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MANG NO RON LAN TRUYEN xouoc HtJONG eHO NHAN. '.
DA.NG KYTl)'

COUNTER - PROPAGATION NETWORK FOR CHARACTER RECOGNITION

TRAN NGQC HA. I

NGUYEN THANH THUY !

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 DAU
Nhan dang la Iinh VIl'C duce ap dung rong rai trong thirc te, trong do nhan dang chir la van

d~ duce quan tarn ngay cang can do nhu eau dich va xir Iy cac van ban mot each tu dong. Qua
trinh xir Iy van ban g0111cac buoc eo ban sau:

- So hoa van ban bang scanner, sau do luu trit du6'i dang tep anh

- Xu ly sa bo nhir tang cuong anh, tach vung chir ra khoi van ban, sau do tach tirng ky tu
ra duoi dang cac ma tran diem anh.

- Nhan dang tirng ky tu.
'- Luu trfr trc lai diroi dang text ASCII,

Trong cac biroc tien hanh 6 tren, giai dean nhan dang ky tu quyet dinh den toe d(> va d(>
chfnh xac ClW cac h~ nhan dang xir Iy ,5n ban.

1.1 Cac phuong phap truyen thong
Met trong nhirng thu tuc quan trong va tieu ten nhieu thoi gian cua cac phuong phap

truyen thong la lam manh ky tu Thu tuc nay Iamgiam d(> rong cac net cua ky tu xuong con met
diem nham phat hien bo khung xuong r':a ky tu. D(> phirc tap cua thuat toan ty l~ voi d(> day cua
ky tu. Thu tuc nay tao dieu kien cho viec tim kiem cac dau hieu dac tnrng cua ky tu, song no
cling lam cho mot s6 ky tu tro nen giong nhau hon. Do do, gay kho khan cho cac thu tuc ra
quyet dinh sau nay. Thu tuc nay se khong lam viec tot khi chat lUQ11gquet cua scanner toi hoac
ban than ky tu diroc lay tu van ban mo eo net dirt. Do do no can duoc cac thu tue tien xir ly nhir
lam tron duong bien, khu nhiet. tro giup.

Cac phirong phap ra quyet dinh trong phuong .phap nhan dang truyen thong duoc cai dat
tinh trong chuong trinh. Cac phirong phap nay dua vao viec nghien CUll truce cac dac tnrng cua
cac ky tu nhu s6 giao diem hoac eau true cac ky tu nhu so' di~m ket thuc, s6 elm trinh, s6 thanh

i Vien Cong nghe Xa hiem, Ha Noi
2 Diii hoc Bach khoa, Ha Noi.
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phan lien thong, v. v.... Nhln chung cac phuong phap truyen thong deu gap kho khan khi chat
IU9ng anh sau khi s6 hoa kern.

1.2 Nhan dang bang mang no ron lan truyen nguoc hirong.

Mang no ron noi chung va m~ng lan truyen nguoc huong .noi rieng la su 1110phong sinh
hoc bang 111<lytfnh cua nao nguoi. No eo kha nang h9C tir kinh nghiem hay tir mot tap mau. Qua
trinh h9C cua mang lan truyen nguoc huong HI qua trinh h9C eo giam sat voi mot tap milu {X"
V,} cho tnroc, a day Xs la vec to" vao (ma tran diem anh cua mot ky tu) vu Ys la gia tri ASCII
cua ky tu do. Thuc chat viec h9C cua mang la bien d6i va anh xa topo cac ky W xuong mot mat
phang hai chieu nrong irng voi cac no ron. Sau khi h9C xong, mang lan truyen nguoc huong hoat
dong nhu 1119tbang tra voi dilu vao la cac vecto diem arrh cua de ky tu. Qua trinh h9C cua mang
kha dai song qua trinh nhan dang rat nhanh. M9t trong nhiing uu diem chinh cua mang la khong
dei hoi cac qua trinh tien xir Iy nhu lam manh, la111tron duong bien hay khir nhieu. Uu diem nay
eo duoc nho kha nang x ir Iy cac vecto vao eo 1119tphan bi hong (partly corrupted). Ngoai ra
mang eo th~ eo kha nang nhan dang ea cac ngon ngir khac nhau, khi do chi can cung cap mot tap
mau cua ngon ngir do cho qua trinh h9C.

