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MOT THUAT TOAN PHAT HIEN VUNG vA. lrNG DUNG CUA NO.. .- .
TRONG QUA TRINH VEC T<1 HOA Tlf eQNG

DO NANG ToAN

Abstract ..r In this paper, we present an algorithm based on using the contours to detect region and
its implementation in automatic vectorizing process. In general, regions are solid 'objects without holes
inside and their sizes are bigger than the given threshold 8. The algorithm is used to select vectorizing
method fo~ each object in automatic vectorizing process.

1. GIOl THr~U

-Vi~c chuydn d5i tir cac ban do giay sang ban do tren cac may tinh nho cac ky thu~t vec to'
h6a (tV' d9ng va ban tV' d9ng) trong nhimg n am glin day rat diroc quan tamj da. c6 nhieu h~ thong
dang nay nhir R2V, VPmaxNT, Imageln, MapScan v.v ... C6 nhieu phirong ph ap vec to' h6a nhirng
doi vai ban d~ hay ban ve ky thu~t c6 hai phiro'ng phap chinh:

- Phuong phap vec to' h6a theo xirong thuong diro'c tien hanh dua trdn 'ky thu~t lam m anh,
doi tiro'ng dtroc b6c dan lap bien cho den khi bi thu manh lai thanh mi?t diro ng duy nhat c6 di? day
b~ng mi?t pixel, sau d6 lien ket cac di€m xiro'ng voi nhau thanh xau cac di€m k'e nhau. Phuong phap
nay dtro'c ap dung cho cac doi tircng 130 cac dean th!ng, diro'ng trim, cung trim nhir diro'ng ranh giai,
diro'ng blnh di? .. nlnrng khOng thich hop cho cac doi tiro'ng nhir ao, h~ ...

- Phuong ph ap vec to' hoa theo dirong bien diroc tien hanh dira tren ky thu~t do bien, doi
ttro'ng se dircc vec to' h6a theo cac dtro'ng vien, Phuong phap nay rat thich hop doi vo'i cac doi
tiro'ng Ia ao, hO...

Thirc te, ban d~ thu<rng chira d. hai loai doi turmg neu tren, do d6 nay sinh van de phan loai
cac doi tiro'ng d€ IV'a chon phiro'ng phap vec to' hoa thich hop. D€ thirc hi~n vi~c nay c6 th€ tien
hanh m9t each ban tV' di?ng nhc viec chon cac vung va chi dinh che di? vec to' thich hop vai vimg ay.
Vi~c nay thtro'ng mat cong va kh6 khan do cac doi trrcng 6- gan nhau. Bai bao nay chi ra m9t thu~t
toan ph at hien vung mi?t each t~· di?ng nho' sll: dung chu tuyen va qua d6 neu ra mi?t thu~t toan vec
to' h6a tl! di?ng ket ho'p d. hai cM di? vec to' hoa (theo tam va theo dirong bien). Bai bao cling dira
ra ket qua thuc nghiern d€ danh gia tinh hiru hieu cua thu~t toano

2. MQT s6 KHAI NI~M CO' BAN

• Anh va ai€m <1nh

Anh drrcc bi€u di~n bhg mi?t mang so thtrc 2 chieu (aii), kich thiro'c (m X n), trong d6 m~i
phan trr aiij i = 1, ... , rn; i = 1, ... , n bi€u thi mire xam cua cinh tai vi tri (i, J') ttro'ng img. .

Mi?t anh diro'c goi 130 nhi phan neu cac gia tri aii ctia n6 chi nhan gia tri 0 ho~c 1.
Mi?t anh bat ky c6 th€ dira v'e dang nhi phan blng phep d.t ngufrng. Ta ky hi~u F F 130 t~p

di€m 1 (di€m cinh) va F F 130 t~p cac di€m 0 (di~m nen) .

