K7 thudt diéu khién va Tw dpng héa

Thuét toan hoc ting cwdng rng dung trong bai toan
di€u khién thich nghi thong minh
Nguyén Vin Ptc, Sai Vian Cuong”
Vién Tu dong hoa Ky thuat quén su, Vién Khoa hoc va Cong nghé quén sy, 89B Ly Nam Pé, Cra Dong,
Hoan Kiém, Ha Noi, Viét Nam.
“Email: svcuonghvktgs@gmail.com

Nhdn bai: 15/01/2024; Hoan thién: 08/3/2024; Chdp nhdn dang: 14/3/2024; Xudt ban: 01/4/2024.
DOI: https://doi.org/10.54939/1859-1043.j.mst.CAPITI.2024.62-68

TOM TAT

Ngay nay, ciing voi su phat trién ciia khoa hoc va céng nghé, cac doi twong diéu khién ngay
cang phirc tap, c6 do phi tuyén cao va do bat dinh I6n, khién cho cdc gidi thudt dleu khién kinh
dzen truyén thong khong con hiéu qua. Piéu dé dan dén viéc phai xdy dung cdc cdu triic va tham
56 khong xdc dinh va yéu cau phdi ¢6 kj thudt diéu khién tién tién. Bé  giai quyét cac bdi todn diéu
khién c6 yéu té khéng xdc dinh trong cdc mé hinh dong hoc cia doi twong diéu khién, phwong
phdp diéu khién thich nghi théng minh diea trén thudt todn hoc ting cuong c6 kha nang dieu chinh
tw déng va lién tuc cdc tham sé ciia bg diéu khién diege nhém tac gid dé xudt trong bai bédo nay.
Tinh hiéu qua va kha thi ciia phirong phdp dé xudt duoc kiém chumg thong qua mo phong thuc té.
Cdc két qud mo phong so sanh dat dwoc da xdc nhén rang bé diéu khién dwoc dé xudt la bé diéu
khién bén viing, thich nghi va cé hiéu sudt diéu khién cao.

Tir khoa: Al; Hoc ting cudng (Reinforcement learning); Diéu khién thong minh; Didu khién dya trén dir liéu; Diéu
khién thich nghi; PID.

1. PAT VAN PE

Linh vyc diéu khién va tu 'dong hoa ngay cang phat trién, dic biét 1a dleu khién chinh xac, da
tro thanh mot phan khong thé thiéu cua nén cong nghiép hién dai. Véi ciu trac don gian va tinh
bén vimg cao ctia phuong phap diéu khién ty 1& - vi phan - tich phan (PID) da giup né tré thanh
mot trong nhitng bo didu khién dién hinh cua k¥ thuat diéu khién ty dong, dugc sir dung hau hét
trong cac img dung diéu khién qué trinh ty dong trong cong nghiép hién nay. Khoang 95% hé
théng vong kin 4p dung k¥ thuat diéu khién nay, trong d6 chu yéu labo diéu khién PI[1]. PID ¢c6
nhidu wu diém nhu c6 kha ning diéu chinh sai sb thap nhit c6 thé, ting toc do dap g, giam d
vot 18, han ché su dao dong. Tuy nhién, thiét ke bd didu khién PID doi hoi phai blet chinh xéc vé
dédi tuong, hodac mo hinh héa tuong dbi chi tiét ddi tugng. Viéc lya chon cac hé ) Ky, K;, Kg cla
bo diéu khién phai qua rat nhiéu khau tinh toan thu cong, nhu’ng cac thong sd Ky, K;, Kq tim dugc
nay chua phai 1a cac théng s6 toi wru. Bén canh do, trong nhiéu truong hop, kha nang nhan dang
dbi tugng qua mo hinh toan 1a cyc ky kho khan va do61 khi 1a khong thé, dac biét 1a cac doi tuong
phtrc tap véi cac dac tinh dong hoc mang tinh phi tuyén cao va chiu anh huéng cua nhiéu yéu t6
nhiéu loan bén ngoai. Trong truong hop nay, viée st dung bd diéu khién PID truyen théng khong
dam bao dugc cac chi tiéu vé chat lugng diéu khién. Chinh vi vy, viéc cai tién chét luong bd dicu
khién PID van luén 14 vAn d& thoi sy cho cic nha nghién ctru. Hién nay, trén thé gidi, cac phuong
phap diéu khién thich nghi hién dai dya trén cac k¥ thuat tién tién trén co so tri tué nhan tao nhu
mang no ron nhan tao, h¢ chuyén gia, hé logic mo, m6 hinh dinh tinh, thut toan di truyén va nhiéu
t6 hop tir cac phuong phap nay,... duge de xuét nhu mot giai phap thich hop dbi véi bai toan didu
khién thich nghi cho cac dbi tuong phi tuyen phure tap. Nhleu phuong phép dua trén logic mo dé
tu diéu chinh thong s cua bo diéu khién da duoc dé xuét [2], trong do, cac quy tic mo duoc ap
dung dé thu dugc cac tham sé cho bo didu khién PID nharn diéu khién cac do1 tuong phi tuyén
khac nhau [3]. Theo cach twong tu, cac thuat toan di truyén ciing dwoc dé xuit sir dung trong cic
bai toan diéu chinh b diéu khién PID thich nghi [4, 5]. Gan diy, Zeng va cong su [6] da phat trién
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mot phuong phap PID thich nghi dya trén mang no-ron nhén tao da bién dé diéu khién cac hé
thong phi tuyén da bién, bo diéu nay di thé hién tich kha thi thong qua céc thi nghiém mé phong.

