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TOM TAT
Bai bao nay cai tién luat hoc Perceptron dé co thé ap dung dwoc cho c4c mang noron truy
hdi ndi chung va mang noron té bao (CNNs: Cellular Neural Networks) ndi riéng, khi ma phién
ban géc chi dtng cho cic mang noron truyén thang. D& thuc hién diéu nay, ta ghép tin hiéu vao,
tin hi¢u phan hoi va do léch thanh mot tin hiéu vao tong quat; phan con lai luat hoc tién hanh nhu
phién ban gdc. Tuy nhién, do ddc thu cua mang noron té bao, mot s tham s ciing duoc b sung
va cai bién it nhidu. Mot vai vi du ciing dwoc tién hanh trong bai bao nham tryc quan hoa ¥ tuong.

Tar khoa: ludt hoc Perceptron, mang noron té bao, mang truy hoi, phueong phdp thir-sai-chinh

MODIFIED PERCEPTRON LEARNING RULE
AND APPLICATION ABILITIES FOR CELLULAR NEURAL NETWORKS

ABSTRACT

This paper modifies the Perceptron learning rule in order to apply to all recurrent neural
networks in general and cellular neural networks in particular since the original Perceptron
learning rule was only used for feedforward neural networks. The idea is as follows, we link
input, feedback output, and the bias of the cellular neural network to become new general input.
The next step of the process can be implemented as the original Perceptron learning rule.
However, cellular neural networks characterized by some features and several parameters in the
learning rule that modifies the Perceptron can be added. Some examples are proposed in the
paper to visualize the idea.

Keywords: cellular neural networks, Perceptron learning rule, recurrent neural
networks, Trial-Error-Correct approach

1. PAT VAN DE D6i voi CNNs thuoc ho mang phan hoi,

Nam 1960, Frank Rosenblatt d& xuat luat thong tl}udng dL‘J(]g luat hoc Hebb dé tim
hoc xac dinh bo trong sé cho mang truyén  trong so phan hoi (Chua & Yang, 1988;
thang mot 1op (Nguyén Quang Hoan, 2022). Nguyén Quang Hoan, Nguyén Tai Tuyén &
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Duong Dtic Anh, 2020). Bé tim duoc tap dy
du bo tham s6 cua CNNs gom [A, B, 1],
nhiéu tac gia di dé xuat cac phwong phap
khac nhau; mdi phuong phap c6 nhing wu,
nhuoc diém ciing nhu cac pham vi ung dung
khac nhau da duoc Giizelis va cac cong su
phan tich va danh gia (Zou & cs, 1990; Chua
& Thiran, 1991; Giizelis & cs, 1998;
Mizutani, 1994; Sergey, 2001). Trong pham
vi bai bao nay, chung toi thir nghiém phuong
phap gop bo ba tham sb caa CNNs thanh chi
mot ma tran twong duwong W = [AT BT I].
Khi ¢6, CNNs duoc xem nhu tuong duong
v6i mot mang truyén thang va hoan toan c6
thé &p dung thuat toan Perceptron truyén
théng dé tinh toan. Thuat toan cai tién nay ap
dung cho CNNs — mét loai mang héi quy, nén
c6 thé goi 1a luat hoc Perceptron hdi quy.

2. NHAN DANG BQ THAM SO CNNs
2.1. Céu tric mang noron té bao

CNNs dugc xay dyng va phat trién dua
trén kién tric cua mot mach dién twong tu
(Chua & Yang, 1988). M&i mot mach dién
cia CNNs duoc coi l1a mot té bao, tai do
chtra cac thanh phan tuyén tinh nhu ty dién
C, dién trd Ry va thanh phan phi tuyén bao
gém ngudn diéu khién phi tuyén va cac
ngudn ngoai (Hinh 1).

