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TOM TAT:

Mang neural rdt thucng dugc ving dung dé gidi quyét cdc bai todn trong linh vuc nhdn
dang. Trong bai viét ndy chiing t6i trinh bay mét img dung cu thé ciia mang neural xodn LeNet,
hoat dong theo nguyén Iy lam viéc ciia mang neural lan truyén ngugc, trong viéc nhdn dang ky
f.

Chiing 6i s¢ trinh bay chi tiét kién triic mang LeNet-md réng, dwa vao nguyén Iy lam
viéc ctia mang LeNet c6 két hop véi mot s6 chinh sita nhdm vao bg do va cdc bd sung trong s&
gid newton da ra. Mang Lenet-md rong chiing t6i xdy dung gém 7 16p, khong tinh ddu ra, tét cd
cde I6p déu chita thong s6 hudn luyén (nic cdc trong s6). Chiing t6i ciing gici thiéu nhitng két qud
nhdn dang ciia chong trinh thuc nghiém ma chiing t6i da phdt trién.

L Gidi thiéu mang neural xoin (Convoluti_onal Neural Network)

Cac mang xodn vé co ban 12 mét dang mang neural lan truyén nguoc két hop véi 3 khéi niém
kién tric sau:

1. Céc truong ti€p thu cuc bo

2. Céc ban sao trong s6

3. Céc dai dién miu

Viée két hgp nay nhdm duy tri mic d¢ bt bien d6i véi su dich chuyén, ti 1¢ va bién dang véi
hiéu suét cao nhat.

Thong thudng cdc hg do ddc trung co bdn hoat dgng 161 trén m¢t phdn ciia dnh thi thuong ciing
hoat dgng t6t xuyén sudt toan b¢ dnh. Ta 4p dung dédc diém nay 1én trén mot anh dé tao ra céc
vector trong s6 dong nhét, trong d6 méi thanh phén cla vector 12 mét unit véi trudng tiép thu clia
né dugc xdc dinh tai mét vi tri dugc xdc dinh trude trén dnh. Céc unit cé cling trong s duge té
chifc vao trong cling mot 16p. Tap cdc ddu ra cha céc 16p nhu trén duge goi 14 dnh xa ddc trung
(feature map-FM). Do vay, tdt ca cdc unit trong FM déu chia sé cling tap n trong s6, do vay
ching s& do tim cling mot dic trung tai tit ca cdc vi tri c6 thé trén anh ddu vao. Mat khic trén
cling mét 16p 6 nhidéu FM khdc nhau, do vy méi FM s& ding c4c bo trong s6 khéc nhau, bing
céch nay ta s& trich ra duge céc kiéu dic trung cuc bd khic nhau. Hon nita ta c¢6 thé quét anh déu
vao véi mot unit don vdi trudng ti€p thu cuc b, sau dé c4t giir unit nay tai céc vi trf lién quan
trong FM. Phép todn nay tong dong vdi su xodn (convolution), dugc sinh ra bdi ham additive
bias va squashing, tir day co tén la mang xodn (convolutional network). Cét 16 ciia su xodn la
tdp cdc trong so'lién két duoc ding bdi cdc unit trong FM. Dic diém ndi bat ciia céc 16p xoén 1a
néu anh déu vio bi dich chuyén, FM déu ra s& bi dich chuyén ciing gi4 tri, nhng s& bo toan véi.
céc trudong hop khéc. Dic diém nay chinh 13 diém manh co ban clia mang xoén-khong bi dnh
hudng cia cdc dich chuyén hay bién dang cia dnh ddu vao. Mot khi ddc trung da duge do ra, vi
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tri chinh xdc ciia né trd nén it quan trong di. Duy nhdt chi vi tri xdp xi ctia né lién quan dén cdc
ddc trung khdc la thich hop dé si dung.

