Tap chi Tin hoc va Piéu khién hoc, T.21, S.1 (2005), 47-55

PHAN TiCH TRANG VAN BAN DUA VAO MAU

PO NANG TOAN, LUONG CHI MAIT

Vién Cong nghé thong tin

Abstract. Document analysis is an important step in optical characters recognition system. Analysing
a document helps to understand structure of the document and then to output blocks of the document
after having recognized correctly.

In fact, we often meet some basic types of documents which usually have fixed structure. This
paper deals with a technique to calculate the error between two document structures. Then, we'll
present an algorithm for page layout analysis based on the given templates.

Tém tAt. Phan tich trang van ban 14 mot budc khong thé thiéu trong cdc hé théng nhan dang van
bén. Viéc phan tich trang van bdn 13 dé xdc dinh pham vi, cAu tric cia cdc khéi tir, tir dé méi ¢
thé nhan dang va trd lai cdu tric cla trang vian bdn sau nhan dang mét cich chinh xéc.

Trong thue té, thuong gap nhieu trudmg hop, & dé ngudi ta phai lam viéc véi mot s6 dang van
ban nhat dinh, cdc vin ban nay thuong cé cau tric xic dinh treée. Bai bdo nay dée cap dén mot ky
thuat ddnh gid do sai léch cia van ban dua vao cau tric. Qua dé, dé xudt mot thuat todn phan tich

trang van ban dua vao cic van ban mau da cé.

1. GIOT THIEU

Phan tich trang van ban la mot buéc khong thé thidu trong cac hé théng nhan dang van
ban [3,5,6,7,8]. Viéc phan tich trang van ban la dé x4c dinh pham vi, cau tric cia céc khoi
tlr d6é méi c6 theé nhan dang va trd lai cau tric cla trang van ban sau nhan dang mét cach
chinh xéc.

Trong thue té, doi véi linh vue tng dung ching ta thwong gip mot s6 dang cau tric vin
ban c¢6 dinh. Viéc phan tich cdu tric mot vian ban & céc treong hop nay sé dwoc tién hanh
thuan loi hon nhiéu néu ta sit dung cdc thong tin vé cau tric cia cac van ban mau.

Trong céc nghién citu truée, cic tic gid da dé xuat thuat todn phan tich trang van ban
hon hop (pageANALYSIS [1]) thanh cdc thanh phan theo tiép can duéi lén nho viée sir dung
khoang cich Hausdorff ([3]) gitra céc doi twong anh thong qua quan hé Qg ([1]). Ban dau céc
doi twong dnh sé duoc ¢o 1ap bdi chu tuyén ngoai ([2]) (duwong bién kin nhd nhat chira moi
di€ém &nh cia ddi twong dnh). Cdc ddi tirong c6 kich thwée hinh chir nhat phi nhé hon mot
nguong nao dé sé dwoc nhém véi nhau theo 1an can gan nhat theo quan hé Qg dwa vao viéc
str dung khoang céch Hausdorff dé tao ra céc khéi, cdc doi tirong anh con lai s& dwoc ti€p tuc
phan tich nhw 14 doi véi mot trang vian ban. Trong dd, ngwong € dwoc lwa chon theo kinh
nghiém cia nguwoi stiv dung.

Trong bai bdo nay ching to6i dé cap dén viéc nang cao chat lwong thuat todn phan tich
trang van ban pageANALYSIS dua vao cdc vian ban mau da cé thong qua mot ky thuat duoc
dé xudt nham danh gid do sai léch cia khéi van ban duwa vao cau tric. Phan con lai cia bai
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béo dwoc thé hién nhw sau: Muc 2 trinh bay lwa chon ngudng 0 tu dong dua vao bieu do
tan xuat cia anh. Muc 3 trinh bay ky thuat ddnh gid do sai léech cida khdéi vin ban so véi
van ban mau va dé xuat thuat todn phan tich dua vio mau. Cudi cing la nhirng két luan ve
phuong phap xdc dinh nguong tuw dong trong phan tich trang vin ban.
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Hinh 1. Anh van ban v6i cédc vung

2. LUA CHON NGUONG TU bONG TRONG PHAN TiCH
TRANG VAN BAN

2.1. Quan hé Qy ([1])
Dinh nghia 2.1. (Lién két Q)

Cho truée ngudng 0, hai déi twong anh U, V C S hodc I duwoc goi la lien két theo 0 va
ki hieu Qp(U, V) néu ton tai day céc doi twong anh X7, X, ..., X, sao cho:
(1) U= X1,
(i) U = X,
(111) h(Xi,Xi+1) <0 Vi, 1<i<n—1.

