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TOM TAT: T rong nhitng nam gan ddy, mang than kinh nhén tao dd dwoc dp dung
thanh cong trong nhiéu linh viec ky thudt nhu xv Ii tin hiéu, nhan dang hinh anh, giao thong, y
hoc, diéu khién... Nhiéu so do diéu khién dung mang than kinh voi thudt toan lan truyen nguoc
dwoc tng dung daé giai cdc bai toan diéu khién cac hé phi tuyen phwc tap va bdt on dinh. Thudt
todn suy giam d¢ doc la mét trong nhitng thudt toan don gidn va thwong ding nhat dé hudn
luyén mang than kinh. Pé dam bdo thudt todn luén hdi tu vd hudn luyén mang nhanh, co hai
phicong phdp nham ndng cao chat lrong mang la dung h¢ $6 hoc thich nghi va phuwong phdp
xung luong Trong bai viét nay, chung ta sé tién hanh Ip trinh mé phéng, kiém chirng va so
sanh cdc phirong phép trén bang chirong trinh MATLAB.

1.GIOI THIEU

Su phat trién khong ngimg cua khoa hoc cong nghé 1am xuat hién cac ddi twong diéu khién
6 do phuc tap ngay cang tang. Yéu cau thuce t1en dat ra 1a phai didu khién cac hé thong dong
ngay cang phuec tap, trong diéu kién céac yeu t6 bat dinh ngay cang gia tang voi yéu cau chat
luong didu khlen ngay cang cao. Cac yéu cau trén khong thé dugc dap Gmg mot cach tron ven,
d6ng thoi néu chi dung cac 1i thuyét diéu khién thong thuong sin c6. Day chinh 1a dong luc
cho sy ra doi cua hang loat cac li thuyét didu khién hién dai. hira hen mot huéng giai quyét
triét dé cac bai toan diéu khién phi tuyén phirc tap.

Trong nhitng nim gin dy, mang thin kinh nhén tao da dugc ap dung thanh cong vio
nhing linh vuc k¥ thuat nhu giao thong[1], robot[2], thi gidc may tinh[3], tay may[4]... Nhiéu
so d6 diéu khién dung mang than kinh v6i thudt toan lan truyen nguoc dugc tmg dung dé giai
cac bai toan didu khlen cac hé phi tuyen phirc tap va bét 6n dinh[5][6]. Tinh thich nghi cho
phép mang than kinh van thyc hién tot chirc ning ciia n6 khi moi truong va do6i tuong didu
khién thay d01 theo thoi gian bang cach cap nhat cdu tric mang ciing nhu cac trong s cua
minh. C6 rat nhiéu thuat toan da dwoc phat trién dé huin luyén mang than kinh v6i nhung wu
va khuyét diém riéng[7][8]. Thuét toan suy giam do dbc 1a mot trong nhimg thudt toan don
gian va thuong ding nhat dé cap nhat cac trong sd ctia mang than kinh. Nhim nang cao chét
luong mang, hai phuong phap huin luyén mang nhim dam bao thuat toan ludn hoi ty va huin
luyén nhanh la hé s6 hoc thich nghi va phuong phap xung luong. Trong bai viét nay, chung ta
s& tién hanh 1ap trinh mo phong, kiém ching va so sanh cac phuong phap huan luyén mang
trén bang chuong trinh MATLAB.

