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TOM TAT

May dién khong dong bé 3 pha (IM) dwoc biét dén réng rdi trong cdc vmg dung cong nghiép
do chi phi thp va giam thiéu viéc bao tri. Piéu khién  mdy dién xoay chiéu dwa trén diéu khién twa
tir théng (FOC) va diéu khién véc to véi qui ludt diéu khién kinh dlen PID la nhitng ky thudt tin
cdy dugc wa dung trong cong nghiép. Tuy nhién, do ban chat phi tuyén ciia mdy dién va khi chiing
chiu tac dong ciia nhiéu bén ngodi hodc thay doz tham sé bén trong thi cac bg diéu khién thong
thwong nay khé cé thé dap img dwoc cdc yéu cau diéu khién. Hoc tang cuong (RL) la mot ky thudt
hoc truec tuyén, khéng can mé hinh, c6 thé xir Iy cdc bién déi ciia tham sé. Nhitng déc tinh nay lam
cho viéc hoc tang cuong tro thanh mot ung cu vién tiem nang, hoat dong nhw mot bo diéu khién
thich nghi c6 thé thay thé cdc b diéu khién théng thuong. Bai bdo nay dé xudt viéc thiét ké diéu
khién hé truyén dong dong co khong dong bé 3 pha dua trén kj thudt hoc ting cuong. Bé diéu
khién dé xudt sir dung mot tac nhan hoc tang cuong voi thudt toan DDPG thay thé cho cdc bé diéu
khién PI ciia mach vong dong dién trong diéu khién FOC thong thuong. Hiéu sudt ciia bo diéu
khién da dwoc xdc minh trong cdc diéu kién hoat dong khdc nhau bang mé phéng mdy tinh trong
MATLAB/SIMULINK. ‘

Tir khoa: Hoc tang cudng; Actor-Critic; May dién khong dong bd; Tac nhan; DDPG

1. MO PAU

May dién khong dong bod 3 pha véi cac wu diém nhu két cdu chic chin, gia thanh thap, chi phi
bao dudng va van hanh nho6 nén dé duoc sur dung rong rai trong cac img dung cong nghiép. Tuy
nhién, do dic tinh da bién va dong lyc hoc phi tuyen nén viée diéu khién téc d6 hodc mo-men xodn
may dién kha khé khin. Cho dén nay da c6 kha nhiéu chién luoc diéu khién dugc trinh bay dé diéu
khién tbc 46, mé men cuia may dién khong dong bo, dua trén 2 nguyén 1y co ban 1a diéu khién tua
tir thong (FOC) va diéu khién truc tiép mé men may dién (DTC) [7]. Cac bo diéu khién PID thong
thuong dugc trinh bay trong [7] c6 uu diém la don gian trong trong thiét ké nhung chua dé cap
den su khong chic chan cuia cac tham s6 va tinh tinh phi tuyen ctia hé thong, khi thlet ké diéu khién
can phai biét cac tham sb ciia hé thong Céc chién lugc dleu khién phi tuyen Xuét hién trong vai
thap ky qua nhu backsteping [5, 6] khéc phuc tinh phi tuyén cua hé, diéu khién truot [9-11] da
khic phuc mot phan tinh phi tuyén va su khong chic chin tham s hé théng, song khi thiét ké diéu
khién van cin c6 ddy du cac tham sb ctia dbi tuong.