Ménh deé 2.1. ([1]) Quan hé lién két Qg la mot quan hé twong dwong.

2.2. Phan tich trang vin ban nho khodng ciach Hausdorff bdi quan hé Qy

Thong thudomg, viée tién hanh phan tich dinh dang trang thudémg dwoc tién hanh sau khi
dnh dwoc xdc dinh géc nghiéng va quay vé géc 0.

Phan tich dinh dang trang cé thé thuc hién tir dudi lén hay tir trén xuéng [6,7]. Vé&i phan
tich tir trén xuéng, mot trang dwoc chia tir nhirng phan 16n thanh cédc phan con nhé hon, vi
du né cé thé dwoc chia thanh moét s6 cot van ban. Sau dé moi cot c¢é thé dwoc chia thanh
céc doan, moi doan lai dwoc chia thanh céc dong van ban... Tiép can theo huéng nay cé cic
phuong phéap: sit dung céc phép chiéu nghiéng, gan nhan chitc nang, phan tich khodng trong
trang... Uu diém 16n nhat cia cic phwong phadp phan tich tir trén xuéng 1a né ding cau tric
toan bo trang dé giip cho phan tich dinh dang diroc nhanh chéng. Day 1 céch tiép can hiéu
qué cho hau hét cdc dang trang. Tuy nhién, véi cdc trang khong cé céc bién tuyén tinh va ¢
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so do 1an ca bén trong va quanh van ban, cidc phwong phap nay cé thé khong thich hop. Vi
du, nhiéu tap chf tao van ban quanh quanh mét so do & gitra, vi thé van ban di theo nhiing
dudng cong cia doi twong trong so do chit khong theo dwomng thing.

Phan tich dinh dang tir duwéi lén bat dau véi nhitng phan nhéd va nhém ching vao nhirng
phan 16n hon ké tiép t&i khi moi khéi trén trang dwoc xdc dinh. Tuy nhién khong cé mot
phwong phép tong quat nao dién hinh cho moi ky thuat phan tich dwuéi lén. Trong [1] cic
tac gid da de xuat thuat toan phan tich trang van ban hon hop thanh cdc thanh phan
pageANALYSIS theo tiép can duéi lén nho viec sit dung khodng cdch HausdorfT gitra cdc doi
tuwong anh thong qua quan hé Q. Ban dau cdc doi twong anh sé duoc co 1ap bdi chu tuyén
ngoai (dudmg bién kin nhé nhat chita moi diém dnh cia ddi twong anh). Cac doi twong cé
kich thudc hinh chir nhat phi nhé hon mot ngudong # nao dé sé dwoc nhém véi nhau theo lan
can gan nhat dwa vao viée sit dung khoang cach Hausdorff dé tao ra céc khoi, céc doi twong
anh con lai sé dwoc tiép tuc phan tich nhw 1a d6i véi mot trang van ban. Trong dé, ngwong
6 thuwong dwoc xdc dinh theo kinh nghiém ngwoi sit dung. Duwéi day ching toi dé xudt viec
lra chon ngwdng mot cach tir dong dwa vao bieu do tan xuat (histogram).

2.3. Lua chon ngwdong dua vao histogram

Do thuat toan phan tich trang van ban pageANALYSIS [1] dua khoang cdch Hausdorff béi
quan hé Qg 1a qud trinh duyét tim cic 16p twong duwong theo khodng cich 0. Céc doi twong
anh trong cing mot khai van ban ¢é nhirng dac trung twong déi giong nhau vé kich thude va
khodng céch gitra chiing véi cdc doi twong lan can. Hon nira, mot trang van ban lai thwomg
c6 mot vai dang ddi twrong chi dao. Do d6, ta c¢é thé lra chon nguwdng 6 ban dau thong qua
viéc danh gid bieu do tan xuat khodng cidch Hausdorff gitra cdc déi twong anh (Hinh 2).

