Kismet Dream Robots
Device

2013: Atlas

2016: Sophia

Hinh 1.3. Céc robot tiéu biéu trong lich st [25]

Y tudng vé cac cd may c6 kha nang tu di chuyén da xuat hién tir rat sém trong
lich st, tiéu biéu 1 c4c thiét bi ty dong thoi ky Hy Lap cb dai va cac co cau tu
hanh thoi Phuc Hung. Tuy nhién, phai dén gitra thé ky 20, khi nganh diéu khién
hoc va may tinh sé phat trién, cac robot di dong hién dai méi thuc su bit dau hinh
thanh. Cac robot dau tién trong giai doan nay chi yéu la thiét bi co dién don gian,

hoat dong theo chuong trinh dinh san va chua c6 kha nang cam nhan mai truong.

Mt trong nhitng robot di déng hién dai dau tién 1a Shakey, duoc phat trién
vao cubi nhitng nam 1960 tai SRI International. Shakey c6 kha nang di chuyén,
quan sat moi truong va 1én ké hoach hanh dong — dat nén méng cho cac nghién

Clru sau nay veé robot thong minh.

Pén thap nién 1970, du an Shakey cua Vién Nghién ciu Stanford (SRI) tro
thanh mot trong nhitng robot di dong dau tién c6 kha nang 1ap ké hoach hanh dong
dua trén di liéu cam bién [26]. Tir nhitng nam 1980, véi sy phét trién cta cac vi
diéu khién va cong nghé dién tu, robot di dong dwoc wng dung rong rai hon, dién

hinh la cac robot xe tu hanh tai Carnegie Mellon University [27], [28].



Hinh 1.4. M6 hinh robot Sharkey [29]

Sang nhiing thap nién 1980-1990, cing véi su tién bo vé vi diéu khién, he
thdng nhdng va cam bién, nhiéu nén tang robot di dong da dwoc phat trién phuc
vu nghién cttu va tng dung. Cac robot nhu Khepera, Pioneer, TurtleBot hay
Clearpath Jackal dugc stir dung rong rai trong moéi truong hoc thuat va cong nghiép
[30].

Hinh 1.5. Robot tu hanh turtlebot 3 tranh vat can [31]
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Hinh 1.6. M6 phong robot trén ROS Gazebo [32]

Dén thoi diém hién nay, cac thanh tuu trong linh vuc tri tué nhan tao, thi giac
may tinh, hoc sau va hoc ting cudng da gitip robot di dong c6 thé tu dong diéu
hudng, ne tranh vat can, hoc hoi tr moéi truong va tuong tac phac tap véi con
ngudi. Cac tng dung nhu xe tu 14i, robot giao hang, robot hd tro y té trong bénh
vién 1a minh chting rd rang cho tiém niang va anh huéng cua robot di déng trong

cudc sdng hién dai.

Hinh 1.7. Robot dich vu trang bi cc cam bién tu hanh [33]
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1.2.2. Lich sir nghién ciru diéu khién robot di dong

Trong linh vuc robot di dong, diéu khién 1a mot thanh phan cét 16i quyét dinh
dén kha nang van hanh chinh xac, 6n dinh va linh hoat cta robot trong méi truong
thue. Ban dau, cac phuong phap diéu khién cd dién nhu diéu khién ti & — tich
phan — dao ham (PID), diéu khién tuyén tinh hoa, diéu khién phan hdi trang théi
duoc ap dung cho cac robot c6 dong hoc don gian trong méi truong xac dinh.

Tuy nhién, khi robot hoat dong trong méi trudng khong cau tric hoic co
nhiéu nhidu va bét dinh, cac phuong phap cb dién trg nén khong hiéu qua. Tir do,
cac phuong phap diéu khién nang cao da ra doi nhu:

Qua trinh nghién ctru diéu khién robot di dong trai qua ba giai doan chinh:

e Giai doan diéu khién co dién:
Bao gom céac phuong phap diéu khién phan hoi nhu PID, diéu khién
tuyén tinh va diéu khién logic mo [34], [35]. Cac phuong phap nay

phU hop véi hé thdng don gian, it nhidu va cd thé mé hinh héa chinh

Xac.
Discretization and .| Fuzzy Interface
Fuzzyfication System
Kee Ke Defuzzyfication
) /)
de/dt
Set value 1 y
of position ~ = : S
g PID Controller > Mobile Robot >
T Feedback of position

Hinh 1.8. Bo diéu hudng robot duya trén phuong phap PID mo [36]
e Giai doan diéu khién phi tuyén va thich nghi:
Pé ddi pho vai tinh phi tuyén va sy khdng chac chan trong dong hoc
robot, cac phuong phap nhu diéu khién truot, diéu khién thich nghi,

va diéu khién téi vu duoc phét trién [37]. Tuy nhién, viéc ap dung cac
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phuong phap nay phu thudc nhidu vao mé hinh chinh xéac cua hé

thdng.

Reference Path

T o o E  E E E E E M R M M ER M R M M A M M M M o o o oo om

High level controller (trajectory tracking)
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1
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A ]
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) T + !
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Hinh 1.9. Biéu khién robot dya trén phuong phap du bao téi wu [38]

e Giai doan diéu khién hoc may va hoc ting cwong:

Gan day, v6i su phét trién cua tri tué nhan tao, cac phuong phép hoc

may, dac biét 1a hoc tang cuong sau (Deep Reinforcement Learning -

DRL), dugc ung dung dé diéu khién robot di dong ma khéng can md
hinh hé théng [39], [40]. Robot c6 thé hoc chinh sach diéu khién tdi

uu thong qua twong tac vai moi truong, gidp thich nghi vaéi su thay

d6i va nhiéu khong xac dinh.

20144

20214

Hinh 1.10. Lich sir phéat trién cta robot di dong [41]
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1.3. C4c vén dé thach thire trong diéu khién robot di dong

Trong mdi truong thuc té, robot di dong thuong phai hoat dong dudi diéu kién
c6 nhiéu bét dinh va nhiéu. Céc thach thic 16n bao gom sai s6 cam bién, thay doi
moi truong va dong luc hoc khdng chinh xac hoic thay doi theo thoi gian [42],

[43], [44], [45] [46].

1.3.1. Bai toan lap quy dao dwong di trong méi trwong thay doi

Hinh 1.11. Lap quy dao duong di sir dung phuong phap cay ngau nhién [47]

Viéc lap ké hoach duong di trong méi trudng cd chudng ngai vat 1a mot van dé
then chét trong diéu hudng robot. Céc thuat toan truyén thong nhu A*, Dijkstra,
hodc D* Lite thudng yéu cdu mé hinh méi truong tinh va tidu ton tai nguyén tinh
toan dang ké [48] .

Tuy nhién, trong mdi trudng dong hoic khdng thé du doan, cac phuong phap
hoc ting cuong cho phép robot hoc chinh sach diéu hudng téi wu tir twong tac,
gilip né tranh vat can ma khdng can lap ké hoach quy dao cuc bo [49], [50], [51].
Diéu nay gilp giam dang ké chi phi tinh toan va ting tinh phan ang linh hoat.
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(a) Rviz visual interface (b) Navigation result

Hinh 1.12. Biéu huéng robot trong truong hop thong tin vé moi trudng khong
biet trudc [52]

1.3.2. Bai toan diéu khién robot khi déng luc hoc thay doi

DPong luc hoc caa robot di dong co thé thay d6i do nhiéu yéu té nhu tai trong,
dia hinh, hao mon linh kién hoic diéu kién thoi tiét. Viéc diéu khién co cau chap
hanh st dung cac bo diéu khién thong thudng nhu PID hozc LQR khong dam bao
hiéu qua khi mé hinh dong hoc khong con chinh xac [53], [54].

Dé giai quyét van dé nay, mot sé phuong phéap diéu khién nhu diéu khién bén
vitng nhu diéu khién trugt (SMC) dugc xay dung nham muc tiéu dam bao kha
nang chéng nhiéu cho robot. Tuy nhién phuong phap diéu khién trugt chi thuc
su ¢6 tac dung voi mot s6 tham sé nhiéu cua hé théng, va khong dam bao chat
lugng khi mot s6 tham sé hé thong khong xac dinh. Bé xtr ly van dé tham sé hé
théng khong xac dinh va anh huéng cua nhiéu, bo diéu khién truot thich nghi
duogc phat trién (Adaptive SMC) [55] dua trén mang no-ron, dic biét 1a mang no-
ron co s& ham (RBFNN), duoc st dung dé mé hinh hoéa va diéu chinh hanh vi hé
théng co cau chap hanh trong thai gian thuc, mang lai kha ning thich nghi tét hon
trudc cac bién dong cia hé thong. Tuy nhién nhitng dang diéu khién nay sé c6 dap

rng phu thudc vao trang thai ban dau cua hé thong cé nghia 14 sai s6 ban dau cang
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I6n, thoi gian dap (ng cang kéo dai. Piéu nay anh huang téi toc do caa robot phan

Xa Voi cac thay doi cia moi truong nhu vat can dong.

Pras Pra Hierarchical sliding u 2,y 233 2y, 2,
mode control Pendubot

R, R

12

RBF Neural Network

W, W,

Update weight

C,d C,d

GA optimization [+

)

Hinh 1.13. Phuong phap diéu khién thich nghi RBF cho hé thong dong luc
khong xac dinh [56]

1.4. Pinh hwéng nghién ciru dé tai

Truéc nhitng thach thic ké trén, dé an hudng dén giai quyét ba van dé trong
yéu nham nang cao hiéu suat va do tin cay cho hé thong robot di dong trong diéu

kién cé nhiéu bét dinh:

e Thu nhat, dé tai nghién ciu va phat trién thuat toan diéu hudng dua
trén hoc tang cuong sau (Deep Reinforcement Learning), cho phép
robot tu hoc céch di chuyén t&i muc tiéu ma khong can lap quy dao
cuc bo, qua d6 giam thiéu khdi luong tinh toan va ting tinh linh hoat
trong moi trudng thay doi.

e Thu hai, dé tai xay dung bo diéu khién dinh thoi thich nghi dya trén
mang no-ron co s ham (RBFNN), giup diéu chinh Kip thoi phan tng
diéu khién khi dong luc hoc hé thdng bién d6i do tai trong, dia hinh

hozc nhiéu ngoai.
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Bang viéc két hop cac phuong diéu huéng thong minh va diéu khién thich nghi
phi tuyén, dé tai ky vong s& gop phan cai thién do chinh xac, d6 6n dinh va tinh
linh hoat cho robot di dong, dic biét trong cac ung dung thuc té nhu robot giao

hang, robot cong nghiép tu hanh hoac robot ctru hd trong méi truong phirc tap.

