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- RECOGNIZING SOME GEOMETRICAL OBJECTS FROM A
DISCRETE SET OF POLYGONS

NGO HOANG HUY - NGO QUOC TAO !

Abstract. This paper presents a post - processing method for extracting polygons after
vectorization processing. These polygons are used for a Spatial Data Type of Geographic Information
Systems or for recognizing primitive objects included in technical drawings. We propose the semi -
automatic searching method for extrating from a set of polylines to a polygon surrounding a given point.
This method is based on the depth searching strategy. Then we give a measure fitting polygons with
primitive geometrical objects. In fact, the paper makes a deal with the applying of global statistical and
geometrical invariants for reconizing planar objects.

NHAN DANG MOT SO POI TUONG HINH HOC TU CAC TAP
PUONG GAP KHUC ROIRAC

NGO HUY HOANG - NGO QUOC TAO

Tém tit. Bai bdo trinh bay phuong phdp trich chon cdc da gidc $au qud trinh véc to hod. C6 thé
diing cdc da gidc nay cho kiéu dir liéu khong gian trong cic hé théng théng tin dia ly hoic nhan ra déi
tuong co ban trong cdc ban vé ky thuat. Ching toi thi€t 1ap thu tuc tim ki€m bén tu dong mot da gidc bao
quanh mot diém cho trudc tir tap cac dudng gap khic. Phuong phdp ndy dua theo chién thuat tim kiém
theo chiéu sau. Sau dé ching t6i dua ra do do xap xi da gidc véi cdc dang hinh hoc chuidn. V& mat thuc
hanh bai bdo da dé cap dén cdch ing Cing bat bién théng ké va hinh hoc toan cuc d6i véi viéc nhan dang
d6i phing.

1. GIGI THIEU

Qua trinh xay dung hé ban do, cdc hé trg gidp nhap liéu tu dong to rd tinh nang wu viét
trong vén dé vé thoi gian, song cho d#.i nay chua c6 mot thuat todn hitu hiéu nao dam bao yéu
cdu vé téc do, tinh chat topd (diémi khép), nhan dang tw dong cdc dang hinh hoc co ban nhu:
dudng tron, ellipse, da gidc v. v... (xem hinh [1]). Diéu tré ngai nay xuét hién do tinh chét ngiu
nhién ciia viéc lwa chon huéng tim ki€m xudt phét tir mot diém  cua cdc thuét todn véc to hod. Vi
th€ qua trinh hau xir 1y khi véc to ho4 la cén thiét dé “din va nan lai” cdc dudng gap khiic “roi
nhau” thanh cédc dang hinh hoc co s¢.

Phan con lai cia bai bao nhu sau:

Muc 2 dua ra mét s6 dinh nghia hinh thic. Muc 3 trinh bay phuo‘ng phap trich chon mot
da gidc dya vao mét diém gieo. Muc 4 dé xuat moét phuong phdp xép xi da gide bdi cdc hinh co
s0 nhu tam gidc, hinh chit nhat, hinh vuéng, hinh ellipse, hinh tron v. v..
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2. CAU TRUC CO BAN CUA DU LIEU VAO
Pinh nghia 1: Ta c6 thé mo ta theo cau triic cay clia cac thanh phén sau khi véc to hod
(xem [2, 3]) nhu sau:

e Diém la mot cap s6 thuc (x, y). Khoang céach giita hai diém (x,, y,) va (X,, y,) dugc xéc
dinh nhu sau:

d((x;, y1), (x5, ¥5) = ma!xdxg =X, b|Y) —Y2|)

bl

e Poan thang 1a mot tap diém hai phan t {p,, p.}.

e Duong gap khic la diy céc diém <p,, p,, ..., p,>, khi d6 p, va p, duoc goi 1a cic diém
cudi cua duong gap khic.

Tap cac duong gap khiic thoa mén hai tinh chat sau:

i) Khong tu cdt

ii) Giao ctia hai duong gap khiic la duy nhdt tao thanh cdc diém chum (xem [1]).

Thong thuong mot da gidc dugc hiéu nhu 1a mot dudng gap khic “khép kin” (sai khic
mot dung sai). Do dic thu dit liéu vao sau qua trinh véc to hod chiing ta can phai mo rong dinh
nghia cua moét da gidc nhu sau:

Dinh nghia 2: Cho truéc mot dung sai 0, hai duong gip khic Pl va PI” goi la khép nhau
néu khoang céch hai diém cuéi nao d6 cua Pl va P’ nhoé hon dung sai 6.