• Cac di€ m 4 va 8 -Iang gieng

Gia su- (i, J') 130 m9t di€m cinh, cac di€m 4 -Tang gi'eng 130 cac di€m tru-e tiep ben tren, duxri, trai,
phai cua di€m (i,i):

N4 = {(i - I,J'), (i + I,J'),(i,i -1), (i,J'+)},
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va. nhirng digm 8 -Iang gieng (hlnh 1) gom:

Ns = N4 U {(i ., 1, i-I), (i + 1, i-I), (i - 1, i + 1), (i + 1, i + I)}.
Vi du trong hlnh 1 cac die'm 0,2,4,6 l3. cac 4-lang gieng ciia die'm P, con cac die'm 0, 1,2,

3, 4, 5, 6, 7 Iii.cae 8 -Lang gi'eng cua P.

• Doi tucmg anh

Hai die'm PI, P2 E E, E ~ FF ho~e FF dtroc goi u 8-lien thOng (hay 4-lien thOng) trong E
neu ton t~i q.p cac die'm diroc goi Iii. "dirong din (io, io), ... , (in' in) sac eho (io, io) = Pi> (in' in) = P2,

(ir, J~) E E vii. (ir,J~) Iii.8 -Iang gi'eng [hay 4 lang gi'engj cua (ir-l, J~- d voi r = 1,2, ... , n.

Quan h~ "k -Iien thong trong E", k = 4, 8 Iii.m9t quan h~ phan x~ d~i xrmg vii. b1e e~n bo·i
v~y Iii.m9t quan h~ tircng dirong. Mlli l&p tirong dirong cua no dircc goi Iii.m9t thanh phan k -lien
thOng cila anh. ve sau ta se goi mlli thanh phan k -Iien thOng cila anh Ii m9t d~i ttrcng anh.

• Chu tuyen

Chu tuyen cua m9t doitU"Q"ng hh Iii. day cac digm ciia doi tU"Q"nghh Po, PI, ... ,PN sac eho
Pi-l Iii. 8-Iang gi'eng cua Pi, i = 1, ... ,N; ngoai ra, Vi = 1, ... ,N, 3q khOng thudc d~i tirong anh va
q Iii. 4 -Jang gieng cua Pi vii. Po == PN. Hlnh 2 bie'u di~n ehu tuyen cii a hh, P Ii die'm khci dau ehu
tuyen.

3 2 1

4 P 0

5 6 7

Hinh 1. Ma tr~n 8 -Iang gieng k'e nhau Hinh 2. Vi du v'e ehu tuyen cua hh

• Chu tuyen lcing gi'eng

Hai ehu tuyen C = (PIP2 ... Pn) va CI = (QI Q2 ... Qm) diroc goi Ii lang gi'eng cua nhau neu vii.
chi neu:

1. P, ;p Q, 'Vi, i.
2. Vi 3j sao tho Pi va. Qi la. 8 lang gilng cua nhau.
3. Cac die'm Pi la anh thl Q j Iii.nen vii. ngiroc lai.

• Dg dai ctla chu tuyen

D9 d ai ciia ehu tuyen voi cac hirong nhir hlri·h 2 duoc tinh theo cong thirc sau:

PERIMETER = EVENPERIM + ODDPERIM * h,
trong do EVENPERIM Iii. so IU91lg vec to" theo huang ehh, con ODDPERIM Iii. so IU"Q"ngvec ta
theo huang Ie.

• Chu tuyen ngoai, chu tuyen trong

C Ia.ehu tuyen ciia doi ttro'ng anh E ~ F F, CI Iii.ehu tuyen lang gieng cua ehu tuyen C. Khi
do:

Neu d9 dai cua ehu tuyen CI Ian hon d9 dai chu tuyen C thi CI diro'c goi Iii.ehu tuyen ngoai,
Neu d9 dai cila ehu tuyen CI nho hen d9 dai ehu tuyen C thi CI diro'c goi Iii.ehu tuyen trong.
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Chu fuvinC

a) Chu tuyen ngoai . b) Chu tuyen trong

Hinh 9.. Chu tuyen trong, ngoai tuyen ngoai

• Vung

, C 130 chu tuyen cila doi tirong anh E ~ EF, (J Ia so thirc > O. Khi d6 E diroc goi 111. vimg neu
thoa 'man cac di'eu ki~n sau:

- KhOng c6 l~ h5ng [5] ben trong.
- Ton tai mi?t hinh vuong c6 canh Ian h<Yl1(Jva n~m tron trong E.
Trong trirong hop nay C diro'c goi 111. chu ~uyen xac dinh vung.