Céc phuong phap didu khién thich nghi ké trén cho phép thiét ké bo diéu khién véi dbi twong
bat dinh, dua trén cac luat thich nghi cho b diéu khién, c6 thé 1a gian tiép thong qua co cdu nhan
dang d6i twong hay truc tiép chinh dinh tham s6 bo diéu khién, tuy nhién, diéu khién thich nghi
chua xét dén yéu t6 toi wu chat luong cia luat didu khién. Trong nghién ciru ndy, muc tiéu nhom
tac gia huéng dén 1a xay dung phuong phéap diéu khién thich nghi théng minh dwa trén thuit toan
hoc ting cudng (Reinforcement learning, RL). Uu diém chinh cua viéc phuong phap hoc tang
cuong 1a kha nang hoc hoi tir sy twong tac voi moi truong va cung cip mot chién luoc didu khién
t6i wu, cho phép diéu khién hé théng ma khong can biét truée vé mo hinh dong hoc cua ddi tuong.

2. THUAT TOAN HQC TANG CUONG

Hoc ting cudng (Reinforcement Learning, RL) [7] 1a mét k§ thuat trong tri tué nhan tao
(Artificial Intelligence, Al), trong d6, cac tac nhan (agent) tuong tac vai moi truong (environment)
thdng qua cac hanh dong (action) nhu thé hién & hinh 1a. Mot trang thai (state) duge cung cap cho
moi truong va tac nhan chon mot hanh dong dua trén trang thai do dé téi da héa phan thuong
(reward) [8]. Ban chit cua RL 1a trial-and-error, nghia 1a thir di thir lai va rat ra kinh nghiém sau
mdi 1an thir nhu vay. Trong do, hai thanh phan cbt 15i 14 tic nhan va méi trudng twong tac lién tuc
v6i nhau theo trinh tu: Téc nhan thuc hién cac tuong tac téi méi truong thong qua cac hanh dong,
tir d6, moi trudng tac dong lai cac hanh dong ciia tac nhan. Méi trudng luu trit cac ludng thong tin
khac nhau va phan hoi cho tac nhan mot “gia tri khen thudng” sau mdi hanh dong cia tic nhan.
Gi4 tri nay biéu hién mirc d6 hiéu qua timg hanh dong cua tac nhan trong qua trinh hoan thanh
nhiém vu. Muc dich ctiia phuong phéap hoc ting cudng la tdc nhan tim ra dugc chinh sach (policy)
t6i da hoa gia tri phan thudng tich luy trong thoi gian dai.