Dinh nghia 3: Cho truéc dung sai 0, diy cic duong gap khic <Pl, ..., P1,), n > 2 duoc
goi 1a da gidc néu n6 thoa man céc diéu kién sau:

i)Pl, =PI,

i) Pl khop voi Pl .,

iii) Vi! 3j #i + 1; Pl, khop voi Pl;

3. THUAT TOAN TIM KIEM VA XAP Xi PA GIAC

Qua trinh tim kiém cac da gidc duogc hinh thitc hod nhu sau:

Bai todn: (Bai toan tim kiém tu dong tit ca cic da gidc )

Dit liéu vao: Cho truée dung sai 0, ham khoang cdch d va tap hop roi rac cic duong gap
khiic {P1} thoa man cdc tinh chat i) va ii).

Két qua: Tap hop céc da gidc <P1,, Pl,,... P1).

Bai toan nay phic tap khi dua ra cac da gidc bao nhau va cé chung canh, t6¢c do¢ bi anh
huong khi thuc hién tim ki€ém vét can. Dé xdc dinh mot da gidc duy nhat khi tim ki€m chiing t6i
han ché bai toan nay bang cdch chi tim da gidc cho bao quanh mét diém cho truéc, dugc phat
biéu nhu sau:

Bai todn 1: (Bai toan tim kiém)

Dit liéu vao: Cho trudc diém M(x,, y,), dung sai 8, ham khoang cdch d va tap hop rdi rac
cdc duong gap khiic {Pl} thoa mén cac tinh chat iv) cua dinh nghia 1.

Két qua: da giic <Pl,, Pl,, ... P1 >.

Bai todn 2: Nhan biét mot da gidc theo cac dang hinh co sd.

Tim da gidc.
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R& rang viéc tim kiém moét ddy “khép” cac duong gip khiic 1a phu thudc vao viéc chon
thanh phén P, ddu tién, cdc thanh phan Pl ; ¢6 thé duoc dua ra nhd viéc xay dung qué trinh tim
kiém theo chiéu sau cic dudng gip khic khép véi Pl, dé viéc tim kiém dugc nhanh chéng,
ching ta cAn mot ki€ém nghiém don gian dé chon dugc thanh phan P, ; ¢6 kha nang din dén 15i
giai “tot hon” so véi cic dudong gap khic khdc ké véi né. Chiing ta s& dua vao diém M(x,, y,) dé
diéu khién qua trinh tim kiém.

Ta dinh nghia géc gitta hai duong gip khiic “khép nhau’ nhu sau:

Dinh nghia 4: Gia su P va Q la hai dudng gép khic khép nhau tai hai diém cuéi A va B
" — —p

tuong ting. Ta goi géc gitta P va Q 1a (P, Q ) = (A’A, B’B) , 6 day A’A, B’B la hai canh
cua P va Q tuong tng.

Tiéu chudn ré nhanh cho chién thuat tim ki€ém chiéu sau:

Tir PI, chon Pli + 1 € ListMatch(Pli) sao cho:

S

(Pli, Pli + 1) > min (*)

0] day ki hiéu ListMatch(Pl;) 1a danh sach cac duong gap khic khép véi Pl,.

Tinh chat cia da gidc két qua la:

i) Chita diém M(x,, y,).

it) Cé it nhdt mét doan thdng néi M(x,, y,) voi cde dinh ciia da gide ma khéng cdt bat ky
dudng gép khiic nao cua tap dif liéu vao.

Véi phuong phdp tim ki€m theo chiéu sau, ching ta s& tim da gidc bang cich duyét trén
cdc duong gdp khiic nhu sau:

Duyét trén tap dir liéu vao, néu M gin moét dinh cua dudng gip khic nao d6 mot
khoang cach nhé hon € thi thay thé€ M boi dinh nay.

Bude 1:

Tim dudng gép khiic gan nhat o bén trdi M(x,, y,) va ki hiéu 1a P1,.
Néu <Pl,, P> 12 da giic 4 thoa man tinh chét iii) va iv) thi chuyén téi bude 3.

Buoc 2:

Duyét cdc dudng gip khiic chua bi danh dau, néu cso.

Tim Pl,, , trong ListMatch(Pl,) thoa man diéu kién (*).
Néu {Pl,... Pl,, Pl,, ,) th2a man tinh chat i) va ii) thi nhay t6i bude 3, trdi lai danh
dau Pl;, , va quay lai buée 2.
Trii lai, két thic va thong bao khong tén tai da gidc chifa diém M.
Budc 3. |
Két thic va tra lai da gidc <Pl,, Pl,, ... Pi >.