3. pHAT HIEN VUNG TRONG QuA TRINH VEC TO·.HOA TV" DONG. . .
Phh nay d"ec~p t&i phucmg phap phat hi~n vimg dira vao chu tuyen, phu:ong phap nay cho

phep chon kigu vec to" thich hop cho tirng d5i tircng ngay trong qua trinh vec to=hoa tl! di?ng c6 sli'
dung thu~t toan lam manh theo chu tuyen.

3.1. Phat hi~n vung dira vao chu tuyen

¥i?t van de quan trong trong vi~c hra chon phirong phap vec to" thich hop cho tirng doi' tircng
111. ph at hi~n ra d~c tfnh (111. vimg hay khOng) cu a cluing mi?t each tl! di?ng, tren CO" s& d6 c6 thg ap
dung phuo'ng phap vec to" h6a thich hop: vec to' h6a theo bien va vec to" h6a theo xircng. M~nh de
sau giup cho chiing ta giam bot kigm tra mi?t doi ttrong co phai vung hay khong.

M~nh de 1. Neu C la chu tuyen zdc Clinh vung khi Cl6C la chu tuyen ngoai.

ChUng minh. Goi C = (P1P2 ... Pn), C1 = (Q1Q2 ... Qm) 111. chu tuyen lang gieng cua C. Ta phai
chirng minh di? dai cua chu tuyen C1 (Len (C1)) l&n hon de?dai cua chu tuyen C (Len( C)).

Th~t v~y, gia sU:Len(C) > Len(Cr} theo menh de phat hi~n 16 h5ng [5] ta c6 C 111. chu tuyen
xac dinh l~ h5ng.

M~t khac, theo gia thiet C 111. chu tuyen xac dinh vung, nen theo dinh nghia thl khOng ton t<).i
16 h5ngben trong C.

Tu' d6 suy ra mau thu£n, v~y Len(C) < Len(Cr}.
Do do, theo dinh nghia C la chu tuyen ngoai. 0

Phat hi~n vung

, Thu~t toan CHECK_REGION sau day kigm tra doi tiro'ng tuxrng irng v&i mi?t chu tuyen cho
trtrrrc co ph ai 111. vung hay khOng, neu dung trci lai gia tri TRUE, neu sai tra lai gia tri FALSE.

Cac bien sri- dung trong thu~t toen

1 StartPT, StartDir digm va hu:&ng khci d"5.ucii a chu tuyeJ) [hmh 2),
2 NextPT, NextDir di~m va huxmg ke tiep the6 chieu xet duy~t chu tuyen [hinh 2),
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3 n White, nBack
4 n Width, nHeight
5 HozPT, VerPT

de? dai cua chu tuy~n va chu tuygn lang gieng,
de? dai va de?cao cua dO'i tircng tai di~m hi~n thai,
cac di~m dmg tung de?va hoanh de?voi di~m dang xet cua chu tuy~n.

Cac ham su dlJ.ng trong thu~t roan

1 [nit thigt l~p cac tham so ban dilu,
2 FindNext tlm di~m H tigp va htrrrng trong chu tuygn,
3 Len White tinh d9 dai cua chu t~gri'lang gi'eng d~ndi~mkg ti~p,

LenBack t inh de? dai cu a chu tuyen Mn di~m H tigp,
4 PutDest hru gifr chu tuyen vao me?t mang khac,
5 CalculateHoz t inh chien ngang va tlm di~m bien ttrong irng ,

Calculate Ver tinh chieu d9C va tlm di~m bien ttro'ng img,
6 CheckDest htm tra xem di~m dii cho co n~m trong chu tuygn khong (co n~m trong mang

dii danh dau chira],
7 Check{} ki~m tra trong hinh vuong co canh Ill. B xem co di~m nen (16 h6ng) nao khong.