Cdc bién dang hodc dich chuyén cia ddu vao c6 thé la nguyén nhdn lam cho vi tri ciia ede ddc.
trung ndi bat bi thay ddi. Khéng nhiing vi trf chinh x4c frong céc dic trung dé [a khong thich
hop cho viéc nhan ra miu (pattern), ma n6 con tiém tang 18i do béi céc vi tri cé khuynh héng
thay d6i d6i vdi cic thé hign khéc nhau clia cling mot k¥ tu. Mot cdch don gidn dé giam thidu d6
chinh xé4c trong vi trf 1a m& héa vi trf clia cdc dic trung phan biét trong FM, diéu nay 1am giam
thiéu khong gian 1o giai ciia FM. Diéu ndy c6 thé dat dugc véi I6p dai dién mdu (sub-sampling
layer SSL), 16p ndy c6 vai trd lam giam thiéu 1&i gidi cia FM, va 1am gizm do6 nhay cam cta d4u
ra d6i véi dich chuyén va bién dang.

B&i vi tiit ca cdc trong s6 duoc hoc véi phong phép lan truyén nggc, cic mang xodn cé thé dugc
xem nh viéc téng hop ddu do dic trung ciia né. K§ thuat chia sé trong s6 c6 mét tic déng phu rat
hay 12 gidm duoc s6 lugng cac thong s6 tr do, do d6 1am gidm dung lugng clia mdy va 1am gidm
khong gian sai s§ giita 18i kiém tra va 16i hu4n luyén [5].

II. Mang LeNet-x

Mot trong cdc mang xoin dat hiéu suat nhin dang cao nh4t 12 mang LeNet-x (hinh 1) [1]. V& co

ban, mang LeNet-x vén tuan thi theo c4u tric cha mang neural cé dién: 16p ddu vao, 16p 4n va

16p ddu ra, dong thdi né cé céc dic diém riéng nh sau:

- Ldp déu vao nhan céc anh di dugc chudn héa vé kich thudc va trung tam héa (tic 13 trong
tAm cdc ky tu chinh 12 trong tAm cta anh).

- Céc unit tai cdc 16p 4n va 16p ddu ra tuan thi theo nguyén tic sau: méi unit trong 16p nay

C3:FM

6@10x1C  g4.pp C5:16p  F6: l6p
pAuvio  ClEM M | foss 10
32x32 "

6@14}(14 P

Lien ket dq | Cfc linkét
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Céc xodn Dai dién

s Dai dién Lién két da

méu

Hinh 1. Cau tric mang neural xoin LeNet-x.

nhén céc ddu vao tir tp c4c unit duge dinh vi trong viing lan c4n nhd (cuc bo) & 1ép trude né.

Trong dé:
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Lop clh 16p xoén véi 6 FM. Mdi unit trong m&i FM dugc lién ket dén 5x5 lang giéng trong
d4u vao. C& cha cac FM la 28x28 dé ngan ngira lién ket tir ddu vao xudt phat tir cdc bign clia
anh. C1 chia 156 thong s6 huéin luyén, va 122,304 lién ket. l

Lép S2 1a 16p dai dién mAu véi 6 FM c6 c& 14x14. M&i unit trong méi FM ducc lien két véi
2x2 lang giéng trong FM lién quan tai 16p C1. B6n ddu vao déi v6i unit trong S2 dugc thém
viio, sau dé duoc nhan véi hé s hudn luyén va cong véi bias hudn luyén. Két qua duoc goi
vé ham sigmoid. Cic trudng ti€p thu 2x2 la khong chéng 14p, do d6 cidc FM trong S2 cé mot
nira s6 dong vd moét nita s6 cot 1a FM trong C1. Lép S2 c6 12 thong 6 hudn luyén va 5,880
lién két.

Lép C3 12 16p xoén véi 16 FM. Méi unit trong mdi FM dugc lién két véi mot vai 5x5 lang
giéng tai cdc vi trf déng nhat/y hét nhau trong tap con cua FM ctia S2 Cic FM khéc nhau bi
ép dé trich ra cdc dic trung khdc nhau (hy vong 12 bd sung cho nhau) boi vi chiing nhan dugc
c4c tap dau vio khic nhau. Cic FM dugc lién két nh sau: (1) 6 FM dau tién cta C3 14y céc
diu vao tir méi tap con ké nhau ciia 3 FM trong S2 (2) 6 FM k€ ti€p cuia C3 ldy céc déu vao
tir mi tap con ké nhau cia 4 FM trong 52 (3) 3 FM ké ti€p cha C3 ldy cdc ddu vao tir mot s6
tap con khong ké nhau ctia 4 FM trong S2 (4) FM con lai cia C3 14y cdc ddu vio tir tdt ca cic
FM clia S2. Nh vay 16p C3 c¢6 tdt ca 1,516 thong s6 huéin luyén va 156,000 lien két.