Trong cai dat thu tuc tim ki€m trén ching t6i da s dung th tuc kiém tra xem mot diém
¢6 nim trong mot da gide cho truéc hay khong bing cach dua vao tinh chin Ié clia s6 giao diém
(xem [2]). Thii tuc tim ki€m c6 thé phét hién duoc cic da gidc ¢6 dang nhu hinh 1a) va 1b).
Trong Hinh 1b) néu 1ay diém M la diém ngd tu {9, 10, 11, 12} thi ta fim dugc mét da gidc duy
nhit<2,3,5, 7>.
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(a)

Hinh 1. a) va b) biéu dién tap cdc dudng gap khic.
4. NHAN DANG PA GIAC.

Mot da gidc c6 thé c6 hinh dang tua nhu mot hinh co sd, ¢6 thé c¢é nhiéu cich tiép can xap
xi khdc nhau. Cach xdp xi dua trén cac dic trung co ban sau:
e Dic trung toan cuc: Cic momen théng ké, s6 do hinh hoc nhu chu vi, dién tich, tap t6i uu
céc hinh chit nhat phu hay noéi ti€p da gidc v. v.
e Dic trung dia phuong: Cic s6 do dic trung cua dudng cong nhu géc, diém 16i, 16m, uén, cuc
tri. Ve Vi
Dua trén céc tiép can dugc dua ra trong cdc tai liéu [5, 6, 7, 8] chiing t6i lua chon tiép can
véi dic trung todn cuc va dua ra so dé xap xi theo céc bat bién dbéng dang va bat bién aphin.
Viéc x4p xi tO ra rdt ¢6 hiéu qua déi véi moét s6 hinh phang dac biét nhu tam gidc, dudng tron,
hinh chir nhat, hinh vuéng, hinh ellipse, hinh tron va mot da gidc miu.

~

Nhan dang d6i tuong

Bit bién déng dang . Bit bién Aphin
Dudng tron Ellipse
Ellipse » Tam gidc
Hinh chit nhat T gide
Tam gidc déu » Da gidc

Hinh 2. So dé phan loai cdc d6i tuong theo bat bién
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4.1 X4p xi da giac theo bat bién dong dang

Hinh 3: Xap xi da gidc boi mot da gidc méu

Theo [5] mét da gidc vé6i cac dinh V,,, ..., V| duoc xdp xi vé6i da gidc mau U,, ... U, | véi
do do xdp xi nhu sau:

'y
0<dsm—~1 n
Trong dé
S : area(V,...V_ )
A, = min “kR U +a-V, ‘ Lk = V6 R
¢ 0<0<2n,0eR? Z S stmatm area(Uo -..Un—l) o RO .

phép quay quanh géc tao do mét géc 6.
Ciing theo [5] A4 dugc tinh hiéu qua bing céng thic sau:

"

= n-1 |
5

Z (j+d)modm

j=0

n-1 ) l

A" = Z’V(ﬁd)modm

i=0 H

( j+d)mod

O day U;, V, duge hiéu 1a céc s& phiic tai cdc dinh tu’ong tng (trong [5] thi k = 1). Khi m
>> n thi do phuc tap tinh todn rét 16n (cdch tiép can tuong tu c6 thé xem [8])

Véi cdc hinh déc biét nhu hinh tron, hinh chit nhat, hinh xdc dinh duy nhét boi tim va mot
dinh (da gidc déu) ta c6 thé van dvng cic phuong phap don gian hon nhu binh phuong t6i thiéu,
céc bat bién thong ké va hinh hoc.

Dinh nghia 5: Cho da giic P, ¢6 ¢ic dinh U,, U, ... U, (U, = U)). Khi d6 m6 men bac p
+ q (xem [6] duoc xdc dinh nhu sau)

M, = gx“'y"dxdy

Trong thuc hanh dé tinh tich phan trén ngudi ta thudng sir dung cong thitc Green hoic ¢6
thé phan tich phan bén trong da gidc thanh téng dai s6 cta cdc tam gidc c6 huéng AOUU,, .
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”f(x, y)xPyidxdy
Pg

ZSing(xiyiH '—xiHYix
i=0

Hf(x, y)x"ytdxdy

AOU;U;

U

* Hinh 4. Phan tich mién da gidc thanh téng dai s6 cdc mién tam gidc
a. Xdp xi da gidc bang duong tron

Diing phuong phép binh phuong t6i thiéu, ta ¢é d6 do xap xi:

I & X X .
E(Pg, Cr) = mm \/“Z(xi—+Yf+aXi+byi+c)'

b,ceR n i=i

Hinh 5. Xap xi da gidc bing hinh tron.
b. Xdp xi da gidc bang ellipse.
Ciing nhu do6i véi duong tron phuong trmh xap xi v6i elhpse duoc cho bdi cong thiic:

a,b,c,d,eeR

E(Pg,EI):_ min \[ Z(x +ay’ +bx,y, +dy; +e)’

Mot bién thé khdc cita phuong php binh phuong t6i thiéu khi xdp xi céc diong cong bac
hai dugc dua ra trong [7].