Thu~t toan

/ / Kitm tra chu tuyen
Ini;
Repeat

FindNext(&NextPT,&~extDir)j
n White := n White + Len White(NextPT) j
nBlack:= nBlack + Lenlllackj.Next.P'I'];
PutDest (NextPT) j

Until NextPT==StartPT And Next.Dir e e Star t.Dir;
If n White ~ nBack Then

Return FALSEj

/ / Kitm tra 10 thung va ngv:o'ng B
Repeat

FindNext( &NextPt ,&NextDir) j
CalculateHoz(NextPT,&n Width,&HozPT) j
Calculate Ver(N extPT ,&nHeight,& Ver PT) j
If not CheckDest(HozPT) or not CheckDest(VerPT) Then

Return FALSEj
If n Width 2: BAnd nHeight 2: () And not fLagf Then

If Check()(NextPT) Then
fLagB:=TRUEj

Until NextPT==StartPT And Next Dir-e= Start Dir:

/ /Kgt thuc
Return fLag()j

M~nh de 2. Thuq,t toan CHECK_REGION dung va cho ket qud au.ng.

Chung minh. Chung ta bigt 50' di~m cu a chu tuydn va dO'i tiro'ng xac dinh b6'i chu tuygn Ill. hiru
han nen cac butrc ki€m tra chu tuyen va ki~m tra 16 h6ng va ngufrng deu dirng do do thu~t toan
CHECK_REGION cling dung.

Tir btro'c ki~m tra 16 h6ng cho thay khong ton tai 16 h6ng ben trong dO'i ttrong. Th~t v~y, gii
su' ton t~i me?tl~.h5ng ben trong doi ttrong , khi do ngu xet theo chien ngang ho~c chien dlfng do
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doi tu'o'ng Iii. hiru han nen ton tai m9t die'm thucc chu tuyeri xac dinh 16 h5ng va m9t die'm cua chu
tuyen dang xet co cling tung d9 ho~c hoanh d9. Trong thuat toan die'm thuoc chu tuyen xac dinh
16 h5ng nay chfnh la die'm HozPT hoac VerPT. Nhirng theo thu~t toan thi tat d. cac die'm HozPT,
VerPT nay deu phai thu9c chu tuyen dang xet. Tir do suy ra mau thuh, v~y khOng ton t ai 16 h5ng
ben trong doi tirong. (*)

Hon nira, tir buxrc kie'm tra ngufrng cho thay doi tirong tlrn diro'c se ton t ai m9t hmh vuong
co canh (J n~m tron trong chu tuyen. (**)

Tir (*) va (**) theo dinh nghia ta co chu tuyen xac dinh vimg. 0

3.2. Thu~t toan vec to" hoa ket hop (theo tam va theo bien)

Trong thu~t toan vec to' hoa so: dung phiro'ng ph ap lam manh theo chu tuyen (xem [1,3,4,6])
co btro'c tlm duy~t cac chu tuyen. De' quyet dinh vi~c IV'a chon che d9 vec to' cho thich ho'p doi voi
doi tu'o'ng (theo tam hay theo dircng bien)' thuat toan stt· dung dong thai cac chu tuydn ket qua tlm
diro'c trong biro'c nay va S13: dung thu~t toan CHECK_REGION trong mvc 3.1 de' xac dinh doi ttro-ng
co phai la vung hay khong.

Thu~t toan vec to' hoa tv- d9ng ket ho'p dira theo chu tuyen gom cac btro'c sau:

Brrac 1 [Duyet tlm chu tuyen]:
Vi~c duyet tlm diro'c tien hanh tir trai sang phai, tir tren xudng durri theo ma .tr~n cac die'm
hh.
Neu khong thay chu tuyen nao nira thi nhay qua thirc hien btroc 2, ngu'o'c lai stt' dung thu~t
toan CHECK_REGION de' kifm tra xem chu tuyen vira tirn ducc co phai la chu tuydn xac
dinh vung hay khOng? Neu la chu tuyen xac dinh vung thi tinh chat vimg ciia chu tuyen se
diro'c danh dau,
Chu tuyen ket qua vira tlm tHy cling vci thuoc tinh cu a no se duo'c IU'Uvao mot mang.
Tiep tuc thirc hien bucc 1.