Igtisjikd) <|> ¢

R % ’)1

Hinh 1. Mach té bao don gian cia CNNs

Hé phuong trinh dong hoc ciia CNNs co
ban (Chua & Yang, 1988), nhu sau:
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1

2.1.1. Phuong trinh trang thai

dx: (t 1
dt R,
f3 AG kY (t)+
(k)eN, (i,j)
£ > B ik
(k1)eN, (i,j)
0<i,k<M;0<jI<N
1)
Trong do:
r: ban kinh 1an can cua té bao C(i, j). Bai toan
nay su dung ban kinh 1an can r =1, khi do
C(i, j) chiu tac dong cua 08 té bao 1an can va
sy phan héi cua chinh C(i, j).
C, Rx: tu dién, dién tré cuia CNNs
A(i, j;k,1),B(i, j;k,1) : ma tran trong s6 md
ta viéc két ndi gitra té bao C(i, j) vai té bao
lan can C(k, 1) cua tin hiéu dau ra, ddu vao
mat cach tuong ung; kich thudc (3x3).
@i, j), (k, 1): thé hién vi tri caa té bao trong
CNNss c6 kich thudc (MxN).
M, N: sb té bao caa CNNSs theo chiéu ngang,
va chiéu doc mét cach tuong Gng.

I: ma tran ngudng, kich thudc (1x1).

X;(t) € R": trang thai té bao (i, j), kich thusc
(MxN).

y;(t) € R": matran tin hiéu dau ra cua mang;
kich thuéc (MxN).
u;; € R™: tin hiéu dau vao cia mang; kich
thuac (MxN).

2.1.2. Ham twong tic dau ra
1
Y ©0=500+1-)50-1) @
2.1.3. Piéu kién rang bugc dé CNNs én dinh
Ma tran phan hdi can c6 tinh d6i xung:
AQ, J; k D=AK, 1; 1, )
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2.2. Luat hoc Perceptron cai tién cho CNNs

Thuat toan Perceptron cai tién RPLA
dung dé tinh toan cac trong sé cua CNNs
chuan trong trang thai 6n dinh (Slavova,
2003). Tai day C. Giizelis dé xuat phuong n
gop c4c cac ma tran phan hdi A, ma tran dau
vao B, va ma tran ngudng | thanh ma tran
trong s6 W (Giizelis & Karamahmut, 1994).
Khi CNNs chuan dat trang thai 6n dinh thi (1)
c6 vé tréi bang 0. Khi d6, (1) ¢6 thé viét lai
nhu sau:

1 ..
=xO=1+ > Al JkDy, )+
X (k.DeN, (i)
+ Y. BN, Jik,uy
(k,DeN, (i)
3
Ma tran W:
W=[A" B" I] 4)
va dau ra caa CNNSs c6 dang:
y;(t)= Ve Ug 11 (5)

D& thay, phuong trinh (3) tai trang thai on
dinh tuong duwong véi mang Perceptron
truyen thang:

A () =[Y3 ] *w

= [[yis,j]T [“is,i]T 1T W

Khi véc-to trang thai X cia CNNs dat 6n
dinh, ¢6 thé chon mot bo tham sé mau bao
gom dau vao uj; va dau ra y; J(oo) lam céc
tham s6 khoi tao trong d6 s 1a s6 mau huén
luyén mang:

(6)

_yis—l,j—l(oo)+ Yf+1,j+1(00)_
yisfl,j(oo)"' Yis+1,j(00)
yis—l, jsa(0)+ Yis+1, ja(0) @)
yis,j—l(oo)+ Yis,j+1(00)
yis,j(oo)

yis,j(oo):
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Yot j-1%+1j+1
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Yie1j YL
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Uit Y-+ Y] ©

S S
Yii-1 T

L i J |

Véi bo tham sé trén, gia sit CNNs ¢6 dau
ra ludng cuc (&m (-1), duong (+1)), tuc 1a két
qua tir ham tuong tac dau ra, ham dau sgn(.),
khi cho tin hiéu dau vao qua bo trong sé va
ham tuong tac dau ra thi nhan dugc dau ra
cia CNNSs 6n dinh nhu sau:

yp;(0)=sgn[[YS, 1" *w]
=sonlly; 1" +a+ [y 17 #b+1] @

Viéc tinh toan trong s mang Perceptron
nay duoc thyc hién dya trén phuong phap
Thir-Sai~Chinh tir bo dit ligu miu cho truéc.
Céac sai léch duoc tinh theo phuong phap
binh phuong téi thiéu (Giizelis & cs, 1998):

[ ] Zy., x(¥yj(0) =)
i 10
= Z yi,j(oo)_ Z yis,j(oo) (0
i,jeD* i,jeD”

trong do:

e[ w[n]]: tong véc-to sai sb dau ra rit gon;
df;: giatri du ra mong muén CNNs;
y; ; (o) : gia tri dau ra 6n dinh CNNSs;