Muc tiu thiét ké cac bo didu khién hién nay 1a chiing phai c6 tinh thich nghi va tdi wu véi su
bién d6i tham s6 ctia d6i tugng va nhidu. Chién luoc diéu khién thich nghi c6 thé diéu khién truc
tuyén cac hé thong chua biét thong qua quan sat dir liéu dé duara thudt toan thich nghi phu hop
[6]. Trong khi d6, cac bd didu khién téi wu yéu cau thong tin day du vé hé thong dé bo diéu khién
giai phuong trinh Hamilton Jacobi bellman ngoai tuyen diéu nay trd nén rat kho khan doi voi cac
hé thong phi tuyén tinh cao, c6 tham sé khong chic chan. Nhitng muyc tiéu trén c6 thé dap ing
duoc nho sir dung mang no ron sau vai thuat toan hoc tang cuong, voi y tuong tao ra mdt bo diéu
khién phan hdi méi bang cach hop nhat cac b diéu khién thich nghi va bo diéu khién t6i uu, nghia
1a tao ra mot bo diéu khién thich nghi c6 kha ning hdi tu cac giai phap toi wu trong thoi gian thuc
(truc tuyén) [4].
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Di c6 mot s6 nghién ctru st dung hoc ting cuong véi ‘mang no ron sau dé didu khién hé truyén
dong xoay chiéu 3 pha, cu thé cac tac gia trong [1-5] dé xuét hoc ting cuong didu khlen toc do
may dién dong b, trong [2] d¢ xuat thuat toan hoc tang cuong cho vong diéu khién téc do may
dién khong dong bg, hai vong diéu khién dong dién van st dung PI kinh dién, trong do, cic tac gia
da str dung Tac nhéan (Agent) TD3 (Twin Delayed Deep Deterministic Policy Gradient) cap nhat
cac thudc tinh ciia nha Critic va va Actor. Phat trién hudng nghién ctru cia [2] trong bai bao nay
xdy dyng thuat toan hoc ting cudng cho 2 mach vong diéu khlen dong dién vo6i Tac nhan DDPG
(Deep Deterministic Policy Gradient). CAu trac ctia bai bao gdm phan gidi thiéu, phan 2 trinh bay
tong quan vé hoc ting cudng vai tac nhan DDPG, phan 3 xay dung thuit toan hoc ting cudng cho
cac mach vong dong dién may dién khong dong bo, phan 3 trinh bay két qua mo phong véi cac
diéu kién van hanh khac nhau c6 so sanh véi két qua diéu khién sir dung PI théng thuong trong
cung mot diéu kién 1am viéc, cudi cung 1a két luan va kién nghi.

2. HOC TANG CUONG VOI THUAT TOAN DDPG

2.1. Téng quan

Hoc tang cuong (RL- Reinforcement Learning) la mot ky thuat tinh toan thong minh giup giai
quyét cac bai toan diéu khién phirc tap hoat dong trong méi truong dong. Y tudng chinh ciia RL
1a dénh gia chudi hanh dong tot nhit mang lai két qua ti wu [5]. So dd khdi mot hé thong didu
khién v6i k¥ thuat hoc ting cudong duge mo ta trén hinh 1, gom 2 khéi chinh: Khdi Tac nhan
(Agent) va khoi Méi truong (Enviroment).

/" AGENT
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—
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Hinh 1. So do hé diéu khién véi ky thudt hoc ting cuong.

Tac nhan thuc hién cac hanh dong (action) tac dong dén Mbi truong lam thay ddi trang thai cua
moi trudng va nd nhan phan thuéng tir moi trudng cho hanh dong cu thé d6. Ngd vao ctia Tac nhan
1a két qua quan st trang thai va phan thuéng nhan dugc tir méi trudng, ngd ra ciia Tac nhan 14 cac
hanh dong tac dong 1én moi trudng. Tac nhan chira 2 thanh phan 14 chinh sach (Policy) va thuit toan
hoc tang cuong (Reinforcement Learning Algorithm). Mang no ron sau dugc chon dé dai dién cho
chinh sach [6]. Chinh sach dua ra cac hanh ddng thuong xuyén dugc cap nhat thong qua thuat toan
RL ma tac nhan nay thyc hién la dau vao va hanh dong dua trén nhitng quan sat nay la dau ra.