Hink 2. Anh vin ban va bicu d6 tan xuit khoang cich Hausdorff giira céc ddi twong anh

Tir biéu do tan xuat khoang cach Hausdorff gitra cdc déi twong anh cia anh van ban can
phan tich, ngudng 0 dwoc lwa chon trong céc gia tri hg twong ting la cdc dinh trong bicu do
tan xuat dé chinh la cdc gid tri ing v4i nhieu phan tir cling loai nhit. V&i nguong 6 da chon
ta tién hanh phan viing theo tiép can duwéi lén nhe viée sir dung khoang cdch Hausdorff gitra,
cac doi twong anh thong qua quan hé Qg. Két qua thu dwoc va tap hop cdc hinh chir nhat
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roi nhau thé hién cdc vung trong anh.

Viéc Iwa chon ngudng 6 phut hop nhét sé dugce tién hanh thong qua viéc danh gid su sai
léch cia van ban so véi mau. Véi moi ngudng 0, ta sé tim dwoc mau twong ting cé do léch
nhé nhit. Nguwong 0 va van ban mau twong tng véi do sai lech nhd nhat trong s6 cdc do
léch sé dwoc lra chon. Néu sai s6 nhd nhdt chap nhan dugc (nhd hon mot nguwdong cho trude
nao dé) thi s6 viing cia vin ban sé dugc xdc dinh twong tng véi s6 ving cla van ban mau
dwoc lra chon. Khi d6 van ban sé dwoc phan tich trang dwa theo cdc thudce tinh ciia van ban
mau. Trong truwong hop nguwoc lai cé6 thé xem vian ban khéng thudc tap van ban mau va do
vay c6 thé tién hanh bé sung vin ban dang xét vao tap mau.

3. PHAN TiCH TRANG VAN BAN DUA VAO MAU

3.1. Panh gia do 1éch ciu tric van ban theo mau

Qué trinh phan tich trang van ban dwa theo cdc mau da cé sé dwoc thue hién thong qua
viéc danh gid su sai léch cia cia vin ban so véi vian ban mau. Vin ban mau c6 do léch nhd
nhat so véi van ban can hiéu chinh s& dwoc lwa chon. Néu dé léch nhé nhat tim dwoc nam
trong pham vi cho phép thi cé thé xem van ban can hiéu chinh thudc trong s6 mau da cé,
tromg hop ngwoc lai van ban dwoc xem nhw 13 mau méi va dwoc bo sung vao tap vin ban
mau.

Viéc danh gid do sai léch cia vian ban so véi vian ban mau sé dwoc tién hanh thong qua
viéc xay dung lwéi trra cdc ving chit nhat co ban cia mau va danh gia do léch cia ving so
véi lwdi. Do 1éch cia van ban so véi mau sé dwoc danh gid dua trén suw twrong dong cia ci
van ban va mau so véi luéi trong ting.

Viéc xay dung luédi tua cédc ving hinh chir nhat tim dwoc trong van ban théng qua viéc
chon ngudng 6 dura vio bidu do tin xuat hay cic viing van ban chit nhat trong mau. Luéi
13 tap céc toa do ngang doc, Hinh 3 thé hién vi du minh hoa viéc xay dung luéi tir tap céc
hinh ch nhat.

ennnnnnnfannnfannnfunnni

Hinh 3. Xay dung luéi tira cdc hinh chi nhat
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Do léch cia mot ving ¢ so véi 6 ludi Maria(é, 7) duoc tinh béi cong thike:

1 néu ¢ N Meyia(i, 7) # 0

Intersec(ck, Maria(i, 7)) = . .
0 néu nguoc lai

va d6 léch cia mot viing ¢ so véi lwdi Meriq dwoc xéc dinh bédi téng do léch cia ving so
v&i céce 6 cia cda lwdi Mariq:
ny  ney
Segments(ck, Maria(t, j)) = E E Intersec(cr, Maria(%,7)).
i=1 j=1
Goi tap hop céc viing nam trong luéi ma ¢ do lénh khéac 0 14 Chy,.,, ta c6:

CMoq = {ck‘Segments(ck, Mayia) > 0}

Khi d4, do6 1énh cia van ban so v6i 6 luéi (¢, j) dwoce xdc dinh béi cong thite:

1
Mt~ 5 (st Vot ) |
Meria(i,5) Z ntersec(cx, Maria(é, 5)) Segments(ck, Maria)
&k ECMayq

N ~ w ’ > s e . ~ A7 ~ ~ w s \ ~
va, do cda van ban so véi luéi duoc xdc dinh 1a tong d6 léch cia van ban so v6i tirng 6 cia
lwédi va bang:
np nNo

