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RECOGNIZING SOME GEOMETRICAL OBJECTS FROM A
DISCRETE SET OF POLYGONS

NGO HOANG HUY - NGO ouoc TAO (I)

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 DOl TUONG HINH HOC TU cAc TAP
. . Du6NG GAP KHDc Rill RAC . .

NGO HUY HoANG - NGO ouoc TAO (I)

T6m tat. Bai bao trinh bay plurong phap trich chon cac da giac sau qua trlnh vec to hoa. Co th6

dung cac da giac nay cho ki6u dir lieu khong gian trong cac h~ thong thong tin dia ly hoac nhan ra doi

nrong eo ban trong cac ban ve ky thuat. Cluing toi thiet l~p thu tuc tim kiem ban nr dong mot da giac bao

quanh mot diem cho tnroc tir tap cac duong gap khuc, Phirong phap nay dua theo chien thuat tim kiem

theo chieu sau. Sau do cluing toi dira ra do do xap xi da giac v6'i cac dang hinh h9C chuan. Ye mat thuc

hanh bai bao d1lde cap den each ling ~'lI'g bflt bien thong ke va hinh h9C toan cue doi voi viec nhan dang

doi phang,

1. GIOI THI~U

Qua trlnh xay dung he ban do, cac h~ tro giup nhap lieu W dong to r5 tinh nang iru vier
trong van d~ v~ thoi gian, song cho df,. nay chtra eo mot thuat toan huu hieu nao dam bao yeu
du v~ toe d<,?,tinh chat topc (di~n. khop), nhan dang W dong cac dang hinh hoc CCl ban nhir:
dirong tron, ellipse, da giac v. v... (xem hinh [1]). Dieu t[(1 ngai nay xuat hien do tinh chat ngau
nhien cua viec lira chon huong tim kiem xuat phat tu mot di~m cua cac thuat toan vec to hoa. VI
the qua trlnh hau xir 19 khi vec to hoa la can thiet d~ "clan va n~n lai" cac dirong gap khiic "rei
nhau" thanh cac dang hinh h9C CCl sa.

Phan con lai cua bai bao nbir sau:
Muc 2 dua ra mot so dinh nghia hinh thirc. Muc 3 trlnh bay plurong phap trich chon mot

da giac dua vao mot diem gieo. Muc 4 de xuat mot phuong phap xap xi da giac bai cac hinh CCl

sa nhu tarn giac, hlnh chir nhat, hlnh vuong, hinh ellipse, hlnh tron v. v...

33 •



NGO HOANG HUY -NGO ouoc TAO

2. cAU TRUC CO BAN CUA DO'LI~U vxo

Dinh nghia 1: Ta c6 th~ mo ta theo eau true cay cua cac thanh phan sau khi vec to hoa
(xem [2, 3]) nhu sau:

• Diem la mor cap so thirc (x , y). Khoang each gitra hai diem (XI, YI) va (x-, Y2) diroc xac
dinh nhu sau:

d((X/,y),(X2,Y2»=max(lx! -x21,IYI-Y21)
• Doan thang la mot tap diem hai phan tu' {p, P2}'
• Dirong gap khiic la day cac di6m <PI' P2' ..., p.>, khi d6 p, va p, diroc goi la cac di~m

cuoi cua dU011ggap khuc.
Tap cac dirong gap khuc thoa man hai tinh chat sau:
i) Khong tu (·dt

ii) Giao cua hai duong gdl) khuc 1/1 duy nhdt tao thann ctu: dilm chum (xem [1J).
Thong thuong mot da giac duoc hieu nhu la mot duong gap khuc "khep kin" (sai khac

mot dung sai). Do d~c thu dfr lieu vao sau qua trinh vec to' hoc! chung ta can phai mo rong dinh
nghia cua 1119tda giac nhu sau:

Dinh nghia 2: Cho truce mot dung sai 8, hai dirong gap khiic PI va PI' goi la khop nhau
neu khoang each hai diem cuoi nao d6 cua PI va PI' nho hon dung sai 8.

Dinh nghia 3: Cho tnroc dung sai 8, day cac duong gap khiic <PI!, ... , Pin), n ~ 2 duoc
goi la da giac neu n6 thoa man cac dieu kien sau:

i) PI" =PI,.
ii) Pl, khop voi Pl, +,
iii) 'Vi! 3j;ri + 1: P(khop voi PI;

3. THU~ T ToAN TIM KIEM VA XAP xi DA GIAc

QUe! trinh tlm kiem cac da giac diroc hinh thirc hoa nhir sau:
Bili toan: (Bai toan tim kiem tu dong tat ea cac da giac )

Dii lieu vilo: Cho tnroc dung sai 8, ham khoang eaeh d va tap hop roi rac cac duong gap
khuc {PI} thoa man cac tinh chat i) va ii).