Phan thudng 1a mot ham cuta trang thai va hanh dong, chiing tao ra mot s6 vo hudng dai dién
cho "long tdt" ctia mot tac nhan & trong mot trang thai cu thé va mot hanh dong cu thé. Khai niém
phan thuéng trong RL khé gidng v6i khai niém ham chi phi trong bo diéu khién téi vu LQR, diém
khac nhau giita chiing 1a: Ham chi phi trong LQR 13 ham béc hai tuyén tinh trong khi ¢6, ham khen
thudng trong hoc ting cuong c6 thé 1a ham bat ky, theo ding nghia den, mién 1 n6 dao tao tac
nhan mot cach hoan hao nhu nha thiét ké mong mudn, ham chi phi ¢é ging giam thiéu gia tri, trong
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khi mot ham khen thudng thuong cb ging tdi da hoa gia tri. trong thiét ké hoc ting cudng phan
thudng c6 thé dugc coi 1a phu dinh cta chi phi.
2.2. Thuat toan DDPG

Tac nhan chira 2 thanh phan 1a “chinh sach” va thut toan hoc tang cuong (hinh 2). Chinh sach
(Policy) thuong dugce hleu 12 mot ham hodc mot chién lugc quyet dinh ma mét tdc nhan st dung
dé dua ra quyét dinh vé hanh dong nén dugc thyc hién tai moi bude thoi gian dya trén trang thai
hién tai cia méi truong. Co nhiéu loai chinh sach [9], mdi loai chinh sach c6 dic diém riéng, viéc
lya chon chinh sach pht hop vai bai toan cu thé s& giam bot dang ké thoi gian dao tao. Tuy nhién,
diéu nay doi hoi sy hiéu biét vé ban chit cia méi truong va muc tiéu cia hé thong. Mang no ron
sdu dugc chon dé dai dién cho chinh sach [6].

Thuat toan hoc tang cuong la mot linh vyc trong hoc may tap trung vao viéc lam cho cac tac
nhan (agents) tu dong hoc thong qua tuwong tac véi mot moi truong. Muc tiéu ciia RL 14 tdi wu hoa
mot ham phan thudng (reward function) thong qua cic quyét dinh hodc hanh déng ma tic nhan
thuc hién trong méi trudong.
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Hinh 2. Cdu tric thudt toan RL Actor — Critic.

Thuat toan Gradient chinh sach xac dinh sau (DDPG) 1a mot thuat toan hoc ting cuong dugc
st dung dé hoc chinh sach t6i wu cho céac bai toan lién tuc, dic biét 1a trong cac bai toan ma hanh
dong trong khong gian lién tuc. DDPG két hop ¥ tudng cua thudt toan hoc ting cudng sau va thuat
toan t6i uu hoa “chinh sach”. N6 stir dung mot ham gia tri hanh dong (action-value function) dé
danh gia gié tri cua cac hanh dong va mot mo hinh “chinh sach” (policy model) dé chon hanh dong
dua trén cac trang thai hién tai. Trong DDPG, ca hai md hinh nay déu duoc trién khai bang mang
no-ron hoc sau. Ciu triic thuat toan DDPG sit dung mét cdp mang no-ron, mang Actor va mang
Critic dugc biéu dién trén hinh 2.

3. TAC NHAN HQC TANG CUONG CHO HE TRUYEN PONG XOAY CHIEU 3 PHA

Phan nay trinh bay két qua 4p dung hoc ting cudong dé diéu khién téc d6 va tir théng may dién
khong dong bo 3 pha xuét phat tir h¢ théng diéu khién twa tir thong (FOC) truyén thong. Mo hinh
toan hoc may dién khong déng bd 3 pha biéu dién trong khong gian trang thai trong hé toa do quay
(d,q) dugc mo ta boi [12].