N = Z Z NMguia (3, 7)

i=1 j=1

A YA o s . = ’ . N ~ .~ ~ A 1A ’ N
Do lech cia vin ban so véi mau dwoc ddnh gid bang ty so gitra tong do léch cia cdc vung
s N X ~ ya N ~ ya ~ >~ . ya ~ N ’
trong van ban va mau doéi véi tirng 6 cia ludi két hop gitra hai ludi dugc xay dung tir céc
N ~ N X ~ ™ ~ i ~ N X
viung cia van ban va mau trén tong so vung cua van ban va mau:

Nh Ny

DY

i=1j=1

Numcga (i, J) — NMGGrid@:j)‘
S:

ne +n,

’ N s ~ N . s ~ N ’ N ~ ~ N
trong dé, M Gariq 1a lwdi két hop tir hai lwdi duoe xay dung tircde hinh chr nhat ving cia
van ban va mau;
! N ~ N b v b) N ~ N b x
Ne, N, la s0 vung cia van ban va s6 viing cia mau;

Nircona(4,7)s Namce,, 18 do lénh cia van ban va mau so véi 6 ludi (4, 7).

Vi du minh hoa danh gia dd léch vin ban so v&i miu

~ ’ ~ ~ ’ x N s . N ~ ~ ~ ’
Cau tric van ban, cau tric mau va lwdi twa hinh chr nhat xay dung twong ting
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@ Luéi tua hinh chit nhat twong ting @
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Khi dé, gia tri do léch cia van ban v mau so véi cdc 6 luwédi dwoc tinh theo cong thire
N i,7) la:
MGGrid ( ) J)

T — . — e i s,
10 0 0 1/8: 1/8 : 1/4%  1/4 0 18: 18 Jo:
E ........... E' ......... . -E ""E' ........................ E. ......... - -E
Iz 1/ o Jugt 18 Jot 4% 1/4 o |ust s ot
SCL-TRTIIIIIITE TULORRE PR ~SRCTRRITE - : ERE [ S—] Wi
145 1/4 o |is: 18 Joi 03 o lis: 18 Jo:
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Hinh 6

va do dé, do léch ciia van ban so véi mau duoc tinh theo cong thire la:
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3.2. Thuét toan phan tich trang vin ban dwa vio miu

Duéi day, chung toi trinh bay thuat todn phan tich trang vian ban pageANALYSIS* dua
vao mau nho ky thuat phan tich trang vian ban pageANALYSIS [1] theo tiép can dudi lén
nho sit dung quan hé Qg va viéc ddnh gid do léch cau tric vian ban theo mau & muc trén.

Vao: Anh vin ban T cin phan tich,
Tap cau tric vian ban mau tempStructs,
Ngudong Tolerance.

Ra: Cau tric trang van ban cau phan tich pageStruct.
Phuwong phap: Thuat todn géom céc bude co ban sau:
(1) Tinh biéu do tin xudt theo khoang céch Hausdorff:
+ Téch cac ddi twong dua vao chu tuyén ngoai,
+ Tinh khodng cich Hausdorff gitra cdc doi twong,
+ Xay dung biéu d6 tan xuédt theo khodng céch da tinh.
(2) Vi bieu do tan xuat da xay dung lwa chon ngudng 0.
(3) Phan tich trang van ban theo thuat todn page ANALYSIS theo quan hé Qp véi ngudng
0 lrra chon dwra vao biéu do tan xuat & buéce 2.
(4) Pénh gia léch cia cdu tric trang vin ban vira dwoc phéan tich & buéc 3 véi cde cau
tric trang van ban mau va tim ra cau tric trang twong trng c¢é do léch nhé nhat.

3 L ] o
Chudh hoa : e,

Cap nhap

Két quad sau MEU gén nhat
higu chinh

Hinh 4. Céc budc tién hanh phan ving va doi sanh mau

(5) Lap lai buéc 2 dén bude 4 chirng nao con lwa chon dwoc 6 theo cic dinh biu do tan
xuat theo khoang cach Hausdorff gitra cdc doi twrong dnh.
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(6) Chon ra mau cé do léch nhé nhét trong s6 cdc do léch nhd nhat tim dwoc trong buée
4 ng v6i cac 6 lira chon.

