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PIEU KHIEN HE PHI TUYEN
DUA TREN GIAI THUAT FEEDFORWARD-FEEDBACK
Nguyén Hodng Dﬁngl
ABSTRACT

The paper presents a novel algorithm basing on feedforward and feedback for controlling
the nonlinear system. Feedback will generate transent command and feedforward with
steady state command. Feedback is designed with PID (Proportional Integral Devirative)
controller. Feedforward is trained basing on Gradient Descent Backpropagation neural
network (NN) with adaptive learning rate. It is used to compensate for uncertain factors
such as noise from the operation environment. The factors is usually not known before.
Therefore the paper is proposed to use neural network for estimating the uncertain
systems and mentaining the steadiness of the plant. The feedforward and feedback
controllers are applied to control the direct current motor. The result from Simulink
simulation software of MATLAB is demonstrated that the responde of the plant tracks the
desired signal with overshoot is mearsered 2%, and steady state error is measured 13%,
setting and steady-state time are negligible.
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TOM TAT

Bai bdo trinh bay gidi thudt két hop giita bo diéu khién feedforward va feedback dé diéu
khién hé phi tuyén. Feedback phat 1énh diéu khién tirc thoi va feedforward phdt lénh diéu
khién xdc ldp. Feedback chinh la bé diéu khién PID (Proportional Integral Devirative).
Feedforward dwoc hudn luyén diea trén mang noron lan truyén ngieoe Gradient Descent
Véi téc d¢ hoc thich nghi. Bé diéu khién nay c6 vai tro bé chinh vao cdc thanh phan
khéng xdc dinh cé thé xay ra lhic diéu khién doi twong. Trong thic té cdc doi twong
thwong bi tae dong béi nhiéu thanh phan dwoc cho la nhiéu. Cdc thanh phan nay thuwong
khéng biét trieée. Do d6 bai bdo ‘ndy duoc de nghi sur dyng mang noron dé wée leong cdc
thanh phan khéng biét trueéc nham duy tri tinh on dinh cho doi twong. Giai thudt dung bo
diéu khién feedforward va bé diéu khién feedback dwoc dp dung dé diéu khién dong co
mot chiéu. Két qua mé phong trén Simulink cia MATLAB cho thdy, dap img cia doi
twong bam theo tin hiéu mong mudn voi dé vot 16 2%, sai sé xdc lap la £3%, thoi gian
tang va thoi gian xdc lap khéng ding ké.

Tir khéa: Mang noron, diéu khién hé phi tuyén, feedback, feedforward

1 GIOI THIEU

Feedback 1a bo diéu khién vong kin. N6 ¢6 nhiém vu giit cho hé théng 6n dinh.
Tuy nhién néu tin hiéu hdi tiép vé kém chinh xac hodc do nhidu can thiép lam bo
diéu khién dua ra quyét dinh sai. Chinh vi 1y do d6, nhiéu nha khoa hoc di sir dung
céc bo quan sat (observer) dé dam bao tin hiéu hoi tiép luc nao ciing chinh xac.
Bén canh d6 cling c6 mot s6 nha khoa hoc st dung bo diéu khién feedforward dé
khic phuc nhugc diém trén. Morteza Mohammadzaheri sit dung bo diéu khién
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feedback két hop véi feedforward dé diéu khién ddi twong. Trong d6, feedforward
c6 nhiém vu tinh chinh dap tng nhu giam d6 vot 16 hodc bd chinh vao cac thanh
phan khong xac dinh trong cac méi truong khic nhau. Xuemei Ren str dung giai
thuat feedforward dé diéu khién dong co 1am giam do rung cua dia cimg. Richard
L. Welch di kiém chimg nhiéu mang noron khic nhau d6i véi giai thuat
feedforward trén cung tap dir li€u tir trung tam khi tugng dé du doan téc do cua
gi6. Richard L. Welch da kiém chtng rang, mang noron hoi qui dung trong giai
thuat feedforward s& cho két qua t6t hon. Duya trén cac két qua nghién ctru trén, bai
bao nay dé nghi giai thuat diéu khién feedforward két hop feedback dé diéu khién
dbi twong phi tuyén. Feedback duoc thiét ké dua trén bo diéu khién PID va
Feedforward dugc hudn luyén dya trén mang noron lan truyén ngugc Gradient
Descent vai toc d hoc thich nghi.