R (0, - per) MR,
L, L, "0 o0
Py -R, MR, || Par

d|de| (@, = pox) L, U e 01 0 fu, 1
dt|i, | | MR Mpo, R, |l " oL 0 {qu M

i oL oLl oL iy | |g -1

_ Mpo, MR, ., R L ol |

| oLl oL’ ° ol |

Tap chi Nghién ciru KH&CN qudn su, 97 (2024), 33-40 35



Ky thudt diéu khién & Dign tiv

2 2
Vi R, =R+ M R vag=1-M
L LL,

T
Trong d6: Rs, Ry 12 dién tro pha stator va rotor; Ls, L, 1a dién cam pha stator va rotor; M 1a hd
C4M; Uds, Ugs 1a cac thanh phan vudng goc cua dién ap stator; ias, igs 1a céc thanh phan vuéng goc
cuia dong dién stator; dar, dgr 12 cac thanh phan vudng goc cua tir thdng rotor; p 1a sb d6i cuc; ws 1a
tdc do quay cua tir trudng stator.
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Hinh 3. Piéu khién truyén thong IM.

So dd khdi hé diéu khién FOC thong thuong cia méy dién khong dong b duoc trinh bay trén
hinh 3. O day, cac bo dleu khién PI duoc st dung cho ca 2 vong diéu khién dong dién (vong trong)
va vong diéu khién téc do, tir thong(vong ngoai). Hai by diéu khién PI vong ngoai diéu khién toc
dd va tur thong tao ra cac dong dién tham chiéu isd ref VA isq_rer, hai vong diéu khién PI vong trong
diéu khién dong dién truc d va truc q. Trong bai bao nay, mot kh01‘tac nhan hoc tang cudng
(AGENT) véi thuat toan DDPG dugc sir dung dé thay the cho cac bd di€u khién PI cia mach vong
dong dién bén trong, so dd dugc chi ra nhu hinh 5. Viée sir dung tac nhan RL dic biét ¢6 loi khi
hé thong phi tuyén, trong truong hop d6 chung ta ¢6 thé huan luyén mot tac nhan RL duy nhét thay
vi diéu chinh bd diéu khién PI & nhiéu diéu kién véan hanh.

Budc tiép theo trong thiét ké hoc ting cudng cho vong dong dién 1a can xac dinh méi truong,
phan thudng va tac nhan.

3.1. Moi truwdng

Trong h¢ théng nay, moi truong la toan bo hé thong diéu khién may dién khong dong bo khong
bao gom bg dicu khi€n dong dién vong trong 1a tic nhan RL (hinh 5). D6i v6i mdi truong nay, cac
quan sat doi voi khoi hoc tang cudng la cac sai s0 dong dién stator va dong dién stator (eig = isd_ref
- lsd, €iq = lsq_ref-isqy Isd, Isq), tac dOng 1a cac tin hi€u ‘uss’ va ‘usq” dura dén khoi diéu ché do rong xung
SVPWM.

3.2. Phin thuéng

Ham khen thuéng duoc thiét ké dé dao tao tac nhan hoc tang cudng, gitp cho tac nhén hoc tang
cuong biét hanh dong ma no chon trong qua trinh dao tao 1a t6t hay x4u, dya trén sy tuong tac cua
n6 véi moi trudng. Ham khen thuong két qua vé co ban 1a tong cua cac hinh phat c6 trong s6 duge
ap dung boi tinh trang méi truong hién tai dbi véi cac hanh vi vi pham rang budc. Trong bai bao
nay, chung t6i xac dinh ham phan thudng dua trén ciia muc tiéu bam va nd luc diéu khién.

=—(A %) + A, %l + AU, ) =—(1*e] +1*e) +0,01u’, ) )
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Trong do: eiq la sai ) dong dién tryc d; eiq 1a sai ) dong dién tryc q; ut11a tin hi¢u diéu khién
0 budce trude. Cac trong s6 duge chon A1 =22 = 1; A3 = 0,01.
3.3. Tac nhan
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Hinh 4. Tdc nhdn hoc ting cwong cho mdy dién khong dong bé.