Két luan chwong 1

Chuong da cung cip mot nén tang kién thirc co ban va tong quan toan dién vé
linh vuc robot di dong, tir khai niém va lich st phat trién dén cac xu hudng nghién
ctru diéu khién hién dai. Qua viéc phan tich cac nhom thach thic chinh trong diéu
khién robot di dong dudi diéu kién nhiéu bat dinh, chuong nay di 1am rd cac gidi
han ciia phuong phép truyén théng va khang dinh su can thiét cua cac giai phap
tién tién, thich nghi va thong minh hon. Tir d6 dat ra van dé nghién ctru dé tai:
“NGHIEN CUU PIEU KHIEN ROBOT DI PONG CHIU NHIEU BAT PINH
DUA TREN HOC TANG CUONG”.
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CHUONG 2: COSOLY THUYET

2.1. M6 hinh dgng hoc robot di d9ng dang vi sai

Trong diéu khién robot di dong, viéc lya chon mé hinh toan hoc 1am co s thiét
ké diéu khién cd anh huong quan trong dén do phuc tap va tinh kha thi cua hé
théng. Phuong phéap diéu khién dwa trén phuong trinh dong hoc thudng duoc uu
tién trong cac tng dung thuc té nhd mot s6 wu diém noi bat so véi phuong phap
dua trén phuong trinh dong luc hoc. Truéc hét, mé hinh dong hoc md ta méi quan
hé hinh hoc gitra van toc dau ra va trang thai robot, bo qua cac yéu té nhu mo-
men quan tinh, luc can va ma sat, do 6 c¢6 cau trac don gian hon va dé trién khai
hon trong cac bo diéu khién phan héi. Biéu nay gilp giam déang ké yéu cau tinh
toan, dac biét phi hop vai cac hé thdng robot di dong cé tai nguyén phan cing
han ché. Thi hai, phuong phéap diéu khién dua trén dong hoc thuong yéu cau it
thong sé hé thong hon, do d6 it bi anh huong béi sai s6 md hinh, tir d6 cai thién
tinh 6n dinh va kha nang ap dung trong moéi truong thuc. Ngoai ra, trong nhiéu
trudng hop nhu robot vi sai hoic robot omni, viéc diéu khién dya trén van toc 1a
da dé dam bao dinh vi chinh xéac, ma khong can giai bai toan diéu khién md-men
& tang dong luc hoc phuc tap. Nho cac uu diém d6, trong dé an nay diéu khién
dua trén mo6 hinh dong hoc 13 phuong phap dugc chon dé xay dung bo diéu khién

vi tri cho robot véi nhitng wu diém duoc liét ké sau:

- Mo hinh dong hoc dugc mo ta don gian, chinh xac hon so véi st dung moé
hinh dong luc hoc

- Thiét ké bo diéu khién vi tri dua trén mé hinh dong hoc két hop bo diéu
khién co cau chap hanh bac thap cho két qua dap tng tt trong truong hop
robot chiju nhiéu bat dinh

- Giup don gian qua trinh thiét ké bo diéu khién vi tri dua trén phuong phap

hoc tang cuong
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Hinh 2.1. M6 ta dong hoc robot vi sai [57]

Robot di dong dang vi sai sir dung hai banh xe chu dong gan hai bén than va co

thé diéu khién doc l1ap. Chuyén dong caa robot duoc md ta dua trén hai hé toa do:
e H¢ quy chieu quan tinh: {°x,°Y]
e H¢ quy chiéu gan vai robot: {*x, "y}
Trang thai caa robot tai mot thoi diém bat ky duoc biéu dién bang vector vi tri
P =[x,y,6], trong d6 x,y latoa do trong hé quy chiéu quan tinh va ¢ 1a goc quay
S0 Vi truc ©X .
M&i quan hé giita van toc trong hé robot va hé quan tinh dugc mé ta bang cong
thirc bién doi:
. . . . - T
£, =R(0)-4 =R(0)-[xy.0] (2.1)

Trong do:
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cosd singd 0
R(0)=|-sind cosd 0 (2.2)
0 0 1

Trong cau tric robot ndy, néu hai banh quay vai cling téc do, robot s& di chuyén
thang. Néu mot banh quay nhanh hon banh con lai, robot sé ré& theo huéng nguoc
vé6i banh c6 tdc d6 cao hon. Néu hai banh quay ngugc chiéu véi cling tée do, robot
s& quay tai chd. Mot banh d& (banh xoay tu do) thuong dugc gan dé ting d6 on

dinh co hoc.
Pé dam bao md hinh phl hop véi thuc té, mot rang budc phi tuyén (phi
holonomic) dugc ap dung, phan &nh gia dinh rang robot khong truot ngang:
xsin@—ycosd =0 (2.3)
Hon nita, quang dudng banh xe di duoc khong du dé xac dinh vi tri cudi ciing
cua robot néu khong xét dén sy thay doi theo thoi gian:

SlR=SZR; SlL=SZL; Sl=82
XN#=X Y1 7Y,

(2.4)

MG réng: M6 hinh déng hoc tong quéat si dung co sé khdng gian

Sap xép lai cac rang buge dong hoc dang V' (q)¢ =0, ta thay rang cac van téc
tong quat ¢ thuoc vé khong gian null caa V' (q), co chiéu 1a n—-k. Gia st
{b,(a),....b, (a)} 1a co s& cuia khong gian null nay, ta c6 thé viét md hinh dong

hoc nhu sau:
d=2.b(a)u;=B(a)u (2.5)

Trong do:
e u=[y...u, ] e"*: vector dau vao
e (ell: vector trang thai

e B(q):Matran co s¢ khong gian null cua V' (q)
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Dbi véi robot di dong, cac thanh phan thudng duoc chon sao cho ¢ ¥ nghia
vat Iy, chang han nhu vén téc tién va van téc quay cua robot, nhung khong truc

tiép dai dién cho lyc hay md men.
V6i robot vi sai c6 toa do tong quat g=[x y 6], rang budc khong truot
ngang duoc Viét lai:
V' (q)g=[sind —cosd® 0]q=0 (2.6)

Co s¢ cia khdng gian null 0 (VT (q)) c6 the chon Ia:

cosd O
B(a)=[b(a) b,(a)]=|sine 0 (2.7)
0 1
Do d6, mé6 hinh dong hoc tro thanh:
X cosé 0
y|=[sind |v+|0 | (2.8)
0 0 1

Trong d6 v va o lan luot la van téc tuyén tinh va goc cia robot.

Giita v, » va van toc goc cua hai banh xe w,,w, ton tai mbi quan hé:

r
V:E(coR + o)

(2.9)
o= IL(wR —o,)

Vi r la ban kinh banh xe, | 1a khoang céch gitta hai banh.
2.2. Md hinh d@dng luc hoc co cau chiap hanh cho robot di dong

Trong hé théng robot di dong, co ciu chap hanh dong vai trd quan trong trong
viéc chuyén doi tin hiéu diéu khién thanh chuyén dong thuc té. Pay Ia thanh phan
truc tiép diéu khién hanh vi dong hoc caa robot, dam bao kha ning di chuyén linh

hoat va chinh x4c trong méi truong 1am viéc. Co cau chap hanh bao gom céc loai
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dong co, hop s, hé truyén dong, cling nhu cac thanh phan co khi lién quan dén

banh xe, chan hoic hé théng banh xich tiy thudc vao thiét ké robot.

Trong kién trdc tong thé caa robot di dong, b diéu khién vi tri guri céc tin hiéu
dau ra dén co ciu Chép hanh dé thuc thi cac Iénh di Chuyén nhu tién, Ui, ré tréi,
r& phai, hay duy tri van toc va huéng di chuyén 6n dinh. Do d6, hiéu suét, do chinh
xac va do bén cua co cu chap hanh c6 anh huong truc tiép dén kha niang diéu

huéng, diéu khién va tu chu cua robot

Cac loai dong co dién 1a bo chap hanh phd bién nhat trong robot di dong nho
vu diém diéu khién dé& dang, phan hoi nhanh va hiéu suat cao. Mot sé loai dong
co tiéu biéu bao gom:

- Pong co dién mot chiéu

- DPong co servo

- Dong co buadc

Hinh 2.2. Bong co DC dung cho co cau dan dong [58]
Trong dé an ndy, dong co DC duoc st dung trong robot di dong dé tao chuyén
dong cho banh xe. Viéc mo hinh hoa dung dong co 1a co s quan trong dé thiét ké

bo diéu khién hiéu qua.
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Kb(:)

Yiscous
friction

Load J

] Inertial

Torque

T 1)

L Angular velocity

Hinh 2.3. M6 hinh dong co DC duéi tac dung cua tai thay d6i va ma sat [59]
M6 hinh dién ctia dong co DC:

u:L%+ Ri+ K, @ (2.10)
MO hinh co hoc:
Jd—: Ki—-Bo-T, (2.11)

Trong do:
e u:dién ap cung cap

e i: dong dién phan tng

o : tbc do quay cua rotor

L : dién cam, R: dién tro phan tng

K,,K,: hé sd hang s6 dong co

J: md men quan tinh, B: hé sb ma sat, T, momen tai ngoai luc tac
dong Ién truc dong co. Pay 1a 3 phan tir gay nhiu anh huang toi chat
luong diéu khién

Do gia tri cua dién cam L 12 rat nho, do d6 trong dé an nay, dé don gian qué
trinh thiét ké va mé phong, gia tri dién cam dugc bo qua. Cac tham sé dién tro

phan ciing R, hé s6 dong co K., K, 1a khong doi, duge xac dinh trudc tir nha cung
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cap. Cac hé s6 momen quén tinh J va hé s ma sat B 1a khong xéac dinh trudc.
Dong thoi gid tri momen tai ngoai luc T, duoc coi la nhidu ngau nhién khdng biét
trude tac dong 1€n dong co.
2.3. Co s& ly thuyét vé hoc ting curong

Hoc tang cudng (Reinforcement Learning - RL) 1a mot huéng tiép can trong
hoc may, noi mot tac nhan (agent) hoc cach twong tic v6i méi truong nham dat
duogc chién lugc hanh dong toi wu nham t6i da hoa phan thuong tich lity theo thoi
gian. Tai mdi thoi diém roi rac t, tac nhan quan sat trang thai hién tai s< s, sau
do6 lya chon mot hanh dong a e A theo mot chinh sach (policy) z:s — A. Sau khi
thuc hién hanh dong, tac nhan nhan duoc phan thuéng r va trang thai méi cuia moi
truong s'.

St41

ri4+1 | Environment

-

Action at

State s¢
Reward r

»
>

Agent

>
>

Hinh 2.4. M@ ta cau tric hoat dong cua hoc tang cuong [60]
Tong phan thuong duge dinh nghia 13 tong phan thudng chiét khau theo thoi

gian:

R-Y/r(sa) 212

=

Trong d6 7 €[0,1] Ia hé sb chiét khau, quyét dinh mic d¢ wu tién cta phan
thudng ngan han so véi dai han.