2.THUAT TOAN SUY GIAM PQ DOC THONG THUONG

B diéu khién st dung mang than kinh c6 thé dung trong cac so dd didu khién khac nhau.
Diéu khién tryc tiép 1a mot trong nhitng so d6 thuong gip nhat. Tin hidu ra ctia d6i tuong duge
so sanh v6i tinh hiéu dat, néu co sai 1éch thi bo diéu khién s& xuat tin hiéu tac dong vao dbi
tuong nhim muc dich lam sai 1éch giam vé 0. So dd diéu khién dugc thé hién nhu hinh 1.
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So dd chi tiét cua bo diéu khién su dung mang than kinh nhu hinh 2.Mang than kinh dugc
st dung bao gom 2 16p: 16p vao va lop ra dugce huan luyén bang giai thuét lan truyén nguoc de
toi thiéu hoa sai so gitra tin hi€u dat va tin hiéu ra cia hé thong.
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Hinh 2. So d6 chi tiét bo diéu khién sir dung mang than kinh

K

Trong @6 7, K, , K, lan luot 1a cac khau ti I¢, tich phan, vi phan; eP, €i , €4 lan luot 1a

- A A A . ’ A 0 N\ . A 5 A A , A 5 . A \
sai sO hé thong gitta tin hiéu dit ~/ va tin hiéu ra cua hé thong 0 , tich phan cua sai s va su
sai léch cua sai sO.

Tinh hiéu diéu khién u(k) duoc xac dinh béng cong thirc sau:

u(k) = f(x)
Trong do 10 l1a ham tac dong dang sigmoid

xg.(1—e /%)

SO = s e

(D
Trong d6 * 1a dbi sé dau vao, X& 1a tham sb x4c dinh hinh dang cua ham.
Ta co:
x(k) = K, (K)e, (k) + K, (K)e, (k) + K, (K)e, (k) o

Trong do:

Trang 70



TAP CHI PHAT TRIEN KH&CN, TAP 11, SO 03 - 2008

ep(k) =6, (k) - 0(k)
e (k)= Zk:ep (n).AT

e, (k)1- z™
AT (3)

AT 14 thoi gian 1iy miu

K discrete sequence

z: operator of Z — transform

Dé hiéu chinh cac thong s6 cua bo diéu khién, ta sir dung phuong phap suy giam do dbc co
cong thirc nhu sau:

e, (k)=

Ko () =K, () -7, 0
K (1) = K, (0 -, 20
Ky (k) =K, (0 -7, 20
’ @

Trong d6 MTe>ToMa 13 cac hé s6 hoc
O day tiéu chudn huin luyén mang dugc st dung 13 chuan toan phuong :

E(k) = %(af )

(5)

Mat khacta co :
OE(k) _ OE (k) 00(k) ou(k) ox(k)

oK, 00  Ou ox 0K,

OE (k) _ OE (k) 00(k) ou(k) ox(k)

oK, 08 ou ox OK,

OE (k) _ OE (k) 00(k) ou(k) ox(k)

oK, 08 ou ox 0K, 6)

Vay:
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OE(k
PE) 0, ()~ 0k) =, (k)
00
ou(k ox(k
SO o S = ey
P
ox(k ox(k
( D -tk 2 ) ) (k)
oK, K, %
T (3) (5) (6) ta co:
OE (k) 86?(k)
— k k k
oK, —ep(k)—— f'(x(k)).e, (k)
OE(k) 849(1{)
—=-e k k
oK (k)y—— 1" (x(k)).e; (k)
ox(k 00(k
GLBNG ( OB pxtne,
00(k) 1
Pé cho don gian, theo Yamada va Yubuta [9], ta c6 thé gia su Ou , cudi cung ta
duoc
Ky (k+1) =K, (k)=npe,(k).e, (k) f'(x)
K;(k+1) = K, (k) —n,e,(k)e, (k) f' (x)
K, (k+1) = K, (6)=1,,(k)e, (k) /' (x) ©
M6 hinh cta di trong dugc sir dung trong thi nghiém la:
740
G(S) = i
s”+13s (10)
Tin hiéu dau vao cia hé théng duogc st dung 1a ham step dugc lam tron:
2500
F(s)=—
s~ +100s + 2500 (11)
Hinh 3 thé hién dap tmg ngd ra ciia hé thong sir dung bo diéu khién than kinh véi thuat
toan suy giam d¢ doc théng thuong. Trong bai thi nghiém nay, cac hé s6 Ky ,K’ va K, dugc

gan gia tri ban dau lan luot 1a 1; 0,001 va 0,1. Cac gia tri ndy dwoc lya chon ngau nhién dé
ki€m tra kha nang thich nghi, toi vu hoda cac trong s6 cua by dicu khién. Cac hé sO hoc