2. MANG NO RON LAN TRUYEN NGHqC HHONG [1]

2.1 Mang Kohonen
Khi Xli" Iy dfr lieu anh, thay cho viec xem xet cac so lieu don le tU'011girng voi ctic di~111

anh ta d~ y den 1110iquan he, vi trf, lan can cua ctic di~I11anh, nghia la ta eo each nhin topo cua
so lieu. Neu ta bier dtroc topo cua cac so lieu, ta eo th~ giai quyet duoc van de dir lieu bi 1110',
khong day duo Qua trinh h9C cua rnang Kohonen la qua trinh tu t6 chirc anh xa cac di;ic tnrng
topo cua so lieu va khong gian hai chieu cua cac no ron [2].

2. I. I cau truc cua mang Kohonen
Mang Kohonen eo mot lop hoat dong. Cac no ran duoc sap xep nhu 1119tma tran clur nhat

p X q. Tren ma tran no ron nay cluing ta dinh nghia kluii niern no ron lan can thir nhat, thir hai V.

v ... Hinh I chi ra mot vf du v~ lan can "vuong" cua 1119tno ran trung tarn.
D~ tat ea cac no ron d~u eo so lan can k nhu nhau, 111~ngno ran phai diroc "cuon" cac

canh doi dien voi nhau. Cach thiet ke mang Kohonen nhu vay nham dua de vecto giong nhau
vao vi trf giong nhau cua cac no ron.

1111lgtfun
n thu nhar

~n thu hai
~n tlnr ba

Hinh I: Cac no ron lan can "vuong" tlur I, 2, 3...

Net ron

8 lan c~

16 lan c
24 lnn c
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2.1.2 Qua trinh hoc canh tranh

Trong qua trinh hoc canh tranh cua mang Kohonen, chi eo rnot no ron diroc chon sau khi
mot vecto vao di qua mang. Gia thiet eo mot mang Kohonen vai ma tran trong s6 Wji cac vecto
eo m bien Xtx , X~,... , xrn). Tieu chuan d~ chon cac no ran trung tarn la:

III

no ron trung tam co I(~i -Wji)2 ~min (I).
i=1

Sau khi no ran trung tarn c duoc chon, cac trong s6 Wji cua tat ea cac no ran duce dieu
chinh lai theo cong tlurc:

W.(lIew) = W ..(old) + net) a(d - d) (x, - W.(old» (2)
IJ JI • I . C .I' I J1

Trong do: atd, - d.) la ham phu thuoc topo giam theo khoang each topo de - d, giira no ran j
va no ran trung tarn c.

-ntt) = (U,l1ax- U,l1ill)t -1 + a,l1ill
max

t - t
1'11i1X

(3)

t - SOd6i tirong drr qua mang

tlll'"X- Tong s6 d6i tU<;>'I1gqua mang
an"." amill- Hang s6 hoc cua mang

Theo plurong trinh (2) ta d~ nhan thay du hieu Xi - Wt1d
) la dirong hay am cac trong s6 W-

/1<\\,) tro nen gan gia tri Xih011 la cac trong s6 Wt1d).