Thuit tosn hoc |
tang cwong
(TD3)

Y

)
Hiéu chinh héso ! Cap nhat

Agent ciia bd diéu khién :dn’nh sach|
—_— (Téc nhan) action e ¥ Tin higs ——————
3 3 Hanh dong)  Gis tri dat Bg dieu ™~ diéu khién | ¢ S,
(Trang thai) | |reward (Phan thuéng) Saclions] i \._Khién __~ (i cryng
St - Phan thirong img voi Chin sdch Hanh z‘iging Mbi treong
Envi t moi quan sat dieoc A
I nv! _ronmen dinh nghia trirée ST .
€ (MGi trurong) Phan hoi trang thai
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a) Twong tac "Tdc nhdn - Méi truong”  b) Bé diéu khién thich nghi téi wu trén co sé thudt
trong RL toan hoc tang cuong.
Hinh 1. Thudt todn hoc tang cwong vmg dung trong bai toan diéu khién.

Bai toan RL dugc tong quat hoa nhu mot qua trinh diéu khién ngau nhién theo thoi gian roi rac,
trong d6, mot tic nhan twong tac véi moi trudng cua né theo cach sau: tic nhan bit diu, & mot
trang thai nhat dinh trong méi truong ctiand s, € S, bang cach thu thap quan sat ban dau w, € Q.
Tai mdi budc thoi gian ¢, tac nhan thyc hién hanh dong tai a, € A. Nhu dugc minh hoa trong hinh
1-a, n6 tuan theo ba hé qua: (1) tac nhan nhan dwoc phan thuong 7, € R , (2) trang thai chuyén
sang s;+1 € S va (3) tac nhan nhan dugc quan sat wy; € Q.

Gan day, su két hop RL véi cac ky thuat hoc sdu (Deep learning) duoc goi la Deep RL da ndi
1én nhu mét k¥ thuat tién tién dé giai quyet cac Van dé phuc tap trong nhiéu linh vyc khac nhau
[9], tir nhimg g dung trong xe tu hanh de giai quyet cac bai toan t6i uu hoa qui dao, 1ap ké hoach
chuyén dong, dan dong, tdi uu hoa bd didu khién, ... cho dén cac ing dung trong giao dich va tai
chinh, hay la cac ung dung ctia Deep RL trong vi€éc chinh phuc thanh cdng céc trd choi, vi du cac
thuat toan ctia Google DeepMind nhu AlphaGo, AlphaZero, AlphaStar,... da chién thing ap dao
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cac tuyén thi thé gi6i trong nhitng trd choi ma con ngudi da timg nghi rang may moc sé khong
bao gio ¢ thé vuot qua con nguoi nhu co vy hay StarCraft. Truge hét, nhitng thanh tyu dat duoc
nay thong qua nhiing tién bd ctia cac thuat toan ndi tiéng nhu 1a Deep Q-learning Network (DQN)
[10], Actor — Critic (AC) [11], Deep Deterministic Policy Gradient (DDPG) [12] and Twin
Delayed DDPG (TD3) [13]. Trong nghién ctru nay, nhom tac gia nghién ctru ing dung thuat toan
TD3 trong bai toan diéu khién toc do dong co DC, voi nguyén ly duoc mé ta nhu trong hinh 1-b.
Uu diém cua Deep RL trong bai toan nay 1a cho phép diéu khién khong can mé hinh, gitp giai
quyét cac van dé diéu khién ngay ca khi khong c6 day du thong tin cia mo hinh hé théng.

3. XAY DUNG BQ DIEU KHIEN THICH NGHI THONG MINH TREN CO SO THUAT
TOAN HQC TANG CUONG

bong co dién mot chiéu (DC) 1a mot trong céc thiét bi duoc st dung rong rdi trong san )guét va
doi song do sir dung va di€u khién don gian, momen khoi dong 16n. Hién nay, bd di€u khién tich
phén ti 1€, goi tat la PI (Proportional-Integral controller) dugc bi€t dén nhu 1a k¥ thuét pho bién
nhat duoc su dung trong di€u khién dong co DC. O phan nay, nhom tac gia mo ta viéc xay dung
bd diéu khién thich nghi thong minh trén co s¢ thuét toan hoc tang cuong TD3 thay thé bd dicu
khién PI truyén thong nham cai thién chat lugng diéu khién.
3.1. Pong luc hoc ciia dong co' dién mdt chiéu (DC)

M5 hinh vt 1y ctia dong co dién DC thé hién ¢ hinh 2a. Hinh 2b m6 ta tom tit so dd hinh 2a
véingd vao 1a dién ap phan ing E, (s) va ngd ra 1a vi tri 6,, (s) hodc van tdc wy, (s).