Tp>"1>1d trong cong thire (4) dugc gan cc gia tri 1an luot 1a 10; 0,001; 0,005. Cac hé s6 nay
duoc Iya chon theo phuong phap thir sai trong subt qua trinh thi nghiém dé c6 dwoc dap ung
hé théng twong dbi tot. Tir hinh 3, ta ¢6 thé thdy duoc tinh thich nghi ciia bo didu khién, dap
{mg ngd ra cua hé théng nhanh chong dat duge gia tri mong mudn can diéu khién.
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K
K

Hinh 4 thé hién céc gia tri trong s6 Dp ,Ki va K, cua bo diéu khién trong qua trinh thi

nghiém. Trong hinh v& 4, ta c¢6 thé thiy ™7 ting nhanh dé ting dap (mg hé thong va dat duoc

gia tri t6i wu khi hé thong dat duoc gia tri xac lap, K, tang rat nhanh trong khoang thoi gian
ban dau dé tang dap ung cua hé thong va nhanh chong giam & cuoi thoi gian xac 1ap.
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Hinh 4. Két qua thi nghiém sir dung bo diéu’khién ding mang than kinh vi phuong phép suy giam do
doc thong thuong

3.THUAT TOAN SUY GIAM PQ DOC VOI HE SO HQC THiCH NGHI
Mot trong nhiing yéu td quan trong anh huéng manh dén tdc @6 hoc va tinh hoi tu cua
thuat toan lan truyén ngugc la hé s6 hoc M. Gia tri 7 16n 1am tdng tde do hoc, nhung néu 16n

qua thi c6 thé 1am cho thuat toan khong hdi tu, nguoc lai gia tri 7 nhé bao dam thuat toan hoi
tu nhung toc do hoc lai rat cham.
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Phuong phap hiéu qua nhét dé dam bao thuat toan lan truyén nguoc vira hoi tu vira huin
luyén mang nhanh la dung hé s6 hoc thich nghi nhu sau: ¢ moi budc lap ta kiém tra xem trong
sO vira duge cap nhat ¢6 1am giam tidu chuan huan luyén mang khong, néu khong c6 nghia 1a

da xay ra vot 16, trong trudng hop ndy nén giam m, nguoc lai néu trong vai budc lap lién tiép
tiéu chudn huén luyén mang déu giam thi n qua nho, trong truong hop nay nén ting m.
Cu thé thuat toan hoc thich nghi dugc mo ta boi cac biéu thirc:

n(k+1)=n(k)+An

+a
An=<-b.An

0
(12)
_ Hinh5 thé hién dap tng ngd ra cua hé t}léng sir dung b diéu khién than kinh c6 dung hé
s0 hoc thich nghi. Trong hinh 5, ta ¢6 thé thdy h¢ thong cling nhanh chong dat dugc gia tri xac
lap, tuy nhién kha nang deo bam cua nd tot hon so voi thuat toan suy giam d6 doc thong
thuong. Chat lugng hé thong dugc cai thién so véi phuong phap suy gidm d6 doc thong

thuong.

K

Hinh 6 thé hién cac gia tri trong s6 Bp, K, va K, cta bd diéu khién trong qua trinh thi

nghiém.