Tac nhan dugc st dung trong bai bao nay la tac nhan Gradient chinh sach xac dinh sau DDPG
[9]. O day, mang Actor - Critic theo yéu cau cua thuét toan DDPG nhu sau: Mang Critic 1iy cac
quan sat va hanh dong lam dau vao va dua ra cac gia tri Q wdc tinh & dau ra, mang Actor lay cac
quan sat lam dau vao va dua ra cac hanh dong & dau ra (hinh 4). Thoi gian 14y miu cua tac nhan
DDPG phu hop véi yéu cau cua vong diéu khién, tuy nhién, khong nén chon thoi gian 1dy mau qua
nho sé& tén nhiéu thoi gian huén luyén.

Dbi voi cac quan sat va hanh dong nhét dinh, tic nhan nay wdc tinh phan thuong dai han béng
cach st dung Actor - Critic. Thuat toan nay la mot phuong phap phé binh tac nhén, truc tuyén,
khong c6 md hinh, khong co chinh sach, tinh toan chinh sach téi vu gin ding véi phan thuong dai
han. béi véi thuét toan nay, khong gian hanh dong duoc thyc hién lién tuc. Tac nhan DDPG cép
nhat cac thudc tinh cia Critic va Actor trong qua trinh dao tao & mdi budc thoi gian.

Viéc huan luyén tic nhan dugc thyc hién trong Matlab-Simulink véi hop cong cu
“Reinforcement Learning toolbox, sd ky huan luyén 1a 1500 va dimg huan luyén khi gia tri trung
binh ctia phan thudng vuot qua gia tri d cho.

4. KET QUA MO PHONG

M6 phong dé kiém tra hi¢u ning cua thudt toan duoc thyc hién trong phin mém Matlab-
Simulink tng V6i cac dieu kién van hanh khac nhau cho ca so do su dung bd diéu khién hoc tiang
cuong va so do dieu khién FOC thong thuong, cac théng so mé phong nhu sau:

Cong suat may dién (kW) .75

bién ap (V) : 400

S6 pha /sb dbi cuc 1312

Tan s6 (Hz) : 50

bién tro Stator Rs(€2) :0,7384
bién tro rotor Ry(H) 10,7402
bién cam stator Ls(H) - 0,003045
bién cam rotor Li(H) - 0,003045
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H6 cam Lin(h) :0,1241
M0 men quéan tinh J(Nm?) :0,0343
PI toc d6 (Kp, Ki) 1135, 650
PI dong dién (Kp, Ki) :120,27

Mo phong duge thyc hién trong khoang thoi gian 0,5 gidy cho ca bd diéu khién str dung hoc
tang cuong va bo didu khién PI thong thuong dé so sanh, toc d6 dat ban dau bang 600 vong/phut
(62,8 rad/s), sau thoi gian 0,1 s, toc d6 duogc ting dan va dat gia tri 1000 Vong/phut (104.7 rad/s)
tai 0,3 s. M6 men tai ban dau 1a 10 Nm, sau do ting 1én 60 Nm tai t = 0,1 s va giam xudng 30 Nm
tait=0,4s.

Céc két qua mo phong duoc biéu dién trong hinh 5, hinh 6 va hinh 7 tng véi truong hop hai so
dd (so dd voi ki thuat hoc ting cuong va so dd sir dung PI thong thudng) lam viée v6i cac thong
s6 dinh murc, tirc 1a Rs = 0,7384 Q va R, = 0,7402 Q. Ta thiy rang, dap tung toc do va dap tng md
men xoan cuia ca 2 so d0 diéu khién c6 hiéu suat gin gidong nhau. Puong cong dong dién ciia ching
cling gan nhu trung nhau.
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Hinh 5. Pdp ing téc dé cia RL va a"‘iéu khién FOC khi cac tham sé khong thay doi.
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Hinh 6. Pdp 1tng md men cia RL va FOC khi cac tham s¢ khdng thay doi.
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Hinh 7. Puong cong dong dién pha cia RL va FOC khi cac tham s¢ khong thay doi.