Muc tiéu cua hoc tang cudng 1a tim ra chinh sach toi wu z, (véi ¢ 1a tham so

cua chinh séch) sao cho gia tri ky vong cta tong phan thuong J (4)=E, ., ., [Ro]

duogc toi da hoa. Trong cac bai toan diéu khién lién tuc, chinh sach c6 thé duoc toi

ru théng qua dao ham caa ham muc tiéu theo tham sé ¢.
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Phuong phap Actor-Critic:

Reward

Y

Environment

State

i :
Action i :
i Actor  [*T
i A E
i Values !
i E
; )
i :
] L - T
[ Critic -
i i

Hinh 2.5. M@ ta ciu tric hoat dong caa phuong phap Actor-Critic [61]
Mot trong nhitng cach tiép can phé bién trong hoc ting cuong la kién trac
actor-critic, trong do:

e Actor: dai dién cho chinh sach hanh dong 7, (s)

e Critic: 1a ham gia trj Q" (s,a), dai dién cho gia tri ky vong cta phan
thuong khi thuc hién hanh dong a aaa tai trang thai s, sau d6 tiép tuc
theo chinh sach ~

Thuat toan Deterministic Policy Gradient cap nhat actor theo céng thuc:

V,3(9)=E,, | V.Q7(5.)l, ) Vo7, (3) | (2.13)

Phuwong phap Q-Learning
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Deep Q Learning

Hinh 2.6. M ta co ché phuong phap Q-learning va Deep Q-learning [62]
Trong Q-learning, ham gid tri hanh dong Q" (s,a) dugc hoc thong qua phuong

phap hoc sai s6 tam thoi (temporal difference learning), duwa trén phuong trinh

Bellman:
Q" (s,a)=r+sE,.[Q7(s\a)].(a'Dx(s") (2.14)

Khi khong gian trang thai Ion, ta thuong st dung cdc md hinh gan dung
(function approximator), vi du nhu mang no-ron, dé xap xi ham gia tri Q,(s,a)
véi tham sé 6.

Trong Deep Q-Learning, mang Q dugc huan luyén bang sai s6 tam thoi, st
dung thém mot mang muc tiéu cb dinh (target network) Q,. nham 6n dinh qué
trinh hoc. Muc tiéu huan luyén tai mdi budc duoc xac dinh boi:

y=r+yQ,(s"a’),(a'0 z,(s) (2.15)

Trong s6 ciia mang muc tiéu 6" duoc cap nhat dinh ky bang mot trong hai céch:

sao chép hoan toan tir mang hién tai, hoic cap nhat dan theo cong thic:

0’ —10+(1-7)0" (2.16)

Trong thyc té, cac mau kinh nghiém (s,a,r,s') dwoc luu trong mét by nhé phat
lai kinh nghiém (Experience Replay Buffer) va duoc trich xuat ngau nhién dé

huan luyén, gilp giam twong quan giira cA&c mau va cai thién kha nang hoi tu.
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Nhitng nim gan ddy, thudt todn hoc tang cuong cho cac hé thdng diéu khién
lién tuc duoc phét trién, trong 6 DDPG ndi 1én nhu mot phuong phap méi cho

kha nang hoat dong trong méi truong hanh vi lién tuc.

Thugt toan DDPG

Critic Actor
| Critic Optimizer | | Actor Optimizer |
2 : Poli
Update g9 | Q Gradient G,;’d'ﬁ,,’,,, Update 8~
Gradient : -
Online Q Network »| Online Policy %
Argument: 89 | Network. 3
a = u(s;) Argument:
A
Yi Soft Update |Soft Update
Target Q Network Ta'?;tw?:w < p )
‘ Q‘ * x X Se, @y, 14, S,
Argument. g — Argument g tr @eaTesSe
T Store
v (St, @ 710 St41)
Sampling Experience
NS Mini-Batch Replay
(s,a,r,s) = N Memory
x|

Hinh 2.7. M6 ta hoat dong ctia phuong phap DDPG [63]
Thuat todn DDPG 12 su két hop giita DQN va Actor-Critic da cho thay suc
manh tuyét voi trong linh vuc diéu khién hé théng, kha ning mo rong ra cac hé
MIMO da dugc chitng minh.

Céu tric DDPG duoc trién khai gom 4 mang neural network:

6°: Q network (Mang phé binh) dung dé wéc tinh phan thuéng ky vong tai
trang thai s, a,

6*: Mang dién vién dé x4c dinh chinh sach x(s,)
6% : trong sé mang phé binh muc tiéu

6" : trong s& mang din vién muc tiéu
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Cac mang muc tiéu ¢ ciu tric twong tu mang chinh nd, tuy nhién duogc cap
nhap véi toc d6 cham hon nhim dam bao 6n dinh
Mang phé binh c6 nhiém vu wéc tinh phan thuéng ky von Q(s,.a,) tu phuong
trinh (2.17)

Q'(s,.a)= E

: )[r(s,a)wmaxQ*(s,a)} (2.17)
P(s]s,a a

Véi P(s'|s,a): 1a xac xuat chuyén doi trang thai s sang s' khi a tac dong tsi moi
truong, r(s,a) lagiatri diém thuong nhan duoc khi moi trudong ddi trang thai khi
thuc hién hanh dong a.

Qua viéc thuc hién qué trinh thir sai, tac nhan thu duoc thong tin vé moi
truong

X=(s,ar,s..d) véi d cho biét liéu trang thai thu duoc c6 1a trang thai cudi

hay khdng. Thiét 1ap phuong trinh Bellman sai s6 trung binh dé kiém tra su chinh

xac cuia ham Q,, (s,a) do mang phé binh dua ra véi thuc té.

L(QQ,X)z E ~X{(QHQ(s,a)—(r+;/(1—d)maangQ(s',a'))ﬂ (2.18)

(s,a,r,s'...d)
Phuong trinh cap nhap trong sé cho mang phé binh dugc thyuc hién nhu sau:
Ve =V, (L(6°N)) (2.19)

Phuong trinh cap nhap trong s6 cho mang dién vién duoc thuc hién theo
phuong trinh (2.20)

v 1= %Zan(s, a160°)1,. ooV plt(s16°)], (2.20)

Tuy nhién c6 mot dic diém cia DDPG d6 1a thoi gian training dai, thudng c6
hién tuong udc tinh qua mic. Do d6 thuat todn TD3 noi 1én nhu mot sy cai thién
cho DDPG V¢ hiéu qua training [64].
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Thugt toan TD3:

Thuat toan TD3 la mot thuat toan hoc tap cung cb duoc thiét ké cho cac khong
gian hanh dong lién tuc, dugc xay dung dua trén thuat toan DDPG (46 dbc chinh
sach xac dinh sau). N6 giai quyét nhitng han ché cua DDPG, dic biét 1a sy danh
gia qua cao cua gia tri Q, bang cach két hop cac k¥ thuat nhu duoc cit déi Q-
learning, cap nhat chinh sach bi tri hodn va lam min chinh sach muc tiéu.

Véi sy cai tién dang ké voi phuong phap DDPG c6 thé ké dén nhu:

- TD3 hoc dugc hai chire nang Q (Mang phé binh) va sir dung wdc tinh gié tri

t6i thiéu dé hinh thanh cac muc tiéu, giam thiéu sai léch danh gia qua cao

- Chinh sach (mang dién vién) va mang muc tiéu dugc cap nhat it thuong

xuyén hon so véi cac chirc ning Q, dan dén viéc hoc 6n dinh hon

- Tiéng 6n dugc thém vao hanh dong muc tiéu trong qua trinh cap nhat chinh

sach, khuyén khich tham do va ngin chan tac nhan khai thac cac 16i tiém an
trong cac udc tinh chic nang Q.
Thuat toan TD3 duoc mo ta nhu sau:
Khei tao hai mang dinh gia (critic) Q,,Q, va mot mang chinh sach (actor)
7, Voi cac tham s ngau nhién 6,,6,,¢
Khei tao cac mang muc tiéu tuong GNg g «— 6,0, <« 6,,¢ <« ¢
Khai tao bo nhé kinh nghiém (replay buffer) B
fort=1toT do
Chon hanh dong véi tiéng on khdam pha a™l z,(s)+&, ¢ N(0,0) va quan
sat phan thuong r va trang thai méi s'.
Luu trir tuple chuyen tiép (s,a,r,s’) trong B.
Mau 16 nho ciia N qua trinh chuyén doi (s,a,r,s’) tir B
d< 7, (s)+e, ¢0clip(N(0,6),—¢,c)

y<r+ymin_, Qusra)
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Cap nhét cac dinh gia 6, «<—argmin, N‘l(y—Q&(s,a))2

If tmod d then

Cap nhat ¢theo chinh sach xac dinh:

V,J(4)=N"DV,Q,(s.a) a6V (5)

Cap nhat mang muc tiéu:

0 «16,+(1-7)6/

¢ «—tp+(1-1)¢

Qo (5, 14(5))
— <

Y

episode = n episode = n + 1

na(s)

Critic Q1 optimizer

MSE(Qg,(s,a) — yy(r,st,d))

1 — ¢+ a’déy

CriticQ2
Q2(s,a;9)

Qy,(s,a)

A

—

Critic Q2 optimizer
MSE(Qs,(s,a) = yy(r, 51,d))
¢2 + ¢ + a’dgy

Experience Replay
Memory

Random sample
mini-batch
A,

B = (s,a,r,st,d)

8 a v |d st

Compute Target
yq(r, st,d) =

r+9(1 - d) min Qs,,,, (1, targ! (1))

Qoyry (89 Atarg (81))

Qbtary (3, Ararg!(s7))

£l

Soft Target Update - Critic Q2 Target CriticQ2 Target CriticQ1 Target Actor
Gtarg2 = Targa + (L= 7)¢ Q2(5, a; Ptarg) Q15,5 Grary) (@ | 5;6targ)

Y

Soft Target Update - Critic Q1

8/

Dtarg) + Thtarg1 + (1 —T)¢

@ ligry(st)

aligrg(sf)

Actor optimizer
MEAN(Q4(s, a(s))
66 +a’de

Soft Target Update - Actor
Btarg  Thharg + (1 —7)0

Hinh 2.8. Chi tiét giai thuat TD3 [65]

By (81)
Yy

5 Noise A"

Mie
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2.4. Co s& ly thuyét vé phwong phap diéu khién tién dinh thai gian
Diéu khién tién dinh thoi gian (Fixed-Time Control) 1 phuong phéap diéu khién
dam bao hé théng hoi tu vé diém can bang trong mot thoi gian gigi han, khdng
phu thudc vao diéu kién ban dau. Pay 1a mot budc tién so véi diéu khién hitu han
thoi gian (finite-time control) — vén phu thudc vao diéu kién ban dau.
Uu diém:

e Pap tng hé thdng dat duoc trong thoi gian duge quy dinh truéc ma
khdng phu thudc vao trang thai ban dau, cuong do tin cay va an toan
cho hé thng robot.

e Phl hop cho cac ung dung thoi gian thue nhu robot di dong can dam
bao hanh dong trong thoi han nhat dinh.