D*, D: mién gia tri dau ra sai léch tinh toan
dira theo nguyén tic sau:

D yis,j(oo):]- D - yis,j(oo):_l
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Khi sai s6 e[w] = & cho trudc, thuat toan
Perceptron cai tién sé& tinh gia tri cap nhap
trong s6 CNNs 6n dinh khi chuyén sang roi
rac hoa:

W(n+1)=W(n)—AW(n)
(11)
AW(n) :a( z Y (n) — Z Yi,Sj(n)]
i,jeD" i,jeD”

Trong do:
&:  gidtrisai léch cho phép cua mang;
AW sai léch trong sé;
a: tdc do hoc cia mang;
n:  sd budc tinh toan.

Luat cap nhat trong sé CNNSs 6n dinh:

wn+l=wn —axeW (12)

Trinh tu thuc hién cac budc cua luat hoc
Perceptron cai tién nhu sau:

Input: Cho b mau huan luyén CNNs bao
gom (uf, x5 (0), d5), toc do hoc a, chu ky
tinh toan trang thai CNNs step time. Chon ma
tran trong s6 phan hdi khoi tao cia mang dam
bao theo tinh phan cuc ddi xtng.

a 0 a 0 a O
AO=|a, 0 a 0 a, O|;
a, 0O a, 0 a o0

Chon ma tran dau vao c6 tinh chit tuong
ty ma tran phan hoi, va ma tran | nhu sau:

b, 0O b, 0 b, O
BO—=|b,O0O b,O b,O]|;
b, 0 b, 0O b, O

=10

Output: Tim bo tham s6 caa CNNs

Buéc 1: Chon bo trong sb khai tao cua
mang CNNs

Bud6ce 2: Tinh sai Iéch CNNs

Buwoc 2.1: Tinh tong sai léch £| w[n]] gitra
déu ra y; (0)va mau d;; mong muén da biét
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Buwéc 2.2: Cap nhap bo trong sb cua
CNN:Ss;

Buoc 2.3: Tinh toan gié tri trang thai
xii[n].

Buée 3: Kiém tra két qua tinh toan
Bugc 3.1: Tinh dau ra cua mang y;[n];

Bueéc 3.2: Tinh tong sai léch e[w] cua
yi? [n] va disl- .

Buét 4: Néu sai léch khéc khong, quay
lai budce 2.2 dé thuc hién cac budc tiep theo.

Con néu sai léch bang khéng, chon bo
trong so da tinh toan.

Budc 5. Két thic.

3. THU NGHIEM THUAT TOAN TiM
BO THAM SO CNNs

3.1. Thi nghiém thuat toan
Input: Cho bd mau ctia CNN's sau:

Uj : ma tran dau vao (4x4)
x; (0) : ma tran trang thai ban dau (4x4)

dj : ma trén dau ra mong mudn (4x4)

Hinh 2. Tap miu cho luat hoc
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Gia thuyét bo mau phan cuc nhu hinh
trén, trong d6 6 mau trang c6 gia tri la -1; 6
S

mau den c6 gid tri +1 d6i véi ca ug x (0),d5,

tdc d6 hoc a = 0.1.
Output: tim bo tham sé.
Thudt toan

Buwéc 1: Chon bo trong s6 khoi tao cho
CNNs can huén luyén.
0 0O 0O 0O
2 0| B=(0 0 O 1=0
00 0O 0O

A=|0
0
Buoc 2: Tinh toan sai [éch CNNs
Budc 2.1: Tinh sai léch dau ra tai budéc 1.
Khi CNNs ¢ trang théi 6n dinh, tai thoi
diém ban dau: Yy (0)=Uy =%y (0)
Tong sai s6 cua mang khi d6 nhu sau:

e[w[o]]= > vi;(0)— > v;(0)

i,jeD* i,jeD™

Thay vao gia trj thuc té ta duoc:

Z yi;(0)=4; Z yi;(0)=0

i,jeD* i,jeD™
Tu phuong trinh (10):
g(w[o]) = > ¥i;(0)- D vi;(0)=4
i,jeD* i,jeD”

Buéc 2.2: Cap nhap trong sé mai cia mang
duogc tinh theo (12):

