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MANG NO RON LAN TRUYEN NGUQC HUONG CHO NHAN
DANG KY TU

COUNTER - PROPAGATION NETWORK FOR CHARACTER RECOGNITION

 TRANNGOC HA !
NGUYEN THANH THUY 2

Abstract. Much effort has been extended in making computer recognize characters
automatically. Methods currently widely used for character recognition are mainly involved in pattern
marching using image processing techniques. One limitation of such methods is their inability to respond
to variations.

This paper presents the use of counter - propagation network based on Kohonen network for
character recognition. A first attempt at recognizing 37 symbols has been carried out. Obtained results
showed that the system is very robust, stable and still capable to retrieve correctly characters for 25%
corrupted images. ‘

1. MO PAU

Nhan dang la Iinh vuc duoc dp dung rong rai trong thuc té, trong dé nhan dang chit 1a van
de dugc quan tam ngay cang cao do nhu cau dich va xu ly cdc van ban mot cich tu dong. Qua
trinh xu ly vin ban gom cdc bude co ban sau:

- S6 hod vén ban béing scanner, sau d6 luu trit duéi dang tép anh

- Xir 1y so bo nhu ting cudng anh, tich ving chit ra khoi van ban, sau d6 tach ting ky tu
ra dudi dang cdc ma tran diém anh.

- Nhan dang ting Ky tu.

- Luu trit tro lai dudi dang text ASCIL

Trong cdc budc tién hanh ¢ trén, giai doan nhan dang ky tu quyét dinh dén téc do va do
chinh xdc cua cac hé nhan dang xu ly vin ban.

1.1 Cac phuong phap truyén thong

Mot trong nhiing thu tuc quan trong va tiéu tn nhiéu thoi gian clia cdc phuong phdp
truyén thong la lam manh ky tu. Thu tuc nay lam giam do6 rong cdc nét ctia ky tu xuéng con mot
diém nhim phdt hién bo khung xuong cZa ky tu. D6 phic tap cua thuat todn ty 1& véi do day cua
ky tu. Thu tuc ndy tao diéu kién chu viéc tim kiém cdc dau hiéu dic trung cua ky tu, song né
ciing 1am cho moét s6 ky tu trd nén giong nhau hon. Do d6, gay kho khan cho cic thu tuc ra
quyét dinh sau nay. Thu tuc nay s& khong lam viéc t6t khi chat lugng quét cua scanner t6i hoidc
ban than ky tu duge 14y tir van ban md ¢é nét dit. Do d6 n6 can duge cdc thu tuc tién xu 1y nhu
lam tron dudng bién, khu nhiéu trg gidp.

Cac phuong phdp ra quyét dinh trong phuong phdp nhan dang truyén théng duoc cai dat
tinh trong chuong trinh. Cdc phuong phap nay dua vao viéc nghién ciu trude cdc dac trung cua
cdc ky tu nhu s6 giao diém hodc cdu tric cdc ky tu nhu s6 diém két thic, s& chu trinh, s6 thanh
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phan lién thong, v. v... Nhin chung cdc phuong phép truyén thong déu gap kho khan khi chat
luong anh sau khi s6 hod kém.

1.2 Nhan dang bang mang no ron lan truyén nguogc huéng.

Mang no ron néi chung va mang lan truyén ngugc huéng néi riéng 1a su mé phong sinh
hoc bing mdy tinh ctua ndio ngudi. N6 ¢6 kha ning hoc tir kinh nghiém hay tr moét tap mau. Qua
trinh hoc cua mang lan truyén ngugc hudng 1a qua trinh hoc ¢6 gidm sat véi mot tap mau { X,
Y.} cho truée, o day Xs la véc to vao (ma tran diém anh ctua mot ky tu) va Y 1a gid tri ASCII
cia ky tu d6. Thue chat viéc hoc cia mang la bién déi va dnh xa topo cac ky tu xuéng mot mat
phang hai chiéu tuong ting véi cic no ron. Sau khi hoc xong, mang lan truyén ngugc huéng hoat
dong nhu mot bang tra véi diu vao la cdc vecto diém anh cua cdc ky tu. Qud trinh hoc cua mang
kha dai song qua trinh nhan dang rat nhanh. Mot trong nhiing uu diém chinh ctia mang la khéng
doi hoi cdc qud trinh tién xu ly nhu 1am manh, lam tron dudng bién hay khtr nhiéu. Uu diém nay
¢6 duoc nho kha nang xu ly cdc vécto vao ¢6 mét phan bi hong (partly corrupted). Ngoai ra
mang ¢6 thé ¢6 kha nang nhan dang ca cic ngon ngit khdc nhau, khi d6 chi can cung cap mot tap
mau cua ngon ngilt d6 cho qua trinh hoc. ’