2 MO HINH PONG CO MQT CHIEU

Vi)

Hinh 1: M hinh djng co mdt chiéu

T Hinh 1, phuong trinh dong hoc ctia dong co dugc xac dinh:

ro=Ri,0+1, %0 e, (1)
€, (t)= wa(t) (2)
T, ()= K,i (6)=J d‘;ﬁ” +Ba()+T, () + T, 3)

trong d6, cac thong sb ciia dong co duoc mé ta trong bang 1 va

V. (t) 1a tin hiéu ngd vao, m(t) 1a tin hi¢u ngo ra,

Ty (t): motment quay cia motor,

Ty (t): moment tai,

Hau hét cac moment tai phu thudc vao van tde gbc cua dong co

T, () = uar* (6 (sign(a())) )
Thay biéu thirc (1) vao biéu thirc (3), suy ra:

18



Tap chi Khoa hoc 2011:19a 17-26 Truong Dai hoc Can Tho

da(t) dT, (t)
+(RJ+L B +(R B+K, K H+L ——=+
d[2 ( a a ) dt ( a b T)a)() a dt (5)

.
+R,[T,(0)+ T, ]+ KV, (t)

AL

Roi rac hoa biéu thirc (5) trd thanh:

Laj[a)(k +1)- 2a)(2k) + (k- 1)} SR+ LaB)[w(k +1)- a)(k)} N

T T ©6)
+(R,B+K,K,)a(k)+L, [TL(")"TTL(""D} +R,T,(k)+R,T, +K,V, (k)
Tt biéu thic (4), suy ra:
T, (k) = per’ (k)[sign(axk))] (7)
va T, (k1) = ue’ (k —1)[sign(e(k))] (8)

trong d6, T 1a chu ky 14y mau
w(k)=w(kT);k =0,1,2,...
Tir biéu thirc (6) va (8), phuong trinh didu khién téc do dong co mot chiéu duoc
xac dinh:
ok +1) = K (k) + k, ok 1) + k,[sign(e(k)) Jo’ (k) +

9)
+k, [sign(e(k)))w? (k 1)+ k5V, (k) + kg (
trong do,
2L I TR +L,B)— T*(R,B+K,K,)
b L,J+T(R,J +L,B)
B LJ
> LJ+T(R,J+L,B)
_ T(uL, +uR,T)
* LJ+T(R,J+L,B)
(10)
_ TuL,
* L J+T(R,J+L,B)
B K,T?
> LJ+T(R,J+L,B)
_ T.R,T*
" LJ+T(RJ+L,B)
Bing 1: Cac thong sb sir dung trong mé hinh dong co' mot chiéu (M Gopal, 2003)
Ky hiéu Y nghia Gia tri Pon vi
J Moment quén tinh cua rotor 0.068 Kg.m’
B Hé s6 ma sé}t 0.03475 N.m/(rad/s)
R, bién tré phan ting 7.56 Q
L, Cém khéng phan (mg 0.055 H
Kr Hang s6 moment 3.475 N.m/A
K, Haéng s0 suat dién dong 3.475 Volts/(rad/s)
u Hang so 0.0039 N.m/(rad/s)
Tk Moment ma sat 0.212 N.m
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3 THIET KE BQ PIEU KHIEN FEEDFORWARD-FEEDBACK

So d0 diéu khién feedforward va feedback dugc mé ta trong Hinh 2.