L6p S4 12 16p dai dien miu véi 16 FM ¢ 5x5. Mdi unit trong méi FM duogc lién két véi 2x2
lang giéng trong FM lién quan trong C3 tong ty nh CI va S4. Lép $4 c6 32 thong s6 hudn
luyén va 2,000 lién keét.

Lép C5 12 16p xoén véi 120 FM. Mbi unit dugc lién ket véi 5x5 lang giéng trén tdt ca 16 FM
clia S4. Boi vi ¢ clia $4 ciing 13 5x5, nén & ciia FM cia $4 la 1x1: day la s6 lugng lién két
ddy dt gifta S4 va C5. CS duge ddnh nhén nh 16p xodn, thay vi 12 16p lién két da, boi vi néu
déu vao ciha LeNet-mé rong duoc tao 16n hon vdi moi thit khdc gilt nguyén kich ¢d thi chiéu
ctia FM c6 thé 12 16n hon 1x1. Lép C5 c6 48,120 lién k&t huan luyén.

Lép F6, chita 84 unit va duoc lién két da vdi 16p C5. N6 c6 10,164 thong sé hudin luyén.

Nh trong mot mang neural kinh dién, cdc unit trong céc l6p cho dén F6 tinh todn bing cich nhan

giffa vector ddu vio va vector trong s6, sau d6 cong thém bias. Téng trong s6 a, cla unit i, sau

d6 duoc gdi vio ham sigmoid squash dé tinh ra trang thdi x; cua unit i:

x;=f(a;)

Ham squash duge tinh nh sau:

f(a)=A tanh(Sa)

véi A 13 bien do ctia ham va S chi ra do ddc ctia né tai g6c toa do. Ham f 12 ham lé véi duong
tiém can ngang tai +A va -A. Hing A dugc chon bing 1.7159 (dat dugc sau qué trinh thuc
nghiém).

Cuéi ciing, 16p diu ra 12 c4c unit RBF (Euclidean Radial Basis Function), mot cho méi 16p, véi
84 ddu vao cho méi 16p. Céc ddu ra clia mdi unit RF y; dugc tinh nhu sau:
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X5 = Z(x; . wa;r)l

J

dp dung va cdi tién mang LeNet-x dé nhdn dang t6t hon

Thuc ra mang LeNet-x néu trén dugc thiét k€ chi tiét dé nhan dang chit s viét tay, do dé ddu ra
chi ¢6 10 16p. Tuy nhién, ta c6 thé van dung, m& rong thiét k€ cha mang ndy dé nhan dang chit
viét tay.

Ban déu, ching t6i thir thiét k&€ mang LeNet m& rong véi 26 16p ddu ra dé nhan dang 26 ky tu tix
A dén Z. Song khi d6, s6 lugng cdc 1dp, cédc thong s6 lién két, cdc théng s6 hudn luyén tang lén
mdt cdch nhanh chéng. Trd ngai 16n hon 1 t6c d9 hoc cia mang tro nén vo cling cham chap, céc
trudmg hop nhan dang 18i va khong phan biét duge 16p ddu ra ting 1én ddng ké.

Do vy, sau mot thdi gian thit nghiém, ching t6i khong ti€p tuc phdt trién theo hdng nay, ma

quyét dinh thiét k&€ hé théng bao gom 2 ting phan 16p: (1) tAng phan lép nhém va (2) ting phan
16p chi tiét.

I11.1 Tang phan lép nhém

Chiing t6i nhan thily céc chit c4i c6 cdc dac diém gin giéng nhau thi d& bi nhan dang l4m sang
nhau. Do vay, dua su gdn gi6ng nhau cta cdc chit cdi, sau mot thdi gian thuc nghiém, ching téi
phan 26 chit cdi va 10 chit s6 vao cdc nhém sau:

Nhém CS : bao gébm cdc chit s6 <0, 1, 2, 3,4,5,6,7, 8, 9>
Nhém CCI: bao gém céc chit cdi sau <A, H, C, G, K, L, M, N, R, W>
Nhém CC2: bao gébm céc chit cdi sau <D, 0, S,Z, T, U, V, Y,

Nhém CC3: bao gém céc chit cdi sau<I, J, T, Q,D,0,P,B,E, F

a0 o

Nh vay, & ting nay ching téi chi phai thi€t k&€ mang LeNet véi 4 16p ddu ra, do vay cdc 16p FM,
céc théng s lién két va trong s s€ giam di, thoi gian hoc cho 16p nay nhanh hon.