2. MANG NO RON LAN TRUYEN NGUGC HUGNG [1]

2.1 Mang Kohonen

Khi xur ly dit liéu anh, thay cho viéc xem xét cic s6 liéu don 1é tuong ting véi cic diém
anh ta dé y dén méi quan hé, vi tri, 1an can cua cdc diém anh, nghia 1a ta ¢é cich nhin topo cia
s6 liéu. Néu ta biét dugc topo cla cdc s6 liéu, ta ¢6 thé giai quyét duoc van dé dir liéu bi mo,
khong diy du. Qud trinh hoc cuia mang Kohonen 1a qua trinh tu té chiic 4nh xa cdc dic trung
topo cua so6 liéu va khong gian hai chiéu cua cic no ron [2].

2.1.1 Cau tric cua mang Kohonen

Mang Kohonen ¢6 mot 16p hoat dong. Cic no ron dugc sdp x€p nhu mot ma tran chir nhat
p x q. Trén ma tran no ron nay ching ta dinh nghia khdi niém no ron lan can thu nhat, thu hai v.
v... Hinh I chira mét vi du vé lan cin “vuéng” cua mot no ron trung tam.

Dé tat ca cdc no ron déu c6 s6 lan can k nhu nhau, mang no ron phai dugc “cudn’ cdc
canh d6i dién véi nhau. Cdch thiét ké mang Kohonen nhu vay nhim dua cdc vecto giong nhau
vao vi tri giéng nhau cua cdc no ron.

No ron trung tim
8 lan can thit nhat

16 lan can thi hai
24 lan can thir ba

Hinh 1: Cdc no ron lan can “vuéong” thit 1, 2, 3...
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2.1.2 Qua trinh hoc canh tranh

Trong qué trinh hoc canh tranh cia mang Kohonen, chi ¢6 mét no ron duoc chon sau khi
mot vécto vao di qua mang. Gia thiét ¢6 mot mang Kohonen v&i ma tran trong s6 W cic vécto
¢é m bién X(x, Xa, ..., X,,). Tiéu chuan dé chon cac no ron trung tam la:

m
no ron trung tam cé Z(Xa —Wji )2 — min (1).

i=1
Sau khi no ron trung tam ¢ duoc chon, cdc trong s6 W cia tit ca cidc no ron duogc diéu
chinh lai theo cong thic:
Wij(ncw) = wji(old) R n(t).a(d‘ L d}j)-(xi _ Wﬁ(old)) (2)
Trong dé: a(d, - d;) 1a ham phu thudc topo gidm theo khoang cich topo d, - d; gitta no ron j
va no ron trung tam c.

max t
-n(t) & (amux - amin) __1 S Apmin (3)

max
t - SO doi tuong da qua mang
toa - TONE 56 d6i tuong qua mang
Q.00 A - Hang s6 hoc cia mang
Theo phuong trinh (2) ta d& nhan thdy du hiéu x; - W;°' 1a dwong hay am céc trong s6 W-
" tr& nén gan gid tri x; hon 1a cdc trong s6 W, Y.
2.2 Mang lan truyén ngugc huéng
2.2.1 Cau tric mang lan truyén nguoc hudng