y———>

Ugr
) 4

— = PID =K A Plant
L/

\4

Hinh 2: So' dd diéu khién feedforward-feedback

3.1 Diéu khién Feedback o o
Luat diéu khién feedback ug, dugc thiet ke dua trén b dieu khién PID,

(k4 1) =1, () + &, * (el +1)— (k) + T *k, * e(k) + &, *(e(k“)_z*e(k)*e(k_l)) (12)

T
trong d0, e(k)=y,(k)—y(k), v6i y 1a dap mg cua ddi tuong, yq la tin hiéu mong
mudn, k, 1 hang s6 ty 1¢, k; 1a hing s6 tich phan va kq 1a hing s6 vi phén.
Céc hang so k,, ki, kq dugc chon theo phuong phap thir sai.
3.2 Piéu khién feedforward
Do bd diéu khién feedback duoc thiét ké bé'lng bo diéu khién PID véi cac hﬁng sb
Ky, ki, kg dugc chon theo phuong phép thir sai nén khong thé luong trude dugc tat
ca cac thanh phan khong biét tac dong vao h¢ thong. Viée tac dong nay co thé lam
cho d0 vot 10 va sai s xég lap téng.‘Do d6 bo dicu khién feedforwarq c6 nhiém vu
tinh chinh dép ng cua doi tugng bang cach ude lugng cac thanh phan khong biet
truge. By di€u khién nay s& bu vao cac thanh phan ma b diéu khién feedback
khong thé kiém soat dugc nham gidm thiéu vot 10 va sai so xac lap.

So dd mang noron cua bd diéu khién feedforward dugc trinh bay nhu sau:

ASNY!

ve(v.»)

Hinh 3: So' dd mang noron sir dung giai thuit gradient descent
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v (y,,y) 1a ham tansig
Giai thuat hoc 1a gradient descent vai luét cap nhét trong s6 nhu sau:
W = —TIVE(W/‘)
trong do, n 1a tde d6 hoc, w la trong sb cap nhat, E 1a ham sai s6, k=0,1,2,...

Hinh 4 trinh bay dir liéu ngd vao dung dé huin luyén mang. Tap dir liéu ngd
vao 1a tin hiéu ngau nhién. Hinh 6 thé hién dir liéu ngd ra dugc dung dé huan luyén
mang. So dd léy mau dit liéu huén luyén duoc trinh bay & Hinh 5 véi V 1a tin hi¢u
ngd vao, Omega (®) la tin hi€u ngd ra va “DC Motor Model” 1a md hinh dong co
mot chleu Tap dir liéu vao ra duoc ldy truc tiép trén mo hinh nay. Tap dir liéu sau
khi 14y mau s& duoc huin luyén offline bang mang noron lan truyén nguogc voi toe
d6 hoc thich nghi. Néu do phu hop giita tin hiéu ngd vao va tin hiéu ngd ra duoc
huén luyén dat 100%, lac béy gio tap dir li€u vao ra vira dugc dua vao huén luyén
1a tap dit liéu chuan cho mé hinh.

Volt

Time[sec]

Hinh 4: Dit liéu huin luyén ngé vao 1 tin hiéu ngiu nhién

\4
<

\Y, Omega —p»| Omega

\4

-

Random DC Motor Model Omega
Number

Hinh 5: So dd thu thap dit liéu ngd vao va ngd ra
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Spee[Rad/s]

Time[sec]

Hinh 6: Tap dir liéu ngo ra

Két qua huan luyén mang sir dung giai thuat lan truyén nguoc Gradient Descent
véi toe d6 hoc thich nghi cho théy dd phu hop gitta tin hiéu vao va tin hi¢u dugc
huén luyén 12 100% (xem Hinh 7). Két qua nay da minh chtng cho tap dit liéu vao
& Hinh 4 va tap dit liéu ra ¢ Hinh 6 1a tap dit liéu chuan cho mé hinh dong co mot
chicu.
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Hinh 7: Két qua nhan dang véi tin hi¢u vio 12 ngiu nhién két hep véi tin hiéu hinh sin