Trwong
cb dinh

Rotor

e (1) Mach ) vp(D)

phén (rng G(s)

\ 6,,(1)

(a) (b)

Hinh 2. M6 hinh déng co DC.
Ham truyén cta dong co DC trén hinh 2 v&i ngd vao 1a dién ap phan tng va ngd ra 13 vén tdc
nhu sau:
Win(s) _ K, @
Eq(S)  LaJms® + (RaJm + LaDm)s + (ReDpm + KpKe)

Gy(s) =

Ky hiéu va gia tri mot sO thong s6 dong hoc ciia dong co DC dugc nhom tac gia st dung trong
nghién ctu nay d€ moé phong thé hién trong bang 1.
Bing 1. Cdc théng s6 dong hoc ciia dong co DC.

Ky hiéu Y nghia Pon vi Giatri
R, bién tro phan ung Ohm 4.08
L Dién cam phan ting H 0.011307
a
Im Momen quan tinh cua rotor Kgm? 0.00048115
D, Hang s6 ma sat dinh Nm/rad 0.0026829
K, Hang s6 momen Nm/A 0.22076
K, Hang so dién 4p cam ung Vs/rad 0.22076
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3.2. X4y dung b diéu khién dong co DC — PI

M hinh diéu khién 6n dinh téc do dong co DC véi bo diéu khién PI dugc thiét ké va md phong
trong Simulink dya trén nguyén 1y dugc biéu dién nhu hinh 3. Dong thoi day cling la m6 hinh méi
truong d€ st dung thuat toan hoc tang cuong dé xuat. Myc tiéu cia hé thong di€u khién la duy tri
toc do dong co DC phu hop voi gia tri toc do dat (tham chicu).

’;:D—’ s i | { ¥ il
Ref Error u
1400 RPM PID Controller

i

Calculate cost

Hinh 3. So do diéu khién toc do dong co DC bang b diéu khién PI.
Chinh dinh tham sé b diéu khién PI:
Bo diéu khién PI duoc dinh nghia béi (Johnson M. A. & M. H. Moradi, 2005) [14]:

u(t) = er(t) + K; fte(t)dt )
0

trong d6, u 1 tin hiéu diéu khién va e 1a sai léch giira toc do dat (tham chiéu) va tdc do thuc (e =
Vyer — V). K VA K; 1an luot 12 d0 loi ti 1 va do loi tich phan ctia bo diéu khién. Nhiém vu clia
nguoi thiét ké bo diéu khién PI, 1a chon lua bo gia tri {Ky, K;} thoa man cac yéu ciu vé chat luong
diéu khién.

Trong ly thuyét didu khién, ¢ rit nhidu phuong phap dé hiéu chinh thong sé ciia bd didu khién
PI, phé bién nhat & phuong phap Ziegler-Nichols [15]. Tuy nhién, viéc hiéu chinh bo diéu khién
PI bang phuong phap nay doi hoi mét qua trinh thyc nghiém dua trén két qua do dac dugc tir dap
{ng cta hé théng kha mét thoi gian [16]. Vi vy, dé c6 duoc sy diéu chinh t6i uu cho bd dleu khién
PI, trong pham vi nghién ciru nay nhom tic gia st dung b didu chinh PID Tuner c6 sin trén
MATLAB/Simulink. Két qua qua thu dugc hé sé Kp = 0.0034 va Ki = 0.022.

3.3. Xdy dung b diéu khién dong co DC — RL
Xay dung méi truong huan luvén tdc nhan RL:

Dé xay dung méi trudng huin luyén cho tac nhan RL, mé hinh Simulink trong bo diéu khién
PI hinh 2 duoc sira dbi bang cach x6a bo diéu khién PI va thay thé bang khdi tac nhan RL, dong
thoi tao vector quan sat [ [ edt e]?, trong do, e biéu thi sai sb gitra tde do dat va tde do thuc cua
dong co De. Két qua thu duoc md hinh diéu khién 6n dinh tdc do dong co DC véi bo diéu khién
thich nghi thong minh trén co s¢ sir dung thuat toan hoc tang cuong nhu hinh 4.

