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MOT THUAT TOAN PHAT HIEN VUNG VA UNG DUNG CUA NO
TRONG QUA TRINH VEC TO HOA TU BONG

PO NANG TOAN

Abstract. In this paper, we present an algorithm based on using thé 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 6. The algorithm is used to select vectorizing
method fof each object in automatic vectorizing process.

1. GIOT THIEU

-Viéc chuyén d3i tir cdc bdn dd gidy sang bdn d5 trén cic mdy tinh nhd cic ky thuit véc to
héa (tw déng va bin tu dong) trong nhitng nim gin diy rit dwgc quan tim; da cé nhiéu hé théng
dang nay nhu R2V, VPmaxNT, Imageln, MapScan v.v... Cé nhiéu phuong phép véc to héa nhung
ddi v6i bdn do hay ban vé ky thuit c6 hai phwong phip chinh:

- Phuong phép véc to héa theo xwong thudng dwoc tién hanh dwa trén ky thuit 1dm mdnh,
d8i twong dwoc béc din 1é6p bién cho dén khi bi thu manh lai thanh mét dwdng duy nhit c6 d6 day
bing mét pixel, sau d6 lién két cic di€m xwong véi nhau thanh xiu cic di€ém ké nhau. Phwong phép
nay dwoc 4p dung cho cic ddi twong 13 cic doan thing, dwong tron, cung tron nhw &u’dng ranh giéi,
dudng binh d6... nhung khéng thich hop cho cic d8i twong nhu ao, ho...

- Phuong phép véc to héa theo dudng bién dwoc ti€n hinh dua trén ky thuit do bién, d&i
tuwong sé dugc véc to hda theo cidc dudng vién. Phuong phdp nay rat thich hop d6i véi céc ddi
twong 13 ao, ho...

Thuc té, bdn d6 thwong chia cd hai loai d8i twong néu trén, do d6 ndy sink vin 8 phéan loai
céc ddi twong dé€ lwa chon phwong phép véc to héa thich hgp. D& thuc hién viéc niy cé thé tién
hanh mét cich ban tuw déng nh& viée chon cdc viing va chi dinh ché d6 véc to thich hop véi ving dy.
Viéc nay thudng mét cdng va khé khin do cic d8i twong & gin nhau. Bai bdo nay chi ra mét thuit
todn phdt hién vling mdt cich tw ddng nh& st dung chu tuyén va qua d6 néu ra mdt thuit todn véc
to héa tu dong két hop cd hai ch€ d véc to hdéa (theo tdm va theo dwdng bién). Bai bao ciing dwa
ra két qud thuc nghiém dé danh gid tinh hitu hiéu cda thuit todn.

2. MOT SO KHAI NIEM CO BAN
e Anh v diém 4nh

Anh duwoc bidu difn bing mét mang s8 thwe 2 chidu (a:;), kich thuéc (m x n), trong d6 mdi
phin tk a;;;7 = 1,...,m; j = 1,..., n bidu thi mic xd4m cda 4nh tai vi trf (¢, 7) twong Gng.

Mét dnh dwoc goi 13 nhi phan néu cic gid tri a;; cda né chi nhén gid tri 0 hoic 1.

Mot dnh bit ky c6 thé dwa vé dang nhi phin bing phép cit ngudng. Ta ky hiéu FF 1a tip
di€m 1 (di€m 4nh) v FF 13 tip céc diém 0 (di€m nén).

e C4c di€m 4 va 8-ling giéng

Gid st (7, 7) 12 mét di€m dnh, cic di€m 4-ling giéng 1a cic di€m truc tiép bén trén, dudi, trai,
phdi cida diém (1, 5):

Ny = {(2 - 17.7.)) (7' + 11.7.)"(7:).7‘ - 1)7 (7'.7]"")};
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vi nhitng diém 8-14ng giéng (hinh 1) gém:

Ns = N4 U {(7‘ - 11.7. - 1)’(7' + 11.7 - 1)9 (7' - 1).7+ 1),('L + 11]+ 1)}

Vi du trong hinh 1 cic di€m 0, 2, 4, 6 13 cic 4-ling giéng cda difm P, con cic di€m 0, 1, 2,
3,4,5,6, 714 cic 8-lang giéng cda P.

e Déi tuong dnh

Hai di€m Py, P, € E, E C FF hoic FF duogc goi 12 8-lién thong (hay 4-lién théng) trong E
néu tdn tai tap cac di€m dwoc goi 1a “dudng di” (2o, Jo), -+ (¥n, Jn) 520 cho (10, 70) = P, (4n,Jn) = Pz,
(¢,4-) € E va (2r,7;) 12 8-14ng giéng |hay 4 lang gieng] cda (2,—1,75—1) v6ir =1,2,..,n.