38  T.N.Son, ..., L. T.T. Ha, “Thiét ké diéu khién h¢ truyén ding ... véi ky thudt hoc ting cwong.”



Nghién ciru khoa hoc cong nghé

100 =====w_FOC S e ————

) W RL yd
= I E—— -
E_ I—-?:-' - -...-l"'f .
'g S0 ' _ -.i..-'." e
3 || i/
- i /

(il . =

0 0.1 02 0.3 04 0.5

Thi gian (s)

Hinh 8. Pdp uing téc dé ciia RL va diéu khién FOC khi cdc dién tro dong co thay doi.
Hinh 8 va hinh 9 biéu dién dap ang toc d va dap (ing md men cia hai so do (RL va PI thong
thuong) khi tham s6 caa dién tré rotor va dién tré stator may dién thay doi, cu thé cac gia tri Rs =
1,2 QvaR,=1,3 Q, tham chiéu toc d6 va mo men tai van giit nguyén nhu trudng hop 1.

= = =TeRL
f T_Load
~100r4 |= = = Te FOC|]
E | — T
Z |
I
5 %
= ™
ﬂ‘ I [ .' l: ]
2 0 i ) r_:‘
] 0.1 0.2 03 04 0.5
Thi gian (s)

Hinh 9. Pdp 1tng md men ciia RL va diéu khién FOC khi cdc dién tré dong co thay doi.
Két qua mo phong cho thay, bo diéu khién voi ky thuat hoc tang cuong van duy tri duoc higu
nang tot, trong khi dap tng toc do va dap tng md men cua so do su dung bo dieu khien Pl ¢6 sy thay
doi rd rét. Bieu nay cho thay loi thé cua b diéu khién RL so véi bo diéu khién PI thong thuong.

5. KET LUAN

Hoc tiang cuong 1a mot ky thuat diéu khién thong minh day hira hen, giup giai quyét cac bai
toan diéu khién phirc tap hoat dong trong méi truong dong mot cach hé thong. Trong bai bao nay,
B diéu khién dua trén hoc ting cudng di duoc thiét ké dé didu khién hé truyén dong st dung may
dién khong dong bo 3 pha. Hai vong didu khién dong dién cia chién luoc didu khién tya tir thong
(FOC) may dién khong dong bo duge thay thé bai 1 tac nhan hoc ting cuong véi thuat toan DDPG.
Hiéu sut ctia bo diéu khién d3 duoc thu nghiém thong qua moé phong dé diéu khién bam tdc do,
khic phuc su thay dbi thong sb cua dbi twong. Cac két qua thir nghiém cho thy, bo diéu khién dua
trén hoc tang cuong c6 kha nang diéu chinh phil hop véi bién dong tham s6 ctia hé thong va c6
kha ning diéu khién bam tdc do. Cac nghién ctru tiép theo sé tiép tuc hoan thién dé thir nghiém
trén hé thong vat 1y.
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ABSTRACT
AC drive control design with reinforcement learning techniques

Three-phase induction motors (IM) are widely known in industrial applications for their
low cost and minimal maintenance. Control of AC induction motors based on Field-
Oriented Control (FOC) and vector control with classic PID control laws are reliable
techniques commonly used in industry. However, due to the nonlinear nature of electric
machines and their susceptibility to external disturbances or parameter variations,
conventional controllers often struggle to meet control requirements. Reinforcement
Learning (RL) is an online learning technique, model-free, capable of handling parameter
variations. These characteristics make reinforcement learning a potential candidate, acting
as an adaptive controller that can replace conventional controllers. This article proposes
the design of a control system for three-phase induction motor drives based on
reinforcement learning techniques. The proposed controller utilizes a reinforcement
learning agent with the DDPG algorithm to replace the PI controllers of the current loop
circuit in conventional FOC control. The performance of the controller has been validated
under various operating conditions through computer simulations in MATLAB/SIMULINK.

Keywords: Reinforcement learning; Actor-Critic; Induction motor; Agent; DDPG.
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