2.2 Mang lan truyen nguoc huong
2.2.1 Cau truc mang lan truy~n ngll'O'c hU01H!

Mang no ron lan truyen nguoc huong bao gom hai 16'phoat dong: 16'pKohonen vu lop ra.
Lop Kohonen diroc n6i day du voi cac bien s6 cua vecto vao va n6i day du voi cric no ron cua
lop ra. S6 no ran cua lop Kohonen bang s6 loi gia: cluing ta mu6n hru tnr, SO no ron cua lop ra
bang s6 bien cua mlli lai giai. Gia tri cua moi 101giai diroc luu trti' trong cac trong s6 cua cac no
ron tren lop ra. Hinh 2 l~\mot VI du ve m~ng lan truyen ngiroc hirong luu trir 5 lai giai, mlli vecto
vao eo 3 bien va s6 bien cua vecto ra la 2:

Lap vao

Lap Kohonen

Lap ra

Hlnh 2: Cau true mang lan truyen nguoc huong,

2,2.2 Quu trlnh hoc canh tranh co giilm s~t

Qua rrinh hoc cua mang lan truyen ngiroc huong la qua trinh hoc eo giam sat. Do do no
can eo mot tap mau chuan {X" YJ. Trang qua trinh hoc vec to' vao X, di vao mang Kohonen 6"

15 •
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day dien ra qua trinh h9C canh tranh. Vecto loi giai Y, di vao lop ra theo hong nguoc lai lam
thay d6i cac gia tri trong s6 cua cac no ran tren lap ra. Gia thiet chung ta eo mang lan truyen
ngiroc huong g6111N no ran tren lop Kohonen vu M no ran tren lap ra. Wji la trong s6 thir i cua
no ran thir j tren lop Kohonen. Cji la trong s6 cua no ran thir i tren lap ra noi voi no ran thir j tren
lop Kohonen. Qua trinh h9C cua mang lan truyen nguoc huong bao g6m cac buoc sau day:

- M9t d6i tuong g6m cap vecto (X" YJ diroc lay l;a tu tap mau.
- Vecto X, di vao lop Kohonen.

- No ran trung tarn diroc chon theo phuong trinh (I).

- Tat ea cac trong socua no ran tren lop Kohonen dtIQ'Cdieu chinh theo phuong trinh (2).
- Cac trongso cua no ran tren lop ra duoc dieu chinh theo plnrong trinh:

c/"ew) = Ct1d
) + l1(t).a(d, - dj)'(Yi - Ct1d») (4)

- Qua trinh lap lai d6i voi d6i nrong tiep theo.

Moi Iftn tat d. cac d6i nrong mau da: di qua mang diroc goi la mot hrot. Thong thirong tu
vai tram den hang nghin hrot d~ mang 6n dinh. Khi chon duce cac hang s6 dac tnrng cua qua
trinh hoc am"" al11i" thfch hop, quarrlnh hoc cua mang lucri hoi tu.

3. CAI D~ T Mt\NG LAN TRUYEN NGHOC HHONG CHO NH!N Dt\NG KY TV

Mot m<:tng tong quat cho viec nhan dang ky tu diroc cai diftt tren ngon ngii C nhir mot lop
(Class) eo ten goi la Netcount. Cac tham s6 cua mang Ht cac bien thanh vien con cac chtrc nang
cua mang diroc thiet ke' cho de ham thanh vien. Mang chi eo mot no ron tren lop ra vu eo kieu
la ky tu

Class Netcount

{protected:

int dai, rang, N;

float amax, amin, *W[1600];

char C[ 1·600];

public;

Netcount(int, int);

void hoc( char *, long T);

char doan (char*);

I;
Cac trong s6 Wji duoc cap phat dong cho bang cac con tro W. Khoang each giil'a no ron eo

toa d9 k., Ij voi no ran trung tarn k., le duoc tinh theo cong thtrc:
D = maxjmintlk, - k,l, lk, - k, + dail, Ikj - k, -dail, minll, - l.l, Ilj - 1, + rongl, IJj- 1, - rongl]
Ham phu thuoc topo a(d, - dj) diroc dung trong chuong trinh la ham tam giac:

atd, - dj) = 0, neu D ~ Dm"x

D -D
Ill'" "D D= D ' neu < ""IX

"1;1;(

Trong do Dm"x la lan can xa nhat eo the cua mang

DOl", = max(dai/2, rong/2)+ 1;
Cac gi •.i tri Y, cua tap mfiu la cac ky tu eo gia tri roi rac nen phirong trlnh (4) duoc thay d6i

boi Cji = Yi (4')
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4. CAC NGHIEN CUD VE MANG NO RON LAN TRUYEN NGHOC HH6NG
CHON~!NDANGKtTV .