Co s& todn hoc cia phuong phap diéu khién tién dinh thoi gian:
Xét hé thong c6 phuong trinh dong luc hoc ¢ dang:

x=g(t,x), x(0)=0 (2.21)

Phuong trinh sai s6 hé théng e = X, —x VoI x, latin hi¢u dat, xla tin hi¢u
can diéu khien.
Theo [66] dé hé thong dap tng véi thoi gian hitu han, dao ham phuong trinh
sai s6 can dua vé dang:
& < —ke” (x) — k,e” (x) (2.22)
Thoi gian dap tng ctia hé T duoc gidi han theo phuong trinh sau:

1 1
T< +
kl(l_a) kz(ﬁ_l)

(2.23)
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2.5. Co sé ly thuyét vé diéu khién thich nghi dwa trén mang no ron ham
xuyén tam (RBFNN)

Mang no-ron RBF 14 mot kién triic mang no-ron nhan tao c6 cau tric don gian
nhung manh mé&, bao gom ba 16p: 16p dau vao, 16p an sir dung cac ham kich hoat
dang co s& xuyén tam (thuong la Gaussian), va 16p dau ra tuyén tinh. Vi kha
ning xap xi cac ham phi tuyén bat ky véi o chinh xac cao, mang RBF da dugc
ching minh 1a mot cdng cu hiéu qua trong thiét ké bo diéu khién thich nghi cho
cac hé thong phi tuyén, bao gom ca robot di dong. Uu diém noi bat cua mang RBF
trong diéu khién thich nghi 1a kha ning hoc online va xap xi dong luc hé théng
theo thai gian thuc, cho phép bd diéu khién tu diéu chinh theo sy bién doi caa md
hinh, nhiéu khong xac dinh hoic diéu kién moi trudng thay doi. Hon nita, do dic
trung cau tric cuc bo ciia cac ham co sd xuyén tam, mang RBF c6 kha nang hoi
tu nhanh va tranh duoc hién tuong lan truyén sai s6 toan cuc nhu trong mang no-
ron lan truyén nguoc. Bén canh do, viéc thiét ké va huan luyén mang RBF tuong
d6i don gian va dé hién thuc hoa trong phan cimg nhiing, gitip ting tinh kha thi
cho cac ung dung diéu khién thoi gian thyc. Chinh vi nhitng wu diém trén, mang
no-ron RBF ngay cang duoc p dung rong réi trong cac bo diéu khién thich nghi

théng minh cho hé théng robot phi tuyén va khong xac dinh.
2.5.1. Cau trac mang neural network RBF

Mang ham co s& xuyén tdm (RBF) la mét truong hop dac biét ctia mang
truyén thang hai 16p. Trong do:

Ham tong ngd vao té bao than kinh 16p an 1a ham cau:

(X-Cj)"

f =net=
0

0 (2.24)

Ham kich hoat ngd ra té bao than kinh 16p an 1a ham mi:
h(f)=e"

Ham tong ngd vao té bao than kinh 16p ra 1a ham tuyén tinh:
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f =net=W'h, -6
Ham kich hoat ngd ra té bao than kinh I16p ra 1a ham tuyén tinh: y,(f)= f

Mtc ngudng cua cac té bao than kinh 6 =0.

Lép ngd vao Lép in Lép ngo ra

Hinh 4. Cau tric mang neural network RBF
Giastr: X =[x,%,,...,x,]' lavectorngdvao, H =[h,h,,...h, ] la vector

ham kich hoat, v6i h; la ham Gauss duoc xac dinh nhu sau:

exp{ ” 2; J” } =12,...m (2.25)

J
A a1 P, L
Tam cta cac ham co sé tai nat j la C; :[le,cjz,cj3,...,cji,...cjn] ,1=12,...,n

. Gia sir @6 rong ham co s6 la B=[b1,b2,b3,...,bj,...bm]T, trong d6 b; 1a do rong
him co sé cua ndt j va b;>0. Vector trong sé cia mang Ia

T A ) , .
W = [Wl,Wz,Ws,...,Wj ,...Wm] . bau ra caa mang dugc xac dinh nhu sau:

y(k)=WTh=wh +wh, +..+w h (2.26)

Véi ham 16i la: E :%(yd (k)—y(k))z, trong d6 y(k) 12 ngd ra cua hé théng

tai thoi diem thir k vay, (k) 1a ngd ra mong mudn.
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2.5.2. Huén luyén mang neural network RBF
Thong qua cach hoc Gradient Descent, d¢ bién thién trong s6 ngd ra Aw, (k),
do bién thién trong sé gifra diém nut co sé va diém ndt trung tam Ac;; () , do bién

thién d6 rong tam neural Ab; (k) duoc tinh nhu sau:

Ac; (K)=n(yy (k)= y(k))w;, L2 (2.27)

Luat cap nhat cac théng sé ciia mang nhu sau:

w, (K) = w, (k=1) - Aw, (K) + a(w, (k-1) -, (k—2))
¢, () = ¢, (k=1 +Ac, (k) +a(c, (k-1) —c, (k-2)) (2.28)
b, (K) =b, (k-1) + Ab, (k) + & (b, (k-1) — b, (k—2))

Trong d6: 714 tdc d6 hoc, a 1a hé sé dong hoc.

Pé don gian qua trinh huan luyén ngudi ta thuong tién hanh cach huan luyén
mang RBF nhu sau:

Budc 1: Xac dinh tam va do rong cua cac ham co sé

Tam cia cac ham co s¢ c;; (voi j=12,..,m la s6 tm neural; i=1,2,...,n 1asb
dau vao) dugc xac dinh dwa vao tinh hoi tu cua cac diém dir liéu dau vao. Phan
vector tin hiéu dau vao thanh j nhom( j < sb diém dir lidu dau vao) khi d6 diém
di liéu nao I trung tm cua mdi nhom(nghia 1a khoang cach gitra tam cta nhom
d6 dén cac diém con lai trong nhom 1a nhé nhat) chinh 14 tim c;; can tim. Viéc
nay cd thé thuc hién bang quan sat thuc nghiém hoic st dung thuat toan phan cum

nhu K-Means clustering algorithm.
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D0 rong cia tim ham co s& b, 6 anh huéng rat 16n dén chét lugng ciia mang.

C6 nhiéu cach dé xac dinh gia tri nay. Cach théng thuong 14 dua vao sy tuwong

ddng giira cac nhom dit liéu vao. Dbi véi mdi té bao than kinh & 16p an, khoang

cach tir tdm ctia n6 dén té bao than kinh khac gan nhat chinh la d rong b, cua té

bao than kinh do.

Budc 2: Huan luyén trong s 16p ra caa mang:

Thuc hién tuan tu nhu sau:

1.
2.

Chon tbc d6 hoc 7 va sai sb cuc dai E,_ .
Khoi dong:
- Génsaisd E=0.

- Gan bién chay k =1,

K.
- Gan céc trong s6 w,, (k), (j=1m, mla s6 nhan neural; g=1p, p

la s6 dau ra) bang cac gié tri ngau nhién bat ki.

Tinh ng@ ra cua mang vai tin hiéu vao la X (k):

]

PETE

Yo (K)=W.Th; (k) =wigh (K)+wygh, (k) +...+w,ch

Cap nhat trong s6 16p ra cua mang:

mg’ 'm

qu(k+1) :Wiq(k)+77(yqd (k)_ yq(k))hj (k)

Tinh sai sé tich liy:

R ORA0)

Néu k <K thi gan k=k+1 va l3p lai tir 3.
- Néu k=K thi tiép tuc.

Két thtic mét chu trinh huan luyén.

- Néu E <E,, thi két thdc qua trinh hoc.

2

(k)

(2.29)

(2.30)

(2.31)

(2.32)
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- Néu E>E__ thigan E=0, k=1 vatro lai 3. bat dau mot chu trinh
huan luyén mai.

Mang RBF c6 kha nang xap xi ham rat tot va c6 thé huan luyén dé& dang nhanh
chéng. Kha ning xap xi chinh xac va téc do cua mang RBF con c6 thé dugc cai
thién hon nita bang viéc chon tam va do rong phd hop cho cac ham co so & 16p
an. Tuy nhién, mang RBF thuong dap ang cham trong giai doan nhé do luong 16n

té bao than kinh ¢ 16p an.
Két luan chwong 2

Chuong 2 da trinh bay nhitng co so Iy thuyét nén tang can thiét dé trien khai hé
théng diéu khién robot di dong chiu nhidu bat dinh. Tir mé hinh dong hoc cho
robot vi sai va dong co DC, dén hoc ting cuong — dic biét 1a TD3, cling véi diéu
khién tién dinh thoi gian va mang RBFNN — cé&c noi dung nay cung cap khung Iy
thuyét vitng chic dé phat trién bo diéu khién thich nghi théng minh trong cac

chuong tiép theo.
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CHUONG 3: THIET KE BO PIEU KHIEN CHO ROBOT DI PONG
CHIU NHIEU BAT PINH DUA TREN HQC TANG CUONG

3.1. Céu truac b diéu khién vi tri cho robot di déng

Bo diéu khién vi tri 1a mot trong nhitng thanh phan quan trong nhat trong hé
théng diéu khién cua robot di dong, dam nhiém vai tro xac dinh va duy tri vj tri
mong muén cua robot trong khdng gian hoat dong. Viéc thiét ké mot bo didu khién
vi tri hiéu qua khdng nhitmg dam bao robot di chuyén chinh xac dén vi tri muc
tiéu, ma con giup nang cao dd 6n dinh va do tin cay cia hé thong trong cac diéu
Kién méi truong thay doi.

Mot phuong phap chung cho van dé diéu khién robot di dong duoc cong dong

ROS dé xuat duoc md ta nhu sau:

"move_base_simplefgoal” - ] S
geometry msgs/PaseStamped Navigation Stack Setup
move_base "map"
¥ nav_msgs/GetMap B
amel global_planner - global_costmap
sensor transforms —‘ i internal g sensor topics SEnsor sources
tf/tfMessage nav_msgs/Path recovery_behaviors sensor_msgs/Laserscan
sensor_msgs/PointCloud
*
S
odometry source _odom_ » local_planner - local_costmap
nav_msgs/Odometry

‘emd_wel"| geometry msgsTwist
y provided node

opticnal pravided node
base controller
platform specific node

Hinh 3.1. Khung diéu huéng robot di dong [67]

Trong dé 4n nay, phuong phap TD3 duoc st dung nhu mot bo diéu khién vi tri
bac cao nham thay thé chirc ning cua ban dd dia phuong va 1ap quy dao dia
phuong. Nhiém vu cua bo diéu hudéng TD3 nham nhan tin hiéu vi tri mong mudn
va giri tin hiéu diéu khién van téc cho mai banh 1am tham chiéu cho bo diéu khién

co cau chap hanh sir dung phuong phap diéu khién dinh thoi thich nghi RBF, cau
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trdc bo diéu khién vi tri va b diéu khién co cau chip hanh dugc md ta trong Hinh
3.2.