[0 0054 0
Al]=|-0.0154 19846 -0.0154
0 0015 0
0 00173 0
B[L]=| -0.0173 -0.0154 -0.0173 | 1[1]=-0.0018
0 0013 0 |

Buoc 2.3: Tin hi¢u trang thai x5 (o) [1]
ctia mang theo bo trong sé tinh toan mai:
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—-1.1971 -1.2004 1.200 -1.1971
1o 1200 11902 1.1902 -1.2004
! —1.2004 11902 1.1902 1.200

-1.1971 1200 -1.2004 —-1.1971

Bueéc 2.4: Tinh toan sai léch cua gi tri dau
ra y;s (e0)[1] vei tin hi¢u dau ra mong muon,
kiém tra diéu kién dirng thuat toan.

—1 —14 1 — 1
1 1 1 — 1
|| =
y”[ ] —1 1 1 1
—1, 1 —1 —4

Thuc té v6i bo mau huan luyén trén, dua
theo chuong trinh tao ra trén may tinh, sau 8
vong lap gié tri tng sai lech &[w[8]]=0
(thoa man diéu kién ding cta thuat toan), bo
trong so A, B, I gilr khong doi tai vong tinh
toan tiép theo. Bo trong s6 ciia CNNs khi do
nhu sau:

0  -14051 0
A[8]=|-1.4049 0.5950 —1.4049
0 14051 0

0 -14478 0
B[8]=| -1.4476 -1.4326 -14476
0 -14478 0

I[8] =-1.4190

3.2. Ung dung thuit toan Perceptron cai
tién cho xir ly anh

Phan nay, nhém tac gia thar nghiém hai
pha. Trong d6, pha mét tinh ma tran trong sé
cua CNNs dya trén thuat toan da néu, pha hai
ding ma tran trong sé tinh dugc thir bai toan
nhan dang bién anh dua theo géc, canh nhu
Hinh 2.

2wy | BT

-

(@) (b)
Hinh 3. Anh miu va dudng bién nhan
dang wng dung luat hoc Perceptron cai tien
“Anh ¢6 kich thuéc 32x32, voi cac vat thé
hién thi nhu Hinh 3a. Sau pha mot, st dung
cac ma tran trong so A, B, | da tinh toan tai
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muc 3.1 dé xéac dinh bién anh diing ma nguon
m& md phong mang CNNs (Aggarwal,
2018). Tur birc anh goc va mé hinh mé phong
CNNs chuén c6 trong sb téi wu, tao ra buc
anh Hinh 3b da xtr Iy duong bién dé lam noi
bat, hién thi rd rang canh cua cac ddi tuong
trong birc anh géc.

Nhu vay, bo trong sé CNNs tinh toan toi
uu néu trén theo phuong phap hoc Perceptron
cai tién da dam bao tinh hoi tu cua bai toan
nhan dang duong bién, nhan dang dinh trong
viéc xir ly anh. Tir Gng dung nay c6 thé thay
phuong phap xir ly anh st dung thuat toan
RPLA ¢ thé ap dung cho céc bai toan thuc
té hién nay.

4. KET LUAN

Bai bdo da néu thuat todn Perceptron cai
tién dé 1am rd cach tinh céc trong s6. Uu diém
cua thuat toan nay 13 gitip ta tinh toan day du
cac thong sé cbt dé hé théng chay dugc voi
du cac dau vao va phan hdi cua dau ra. Viéc
tinh toan cac trong s nay dam bao cho CNNs
6n dinh. Thuat toan dugc dua vao thir nghiém
trong xu ly anh, nhan dang dinh, duong bién
ctia d6i tuong (Hinh 3).

Tur két qua cua bai béo, nhém thuc hién
nhan thay CNNs ¢4 tinh ¢ng dung thich hop
dbi vai cac bai toan xu ly anh. Tuy nhién, ma
tran anh cé kich thugce 1on nén viéc sir dung
CNNs bac cao la can thiét (Nguyén Quang
Hoan & cs., 2020; Nguyén Tai Tuyén, 2022).
Huéng phét trién tiép theo 1a cai tién thuat
toan Perceptron truy hdi nay cho CNNs bac
cao. Nhém dang tién hanh chay thi theo
hudng nghién cau méi va c6 kha nang ap
dung cho céc bai toan phuc tap hon.
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