4.1 T6 chtrc s61i~u

Tap mau duce t6 chirc trong mot tep so lieu. Cac cap (X" YJ diroc vier lan luot theo tirng
clang. Mot dieu dat ra phai so thuc hoa cac vecto vao khoang [0, 1] VI cac trong so cua mang la
cac so thirc. Cac nghien cuu cho thay viec so thirc hoa lam cho mang eo kha nang doan nhan cac
ky W tir anh sai IOn hon. HO'n nira voi viec t6 chirc thirc hoa chung ta eo th~ lam giam kfch thiroc
cua vecto vao va eo kha nang lam viec doi voi cac ky W eo kfch thiroc anh khac nhau. Thuc te
chi ra cac phuong phap so thuc hoa khac nhau se anh huong den kha nang cue dai ma mang eo
th~ doan nhan tir cac anh sai.

4.2. Cau true va cac tham s6 hoc

Viec xay dung mang la viec gan cho mang so hrong no ron tren lap Kohonen. V6'i so

IUQ11gno rontren lop Kohonen cang Ion kha nang doan nhan cac ky nr tir cac anh eo ty l~ sai Ion

hon. Tuy nhien khi tang so IUQ'l1gno ron, kha nang nhan biet se tien sat kha nang cue dai ma

mang eo th~ doan nhan tir cac anh sai phu thuoc vao phuong phap so thuc hoa. Cluing ta ciing de

nhan thay thoi gian hQC va thoi gian doan nhan, ciing nhu bo nho cua may tfnh tang ty le thuan

voi sc luong no ron tren lop Kohonen. Thuc te viec xay dung m;;tng la cong viec thir nghiern tang

dan cho den khi dat duce cac chi tieu mong muon.

Cac gia tri trong so ban d~u thirc sir khong quan trong voi qua trinh hoc nhung cluing phai

duce gan bang cac so ngjiu nhien tir 0 den 1.

Cac tham so hoc a.naX'a.nillanh huong khong nhieu den qua trinh hoc neu cluing thoa man

cac dieu kien nhu sau:

a.naxE [0.3, 1]; amillE [0,0.1]. VO'i gia tri ama, = 0,5 va a",ill= 0.01 eo th~ la gia tri tot cho

qua trinh hoc.

5. NH!N DA.NG 37 Kt TVS(rDl,JNG MANG LAN TRUYEN NGU"(lC HH6NG

Mot tap mau 37 ky W tit A -) L, 0 -) 9 va ky W '<' duoc tach ra tir tep anh quet boi
scanner eo kfch thiroc 32 x 32 di~m anh. Ba thir nghiern diroc tien hanh la:

- Khong so thuc hoa
- LQc cac di~m anh bang mat na 3 x 3

- Phan manh anh thanh 64 man loo. Moi vung eo so thirc = t6ng di~m 1/ 16

Bang I thong ke kha nang nhan dung ky tu tir cac anh eo ty l~ sai cue dai cua m~ng 20 x
20 no ron sau 3000 luot hoc.

Bang 2 thong ke sir phu thuoc cua kha nang nhan dang cac anh sai vao kfch thiroc mang
voi viec so thirc hOC1 la phan 64 manh.

Bang I:

Khong so thirc hoa M~t na 3 x 3 Phan 64 manh

3% 15% 19%
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Ring 2:

lOxlO 20 x 20 30 x 30 40 x 40

13% 19% 24% 25%

Hinh 3. Cho thay topo cua cac ky tl! cua mang 30 x 30 voi phirong phap phan manh 64
sau 3000 lan h9C.