Quan hé “k-lién théng trong E”, k = 4, 8 1A mét quan hé phdn xa d&i xtng va bic ciu bédi
viy 12 mét quan hé twong dwong. M&i 16p twong dwong cia né dwoc goi 13 mét thanh phin k- lién
thoéng cda dnh. V& sau ta sé goi m&i thanh phin k-lién théng cda dnh 13 mét d3i twong dnh.

e Chu tuyén

Chu tuyén cia mét d8i twong anh 13 diy cic di€m cda d8i twong 4nh po,pi,...,pn sao cho

pi—1 12 8-1ang gieng cda p;, 2 = 1,..., N; ngodi ra, Vi = 1,..., N, 3¢ khéng thudc d8i twong dnh vi

g 12 4-ling giéng cda p; va pp = py. Hinh 2 bi€u dién chu tuyén cda anh, p 13 di€m khéi diu chu
tuyén.

5 6 7

Hinh 1. Ma tran 8-ling giéng ké nhau Hinh 2. Vi du vé chu tuyén cda dnh
e Chu tuyén ling giéng

Hai chu tuyén C = (P P,...P,) va C; = (Q:Q2...Q,,) duoc goi 13 ling giéng cda nhau néu va
chi néu:

L P Qy Vi, J.

2. V2 35 sao cho P; vd Q, 14 8 ldng giéng cda nhau.

3. Céc difm P; 1a 4nh thi Q; 13 nén vi ngwoc lai.

e D6 dai cida chu tuyén
D6 dai cda chu tuyén véi cdc huéng nhuw hinh 2 duoc tinh theo cdng thirc sau:
PERIMETER = EVENPERIM + ODDPERIM * /2,

trong 46 EVENPERIM 14 s8 lwong véc to theo huéng chin, ¢cdn ODDPERIM Ii s8 lwong véc to
theo huéng lé.

e Chu tuyén ngoai, chu tuyén trong
C 1a chu tuyén cda d&i twong 4nh E C FF, C; 1a chu tuyén ling giéng cda chu tuyén C. Khi
dé:
Néu d6 dai cda chu tuyén C; lén hon d6 dai chu tuyén C thi C; dwoc goi 1a chu tuyén ngoai.
Néu d6 dai cda chu tuyén C; nhd hon dé dai chu tuyén C thi C; dwoc goi 1a chu tuyén trong.
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a) Chu tuyén ngoai b) Chu tuyén trong

Hinh 8. Chu tuyén trong, ngoai tuyén ngoai
e Ving
, C 1a chu tuyén cda d8i twong dnh E C EF, 6 13 s8 thuc > 0. Khi d6 E dwoc goi 13 viing néu
thda man cac diéu kién sau:
- Khéng c6 16 hdng [5] bén trong.
- Ton tai mét hinh vudng ¢6 canh 16n hon § va nim tron trong E.
Trong trudng hop nay C dwoc goi la chu ;tuyén xéc dinh vung.

3. PHAT HIEN VUNG TRONG QUA TRINH VEC TO HOA TU DONG

Phin ndy d&é cdp t6i phwong phép phat hién ving dwa vao chu tuyén, phuong phip nay cho
phép chon ki€u véc to thich hop cho tirng d3i twong ngay trong quéa trinh véc to héa tw ddng cé s
dung thuit todn 1dm mdanh theo chu tuyén.