Mang no ron lan truyén ngugc hudng bao gom hai 16p hoat dong: 16p Kohonen va 16p ra.
Lép Kohonen dugc néi day du véi cdc bién s6 cua vecto vao va ndi diy du véi cic no ron clia
16p ra. S6 no ron cua 16p Kohonen bang s6 10i giai ching ta muén luu trit. S no ron cua 16p ra
bing s& bién ciia méi 10i giai. Gid tri ciia mai 101 giai dugc luu trit trong cdc trong s6 cua cdc no
ron trén I6p ra. Hinh 2 1a mot vi du vé mang lan truyén ngugc hudng luu trit 5 101 giai, mdi vecto
vao ¢6 3 bién va s6 bién cua vectora la 2:

Lop Kohonen

Hinh 2: Ciu triic mang lan truyén ngugc hudng.

2.2.2 Qua trinh hoc canh tranh cé gidm sdt

Quad trinh hoc cua mang lan truyén nguoc hudng la qua trinh hoc ¢é gidm sit. Do dé né
cdn c6 mot tap méu chuan {X,, Y,}. Trong qua trinh hoc véc to vao X, di vao mang Kohonen ¢
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day dién ra qua trinh hoc canh tranh. Vecto 161 giai Y, di vao 16p ra theo héng nguoc lai lam
thay déi cdc gia tri trong s6 cua cdc no ron trén 16p ra. Gia thiét ching ta ¢ mang lan truyén
nguoc huéng gébm N no ron trén 16p Kohonen va M no ron trén 16p ra. W, 1a trong s6 thit i cia
no ron thit j trén 16p Kohonen. C; 1a trong s6 cua no ron thi i trén I6p ra néi véi no ron thit j trén
16p Kohonen. Qua trinh hoc cia mang lan truyén nguoc huéng bao gébm cdc bude sau day:

- Mot déi tuong gom cap vecto (X, Y,) duge ldy ra tir tap mau

- Vecto X, di vao 16p Kohonen.

- No'ron trung tam dugc chon theo phuong trinh (1). B

- T4t ca céc trong s6 ctia no ron trén 16p Kohonen dugc diéu chinh theo phuong trinh (2).

- Céc trongs6 cua no ron trén 16p ra dugc diéu chinh theo phuong trinh:

C (new) __ C (old) 4 Tl(t) a(d d) (y: C (old)) (4)
- Quad trinh lap lai déi véi d6i tuong tiép theo.

Moi lan tat ca cic d6i tuong mau dd di qua mang duoc goi la mét luot. Thong thudng tir
vai tram dén hang nghin luot dé mang 6n dinh. Khi chon dugc cic hing s6 dac trung cia qud
trinh hoc a, .., a,;, thlch hop, qu4 trinh hoc clia mang luén héi tu.

max

3. CAI PAT MANG LAN TRUYEN NGUGC HUGNG CHO NHAN DANG KY TU

M6t mang téng quat cho viéc nhan dang ky tu duge cai dat trén ngon ngit C nhu mot 16p
(Class) c6 tén goi la Netcount. Cdc tham s6 cua mang la cac bién thanh vién con cdc chirc nang
cua mang duoc thiét ké cho cac ham thanh vién. Mang chi ¢6 mét no ron trén 16p ra va cé kiéu
la ky tu

Class Netcount

{ protected:
int dai, rong, N;
float amax, amin, *W[1600];
char C[1600];
public;
Netcount(int, int);
void hoc(char *, long T);
char doan (char*®);

b

Céc trong s6 W;; duoc cip phét dong cho bang cdc con tro W. Khoang cach giita no ron ¢6
toa do k;, 1; véi no ron t1 ung tam k_, 1. duoc tinh theo cong thic:

D = max[min(lk; - k, k; - k. + dail, I; - k, -dail, minll; - LI, II; - I, + rongl, II; - I, - rongl]

Ham phu thudc topo a(d, - d;) duoc diing trong chuong trinh la ham tam gidc:

a(d.-d)=0,néuD2D,,,
D

mMix

,nfuD< D

max
nmax

Trong d6 D, 12 lan can xa nhat ¢4 thé cua mang
D,... = max(dai/2, rong/2)+1;