Buoc 2 [Lam rnanh]:
VOi m6i doi tircng la chu tuyen tlm dtroc trong m ang hru trrr co thudc tinh khong phai la
thuoc tinh xac dinh vung , ta tien hanh burrc lam m anh. Vi~c lam manh bao gom nhieu Ian
g~p, trong m6i Din l~p tat d. cac die'm cii a doi tucng se diroc kie'm tra neu nhir chung thoa
man di'eu kien xoa thl se bi xoa di. Qua trmh ducc l~p lai cho den khi khOng con die'm bien
nao diro'c xoa. Doi ttrong diro'c boc dan lop bien cho den khi bi thu manh lai thanh m9t diro'ng
duy nhat co d9 day b~ng m9t pixel.
Neu khong con chu tuyen nao nfra thl nhay qua thirc hi~n buxrc 3, ngiro'c lai tiep tuc thtrc hien
btrrrc 2,

BlIac 3 [Vec to' hoa]:

VOi cac doi tucng da diroc lam manh se dtro'c tien hanh vec to' hoa bo-i viec do theo xu'o ng ,
con doi vo'i cac doi nro-ng diro'c xac dinh b&i chu tuyen co tinh chat vung se du'o c tien hanh
vec to' hoa boo viec do bien, Ket qua thu dtro'c la m9t day die'm lien tiep, de' giam vi~c hru
trfi: chiing se diro'c loai bo bat nho' cac thu~t toan don gian hoa (Douglas-Peucker, Angler,
Width-Band ... ).
Neu khong con chu tuyen nao nira thl dimg, ngtro'c lai tiep tuc thuc hien burrc 3.

4. THl!C NGHI¥M

Chung toi da cai d~t cac phirong phap nay trong h~ mem MAPSCAN, Phuo-ng ph ap nay to ra
rat hiru hieu doi vo'i cac ban do blnh d9, thuy van, diro'ng bien hanh ehinh, diro ng giao thong, v:v ...

Hlnh 4a la hh goe tmo-c khi tien hanh vec to' hoa, Hlnh 4b la hh vec to' ket qua thu'c hien
vec to' hoa theo xiro'ng, cac doi tirong la nhirng vung nhir ao, hO... bi bien thanh die'm hoac doan
thlng. Hlnh 4e la anh vec to' ket qui thu'c hi~n vec to' h6a theo bien, cac doi tuong deu ducc vec to'
hoa theo duo'ng vien bao gom d. cac doi tirong la ducrig ranh gio i, ducrig blnh d9 ... Hlnh 4d la hh
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vec to' ket qua thirc hi~n theo thu~t toan vec to' hoa ket hop neu & phlin 3, cac doi tU'q'ng la diro'ng
ranh gi&i, dufrng bmh d9 ... thl diro'c vec to' hoa theo xirong, con doi tiro'ng nhir ao, ho... thl diroc
vec to' hoa theo dtrcrig bien.

a) Anh goc trircc khi tien hanh vec to' hoa
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c) Vec to' hoa theo bien
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b) Vec to' hoa theo xiro'ng
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Hinh. 4. Cac che d9 vec to" hoa

d) Vec to" hoa ket hop

5. KET LU~N

Trong bai bao nay cluing toi dii dira ra m9t dinh nghia cua vimg, tigp do la m9t thu~t toan
ph at hi~n vimg ngay trong qua trlnh xet duy~t chu tuyen. Thu~t toan nay co th~ diro'c su- dung
dong thai v&i qua. trlnh vec to"hoa tl! d9ng co su- dung thu~t toan lam rnanh t.heo chu tuyen d~ dieu
chinh phuorig ph ap vec to" hoa, Qua thirc nghiem clning toi thay plnrong phap phat hi~n vimg dam
bao vi~c vec to' hoa ket hop d. hai phirong phap theo xirong va theo bien la nhanh va chinh xac,

LM earn <1Il

Toi xin chan thanh d.m on as TS Bach Hung Khang dii q.n tinh giiip dO-toi trong qua trlnh
nghien cuu va hoan thi~n thu~t toan nay. Toi cling bay t& long billt on den PTS Ngo Quac 'I'ao,
PTS Lirong Chi Mai dii dong gop nhirng y killn qui bau giiip toi hoan thanh bai bao nay. Cuoi cling
toi xin chan thanh earn on cac dong nghiep phong Nh~n dang va Cong nghf tri thirc dii tao dieu kien
thu~n lai cho toi trong ca vi~c nghien ciru Ih vi~c cai d~t thu~t toano
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