OUUU444446666655555SSSSSGGGGG 000
00U4444446666633355SSSSSGGGGGOOO
00DD44444666333333SSSSS GGGGGOOO
ODDDDDDJJJJJJ33333SSSSS GGGGGOOO
ODDDDDDJJJJJ I33333SSSSGGGQQQQQo
ODDDDDDJJJJJIIIIlHllIrrrnQQQQQQQQ
DDDDDDDJJJJJ III II II IillllIQQQQQQQQ
DDDDDDDJJJJJ IIII ITI I IIIIRQQQQQQQ
9999VVVVVJJ IIIIIITIIllllRRRRRRRQ 9
9999VVVVVVY IIIII TIlllI RRRRRRRR 9
9999VVVVVVYYYY I I I I I rrrn RRRRP 9
9999VVVVYYYYY I I I I I I ZZZRRRRP 9
9999VVVVYYYYY I I I I I I ZZZZRRRP 9
MMMMXXXXYYYY777777ZZZZZ2PPPM
MMMMXXXXYYYY777777ZZZZZ2PPPM
MMMMXXXXYYYY777777ZZ2222PPP M
MMMMXXXXYYYY777777ZZ2222PPP M
MMMMXXXXYYYY777777ZZ2222 HH M
NNNNKKKKKXF7777777222222H HHH N
NNNNKKKKKXF7777777222222HH HH N
NNNNKKKKK<<FFFFFFEEE88HHHHH N
NNNNKKKKK«FFFFFFEEE88HHHHH N
NNNI-.!KK«<<<CFFFFFEEEE8888HWN N
WWWNK««<CFFFFFFEEE88888WWW
WWW A«««CCCCCLLLLE888BWWW
WWWAAAAA<CCCCCLLLLEBBBWW W
UUUUAAAAA 6CCCCCLLL LEBB 0 0 0 0
o UUUAAAA66 66666 5 LLLLEBB 0 000
OUUU4AAA6666666655 55 S EBBB 0000
o UUU444446666666 55555 SS SGGG 000

Hinh 3: Phan be topo cua cac ky nr,

V6i viec phan bo.cua cac ky tu & hinh 3 ta
d~ nhan thay mang d5 phat hien mot each' .
khach quan cac dac tnrng. topo cua cac ky
nr thuong diroc dung trong cac phong phap
nhan dang eau true truyen thong. Cac ky tu
eo eau tnictopo nrongdol' giong nhau duoc
sap xep dat gin nhaurihti 'cac .ky nr eo
diem ket thuc nhu nhau {'Z', '2'1, {'5',
'S'}; cac ky W eo mot chu trinh {'O', '0',
'Q', 'R', '9', 'D'}; Cac ky W eo hai chu
trinh {'B', '8'}. Mot dac diem rat quan
trong la mang da phat hien ra cac ky W eo
"tiem nang" giong nhau nhu cac ky tu
{'H', 'E', 'W'} rat de tro thanh eo hai chu
trinh khi anh bi sai IOn. Ky tu 'A' khi bi

mat goc cuoi ben trai eo th6 tro thanh sos
'4'; ky tu 'U' rat r~ trp- thanh eo chu trinh.
Ngoai ra mang da phat hien cac ky tu eo
mot hay nhieu ph an giong nhau kho eo kha
nang mo ta trong cac chuong trinh nhan
dang truyen thong nhu mat dq cac diem

den nhu {'M', 'X'. 'A'}, hay net cong cua

duongbien ky tu 'G' va '0'.

KETLU~N:

Tir vi du nhan dang 37 ky tu cho rhay viec nhan dang ky tu bang mang lantruyen ngtroc hirong eo
hieu qua, d011 gian va nhanh hon cac phirong phap truyen thong. No eo kha nang nhan dang diroc cac ky
nr tir cric anh eo chat IU911g toi voi s6 diem anh sai 25%. Loi the chinh cua m~g loai nay xuat phat tu kha
nang hoc cac d~c tnmg poto cua cac mftu. Tuy nhien voi mottap mau qua 1611 yi~csii dung tai nguyen cua

may tinh se rat lon.
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