3.1. Phédt hién ving dua vao chu tuyén

Mbét van d€ quan trong trong viéc lua chon phwong phédp véc to thich hop cho ting a3i twong
13 phét hién ra dic tinh (1a ving hay khéong) cda chling mét cich tu dong, trén co s& d6 cé thé ap
dung phuong phdp véc to hda thich hop: véc to héa theo bién va véc to hda theo xwong. Ménh dé
sau gitp cho ching ta gidm bét kiém tra mdt d8i twong cé phai ving hay khéng.
Meénh dé 1. Néu C la chu tuyén zdc dinh ving khi @6 C la chu tuyén ngoai.
Chitng minh. Goi C = (P P;...P,), C1 = {(Q1Q2...Q,,) 1 chu tuyén ling giéng cda C. Ta phdi
chtrng minh d4 dai cda chu tuyén C; (Len (C;)) 16n hon d6 dai cda chu tuyén C (Len(C)).

That vy, gid si Len(C) > Len(C;) theo ménh dé phét hién 16 hdng [5] ta c6 C 14 chu tuyén
x4c dinh 16 hdng.

Mit khéc, theo gid thiét C 1a chu tuyén x4c dinh ving, nén theo dinh nghia thi khéng ton tai
15 hdng bén trong C. ‘

Tir d6 suy ra mau thuin, viay Len(C) < Len(C}).

Do d¢, theo dinh nghia C 1a chu tuyén ngoai. O

Phdit hién vang

Thuit todn CHECK_REGION sau diy ki€m tra d&i twong twong #ng v&i mét chu tuyén cho
truwéc cé phai 1a ving hay khong, néu ding trd lai gid tri TRUE, néu sai tra lai gid tri FALSE.
Céc bién st dung trong thudt todn

1 StartPT, StartDir di€m va huéng khéi diu cda chu tuyén (hinh 2),
2 NeztPT, NextDir di€m va huéng ké ti€p theo chitu xét duyét chu tuyén (hinh 2),
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3 nWhite, nBack  d6 dai cia chu tuyén va chu tuyén ling giéng,
4 nWaidth, nHeight d6 daiva do cao cda ddi twong tai di€m hién thoi,
5 HozPT, VerPT céac di€m cung tung dd vi hoanh dd véi di€ém dang xét cda chu tuyén.

Cdc ham st dung trong thudt todn

1 Init thi€t 1ap cac tham s& ban diu,

2 FindNezt tim di€m ké tiép va huéng trong chu tuyén,

3 Len White tinh dé dai cda chu tuif?érf‘ léng giéng dén di€m ké tiép,
LenBack tinh d6 dai cda chu tuyén dén diém ké tiép,

4 PutDest luu gitr chu tuyén vao mdt méing khic,

5 CalculateHoz tinh chidu ngang va tim di€m bién twong dng,
Calculate Ver tinh chiéu doc vi tim di€m bién twong #ng,

6 CheckDest ki€m tra xem diém d3 cho ¢6 nim trong chu tuyén Khéng (c6 nim trong ming
da danh d4u chua),
7 Checkf ki€m tra trong hinh vudng cé canh 12 § xem c6 di€ém nén (16 hdng) nao khéng.

Thuat todn

/| Ki€'m tra chu tuyén

Ini;

Repeat
FindNext(&NextPT,&NextDir);
nWhite :=nWhite + LenWhite(NextPT);
nBlack :=nBlack + LenBlack(NextPT);
PutDest(NextPT);

Until NextPT==StartPT And NextDir==StartDir;

If nWhite < nBack Then
Return FALSE;

/| Ki€'m tra I3 thing vd nguwéng 6

Repeat _
FindNext(&NextPt,&NextDir);
CalculateHoz(NextPT,&nWidth,&HozPT);
CalculateVer(NextPT,&nHeight,& VerPT);

If not CheckDest(HozPT) or not CheckDest(VerPT) Then
Return FALSE;

If n Width > 6§ And nHeight > 6 And not fLagf Then
If Checkf(NextPT) Then
fLagf:=TRUE;
Until NextPT==StartPT And NextDir==StartDir;
//Két thic
Return fLagf;

Ménh dé 2. Thudt todin CHECK_REGION ding vd cho két qud ding.

Chitng minh. Ching ta biét s8 diém cda chu tuyén vi ddi twong xic dinh bédi chu tuyén 13 hiu
han nén cic buéc ki€m tra chu tuyén va ki€m tra 15 héng v ngudng déu dirng do dé thuit toidn
CHECK_REGION ciing dung.