/—___________. _______ . \\
/ Pham vi nghién ctru cua dé an N
' |
| T~
. A, s [ ) A - /" B6 diéukhién N
Bin do toan cuc | | Bén d6 cuc bd Dy :
| T |
' |
Lap qui dao cuc | Lap ké hoach cuc Bo diéu co :
, P quy Cao e I bo . cau chap hanh |
: Fixed-time controller :
- S |
Binh vi robot va l Bo diéu khién vi | |
thong tin cam bicn \ tri J /
y N J /
N—e- _

Hinh 3.2. Cau tric bd diéu khién vi tri va bd diéu khién co cau chap hanh
3.2. Xay dung bd diéu huéng robot dya trén phwong phap hoc ting cuong
3.2.1. Thiét ké cau triic mang cho tac nhan TD3

Bo diéu khién diéu hudng robot dugc xay dung trén giai thuat TD3, cau tric

mang bao gdom mot mang hanh vi va hai mang danh gia duoc md ta tai Hinh 6.

AHL1 _AHL2 Tanh
P — Y N function
i x e | =
7 ’ "D ™ 6y
. . ! - v
| : Co - Mobile
i : | Action
OBSL . : o robot
7 U/ v,
Wi B
S ciLr NS C1L2
7 S (x
|/ (x
Ql-
= ! Value
S/ | A e
Action 211 Cc2-11
AN
Active function Value
f@)=mx0x) | T T ~em S Actor part
L_d-ea' 'l\\ ";' \ , .
fO== | s S — A | m——— Critic part

Hinh 3.3. CAu triic tdc nhan TD3 gdm mot mang hanh vi va hai mang danh gia
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Trong d6, 16p trang thai dau vao gom sai s6 vi tri (3.1) va tin hiéu laser do
khoang céch tir robot dén vat can méi truong:

e & &]=[Xu—X Y-y O4—0] (3.1)
V61 X\ Y0, 12 Vi tri diém dén mong mudn, X, y,@1a vi tri hién tai cua robot.
Vector laser dugc md ta gom 25 khoang cach thu duoc tirrobot [, . . 1,].
Cac ham kich hoat duogc st dung tai mdi 16p an 1a 1am ReLU véi cdng thirc
f (x) = max(0, x) .
Tai dau ra cua mang hanh vi, sir dung 2 tin hi¢u dau ra gom [V o] lan luot I3
van toc tinh tién va van toc xoay cua robot. Tai 16p dau ra ham kich hoat st dung

ham Tanh f (i) = =+ véi hé s6 nhan la 1 nham dam bao tin hiéu diéu khién robot

e+

bi chin trong khoang [-1 1] cho ca van toc tinh tién va van toc xoay.

3.2.2. Thiét ké ham phan thwéng cho tac nhan TD3

Trong thuat todn TD3, ham phan thuéng giit vai tro trung tam trong viéc dan
dat qua trinh hoc cua tac nhan. Cu thé, phan thuong dong vai trd nhu tin hiéu phan
hoi tir moi trudng, gitp tac nhan danh gia mirc d6 hiéu qua cua hanh dong tai moi
trang thai. Do TD3 la mét thuat todn hoc ting cuong theo hudng chinh sach xac
dinh, tac nhan hoc céach tdi wu hoa chudi hanh dong lién tuc nham tbi da héa tong
phan thudng tich liiy trong dai han. Do d9, thiét ké ham phan thuong ¢ anh huang
truc tiép dén hanh vi hoi tu caa chinh sach va chat luong diéu khién cudi cung.
M6t ham phan thuong 16 rang, dinh hudéng diing muc tiéu sé gilp tac nhan nhanh
chéng hoc duoc chién luoc téi wu; nguoc lai, néu phan thudng bi nhidu, khdng
tuong quan véi muc tiéu diéu khién, hodc khong da phan biét gitra cac hanh vi tét
va xau, thi qué trinh hoc c6 thé dan dén hoi tu sai léch, dao dong hoic thét bai.
Pic biét trong diéu khién robot di dong, phan thudng can phan anh déng thoi cac
tiéu chi nhu d6 chinh xéc vi tri, huéng di chuyén va tranh va cham, tir d6 tao ra
tac nhan théng minh c6 kha ning hoat dong hiéu qua trong méi trudong thuc té

phtc tap.
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T nhitng luan diém néu trén, trong dé an nay ham phan thudng duoc thiét ké
gdm 2 thanh phan r, va r, nhu sau:
r=al, +a,r, (3.2)
V6i a,,a, 1a hing sb luén duong.
Thanh phan phan thuong r, duoc thiét ké véi muc tiéu danh gia robot dat dugc t6i

gan diém dich hay chua theo cong thic:

n=—(Be + B + pel) (3.3)
Véi B, f3,, B, 1ahang s6 luon duong
Thanh phan r, dugc thiét ké nham danh gia robot c6 qua gan vat can véi ngudng
duoc dat ra khong theo cong thuc:
r,= _max((di <y )(d, _di)) (3.4)
Véi d_ 1a khoang cach gan nhat cho phép tir robot dén vat can, d. 1a khoang céach
tr robot dén vat can duoc do véi tia laser th i .
M6 phong duoc thyuc hién trén Python véi méi truong thir nghiém gom 7 vat

can, trong do gf’)m 4 vat can dong va 3 vat can tinh nhu sau:

o~

10

Piém dich

.
o

)

vl

% Vat can dong

»

Vit can tinh 0

0 2 4 6 8 10

Robot

Hinh 3.4. Thiét lap méi truong md phong
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3.3. Thiét ké b$ diéu khién cho co cau chap hanh sir dung mang RBF thich nghi

Trong hé théng robot di dong, co ciu chap hanh I1a thanh phan dam nhan chirc
nang bién d6i tin hiéu diéu khién thanh chuyén dong co hoc thuc té, nhu diéu
khién van téc banh xe, goc lai, hoic md-men xoan tai cac khop truyén dong. Dé
dam bao hiéu nang hoat dong chinh xéc, 6n dinh va tin cay cua robot trong cac
diéu kién méi trudng thay ddi, viéc thiét ké mot bo diéu khién thich nghi hiéu qua
cho co c4u chip hanh 1a diéu thiét yéu. Trong bdi canh d6, phuong phap diéu
khién thich nghi cb dinh thoi gian d ndi 1én nhu mot cdng cu manh mé, dam bao
tinh hoi tu trong thoi gian hitu han va doc 1ap véi diéu kién ban dau, mang lai
nhiéu loi thé vuot troi trong tng dung robot di dong hién dai. Luu d6 thuat toan
diéu khién thoi gian xac dinh thich nghi dua trén mang RBF xap xi tham sé duoc

mo ta trong Hinh 3.5.

Ma_mg RBF |
) sap xi d
e
Mang RBF
e sap xi d
a d
 z N € B ; u - X @
(=) Fixed-time controller Dong co DC
Aui e,
At
| Au a,
At

Hinh 3.5. Céu trlc bo diéu khién thich nghi RBF duya trén bo diéu khién thoi gian
xac dinh.

Xét dong co DC dugc md hinh héa theo (2.10) va (2.11). Tin hiéu diéu khién
st dung 1a dién &p U va dau ra diéu khién 1a van téc dong co @ . Do trong thuc
té, gia tri cam khang cua dong co 1a rat nho (L =0) nén trong qua trinh thiét ké

bo diéu khién cam khang duoc bo qua.
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Pat a="5"R X d =TI trong d6 a,d 1a hai thanh phan khong xéac dinh, bién

d6i theo diéu kién hoat dong cua hé thong. Thay a,b,d vao phuong trinh (2.11)

phuong trinh dong luc hoc cua dong co tro thanh:
o=-aw+bu-d (3.5)
Phuong trinh sai s6 trang thai cua hé thong dugc dinh nghia nhu sau:
e=w, —® (3.6)
Vi w, 1atin hiéu van téc dit cho hé thong.
Pao ham theo thoi gian phuong trinh (3.6) ta duoc:
é=a@, +aw—bu+d=-ae+d —bu (3.7)
Vi d =am, +d + @,
Do trong thyc té, gia tri a,d 1a bat dinh do c6 tham sé ctia ma sat va momen tai

ngoai luc tac dung Ién truc dong co. Vi vay trong nghién ciu nay, 2 mang no ron

RBF duoc str dung dé udc tinh giatrj a va d .
Cau trlic 2 mang no ron RBF gdm 2 no ron tai I6p dau vao tng voi giatri [e €]
. L6p an sir dung 5 no ron voi ham kich hoat theo phuong trinh (2.29). Mi mang
wdc tinh mot dau ra & va d ang véi gid tri a va d cua hé thong. Tir d6 ta co
phuong trinh d' =4w, +d +a, .
Giatri a duoc xap Xi tir mang no ron RBF c6 dang:
4= Wh(k) (3.8)
Giatri d duoc xap xi tir mang no ron RBF ¢ dang:
d = W] h(k) (3.9)

Pit d=a—4a la sai s6 cua gia trj thuc té va gia tri wdc tinh boi mang no ron
RBF cho gia tri a.
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Pit d =d —d 12 sai s6 gia tri thuc té so véi wdc tinh ciia mang no ron cho gia
trid. Tordotacod d =am, +d.

Tuong tw ta dat W, =W, —W,,W, =W, —W; la sai s6 ciia ma tran trong s6 cua
mang no ron véi gia tri téi wu W™ dai dién cho mang sap xi dugc hoan toan tham
$6.

Ta c6 phuong trinh x4p Xi sai $6 cua a:

a=-W, h(k) (3.10)

Tuong tu ta c6 phuong trinh sap xi sai s6 caa d :

d =-W, h(k) (3.11)
t
bt z=[edr taco 2=e.
0

Pé x4c dinh luat cap nhap cho mang no ron, ham Lyapunov dugc chon nhu

sau:
v=le iz L ww W, (3.12)
2 27&1 27d
Pao ham Lyapunov theo thoi gian ta duoc:
. S U [
V =eé+kzz+—W, W, + —W,W, (3.13)
ya 7/d
Thay (3.7) vao (3.13) phuong trinh (3.13) tré thanh:
V = e(—ae+d —bu)+k 22 + VITW, +-\iTW, (3.14)
7/a yd

Do a,d 1a khong xé4c dinh, tin hiéu diéu khién u duoc chon nhu sau:
U= %(—ée +d +k, tanh(xe) e +k, tanh(z(e)|e|ﬁ + kiz) (3.15)

Thay (3.15) vao (3.14) ta duoc:
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e(\fv; h(k)e — W h(k)a, —W, h(k) — k, tanh(xe)|e|* —k, tanh(xe)[e|” - kiz)+
V= 1 e 1 e
kize + —WW_ +—W/ W,
ya yd

(3.16)
Chon ham c4p nhap trong s6 ¢6 dang:

W, = y,h(k)e?

. (3.17)
W, = y4h(k)e
Thay (3.17) vao (3.16) ta duoc:

V = —ketanh(xe)[e|” — k.e tanh(xe)|e|” (3.18)

La L wp up
=k 27V K27V <0
Tir phuong trinh (3.18) hé théng dam bao 6n dinh Lyapunov.