Kef qlld: Tap hop cac da giac <PI" PI},... PI,.).
Bai toan nay plnrc tap khi dira ra cac da giac bao nhau va c6 chung canh, toe do bi anh

lurong khi thuc hien tim kiem vet can. D6 xac dinh mot da giac duy nhat khi tlm kiem cluing toi
han che bai toan nay bang each chi tlm da giac cho bao quanh mot diem cho tnroc, diroc phat
bieu nhu sau:

Bili toan 1: (Bai toan tirn kiem)

Vii lieu vilo: Cho tnroc diem M(xo, Yo), dung sai 8, ham khoang each d va tap hop roi rac
cac dirong gap kluic {PI} thoa man cac tinh chat iv) cua dinh nghia I.

Ktt qud: da giac <PIt> P12, ••• Pin>.
Bili toan 2: Nhan biet mot da giac theo cac dang hinh eo sa.
TIm da giac.
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Rfi rang viec tlm kiem mot day "khop" cac dirong gap khuc la phu thuoc vao viec chon
thanh phan PI, dau tien, cac thanh phan Pl, + 1 eo th~ diroc dira ra nho viec xay dung qua trinh tlm
kiem theo chieu sau cac dirong gap khuc khop voi PI;, d~ viec tim kiern duoc nhanh chong,
cluing ta can mot kiem nghiem don gian d~ chon diroc thanh phan Pl, + 1 eo kha nang dAn den lai
giai "tot hon" so voi cac dirong gap khuc khac ke voi no. Cluing ta se dua vao di~m Mtx.; Yo) d~
dieu khien qua trlnh tlm kiem.

Ta dinh nghia goc gifra hai dirong gap khiic "khop nhau" nhu sau:

Dinh nghia 4: Gia sir P va Q la hai dirong gap khiic khop nhau tai hai diem cu6i A va B.,../-- ~

nrong irng. Ta goi goc giua P va Q la (P, Q ) = (A' A, B'B) ,6' day A' A, B'B la hai canh
cua P va Q nrong irng,

Tieu chuan re nhanh cho chien thuat tim kiem chieu sau:

Tu PI; chon PH + 1 E ListMatch(PIi) sao cho:

~
(PH, PH + 1) ~ min (*)

o day kf hieu ListMatch(PI;) la danh sach cac dirong gap khiic khop voi PI;.
Tfnh chat cua da giac ket qua la:
i) Chua Jie'mMt»; yJ
ii) Co it nhdt mot doan thdng //01M(.\u, y) vai ctu: dinh eua da giac ma khong nit hUt ky

dirong gap khiic nao cua tap du lieu vao,
Vai phirong phap tlm kiem theo chieu sau, cluing ta se tlm da giac bang each duyet tren

cac dUO'nggap khtic nhir sau:
Buile 0:

Duyet tren tap dfr lieu vao, neu M gan mot dinh cua dirong gap khuc nao do mot
khoang each nho hon e thl thay the M bci dinh nay.

Bl1o'(, J:

Tim dirong gap khiic gan nhat 6' ben trai M(xo' Yo) va ki hieu la PI,.
Neu <PI

"
PI,> la da giac "a thoa man tinh chat iii) va iv) thl chuyen tai buoc 3.

Buite 2:
Duyet cac duong gap khiic chua bi danh dau, neu cso.

Tim PI;+ 1 trong ListMatch(Pl;) thoa man dieu kien (*).

Neu {PI,... PIi, PI; + I) thoa man tinh chat i) va ii) thl nhay toi biroc 3, trai lai danh
dau PI;+ 1 va quay lai biroc 2.

Trai lai, ket thuc va thong bao khong ton tai da giac clura di~m M.
Buite 3:

Ket thiic va tra lai da giac <PI1, PI1, ... PI,,>.
Trong cai d~t thu tuc tim kiem tren cluing toi dfi si! dung thu tuc kiem tra xem mot diem

eo nam trong mot da giac cho tnroc hay khong bang each dua vao tinh chA:nle cua sO'giao diem
(xern [2]). Thu tuc tlm kiem eo th~ phat hien diroc cac da giac eo dang nhu hinh 1a) va 1b).
Trong Hinh 1b) neu lay di~m M la di~m nga tu {9, 10, 11, 12} thl ta tim diroc mot da giac duy
nhat <2,3, 5, 7>.
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(a)

6

Hinh 1. a) va b) bieu dien tap cac dirong gap khtic.