Tir buéc ki€m tra 16 hdng cho thdy khong ton tai 15 hong bén trong déi twong. Thit viy, gid
st tdn tai motls-hdng bén trong ddi twong, khi d6 néu xét theo chiéu ngang hojc chidu dtng do
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d8i twong 1a hiru han nén tdn tai mot di€m thudc chu tuyén xic dinh 15 hdng va mét di€m cda chu
tuyén dang xét c6 cling tung dd hodc hoanh d5. Trong thuit todn di€m thudc chu tuyén xic dinh
16 hdng nay chinh 13 di€m HozPT hoic VerPT. Nhung theo thuit todn thi tit cd cic diém HozPT,
VerPT nay déu phdi thudc chu tuyén dang xét. Tir d6 suy ra mau thuin, vay khong ton tai 15 hdng

bén trong déi twong. (*)
Hom nira, tir buéc ki€m tra ngudng cho thiy d8i twong tim dwoc sé tdn tai mét hinh vudng
c6 canh 6 ndm tron trong chu tuyén. (*%)
T (%) va (**) theo dinh nghia ta c6 chu tuyén xdc dinh ving. O

3.2. Thuat todn véc to héa két hop (theo tam va theo bién)

Trong thudt todn véc to héa sit dung phwong phip lam manh theo chu tuyén (xem (1,3, 4, 6])
c6 bwée tim duyét cic chu tuyén. D& quyét dinh viéc lwa chon ché dé véc to cho thich hop ddi véi
d&i twong (theo tim hay theo dudng bién), thuit todn si dung dong thoi cic chu tuyén két qui tim
dwoc trong bwéc ndy va st dung thudt toin CHECK_REGION trong muc 3.1 d€ x4c dinh d8i tuwong
c6 phdi 1a vung hay khéng.

Thuit todn véc to hda tw dong két hop dwa theo chu tuyén goém céc buéc sau:

Buéc 1 [Duyét tim chu tuyén]:
Viéc duyét tim dwoc ti€n hanh tir trai sang phdi, tir trén xuéng duéi theo ma tran cic di€ém
anh.
Néu khéng thiy chu tuyén ndo nira thi nhdy qua thuc hién buéc 2, ngugce lai st dung thuat
toan CHECK_REGION dé kiém tra xem chu tuyén vira tim duwoc ¢4 phai 13 chu tuyén xic
dinh ving hay khéng? Néu la chu tuyén x4c dinh vung thi tinh chit ving cda chu tuyén sé
dwgc danh diu.
Chu tuyén két qud vira tim thiy cling véi thudc tinh cda né sé dwgc lun vio mét mang.
Tiép tuc thuc hién buéc 1.

Buéc 2 [Lam manh]:
Véi mbi d&i twong 13 chu tuyén tim dwoc trong méang lwu trit ¢6 thuéc tinh khéng phai 1a
thudc tinh xdc dinh ving, ta tién hanh buéc lam manh. Viéc lam manh bao gom nhiéu Iin
gip, trong mdi lin 1ip tit cd cic di€m cda ddi twong sé dwoc ki€m tra néu nhu ching thda
man dieu kién x6a thi sé bi xéa di. Qué trinh dwoc 13p lai cho dén khi khéng con di€m bién
nao dwoc xéa. D81 tuwgng dwoc béc din 1ép bién cho dén khi bi thu ménh lai thanh mét duwong
duy nh#t c6 d6 day bing mot pixel.
Néu khéng con chu tuyén nao nira thi nhdy qua thuc hién buwéc 3, ngwoc lai ti€p tuc thuc hién
buéc 2.

Buéc 3 [Véc to héal:
Vé1i cac d8i tuwong da dwoc lam manh sé dwoc ti€n hanh véc to héa bdi viéc do theo xwong,
cdn d&i véi cdc dbi twong duoc xdc dinh bédi chu tuyén cé tinh chit ving sé dwoc ti€n hanh
véc to héa bdi viéc do bién. Két qud thu dwoc 14 mot day diém lién ti€p, dé gidm viéc lwu
tri ching sé duoc loai bd bét nhd céc thuit todn don gidn héa (Douglas-Peucker, Angler,
Width-Band...). '
Néu khéng con chu tuyén nao nira thi dirng, nguoc lai ti€p tuc thuc hién buéc 3.