¢. Xdp xi da gidc boi hinh chit nhat.

Sur dung tinh chat dién tich bat bién qua phép quay, xap xi theo dién tich nhu sau;

Goi Wy, Hap, Ho> la cdc m6 men bac hai cua da giac (tinh theo dién tich). Khi d6 géc quay
duoc tinh boi cong thitc sauA:

Goi dién tich hinh chit nhat nho nhét ¢6 cdc canh song song véi céc truc quén tinh va bao
quanh da giac Pgla S.

Ki hiéu E(Pg, Rect) = ,. /S —area(Pg)
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Hinh 7. Xap xi da gidc bang hinh chit nhat
d. Xdp xi da gidc boi da gidc déu n canh.

Goi M(x,, y,) 12 trong tam cua da gidc, 14y mét dinh Q tuy y cua da gidc, xét da gidc déu n
canh Pg’ tao boi dinh Q véi tam 1a M.

Ki hiéu E(Pg, Pg’) = \/|area(Pg) —area(Pg' )‘

E(Pg, E,) = min E(Pg, Pg’) khi Q chay khép céc dinh cua da giéc.
4.2 X4p xi da gidc theo bat bién aphin

Tlong [6] dua ra moé hinh chuan tic vé bat bién aphm cho phép chung ta ¢6 thé chuyen
bai todn xap x1 d6i tuong badi bat bién aphin vé bai todn xap xi mAu trén cdc dang chuén tic. Nhu
vay c6 thé dua vao viéc don sanh cdc d6i tuong véi cdc méiu boi cdc bat bién déng dang, ching
han viéc xdp xi boi tam gidc, hinh binh hanh, ellipse tuong duong véi xap xI tam giéc déu, hinh
vuong, hinh tron v. v... Thu tuc xdp xi theo bat bién aphin mot da gidc véi hinh co s& duge thuc
hién tuan tu nhu sau:

Buée 0:

Phan loai bat bién aphin cdc dang hinh co so

Dang hinh co Dang chuén tic
s&

Tam gidc Tam gidc déu

Hinh  binh Hinh vuéng
hanh

Ellipse Dudng tron

Buoc 1:
Tim dang chuén tic co s6 Pg’ thod mén diéu kién:
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e - (phép tinh ti€n)

o " (phép co dan theo hai truc x, y) )
My, =My,
m;=m; =

Buoc 2:

Xac dinh bién d6i aphin T chuyén da gidc thanh da gidc Pg & dang chudn téc (thod man
tinh chat (*%)).

Xap xi da giac Pg véi dang chuén téc co s& Pg’ tim duoc ¢ bude 1 véi d6 do xap xi E(Pg,
Pg).

Budc 3

Két luan, da gidc ban dau xap xi T'(Pg’) véi do do xap xi E(Pg, Pg’).

Doi véi cac bude 1 trong [6] da dua ra hai vi du sau:

Vidu 1:Tén tai duy nhdr tam gidc déu AP PP thod mdn tinh chdt (**) la

4 8
=(0,-20), P2= (3, ), P3= (-3, ), o = \/—2}3/5

Vidu 2:Ton tai hinh vuéng P,P.P P, thod mdn tinh chdt (**)
* Hinh vuéng thi nhat c6 4 dinh tuong tng 1a(-p, -p), (-p, p), (p, -p). (P, P)>

vo"lp=4z

* Hinh vuong thit hai ¢é 4 dinh tuong tng la (-p, 0), (p, 0), (0, -p), (0, p), véi p = %
5. KET LUAN.

Bai bdo nay da dua ra phuong phdp trich chon da gidc dua vao diém gieo va mot s6 kiéu
xdp xi da gidc nly boi cdc hinh co s6. Bai bdo nay con dé cap dén hai cich tiép can bat bién
déng dang va bat bién aphin. Tir d6 chiing toi dua ra cich xdp xi miu moét da gidc thanh mot
hinh co s6. Cich tiép can nay cho phép nhan dang duge cic d6i tuong phang sau qud trinh vecto
hoa.
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