Thiét ké cdu triic va tham sé cua tdc nhdn TD3:

Tac nhan TD3 dugc xay dung voi hai mang no-ron Critic véi tham s6 doc lap dé mdi Critic ¢6
thé tim hiéu vé& do loi ti 18 va do loi tich phan mot cach riéng 1¢, vi chiing c6 gia tri rat khac nhau
trong qué trinh chinh dinh tham s6 cuia hé théng. Mang Critic dugc xay dung véi cau triic hai dau
vao va mot dau ra. Pau vao 1a trang thai quan sat va hanh dong, dau ra 1a gid tri uc lugng.

Bo diéu khién PI luc nay dugc mé hinh héa nhu mot mang no-ron, trong do, 16p fully connected
layer véi cac quan sat sai léch didu khién e va tich phan cua e:
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u= [f edt e] *[K; Kp]" ®)

trong do:
u: Pau ra cua mang no-ron tac nhan;
K, va K;: Gia tri tuyét dbi cua cac trong sb trong mang noron;
e: Sai léch gilra tdc do tham chiéu va tde do thuc té cua dong co.

c- +_ P error bl
ref H

1400 RPM

error: generate observations

DC MOTOR

false isdone

TerminateEarly

L= J
Hinh 4. M6 hinh méi truong hudn luyén téc nhdan RL.
Ham reward va cdc tham s6 hudn luyén:

_Qua trinh hoc cua tac nhan dugc m6 phong thanh tung tap, mdi tap bao gdm cac budc lap. O
mdi budce 13p, moi trudng s& giri vé tac nhan diém thuong r, duoc xac dinh nhu sau:

r(®) = —((vyer — v) (t) + 0.01u2(t)) 4)

MGdi tap s& dién ra dén khi c6 tin hiéu huy (van tdc ctia dong co 16n hon 1400 RPM). Sau khi
két thiic mot 1an huén luyén thuét toan, tong phan thudng tich liy tir trang thai du tién dén trang
thai cudi cing. Qua trinh huan luyén thuat toan TD3 trong nghién ciru nay duoc nhom tac gia thuc
hién v6i cac tham s6 chinh nhu sau:

Tham s Gia tri
S tap tdi da 1000
S6 bude 1ap t6i da trong mbi tap | 100
Tiéu chi huy tap Van tdc ctia dong co 16n hon 1400 RPM

Tac nhan dugc hudn luyén bang cach sir dung ham train trong thu vién Reinforcement
Learning Toolbox.

4. KET QUA NGHIEN CUU

Trong phan nay, nhom tac gia thyc hién mo phong trén Matlab/Simulink dé dénh gia chat lugng
ctia bo diéu khién thich nghi thong minh trén co sé thuét toan hoc ting cudng so v6i bo didu khién
PI truyén thong tmg dung trong bai toan diéu khién dong co DC.

Dap tng tdc d6 ciia dong co DC ciia hai bo diéu khién vai tin hidu vao 13 hang s6 thé hién trong
hinh 5. Khi hé théng chita nhidu tring (hinh 5-b) (Bé mé phong nhiéu tring nhom tac gia st dung
khdi Band-Limited White Noise trong Matlab/Simulink véi Noise power = 0.01), dap tmg ctia hé
thong thay ddi lién tuc trong qua trinh 6n dinh toc do so voi gia tri dat 1a 1400 vong/phut (RPM). Két
qué cho thy, ca 2 bd diéu khién déu dat chat luong didu khién rt tdt. Tuy nhién, bd diéu khién dua
trén thuat toan hoc tang cuong c¢6 phan hdi t&t hon so véi bd didu khién PI duogc chinh dinh tham s6
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thu cong str dung cong cu PID Tuner, vi n6 ¢6 thoi gian dap tmg va thoi gian xac 1ap ngin hon. Cy
the cac dac tinh ctia hé thong thu dugc tir hai bo diéu khién the hién trong bang 2 va bang 3.

i So sanh dap (rng téc Ao dong co DC caa hai b diéu khién

So sanh dép (ng téc dé dong co DC cua hai bd diéu khién
——r BV WL VPN Y

3
8

Van téc (Vong/pht)

@
g
Van téc (Vong/phat)

- g = T, TS
= = = ‘B Gidu khién sir dung PID Tuner ’ Bt_y d:?u khl?n sl_: dung PID T_uncr
B4 diéu khién str dung hoc tang cudng B4 diéu khién sir dung hoc téng cudng |
1 L L .