Dt p:lza

, q:l+2ﬂ’ a= kltha, b=k, 27 tach phuong trinh (3.18) tré thanh

V <-aVv’-bV* (3.19)

Theo (2.23) ta c6 thoi gian dap atng T cua hé duoc gidi han dinh trudc theo cong

thuec:

1 1 2 2

La

T<—F0

< P S — +— (3.20)
k22 (1-p) k,22(q-1) k2?(@-a) k,2%(8-1)

Két luan chwong 3

Chuong 3 di trinh bay chi tiét c4c thiét 1ap cho cong viéc dao tao tac nhan hoc
tang cuong TD3. Bo diéu khién co cau chap hanh sir dung phuong phap diéu khién
thoi gian dinh trudce thich nghi ciing duoc trinh bay cu thé bao gdm qua trinh thiét
ké, chitng minh 6n dinh. Qua dé lam co s& cho qué trinh md phong, danh gia tai

chuong tiép theo.
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CHUONG 4: KET QUA VA PANH GIA BQ PIEU KHIEN

4.1. Thiét 1ap cac tham sé6 moé phéng

Bo diéu khién diéu huéng robot dua trén hoc ting cudng TD3 duoc trién khai
Vi 6 lugng no ron mdi 16p tai Bang 4-1. S6 luong no ron 16p OBSL 14 s6 lwong
dau vao gom 3 dau vao sai so trang thai va 25 dau vao la cac gia tri do khoang
cach laser cua lidar. S6 lwong no ron tai cac 16p duoc lua chon theo phuong phap

thir sai lay gid tri 16n dam bao kha niang sap xi cia mang no ron.

Bang 4-1. S6 lugng no ron tai cac Iop cua tac nhan

Tén lop Y nghia S6 lugng
OBSL Lop quan sat 28
AHL1 Lép hanh vi sé 1 400
AHL2 Lép hanh vi s6 2 300
C1-L1 Lép danh gia 1s6 1 400
C1-L2 Lép danh gia 1 s6 2 300
C2-L1 Lép danh gia 2 s6 1 400
C2-L2 Lép danh gia 2 s6 2 300

Gia tri cac tham s6 cua ham phan thuong (3.2) duoc lya chon tai Bang 4-2. Do
robot can wu tién tranh vat can hon so véi dén dich nén gia tri cia «, dugc chon
nho hon so véi a,. Pong thoi robot uu tién dat dugc diém dich theo phuong x
Vva Y so Véi dat duge goc dit 6, nén giatri 4, 8, duoc chon 16n hon rat nhiéu so
Vé6i B,. Giatri d_ duoc chon co gia tri 2 (m) nham dam bao 2(m) 1a ving an toan
cua robot, khi ¢é vat can di chuyén vao khu vuc 2(m) ban kinh quanh robot, diém
phat s& duoc kich hoat nham huéng robot tranh xa vat can nhu dugc mo ta tai

phuong trinh (3.4).
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Bang 4-2. Gi tri cac tham s6 cua ham phan thuang
Tén tham s6 Gia trj tham s6
a, 0.1
a, 10

by 1
Jop 1
Ps 0.001
d.. 2

Gia tri tham sé dong co DC sir dung cho md phong duoc trinh bay tai Bang
4-3. Do gia dinh gié tri bo qua gia tri cam khang cua dong co nén L dugc chon
bang 0. Momen ngoai luc tic dong 1én dong co tai thoi diém ban dau dugc chon

c6 gia tri 12 0.1 va thay do6i dot ngot trong qua trinh hoat dong cua robot dai dién

cho thoi diém robot chiju tai ngau nhién.

Bang 4-3. Gia tri tham s dong co DC

Ky hiéu Y nghia Giatri
R Tro khang cua dong co (Ohm) 1
L Cam khang cta dong co (H) 0
K. Suat dién dong nguoc (V.s/rad) 0.1
K, Hang s6 momen xoin (N.m/A) 0.1
B Ma sat cua truc dong co (N.m.s/rad) 0.0001
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Momen ngoai luc (N.m)

0.1

J Momen quan tinh truc dong co (kg.m?) 0.01

CAc gi4 tri cua phuong trinh luat diéu khién thoi gian dinh trude thich nghi su

dung phuong phap RBF (3.15) dugc qua thir sai mo ta tai Bang 4-4. Cac gia tri

k,.k,,a, B truc tiép anh huong téi thoi gian dap tmg dinh trudc cia bo diéu khién

ly do chon gia tri duoc giai thich tai phan tiép theo. Trong phwong phap diéu khién

thoi gian x4c dinh truéc (2.22) ham sign() dugc sir dung pho bién, tuy nhién do

su khéng tuyén tinh caa ham sign() nén gay ra hién tuong chattering cho tin hiéu

diéu khién. Van dé nay duogc xtr Iy trong dé an bang céach sir dung ham tanh() véi

gid tri ~ pho hop dé sap xi ham sign() va dam bao sy muot ma lién tuc cua tin

hiéu diéu khién.

Bang 4-4. Gia tri tham s bo diéu khién thoi gian dinh truéc thich nghi

Tham s Gia tri
K, 10
K, 10
K 10
K; 5
Va 0.1
V4 10
o 0.5
B 1.5
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Cac tham s6 mo phong vé thai gian lay mau, thoi gian toi da va cac gia tri cai

dit cho dao tao tdc nhan TD3 duoc trinh bay tai Bang 4-5. Trong d6 gia tri nhiéu

ngau nhién tac dong Ién tin hiéu diéu khién p duoc chon qua phuong phép thir

sai, nham dam bao robot cé thé kham phé cac chinh sach méi mé rong kha nang

tim kiém dir liéu vé méi truong, tdi vu kinh nghiém.

Bang 4-5. Gia tri cac tham sd thyc hién cho mé phong

Ky hiéu Y nghia Giatri
t, Thoi gian lay mau 0.005 ()
t Thoi gian md phong toi da 5 (s)
Epoch S6 ky nguyén training 100
Episode S6 1an lap cho mdi ky 70
nguyén
B Kich thudc bo nhd dém 64
batch size
r Hé sb cap nhap trong s6 0.005
y Heé s6 chiét khau diém 0.99
thuong tuong lai
P Nhiéu kham pha tac ngau 0.2
nhién tac dong Ién mang
hanh vi
Vinax Tdc do tinh tién t6i da cua 1
robot
O Tbc do xoay tdi da cua robot 0.5
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4.2. Két qua mo phéng diéu hwéng robot dwa trén bd diéu khién hoc ting

cwong TD3
Két qua training cua tac nhan duoc md ta tai Hinh 4.1.

Average reward per epoch

— Average reward

—250 +

=500 1

=750 1

—1000 +

Reward

—1250 +

—1500 A

—1750 4

—2000 +

T T T T T T
0 20 40 60 80 100
Epoch

Hinh 4.1. Ham diém thuong trung binh tai méi ky nguyén

Két qua huan luyén thé hién qua trinh hoc cta tac nhan st dung thuat toan TD3
trong bai toan diéu hudng robot di dong thdng qua trung binh phan thuéng theo
ting epoch. C6 thé quan sat thay rang, trong giai doan dau (khoang tir epoch 0
dén epoch 30), phan thuéng trung binh ting manh tir gia tri rat thap (khoang -
2000) 1&n gan -300, phan &nh qué trinh hoc ban dau dién ra nhanh chéng khi tac
nhan bit dau kham phé va khai thac cac hanh vi diéu khién hiéu qua hon. Giai
doan nay cho thdy TD3 cd kha ning thich nghi tét véi méi trudng didu hudng va
dan dan hoc duogc chién luge diéu khién tdi vu dé cai thién hiéu suat. Tir khoang
epoch 40 trg di, dudng phan thuong bat dau tién vao ving on dinh, dao dong nhe
quanh gid tri Xap xi -250, cho thay chinh sach da hdi tu va tac nhan dat dugc hiéu
nang 6n dinh trong viéc diéu hudng robot. Viéc phan thuong duy tri 6n dinh trong
suét giai doan cudi phan &nh tinh 6n dinh va d6 tin cy cao cua thuat toan TD3

trong viéc giai quyét cac bai toan diéu khién lién tuc c6 khong gian trang thai va
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hanh dong phuc tap. Tong thé, d6 thi minh chang rd rang cho kha nang hoc hiéu

qua va hoi tu nhanh ciia TD3 khi duoc trién khai trong hé thdng robot di dong

Pé thir nghiém két qua dat duoc, trong dé tai ndy mot sé kich ban duoc sir dung
gom diém dich dugc dit gan véi diém xuat phat, gitra diém dich khong c6 vat can,
day duoc coi 1a cac kich ban don gian. Kich ban phuc tap gém diém dich nam xa
diém dat, gitta diém dich va diém dit c6 vat can di chuyén ngau nhién. Quy dao
dat dugc cua robot trong mot s truong hop thr nghiém don gian tai Hinh 4.2.

Thir nghiém nang cao trong mét sé truang hop phic tap duoc mo ta tai Hinh 4.3.

Két qua thir nghiém cho céac truong hop tai Hinh 4.2 va Hinh 4.3 cho thay robot

hoan toan dat duoc vi tri mong mudn trong khi trdnh va cham véi méi truong.

Ngoai ra con mot sé kich ban khién robot va cham vai vat can cé thé ké dén
nhu tai Hinh 4.4 (a) va (b). Trong truong hop (a) robot dugc khai tao qua gan vat
can, va cham ngay 1ap tirc xay ra khi robot di chuyén mét khoang rat nho. Trong
truong hop (b), vat can dong di chuyén hudng vé phia diém dich cung luc voi
robot, tai vi tri qua gan diém dich, robot s& uu tién tién dén dich gay va cham Vi

vat can.



50

(@) (b)

- ~
‘ ’ 2] .
2 8 10 0 2 4 é
x [m] x[m]

Hinh 4.2. Qu¥ dao robot dat dugc trong mot s kich ban gitta diém bat dau va
két thac khéng co vat can
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(b)
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Hinh 4.3. Quy dao di chuyén cua robot trong mot sb kich ban vat can phuc tap
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(a) (b)

10
I
o
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x [m]

@

y [m]
y [m]
'S o

Hinh 4.4. Mot sb truong hop va cham

Mét s6 trudng hop dic biét robot khong thé dén dich d6 1a khi diém dich bi bao
quanh hoac bi ghi deé boi vat can dong nhu dugc mo ta tai Hinh 4.5,

10

y [m]

Vit can dong di chuyén
de lén diém dich

N4

8 10
x [m]

Hinh 4.5. Vat can chiém hitu vi tri diém dat
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Két qua cho thay bo diéu khién diéu hudng dya trén phuong phap TD3 hoan
toan dat dugC muc tiéu trong mdi trudng vat can di déng, qué trinh thtr cho thay
robot c6 kha niang dat duoc diém dat ma khong can qua trinh thuc hién quy hoach
duong di cuc bo va khong can thdng tin map cuc bd nhu cac phuong phép truyén
théng.