4 KET QUA MO PHONG

Giai thuat diéu khién feedforward-feedback dugc ap dung dé diéu khién toc do
dong co dién mot chiéu. Toc do dat 1a ham nac va thay doi mot cach dot ngdt. Tuy
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nhién van d& nay khong lam kho khin cho giai thut diéu khién béi vi bo diéu
khién feedback (str dung PID) ¢ dép tg kha nhanh va bo diéu khién feedforward
¢6 nhiém vu tinh chinh sao cho dap tng 1a tot nhat (voi sai s6 bé nhat). Ching han
nhu tai thoi diém t=4s, tin hiéu dat thay ddi dot ngot tur 1.5rad/s xuéng -1rad/s
(xem Hinh 8). Tai thoi diém nay, b diéu khién feedback-feedforward (xem Hinh
12) da thé hién tt vai tro bang cach dua toc d6 dong co bam sat tc do dat trude.
Hon thé nita, tin hiéu nhidu dugc thém vao hé thong dé dam bao tinh 6n dinh cho
hé théng. Tin hiéu nhidu 14 tin hiéu nglu nhién véi trung binh bang khong va
phuong sai 14 0.8. Ké qua mo phong cho thiy do vot 16 1a 2%, sai sb xéac lap
dat +3% (xem Hinh 9), thoi gian ting va thoi gian xac 1ap khong dang ké.

Luat diéu khién feedback (xem Hinh 10) gitr vai tro chinh dé dam bao toc do dong
co ludn lubn bang véi toc d6 mong mudn tai nhitng thoi diém khac nhau. Luat didu
khién feedforward (Hinh 11) c6 nhiém vu doi toa do cua ludt diéu khién feedback
dé d¢am bao toc d6 dong co ludén bam theo tdc d6 dit khi c6 nhifu hodc cac thanh
phan khac tac dong vao hé théng. Luat diéu khién feedback-feedforward (xem
Hinh 12) 13 tong cua luat diéu khién feedback va luat diéu khién feedforward.

Néu gilr cung diéu kién (khong ddi tin hiéu vao, tin hiéu nhidu) va khong su dung
bo diéu khién feedforward thi dap tmg cua dong co c6 do vot 15 ting 1én gan gap
d6i 3.36% va sai sb xac lap tang 1én 5% (xem Hinh 13)

2 T T T T

Speed[Rad/s]

Time[sec]

Hinh 8: Pap ting téc dd ciia dong co dién mdt chiéu
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Time[sec]

Hinh 9: Tin hiéu nhiéu
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Time[sec]

Hinh 11: Luit diéu khién feedforward

JOoA

Time[sec]
Hinh 12: Luit diéu khién feedback-feedforward
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Hinh 13: Pap g téc d dong co mdt chiéu khong sir dung bd diéu khién feebforward

5 KET LUAN

Bang cach két hop giira giai thuat diéu khién feedback (bo dicu khién PID) v6i bo
diéu khién feedforward (duoc huan luyén dya trén mang noron lan truyén nguoc
Gradient Descent v&i tc do hoc thich nghi), luat diéu khién feedforward -feedback
da khic phuc duoc nhuge diém cia bo diéu khién feedback (nhiéu hoic cac thanh
phan khac khong biét tac dong vao trong khi cac tham s kp, ki, kq duoc chon bang
phuong phdp thr sai). Giai thuat diéu khién feedback-feedforward dwoc ap dung
dé diéu khién toc do dong co mot chiéu. Véi giai thuat nay, Kkét qua mo phong diéu
khién trén MATLAB cho théy, tdc do dong co bam theo tbe do dat voi do vot 16
2%, sai sO xac 1ap +3%, thoi gian tang va thoi gian xac 1ap khong dang ké. So vai
bd diéu khién PID kinh dién, bo diéu khién sir dung mang noron (bd diéu khién
feedforward) két hop v6i PID (bo diéu khién feedback) s& lam giam do vot 16 va
sai s xac 1ap.
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