I11.2 Tang phan lGp chi tiét

Téng nity chiing t6i sit dung mang LeNet nguyén thuy c6 10 16p ddu ra. M6i mang LeNet con s&
dung tap trong sé tong ing.

Hé théng thye hién qué trinh nhan dang nh sau:

Anh ciia doi Phan 16p Phan 16p K&t qua
tong can [ lanthd — lanthd >
nhan dang nhat hai .

o Bo dir liéu mau
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Chiing t6i sit dung bd dit liéu miu cha National Institute of Standards and
Technology : “NIST Special Database 19 — Handprinted Forms and Characters

Database”, véi kiéu chit viét ciia 1500 ngoi khic nhau duge viét trén form c6 dang
‘nh sau:
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o Cac thong so dir liéu dugc sir dung nhu sau:

Mang Boditlieu | Bodirlieu | Bodirlieu | Tong cong
hoc kiém tra danh gia
LeNet cho 40000 mau 40000 méu 20000 miu 60000 miu
tdng phan IGp cho moi cho méi cho mbi
thit nhat nhém nhém nhém
LeNet cho 10000 méiu 10000 méu 5000 miu 25000 miu
nhém CCl1 cho mét chit | cho mét cht | cho mot chi¥
cdi céi céi
LeNet cho 10000 méu 10000 mau 5000 méiu 25000 miu
nhém CC2 | cho moétchit | cho mot chit | cho mot chit
cal cél cal
LeNet cho 10000 méu 10000 mAiu 5000 méu 25000 miu
nhém CC3 cho mot chit | cho mét chit | cho mét chit
cai cii cai
LeNet cho 10000 mau 10000 méu 5000 miu 25000 miu
nhém CS cho mot chit | cho mot chit | cho mét chi
s6 s6 s6

94




TAP CHI PHAT TRIEN KHCN, TAP 4, S0 182/2001

Két qud thuc nghiém

Ung véi bo test duge néu nhu bang tham chiéu trén, két qua thu duge nhu sau;

Chit s6 Ty 1é 16 Ty 1¢ nhim lan Pat do chinh xac
0 0,83659 0,16084 99,00257%
1 0,39428 0,56071 99,04501%
2 0,63268 1,61026 97,75706%
3 0,45257 0,94863 98,59880%
4 0,82900 0,07263 99,09837%
g 0,61592 0,59699 98,78709%
6 0,99770 1,98864 97,01242%
7 0,22182 0,37790 99,40028%
8 0,99894 1,96191 97,03915%
9 0,99126 - 1,81926 97,19848%

Chir cai Ty lé 16i Ty 1é nham lan Pat do chinh xac
A 0,98670 1,93269 97,08061%
B 0,92246 0,91531 98,16623%
C 0,83159 0,49757 98,67084%
D 0,73588 0,93898 08,32514%
E 0,99996 1,95301 97,04703%
F 0,99870 1,97284 97,02846%
G 0,99916 1,97309 97,02775%
H 0,71549 0,90798 98,37653%
I 0.35276 0,32104 09,32620%
J 0,99195 1,99001 97,01804%
K 0,99159 1,96413 97,04428%
L 0,99977 1,99670 97,00353%
M 0,29199 1,21946 - 98,48855%
N 0,96712 1,94745 97,08543%
0] 0,60465 0,12079 99,27456%
P 0,74110 0,19731 99,06159%
Q 0,98482 0,39639 98,61879%
R 0,99261 1,98183 97,02556%
S 0,54895 : 1,53345 97,91760%
T 0,74892 0,22264 99,02844%
il 0,79744 1,77728 97,42528%
\'% 0,09347 1,89394 98,01259%

w 0,93019 1,66133 97,40848%
X 0,09474 0,66613 99,23913%
Y 0,54895 1,53345 97,91760%
Z 0,95784 0,03564 99,00652%
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