Cac gid tri Y, cua tap méu la cdc ky tu ¢6 gia tri roi rac nén phuong trinh (4) dugc thay déi
boi C; =y, (4")
ji i
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4. CAC NGHIEN CUU VE MANG NO RON LAN TRUYEN NGUGC HUGNG
CHO NHAN DANG KY TU -

4.1 Té chic so liéu

Tap mau dugc t6 chiic trong mét tép s6 liéu. Cac cap (X,, Y,) dugc viét 1an luot theo timg
dong. Mot diéu dat ra phai s6 thuc hod cic vecto vao khoang [0, 1] vi céc trong s6 cuia mang la
céc so thuc. Cac nghién citu cho thay viéc s6 thuc hoa lam cho mang c¢6 kha nang do4n nhan cac
ky tu tir anh sai 16n hon. Hon nita véi viéc t6 chic thuc hod chiing ta c6 thé 1am giam kich thuéc
cta vecto vao va c6 kha ning lam viéc déi véi cac ky tu ¢6 kich thude anh khac nhau. Thuc t€
chi ra cdc phuong phdp s6 thuc hod khdc nhau sé anh hudng dén kha niang cuc dai ma mang cé
thé dodn nhan tlr cac anh sai.

4.2. Cau tric va cac tham so hoc

Viéc xay dung mang la viéc gdn cho mang s6 luong no ron trén 16p Kohonen. Véi so
luong no ron trén 16p Kohonen cang 16n kha ning dodn nhan céc ky tu tir cdc anh c6 ty 1é sai 16n
hon. Tuy nhién khi tang s6 luong no ron, kha nang nhan biét s€ tién sit kha niang cuc dai ma
mang c6 thé dodn nhan tir cac anh sai phu thudc vao phuong phép s6 thuc hod. Ching ta ciing dé
nhan thay thoi gian hoc va thoi gian dodn nhan, ciing nhu bo nhé cua mdy tinh tang ty 1é thuan
Vv6i s6 luong no ron trén 16p Kohonen. Thuc t€ viéc xay dung mang la cong viéc thu nghiém tang
dan cho dén khi dat dugc cdc chi tiéu mong mudn.

Céc gid tri trong s6 ban dau thuc su khong quan trong véi qud trinh hoc nhung ching phai
duoc gdn bang cdc s6 ngdu nhién tir 0 dén 1.

Cédc tham s6 hoc a,,,, a,;, anh huong khong nhiéu dén qua trinh hoc néu chiing thoa min
céc diéu kién nhu sau:

A, € [0.3, 1]; a,,, € [0, 0.1]. Vi gid tri a,,, = 0,5 va a,;, = 0.01 c6 thé la gi tri t6t cho
qua trinh hoc.

5.NHAN DANG 37 KY TU SUDUNG MANG LAN TRUYEN NGUGC HUONG

Mot tap mau 37 ky tw tr A - 2, 0 — 9 va ky tu ‘<’ duoc tach ra tir tép anh quét boi
scanner c6 kich thuéc 32 x 32 diém 4nh. Ba thir nghiém duoc tién hanh 1a:

- Khong s6 thuc hoa

- Loc cdc diém anh bing matna 3 x 3

- Phan ménh anh thanh 64 manY.. Méi viing c6 s6 thuc = téng diém 1/ 16

Bang 1 thong ké kha nang nhan ding ky tu tir cdc anh cd ty 1€ sai cuc dai cia mang 20 x
20 no ron sau 3000 luot hoc. .

Bang 2 théng ké su phu thudc cua kha nang nhan dang cdc anh sai vao kich thuéc mang
v6i viéce s6 thuc hoa 1a phan 64 manh.

Bang 1:

Khong s6 thuc hod Mitna3x 3 Phan 64 manh

3% 15% 19%
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Bang 2:

10x 10 20x 20

30x 30 40 x 40

13% 19% -

24% 25%

Hinh 3. Cho thdy topo cua cac ky tu ciia mang 30 x 30 véi phuong phdp phan manh 64

sau 3000 lan hoc.