(7) Kiém tra néu do léch nhé nhat tim dwoc trong bwéc 6 nhé hon ngwdng Tolerance thi
c6 thé két luan van ban can phan tich ¢6 dang la mau c¢é do léch nhé nhat twong tng va cau
tric trang phan tich thu dwoc cau tric twong trng thu dwoc & buwéc 2 sau bwée phan tich
theo thuat todn pageANALYSIS theo quan hé @Qy. Trong truomng hop ngwoc lai c6 thé két
luan van ban khong nam trong cdc mau vian ban cho trée, dé nang cao chat lwong cho buéc
sau c6 thé bo sung thém van ban véi cdc cau tric tim dwoc twrong tng vao tdp mau cau triic
van ban.

Céc buéce tién hanh phan phan ving va déi sanh mau trong pageANALYSIS* nhu trén
Hinh 4.

Ménh dé 3.1. Thudt todn phdn tich trang vin bin page ANALYSIS* dwa vao mau la dirng
va cho két qud ding.

Chitng minh: Vi s6 diém cila chu tuyén va doi tirong xac dinh bdi chu tuyén 1a hitu han nén
buéc xét duyét chu tuyén 1a dirng do dé buée ¢o lap cic doi twong sé dirng. S6 cac doi twong
thu dwoc 1a hiru han nén viéc tinh biéu dé tin xuat theo khoang cach Hausdorff 1a dirng. Do
dé, cac buéce lira chon ngudng 0 dua vao cac dinh cia biéu do tan xuat 1a hiru han.

V1 thuat toan phan tich trang van ban pageANALYSIS* duwa vao mau nhd ky thuat phan
tich trang van ban pageANALYSIS theo tiép can dudi lén nho sit dung quan hé Qg va viec
danh gid do léch cau tric van ban theo mau. Tinh ding dan cia thuat todn pageANALYSIS
da dwoc chi ra trong [1] va tir muc 3.1 ta thay tinh ding dan cia viéc ddnh gid do léch van
ban theo mau dan dén tinh ding dan cia thuat todn pageANALYSIS*.

Téng hop cic buée & trén ta cé thuat toan pageANALYSIS* 14 dirng va cho két qua ding.

|

4. PANH GIA VA KET LUAN

Phan tich trang van ban la mot buéc khong thé thidu trong cac hé théng nhan dang van
ban. Viéc phan tich trang van ban nham xdc dinh pham vi, cau tric cia céc khéi tir d6 méi
c6 thé nhan dang va tra lai cau tric cia trang van ban sau nhan dang mét céch chinh xdc.
Trong thurc té, d6i véi moi treong hop cu thé chiing ta thudong gap mot s6 dang cdu tric van
ban c¢6 dinh. Viéc phan tich cdu tric mot vian ban & céc treong hop nay sé dwoc tién hanh
thuan loi hon nhiéu néu ta sit dung cdc thong tin vé cau tric cia cac van ban mau.

Trong bai bdo nay ching toi da dé xudt mot ky thuat danh gid do sai léch cida van ban
dwrra vao cau tric. Qua dé, dwa ra mot thuat todn phan tich trang van ban dwa vao cdc van
ban mau da c¢é. Thuat toan phan tich trang vin ban dé xuit pageANALYSIS* dua vao thuat
toan phan tich trang pageANALYSIS thong qua quan hé Q.

Hon nira, viéc xdc dinh ngwong 6 ban dau trong thuat todn phan tich trang van ban dé
xudt pageANALYSIS* duwoc wéce lwong mot cach tu dong thong qua viec tinh bieu do tan
xuat khoang cach Hausdorff gitta cdc d6i twong anh da té ra wu diém hon hin so véi thuat
todn pageANALYSIS duoc dé xudt trong [1] khi ngudng 6 dwgc wée lwong bdi ngudi sir dung.
Do trong vin ban, khoang céch gitra cdc dong va khoang cdch gitra céc tir trong dong 1a khic
nhau, nén trong cdc nghién ciru tiép theo chiing toi sé xem 0 1a nguwdng hai thanh phan 0, va
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0, de nang cao do chinh xéc.

Qua thue té chiing toi thay, viec dé xuat ky thuat ddanh gid do sai léch cia van ban dua

N ~ ’ e e 3 . ~ M ~ z ~ ’ ~ X ~
vao cau tric gitp xac dinh loai van ban can phan tich trong so cdc van ban mau, trén co

s& dé chinh xéac héa két qud phan tich trang van ban dwa do khuynh huéng ciia vian ban da

duoc xac dinh.
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