4. NH~NDA.NG I)A GIAc.

M9t da giac eo th~ eo hlnh dang tua nhu mot hlnh eo s6, eo th~ eo nhieu each tiep can xap
xi khac nhau. each xap xi dira tren cac dac tnrng eo ban sau:

• Dac tnrng toan cue: Cac momen thong ke, s6 do hinh h9C nhu chu vi.idien tfch, tap t6i iru
cac hinh chtt nhat phu hay n9i tiep da giac v. v.

• Dac tnrng dia phuong: Cac s6 do dac tnrng cua dirong cong nhu goc, diem loi, lom, u6n, cue
trio V. v...

Dua tren cac tiep can duce dira ra trong cac tai lieu [5,6, 7, 8] cluing toi lua chon tiep can
voi d~c tnrng toan cue va dua ra so del xap xi theo cac bat bien dong dang va bat bien aphin.
Viec xap xi to ra rat eo hieu qua d6i voi mot s6 hlnh phang d~c biet nhu tam giac, dirong tron,
hlnh chii' nhat, hlnh vuong, hinh ellipse, hlnh tron va mot da giac mau.

Nhan dang d6i nrong
,

,

I B~t bien d6ng dang I I BA:t bien Aphin I

Dttang tron Ellipse
Ellipse . Tarn giac

Hlnh ehii' nhat Tu giae
Tarn giac d~~ Da giae

Hinh 2. So d6 phan loai cac d6i nrong theo bat bien
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4.1 Xap xi da giac theo bat bien d6ng dang

Hinh 3: Xap xi da giac boi mot da giac mau
Theo [5] mot da giac voi cac dinh VO' ••• , V m _I diroc xap xi VOl da giac mau UO' ••• U,,_ 1 VOl

dQdo xap xi nhu sau:

. ~dE(V,V)= mm -
OSdSm-1 n

Trong do
11-1 :!

6d = ~~in: L:llkRe Uj +a-V(j+dlmodm 11 ' k =
OSe __ lt,a eR j=O

phep quay quanh goc tao dQ mQt goc S.

Cling theo [5] ~d duce tlnh hieu qua bang cong tlurc sau:

arearV, ...Vm-J)
voi Ro Hi

area(U 0 ••• D n-J '

n-I 2 I n-\

6d = ~IV(j+d)11lodm 1 --;.; ~ V(j+dlmodm

6 day Vj, Vj duoc hieu Utcac s6 phirc tai cac dinh nrong irng (trong [5] thl k = I). Khi m
» n thi dQ phirc tap tinh toan rat Ion (each tiep can nrong W eo the xem [8])

V6'i cac hlnh d~c bier nhu hinh tron, hlnh chir nhat, hinh xac dinh duy nhat boi tarn va mot
dinh (da giac deu) ta eo the van dung cac phirong phap don gian hon nhir binh phirong tai thieu,
cac bat bien thong ke va hinh hoc.

Dinh nghf(lS: Cho da giac Pg eo cac dinh Vo. VI' ... V" (U, == U,.). Khi do mo men bac p
+ q (xem [6] duoc xac dinh nhir sau)

MI"I = If XPy'ldxdy
Pg

Trong thirc hanh de tinh tich phan tren nguai ta thirong Slt dung cong thirc Green hoac eo
the phan tfch phan ben trong da giac thanh tong dai s6 cua cac tam giac eo huong t.OUjVj + I•
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fff(x,y)xPyqdxdy
~

U3

11-1

Lsing(xiYi+l - Xi+lYiX
i=O

fff(x,y)xPyqdxdy
AOUiUi~1

U
II

_1

, Hinh 4. Phan tich mien da giac thanh t6ng dai s6 cac mien tarn giac
a. XliV xi da gitic bling dltong tron
Dung phuong phap binh phirong t6i thieu, ta eo d<?do xap xi:

. 1 n .., ., .,

E(Pg,Cr)= mm ,/-L(Xj+Yi+axi+bYi+C)-
a,b,ceR n i=l

Hinh 5. Xap xi da giac bang hinh tron,
b. XliV xi da gitic bling ellipse.
Cling nhu d,6i voi dirong tron phuong trinh xap xi voi ellipse duoc cho boi cong thirc:

, /' 11E(Pg, El) = min ,- L(x; +ay~ + bx.y, +dYi +e)2
a,b,e,d,eeR n i=1

Mot bien th~ khac cua phirong phap binh phuong t6i thieu khi xap xi cac dirong cong bac
hai diroc dira ra trong [7].

c. XliV xi da giac boi hinh chit nhlit.
Sir dung tinh chat dien tich bat bien qua phep quay, xap xi theo dien tich nhu sau:

Goi l-lll, l-l20, lJ.tl2Ut cac mo men bac hai cua da giac (tinh theo dien tich). Khi do goc quay
diroc tinh boi cong thirc sauA:

/-t20-/-t02

Goi dien tfch hinh chir nhat nho nhat eo cac canh song song voi cac true quan tmh va bao
quanh da giac Pg la S.