OUUU4444466666555555SSSSGGGGG 0 0 0
00U44444466666333555SSSSGGGGGOO0
00DD44444666333333S$SSS GGGGGOOO
ODDDDDDJI11JJ33333SSSSS GGGGGO00

ODDDDDDJIII] 133333SSSSGGGQQQQQO
ODDDDDDIJIII 111 HIIIIIIQQQQQQQQ
DDDDDDDIIIII 11111 HIIQQQQQQQQ
DDDDDDDIIIII 1111TI I IMRQQQQQQQ
9999VVVVVIJ11111ITIIHIRRRRRRRQ 9
9999VVVVVVY11111TIII RRRRRRRR 9
9999VVVVVVYYYYTTTTTIIII RRRRP 9

9999VVVVYYYYYTTTTTT ZZZRRRRP 9

9999VVVVYYYYYTTTTTT ZZZZRRRP 9

MMMMXXXXYYYY7777772ZZZZ2PPPM
MMMMXXXXYYYY7777772ZZZZ2PPPM
MMMMXXXXYYYY777777ZZ2222PPP M
MMMMXXXXYYYY777777ZZ2222PPP M
MMMMXXXXYYYY7777772Z2222 HH M

NNNNKKKKK<<FFFFFFEEES8HHHHH N
NNNNKKKKK<<FFFFFFEEES8HHHHH N
NNNNKK<<<<<CFFFFFEEEE8888HWN N
WWWNK<<<<<CFFFFFFEEE88888WWW
WWW A<<<<<<CCCCCLLLLE883BWWW
WWWAAAAA<CCCCCLLLLEBBBWW W
UUUUAAAAA 6CCCCCLLL LEBB000O

0 UUUAAAAGB6 66666 S LLLLEBB00O0O

OUUU4AAA6666666655 55 SEBBB0 00O
0 UUU444446666666 55555 SSSGGG 000

Vé6i viéc; phan b6 cua céac ky tu 6 hinh 3 ta
dé nhan tha?iy mang da phét hién mot cich
khach quan cédc dac trung topo cua céc ky
tu thuong dugc dung trong cac phong phap
nhan dang cdu tric truyén théng. Céc ky tu
c6 cdu triic topo tuwong déi giong nhau duoc
sdp x€p dit gin nhau nhu cic ky tu cé
diém két thic nhu nhau {‘Z’, ‘2’}, {‘5,
‘S’}; cdc ky tu ¢ mot chu trinh {*O’, ‘0,
‘Q’, ‘R’, 9’, ‘D’}; Cac ky tu cd hai chu
trinh {‘B’, ‘8’}. Mot diac diém rat quan
trong la mang da phdt hién ra ciac ky tu cé
“tiém nang” giéng nhau nhu cic ky tu
{‘H’, ‘E’, ‘W’ } rat dé tr6 thanh c¢6 hai chu
trinh khi anh bi sai 16n. Ky tu ‘A’ khi bi
mét géc cudi bén trdi ¢6 thé trd thanh sos

‘4’5 ky tu ‘U’ rat ré tr¢ thanh c6 chu trinh.

Ngoai ra mang da phdt hién cac ky tu co
mot hay nhiéu phan giéng nhau khé c6 kha
nang mo ta trong cdc chuong trinh nhén
dang truyén théng nhu mat do cic diém
den nhu {*M’, ‘X’. ‘A’}, hay nét cong cua

Hinh 3: Phén bo topo cua céc ky tu. duong bién ky tu ‘G’ va ‘O’.

KET LUAN:

Tir vi du nhan dang 37 ky tu cho thdy viéc nhan dang ky tu bang mang lan truyén nguoc huéng c6
hiéu qua, don gian va nhanh hon cdc phuong phép truyén théng. N6 ¢6 kha nang nhéan dang dugc cdc ky
tu tir cdc anh ¢ chit luong t6i véi s6 diém anh sai 25%. Loi thé chinh ctia mang loai nay xuét phat tir kha
nang hoc cdc dac trung poto cua cic mau. Tuy nhién véi mét tap miu qud Ién viée sir dung tai nguyén cua
mady tinh sé rét 16n.
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