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Thei gian (s) Thei gian (s)

a) Dap umg cia hé thong khi khéng cé nhiéu b) Dap itng ciia hé thong khi ¢é nhiéu tring
trang (white noise). (white noise).
Hinh 5. Pdp iing toc dé dong co DC ciia hai b diéu khién.
Bing 2. Ddp irng ciia hé thong khi khong c6 nhiéu tring.

Thoigian | Thoigian | Thoigian | 55006 | pinp
ting tat dan xac lap v
BO dicu khién P1 str 2.8475 4.9343 4.9343 0.00031487 | 1399.4
dung Tuner
B0 dieu khién sir dung 1.0974 1.9246 1.9246 | 0.00017112 | 1400
hoc ting cuog

Bing 3. Ddp ing ciia hé thong khi c6 nhiéu tring.

 Thoi | Thoigiantit | Thoigian | 5y 05 | pinp
gian ting dan xac lap v
BS dicu khicn PI sir 2.8244 6.2541 6.2541 1.5535 1428.8
dung Tuner
B¢ dieu khien sir 1.1094 21712 2.1712 1.319 1431
dung hoc tang cuog

Két qua bang 2 va 3 cho thdy, khi c6 nhidu tring cac dic tinh phan hdi cua bd didu khién PID
truyén thdng bi thay d6i rat nhiéu so véi khi khong c6 nhidu, con bo diéu khién dya trén thuat toan
RL van tuong ddi 6n dinh. Do d6, c6 thé két luan rang, giai phap dya trén thuat toan hoc ting
cuong cho phép duy tri d6 tin cay va do 6n dinh cao.

5. KET LUAN

Trong bai bio nay, nhém tac gia dé xuat mot cach tiép can mai trong bai toan diéu khién. Bang
cach sir dung bd diéu khién thong minh thich nghi dua trén thuét toan hoc ting cudng, nhom tac
gia cung cap kha nang diéu chinh tu dong va lién tuc cac tham s6 ctia bo diéu khién. Dé chung
minh tinh ding dan ciia phuong phép tiép can, nhom tac gia da thuc hién mo phong h¢ diéu khién
toc do dong co DC thich nghi thong minh bang cong cu Matlab - Simulink. Céac két qua thu dugc
cho thay, bo diéu khién trén co so thuét toan hoc tang cuong co6 hiéu suét diéu khién cao, da dap
(g tt v6i cc tinh nang nhu: 6n dinh véi sy thay d6i thong s6 ciia hé thong khi c6 nhidu. Két qua
thu dugc trong nghién ctru nay dit nén tang cho cac nghién ctru trong twong lai trong linh vyre didu
khién thich nghi va t&i wu hé théng diéu khién. Trong nhing nghién ctru tiép theo, nhom tac gia s&
hudng t&i tdi vu thuat toan va hudng téi nghién ctru trién khai trén phin cting dé co thé ap dung
cho céc bai toan diéu khién hé théng ¢6 str dung dong co DC hodc cac dbi tuong khac.
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ABSTRACT
Reinforcement learning algorithm for adaptive intelligent control

Nowadays, with the development of science and technology, control objects are
increasingly complex, have high nonlinearities and large uncertainties, making traditional
classic control algorithms no longer effective. That leads to the construction of unknown
structures and parameters and requires advanced control techniques. To solve control
problems with unknown elements in the dynamic models of the control object, the intelligent
adaptive control method based on reinforcement learning algorithm is capable of
automatically adjusting the parameters of the controller, proposed by the authors in this
article. The effectiveness and feasibility of the proposed method are verified through
practical simulation. The obtained comparative simulation results confirm that the
proposed controller is robust, adaptive, and has high control performance.

Keywords: Al; Reinforcement learning; Intelligent control; Data-driven control; Adaptive control; PID.
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