08 § [ Reference
g Nonlinear PID Controller
Neonlinear PID Controller with Dynamic Leaming rate
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Hinh 5. So sanh dap mg ngd ra cua hé théng sir dung bo diéu khién,mang than kinh str dung phwong
phép suy giam d¢ doc c6 dung va khong dung hé so6 hoc thich nghi
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Hinh 6. Két qua thi nghiém sir dung bo diéu’khiéyn ding mang than kinh v6i phuong phap suy giam do
doc thong thuong

4. THUAT TOAN SUY GIAM PQ DOC VOI PHUONG PHAP XUNG LUQONG

Phuong phap suy giam do déc thong thuong c6 thé rat cham néu hé so hoc qua nho va c6
thé dao dong manh néu hé sé hoc qua 16n. Hién tugng nay thudng xay ra néu diém cuc tiéu co
dang thung liing c6 d dbc 16n & suon va do déc nho & day. Mot phuong phap hiéu qua thuong
ding cho phép hé sb hoc 16n ma khong xay ra dao dong phan ky 1a cong thém mét xung luong
vao phuong phap suy giam do dc thong thudng.

K, (k+1) = K, (k) + AK, (k)

K, k) =, £

a.AK, (k)
i (13)
Trong cbng thirc trén, o goi 1a hé sé xung lugng (0 sas 1), gia tri thuong dung la
a= 0’9. Nho xung luong cong vao ma mdi trong s s& thay ddi theo huéng do dbc trung
binh, do d6 thuat toan khong bi dao dong.
~ Hinh 7 thé hién dap tmg ngd ra ciia h¢ thng sir dung bd diéu khién than kinh c6 dung hé
s0 hoc thich nghi. Trong hinh 5, ta ¢6 thé thay h¢ thong cling nhanh chong dat dugc gid tri xac
lap, tuy nhién kha nang deo bam cua n6 tot hon han so véi hai thuét toan trén.
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Hinh 7. So sanh dép (mg ngd ra cta hé thdng sir dung b¢ diéu khién mang than kinh sir dung phuong
phép suy giam d¢ doc thong thudng, dung hé¢ so6 hoc thich nghi va phuong phap xung lugng
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Hinh 8. Két qua thi nghiém sur dung bo diéu khién dung mang than kinh vé&i phuong phap suy giam do
doc thong thuong véi phuong phéap xung luong
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Hinh 8 thé hi¢n cac gia tri trong s6 K,,K, vaK, cling nhu AK ,,AK, vaAK, cua bd
diéu khién trong qua trinh thi nghiém.

5. KET LUAN

Bai bao di cung cip cho chung ta mot bd diéu khién tién tién sir dung mang than kinh voi
chc giai thuat huin luyén mang va cac phuong phap nang chit luong mang, bao dam tinh hoi
tu va huan luyén mang nhanh. Két qua mé phong di cho thy bg diéu khién rat thich hop cho
cac bai toan didu khién deo bam muc ti€u, cac hé thdng phi tuyén phuec tap trong thyc té do no
¢4 tinh thich nghi, t6i uru hoa cac trong s trong qua trinh diéu khién. Trong tuong lai, cac giai
thuét diéu khlen trén hira hen mot huong giai quyet triét dé cho cac hé thong phi tuyén phirc
tap va bat 6n dinh trong thuc té nhu diéu khién tay may, cac h¢ MIMO nhu Scara Robot va
Omni Mobile Robot.

BACK PROPAGATION ALGORITHM WITH ADAPTATION LEARNING
RATE AND MOMENTUM METHOD IN NEURAL NETWORK
CONTROLLER

Tu Diep Cong Thanh
University of Technology, VNU-HCM

ABSTRACT: In recent years, Artificial Neural Network has been successfully used in
many industrial applications such as signal processing, image identification, transport,
medicine, control... Many neural network control schemes using Back Propagation algorithm
have been used for a kind of plant with nonlinearity uncertainties and disturbances. And
Gradient Descent is one of popular and simple algorithms for training of neural network. In
order to ensure algorithm always converge and fast network training, two methods are used to
improve network's performance - Adaptation Learning Rate and Momentum method. In this
study, we will simulate, verify and compare those theories using MATLAB package.
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