4.3. Két qua md phéng bé diéu khién dong co sir dung mang RBF thich nghi

Véi tham sb bo diéu khién duogc chon tai Bang 4-4, thoi gian dap tng cua bo
diéu khién duoc bao theo cong thuc (3.20):

Lta

2 2 2 2
T< = + T = 5 + =
k2 (l-a) k,272 (B-1) 10x2 2 (1-0.5) 10x2® (1.5-1)

~ 0.4(8)

(4.1)

Két qua dap tng van tdc dong co duoc biéu dién tai Hinh 4.6.

DC motor speed response

160 ~ === Desired

— SMC

140 4 Adaptive SMC

—— Adaptive Fixed-Time
120 A

Speed (rad/s)

=
=] =] (=]
o o (=]
" |

S
o
L

]
=]
L

o
L

Time (s)

Hinh 4.6. M0 phong dap tmg dong co cua 3 phuong phap d‘iéu khjén truot
(SMC), bo dieu khién trugt thich nghi (Adaptive SMC), bo dicu khién thoi gian
dinh trudce thich nghi (Adaptive Fixed-time)

Két qua tai Bang 4-6 thé hién két qua so séanh chat luong diéu khién giira ba
phuong phap gom: Sliding Mode Control (SMC), Adaptive Sliding Mode Control
(Adaptive SMC) va Adaptive Fixed-time thong qua chi sé sai s6 binh phuong
trung binh (RMSE). Theo két qua thu dugc, phuong phap SMC truyén théng co
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RMSE cao nhat, cho thay muc sai s6 diéu khién 16n va kha ning thich tng con
han ché trong méi trudng nhidu hodc ¢ dac tinh phi tuyén manh.

Control signal

1000 4 ———L:SHIC

u-Adaptive SMC
—— u-Adaptive Fixed-Time
800 4

600

400 -
200 A

—200 +

u(v)

Hinh 4.7. Biéu do tin hiéu dieu khién ciia 3 phuong phap SMC, Adaptive SMC
va Adaptive Fixed-Time trong diéu Kién thuong

Panh gia chat lugng 3 bo diéu khién bang phuwong phap phan tich dir liéu sai
s6 toan phuong trung binh (RMSE) dugc mé ta tai Bang 4-6.

Bang 4-6. Panh gia chat luong dya trén tiéu chuan RMSE

Thong s6 SMC Adaptive SMC | Adaptive Fixed-time
RMSE 25.0879 10.2956 4.3563
Thoi gian dap tng (S) 1.1 0.7 0.25

Khi &p dung co ché thich nghi, phwong phap Adaptive SMC d3 lam giam dang
ké sai s6 diéu khién véi RMSE chi con 10.2956, tirc giam khoang 58.9% so Voi
SMC. biéu nay cho thay viéc diéu chinh tham sé theo thoi gian thuc da nang cao
hiéu qua 6n dinh hé thdng. Nbi bat nhat 1a phuong phap Adaptive Fixed-time Véi
RMSE chi con 4.3563, tiép tuc cai thién hon 57.7% so v6i Adaptive SMC va giam
t6i 82.6% so v&i SMC. Ngoai ra, thoi gian dap ang hé théng cua phuong phap

Adative Fixed-time 1a 0.25(s) hoan toan dugc gidi han trong thoi gian dinh truéc
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0.4(s) tai phwong trinh (4.1). Két qua nay chung minh rang viéc két hop giita co

ché thich nghi va dam bao hi tu trong thoi gian ¢é dinh khdng nhiing ting tinh

6n dinh ma con gilp hé thong dat dugc hiéu suat diéu khién téi wu. Tir 40, co thé

khang dinh rang Adaptive Fixed-time Control 1a phuong phap hiéu qua va dang

tin cay nhat trong ba phuong an dugc so sanh.

Dé thur nghiém bo diéu khién trong truong hop chiu tai trong qua trinh hoat

dong, tai thoi diém t =3(s) mot thay ddi vé momen ngoai luc duoc thuc hién, gia

tri momen ngoai luc thay d6i dot ngot tir J =0.1 thanh J =1.5. Pap tng cua hé
théng duoc thé hién tai Hinh 4.8.

160

= =
4] =
o =]

=
=]
S

Speed (rad/s)

N -
S ]
" !

(=]
L

DC motor speed response

@
=]
L

=]
=]
L

=== Desired
— SMC
Adaptive SMC
—— Adaptive Fixed-Time

Time (s)

Hinh 4.8. Dap tng hé thdng véi ngoai luc thay ddi dot ngot 18n truc dong co tai
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Hinh 4.9. Biéu do tin higu diéu khién cua 3 phuong phap dieu khicn SMC,
Adaptive SMC va Adaptive Fixed-Time chiu nhicu ngoai luc tac dung Ién truc
dong co tai t=3(s)

Bang 4-7. Panh gia cht luong RMSE Vvéi ngoai luc tac dung
Thong s6 SMC Adaptive SMC | Adaptive Fixed-time
RMSE 46.8320 10.3511 4.3945

Tai Bang 4-7 trinh bay két qua so sanh hiéu suat diéu khién caa ba phuong phap
SMC, Adaptive SMC va Adaptive Fixed-time khi hé théng chiu tac dong cua
ngoai lyc nhiéu, théng qua chi s6 sai s6 binh phuong trung binh (RMSE). Trong
diéu kién c6 ngoai luc, bo diéu khién SMC truyén thdng ghi nhan RMSE cao nhit,
dat 46.8320, cho thay kha nang chéng nhiéu kém va muc sai s6 1on trong viéc duy
tri 6n dinh hé théng. Viéc ap dung co ché thich nghi trong Adaptive SMC di gitip
giam dang ké RMSE xudng con 10.3511, twong ang véi mac giam khoang 77.9%
so voi SMC. Piéu nay khang dinh vai trd quan trong cta diéu chinh tham sé dong
trong viéc nang cao kha nang phan ng vai nhiéu. Pang cht ¥ nhat, bo diéu khién
Adaptive Fixed-time tiép tuc thé hién hiéu suat vuot troi véi RMSE chi con 4.3945
— thap hon 57.5% so v&i Adaptive SMC va thap hon 90.6% so voi SMC. Su két
hop giita tinh thich nghi va dam bao héi tu trong thoi gian ¢é dinh gitp hé théng
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dat duoc phan wng nhanh, chinh xac va én dinh ngay ca trong moi trudng c6 tac
d6ng nhidu manh. Tang thé, Adaptive Fixed-time tiép tuc khang dinh wu thé rd

rét vé do chinh xac va kha nang chéng nhiéu so voi hai phuong phéap con lai.

Qua danh gi4, phuong phéap diéu khién thoi gian hitu han thé hién nhitng vu
diém vuot troi, luén dam bao dap ung trong thoi gian dit truéc khong phu thuoc
vao thoi diém ban dau, hoic anh hudéng cua nhidu, cho thiy day 1a phuong phap
phu hop c6 thé duoc st dung nhu bd diéu khién co cau chap hanh bac thap dam

bao phan tng nhanh, chinh xé&c va bén viing cao khi két hop véi mang RBF.
Két luan chuong 4

Trong chuong nay, cac cong cu md phong da duoc sir dung dé chang minh hiéu
qua cua phuong phéap diéu khién duoc dé xuat. Nhiéu kich ban duoc st dung dé
thir nghiém kha ning ctia phuwong phéap diéu khién vi tri st dung hoc ting cuong,
két qua cho thay kha ning dap wng manh trong cac diéu kién méi trudng phuc
tap. Thar nghiém nhiéu thay d6i ciing dugc thém vao bo diéu khién co cau chap
hanh, cho thay kha nang dap ung véi nhidu manh dong thoi dam bao toc do phan

hdi trong thoi gian dinh truéc.
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KET LUAN

Két luan

Trong dé an ndy, mot phuong phap diéu khién robot chiu nhidu bat dinh duoc
xay dung dua trén sy két hop phan tang diéu khién gdom diéu khién vi tri st dung
phuong phap hoc ting cuong va diéu khién co cau chap hanh dua trén phuong
phap thich nghi mang no ron RBF. So véi cac phuong phap diéu khién vi tri hién
tai, phuong phap diéu khién vi tri duwa trén hoc ting cudng duoc dé xuat khong
can tin hiéu vé ban d6 dia phuong va 1ap quy dao dia phuong, diéu nay giam khoi
luong tinh toan déng thai van dam bao chét lugng dap ang can thiét vé vi tri trong
khi tranh vat can tir moi trudng. Trong d6 bo diéu khién co ciu chap hanh duoc
thiét ké dé dam bao dap tng trong thoi gian hiru han va khdng biét trugc vé mo
hinh dong luc hoc cua robot. Ly thuyét toan hoc ching minh kha ning 6n dinh
cua bo diéu khién co cau duoc dam bao day du qua Iy thuyét 6n dinh Lyapunov
dam bao hé thong héi tu trong thoi gian hitu han trong moi diéu kién trang thai
ban dau va nhiéu anh huong.

Tinh hiéu qua cua phuong phéap diéu khién vi tri va diéu khién co cau chap
hanh duoc chitng minh qua cac md phong véi nhiéu kich ban khac nhau. Véi bo
diéu khién vi tri, méi treong thir nghiém duoc dat trong kich ban don gian va kich
ban vat can di chuyén phirc tap ngau nhién, két qua déu cho thay kha nang diéu
huéng vuot troi, tranh va cham cua phuong phap dé xuét. Véi bo diéu khién co
cau chap hanh, thir nghiém diéu khién khong c6 thong tin vé mé hinh dong hoc
va nhiéu trong qué trinh hoat dong dugc thir nghiém, cac két qua cho thay thoi
gian dap tng ludn dam bao nho hon thoi gian hitu han thiét ké. Théng sé RMSE
tai cac truong hop thir nghiém cho thay bo diéu khién co cau c6 kha ning bam sat
tin hiéu dat nhanh chéng va duy tri 6n dinh cao ngay khi chiu tac dun caa nhiéu.

Poéng thoi, phuong phap chitng minh kha niang ap dung cao cia hoc ting
cudng trong cc bai toan diéu khién. Giai phap dugc dua ra hoan toan dap tng

yéu cau diéu khién vé do chinh xac, kha niang tranh va cham, kha nang d¢am bao
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6n dinh trong truong hop chiu nhidu hé thdng. Tir d6 mo ra kha ning tng dung

rong rai trong cudc sdng va san Xuat.

Hwéng nghién cieu va phat trién tiép theo caa luan vin

Trong tuong lai, hé thong duoc cai tién dé dam bao kha nang hoat dong trong
diéu kién thoi gian thuc va danh gia kha ning hoat dong thuc té cia phwong phap
diéu khién. Qua cac quan sat, mot sé phuong phap diéu khién an toan bién nén
duoc tich hgp dam bao tranh va cham hoan toan cho robot.