KI hieu E(Pg, Reet) = Js - area(Pg) ,

tg2<p= 2 ~lll
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x

Hlnh 7. Xap xi da giac bang hinh chir nhat
d. Xdp xi da giac boi da giac de'u n canh.
GQi M(xo' Yo) la trong tarn cua da giac, lay mot dinh Q tuy y cua da giac, xet da giac deu n

canh Pg' tao boi dinh Q voi tarn la M.

Kf hieu E(Pg, Pg') = Jlarea(Pg) - area(Pg')1

E(Pg, Ell)= min E(Pg, Pg') khi Q chay khap cac dinh cua da giac.

4.2 Xap xi da giac theo bat bien aphin

Trong [6] dua ra 1116 hinh chuan tac v~ bat bien aphin, cho phep chung ta eo th~ chuyen
bai toan xap xi d6i tuong boi bat bien aphin v~ bai toan xap xi mau tren cac dang chuan tac. Nhu
v~y eo th~ dira vao viec d6i sanh cac d6i nrong voi cac m~u boi cac bat bien dong dang, chang
han viec xap xi boi tarn giac, hinh binh hanh, ellipse tuong duong voi xap xi tarn giac deu, hinh
vuong, hinh tron v. v... Thu tuc xap xi theo bat bien aphin mot da giac voi hinh eo sa dtroc thuc
hien tuan tu nlnr sau:, ,

BI(O'(, 0:

Phan loai bat bien aphin cac dang hinh eo sa

Dang hinh eo Dang chuan tftc
sa

Tarn giac Tarn giac deu

Hlnh binh Hlnh vuong
hanh

Ellipse Duong tron

.... ....

BuO'c 1 :
Tirn dang chuan tac eo so Pg' thoa man dieu kien:
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{

mo, =mlO =

mD:!=m~
lTI'3=m3,=

(phep tinh tien)

(phep eo dan theo hai true x, y) (**)

Bu'C!e 2:
Xac dinh bien d6i aphin T chuyen da giac thanh da giac Pg a dang chuan d.c (thoa man

tinh chat (**».

Xap xi da giac Pg voi dang chuan tAc eo sa Pg ' tim duoc a buoc I voi d(> do xap xi E(Pg,
Pg').

Buo'c 3:
Ket IUC\in,da giac ban dftu xap xi i'(Pg') voi d(>do xap xi E(Pg, Pg').

DO'i v6'i cac biroc I trong [6] dfi dua ra hai VI du sau:

Vi dl./ J: T611tqi duv illicit tarn Kiuc ,1ei/ t1P,PlP, thoa n/(IIItinh cheit (** ) la

ifiifj
PI = (0, -2a), P2 = (13 a, a), P3 = (-J3 a, a), a = --=

Vi dl,l2: T611tai hinh FI/OrlgP JP;P,?.j thou n)(11Itinh chut (** )

* Hinh vuong thir nhat eo 4 dinh nrong irng la(-p, -p), (-p, p), (p, -p), (p, p),

voi p > ~

* Hinh vuong thir hai eo 4 dinh nrong irng la (-p, 0), (p, 0), (0, -p), (0, p), voi p = ifj

5.KETLU~N.

Bai bao nay d5 dira ra plurong phap trich chon da giac dua vao diem gieo va mot sO' kieu
xap xi da giac nay boi cac hinh eo sa. Bai bao nay con d~ cap den hai each tiep can bat bien
dong dang va bat bien aphin. Tit do chung toi dira ra each xap xi mdu mot da giac thanh mot
hinh eo sa. Cach tiep can nay cho phep nhan dang duoc cac dO'i nrong phang sau qua trinh vecto
hoa.

U)I CAM ON.

Cluing toi xin tran thanh cam on GS TS Bach Hung Khang da tao dieu kien cho cluing toi
nghien ciru. Cluing toi cam on PTS Lirong Chi Mai d5 dong gop nhirng y kien guy bau trong qua
trinh hinh thanh bai bao nay.
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