4. THU'C NGHIEM

Chting t61 da cai dit cic phwong phap nay trong hé mém MAPSCAN. Phuong phép nay td ra
rat hiru hiéu ddi véi cac bdn d6 binh d3, thiy vin, dwdong bién hanh chinh, dudng giao théng, v.v...
Hinh 4a 13 dnh g8c trwéc khi tién hanh véc to héa. Hinh 4b 1a dnh véc to két qud thuc hién
véc to héa theo xwong, cic d&i twong la nhirtng ving nhu ao, hd... bi bién thanh di€ém hoic doan
thing. Hinh 4c 13 dnh véc to két qué thuc hién véc to héa theo bién, cic d6i tugng déu dugc véc to
héa theo dwong vién bao gom cd cidc d6i twong 1a dwdng ranh giéi, dudng binh dé... Hinh 4d 13 dnh
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véc to két qud thuc hién theo thuit todn véc to héa két hop néu & phan 3, cic d8i twong 13 dwong
ranh giéi, dwdng binh d5... thi dwoc véc to héa theo xwong, con d8i twgng nhw ao, hd... thi dugc

véc to hba theo dwdng bién.
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c¢) Véc to héa theo bién

Hinh 4. Céc ché d6 véc to hda

5. KET LUAN

d) Véc to héa két hop

Trong bai bio niy chiing t6i di dwa ra mét dinh nghia cda ving, tiép dé 13 mdt thuit todn
phét hién ving ngay trong qué trinh xét duyét chu tuyén. Thuit todn niy cb thé dwoc st dung
d5ng thoi véi qué trinh véc to héa tu dong cé st dung thuit todn 1am manh theo chu tuyén d€ didu
chinh phuong phap véc to héa. Qua thwe nghiém ching t6i thdy phwong phép phét hién ving ddm
bdo viéc véc to héa két hop cd hai phwong phép theo xwong va theo bién la nhanh va chinh xéc.

Lol cam on

Téi xin chin thinh cdm on GSTS Bach Hung Khang da tén tinh giip d& t6i trong qud trinh
nghién cu v hoan thién thuit todn ndy. Tbi ciing biy té long bi€t on dén PTS Ngd Qudc Tao,
PTS Lwong Chi Mai di déng gép nhimng ¥ kién qui biu gitp t5i hoan thinh bai bdo niy. Cudi cling
t5i xin chin thinh c4m on cic ddng nghiép phong Nhin dang v Céng nghé tri thirc di tao diéu kién
thuin 1&i cho tdi trong cd viéc nghién ctru 1in viéc cai d4t thudt todn.



MOT THUAT TOAN PHAT HIEN VUNG VA UNG DUNG ... ~ 51

TAI LIEU THAM KHAO

[1] Bach Hung Khang, Lwong Chi Mai, Ngb Qudc Tao, D5 Ning Toan, et al., An Examination
of Techniques for Raster-to-Vector Process and Its Implementation-MapScan Package Sofware,
International Symposium AMPST96, University of Bradford, UK, March 1996.

[2] P.A. Burrough, Principles of Geographical Information System for Land Resources Assessment,
1987, 30-31. ’

[3] Ngb Qudc Tao, Ping Ngoc Pirc, Thuat foan lam manh tudn tw méi, Tuyén tép Bdo cdo héi
nght khoa hoc Vién Cong nghé théng tin, Ha NG6i, 1996. '

[4] Nguyén Ngoc Ky, Biéu dién vd dong nhdt tw dong dnh dwdong nét, Luan 4n Phé tién si Todn
- Ly, Ha Néi, 1992.

[5] D3 Ning Toan, Ung dung chu tuyén vio viéc loai bd'd8i twgng nhd trng qua trinh véc to héa
tw dong, Tap chi Tin hoc va Diéu khién hoc 15 (2) (1999) 40-46.

[6] P.S.P. Wang and Y.Y. Zhang, A Fast and Flexible Thinning Agorithms, IEEE Transactions
“on Computer 38 (1989) 741-745.

Nhin bdr ngdy 14-4-1999
Nhin lat sau khy sta ngay 5-12-1999
Phong Nhdin dang va Cong nghé tri thic
Vién Cong nghé thong tin