Ngoai ra phuong phap diéu khién s& dugc mo rong dé thi nghiém trén cac
hé thdng da robot, nham kiém chiing kha ning ciia phuong phép hoc ting cudng
trong cac bai toan da tac nhan tng dung trong nhiéu bai toan ki thuat kho hién

nay.
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PHU LUC

Code chuong trinh TD3

from pathlib import Path

import numpy as np

import torch

import torch.nn as nn

import torch.nn.functional as F

from numpy import inf

from torch.utils.tensorboard import SummaryWriter
from utils import get max_bound

class Actor(nn.Module):
def init (self, state dim, action_dim):
super(Actor, self). init_ ()

self.layer 1 = nn.Linear(state_dim, 400)

torch.nn.init.kaiming_uniform_(self.layer_1.weight,
nonlinearity="1eaky relu")

self.layer 2 = nn.Linear(400, 300)

torch.nn.init.kaiming_uniform_(self.layer_2.weight,
nonlinearity="1leaky relu")

self.layer_3 = nn.Linear(300, action_dim)

self.tanh = nn.Tanh()

def forward(self, s):
F.leaky_relu(self.layer 1(s))
F.leaky_relu(self.layer 2(s))
self.tanh(self.layer_3(s))

return a

class Critic(nn.Module):
def init (self, state dim, action_dim):
super(Critic, self). init_ ()

self.layer 1 = nn.Linear(state dim, 400)

torch.nn.init.kaiming_uniform_(self.layer_1.weight,
nonlinearity="1leaky relu")

self.layer 2 s = nn.Linear (400, 300)

torch.nn.init.kaiming_uniform_(self.layer 2 s.weight,
nonlinearity="1leaky relu")

self.layer 2 a = nn.Linear(action_dim, 300)

torch.nn.init.kaiming_uniform_(self.layer_2 a.weight,
nonlinearity="1leaky relu")

self.layer 3 = nn.Linear(300, 1)




torch.nn.init.kaiming_uniform_(self.layer_3.weight,
nonlinearity="leaky_relu")

self.layer_4 = nn.Linear(state_dim, 400)

torch.nn.init.kaiming_uniform_(self.layer_1.weight,
nonlinearity="1eaky_relu")

self.layer_5 s = nn.Linear (400, 300)

torch.nn.init.kaiming uniform_(self.layer_5_ s.weight,
nonlinearity="1eaky_relu")

self.layer 5 a = nn.Linear(action_dim, 300)

torch.nn.init.kaiming_uniform_(self.layer_5_a.weight,
nonlinearity="1eaky_relu")

self.layer 6 = nn.Linear (300, 1)

torch.nn.init.kaiming_uniform_(self.layer_6.weight,
nonlinearity="1eaky relu")

def forward(self, s, a):
sl = F.leaky relu(self.layer_ 1(s))
self.layer_ 2 s(s1)
self.layer_2 a(a)
s11 = torch.mm(sl1l, self.layer 2 s.weight.data.t())
s12 = torch.mm(a, self.layer_ 2 a.weight.data.t())
sl F.leaky relu(sll + sl12 + self.layer 2 a.bias.data)
gl = self.layer 3(s1)

s2 = F.leaky relu(self.layer 4(s))

self.layer 5 s(s2)

self.layer 5 a(a)

s21 = torch.mm(s2, self.layer 5 s.weight.data.t())

s22 = torch.mm(a, self.layer 5 a.weight.data.t())

s2 = F.leaky relu(s2l1 + s22 + self.layer 5 a.bias.data)
= self.layer_6(s2)

return ql, g2

# TD3 network
class TD3(object):
def __init_ (

self,
state_dim,
action_dim,
max_action,
device,
lr=1e-4,
save_every=0,
load _model=False,
save_directory=Path("cao_hoc/de_an/models/TD3/checkpoint™"),
model name="TD3",
load directory=Path("robot nav/models/TD3/checkpoint"),




use_max_bound=False,
bound_weight=0.25,

self.device = device

# Initialize the Actor network

self.actor = Actor(state dim, action dim).to(self.device)

self.actor_target = Actor(state_dim, action_dim).to(self.device)

self.actor_target.load_state_dict(self.actor.state dict())

self.actor optimizer =
torch.optim.Adam(params=self.actor.parameters(), lr=1r)

# Initialize the Critic networks

self.critic = Critic(state_dim, action_dim).to(self.device)

self.critic_target = Critic(state_dim, action_dim).to(self.device)

self.critic_target.load state dict(self.critic.state dict())

self.critic_optimizer =
torch.optim.Adam(params=self.critic.parameters(), lr=1r)

self.action_dim = action_dim
self.max_action = max_action
self.state_dim = state_dim
self.writer = SummaryWriter(comment=model_name)
self.iter count = ©
if load model:

self.load(filename=model _name, directory=load_directory)
self.save_every = save_every
self.model name = model name
self.save_directory = save_directory
self.use_max_bound = use_max_bound
self.bound_weight = bound_weight

get action(self, obs, add noise):
if add_noise:
return (
self.act(obs) + np.random.normal(®, 0.2, size=self.action_dim)
).clip(-self.max_action, self.max_action)
else:
return self.act(obs)

act(self, state):
state = torch.Tensor(state).to(self.device)
return self.actor(state).cpu().data.numpy().flatten()

# training cycle
def train(
self,
replay buffer,
iterations,
batch size,




discount=0.99,
tau=0.005,

policy noise=0.2,
noise clip=0.5,
policy freqg=2,
max_lin vel=0.5,
max_ang_vel=1,
goal reward=100,
distance norm=10,
time_step=0.3,

av._Q = 0o
max_Q = -inf
av_loss = @
for it in range(iterations):
# sample a batch from the replay buffer
(
batch_states,
batch_actions,
batch_rewards,
batch_dones,
batch_next_states,
) = replay_ buffer.sample batch(batch size)
state = torch.Tensor(batch states).to(self.device)
next_state = torch.Tensor(batch_next_states).to(self.device)
action = torch.Tensor(batch_actions).to(self.device)
reward = torch.Tensor(batch_rewards).to(self.device)
done = torch.Tensor(batch_dones).to(self.device)

# Obtain the estimated action from the next state by using the
actor-target
next action = self.actor target(next state)

# Add noise to the action
noise = (
torch.Tensor(batch_actions)
.data.normal (@, policy noise)
.to(self.device)
)
noise = noise.clamp(-noise clip, noise clip)
next_action = (next_action + noise).clamp(-self.max_action,
self.max_action)

# Calculate the Q values from the critic-target network for the
next state-action pair
target_Q1, target Q2 = self.critic_target(next _state, next_action)

# Select the minimal Q value from the 2 calculated values
target Q = torch.min(target Q1, target Q2)




av_Q += torch.mean(target_Q)

max_Q = max(max_Q, torch.max(target_Q))

# Calculate the final Q value from the target network parameters
by using Bellman equation

target_Q = reward + ((1 - done) * discount * target_Q).detach()

# Get the Q values of the basis networks with the current
parameters
current_Q1, current Q2 = self.critic(state, action)

# Calculate the loss between the current Q value and the target Q

loss = F.mse_loss(current Q1, target Q) + F.mse_loss(current Q2,

if self.use_max_bound:
max_bound = get_max_bound(
next_state,
discount,
max_ang_vel,
max_lin_vel,
time_step,
distance_norm,
goal reward,
reward,
done,
self.device,
)
max_excess Q1 = F.relu(current_Q1 - max_bound)
max_excess_Q2 = F.relu(current_Q2 - max_bound)
max_bound_loss = (max_excess_Q1**2).mean() +
(max_excess _Q2**2).mean()

# Add loss for Q values exceeding maximum possible upper bound
loss += self.bound weight * max_bound loss

# Perform the gradient descent
self.critic_optimizer.zero grad()
loss.backward()
self.critic_optimizer.step()

if it % policy freq == O:
# Maximize the actor output value by performing gradient
descent on negative Q values
# (essentially perform gradient ascent)
actor_grad, _ = self.critic(state, self.actor(state))
actor_grad = -actor_grad.mean()
self.actor_optimizer.zero_grad()
actor_grad.backward()
self.actor optimizer.step()




# Use soft update to update the actor-target network
parameters by
# infusing small amount of current parameters
for param, target_param in zip(
self.actor.parameters(), self.actor_target.parameters()

target_param.data.copy_(
tau * param.data + (1 - tau) * target_param.data
)
# Use soft update to update the critic-target network
parameters by infusing

# small amount of current parameters
for param, target_param in zip(
self.critic.parameters(), self.critic_target.parameters()

target_param.data.copy_(
tau * param.data + (1 - tau) * target param.data

av_loss += loss
self.iter_count += 1
# Write new values for tensorboard
self.writer.add scalar("train/loss", av_loss / iterations,
self.iter_count)
self.writer.add scalar("train/avg Q", av_Q / iterations,
self.iter_count)
self.writer.add_scalar("train/max_Q", max_Q, self.iter_count)
if self.save every > O and self.iter count % self.save every ==
self.save(filename=self.model _name, directory=self.save_directory)

def save(self, filename, directory):
Path(directory).mkdir(parents=True, exist_ok=True)
torch.save(self.actor.state dict(), "%s/%s_actor.pth"™ % (directory,
filename))
torch.save(
self.actor target.state dict(),
"%s/%s_actor_target.pth" % (directory, filename),
)
torch.save(self.critic.state dict(), "%s/%s critic.pth" % (directory,
filename))
torch.save(
self.critic_target.state dict(),
"%s/%s_critic_target.pth" % (directory, filename),

def load(self, filename, directory):

Load the actor and critic networks (and their targets) from disk.




self.actor.load state dict(
torch.load("%s/%s_actor.pth" % (directory, filename))

)

self.actor_target.load_state_dict(
torch.load("%s/%s_actor_target.pth" % (directory, filename))

)

self.critic.load _state dict(
torch.load("%s/%s_critic.pth" % (directory, filename))

)

self.critic_target.load state dict(
torch.load("%s/%s_critic_target.pth" % (directory, filename))

)
print(f"Loaded weights from: {directory}")

prepare_state(self, latest scan, distance, cos, sin, collision, goal,
latest_scan = np.array(latest_scan)

inf_mask = np.isinf(latest_scan)
latest_scan[inf_mask] = 7.0

max_bins = self.state_dim - 5
bin size = int(np.ceil(len(latest scan) / max_bins))

# Initialize the list to store the minimum values of each bin
min_values = []

# Loop through the data and create bins
for i in range(@, len(latest scan), bin_size):
# Get the current bin
bin = latest scan[i : i + min(bin_size, len(latest scan) - i)]
# Find the minimum value in the current bin and append it to the
min_values list
min_values.append(min(bin) / 7)

# Normalize to [@, 1] range

distance /= 10

lin_vel = action[@] * 2

ang_vel = (action[1] + 1) / 2

state = min_values + [distance, cos, sin] + [lin_vel, ang vel]

assert len(state) == self.state dim
terminal = 1 if collision or goal else ©

return state, terminal




