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NANG CAO HIEU QUA THUAT TOAN TRICH CHON XU'ONG
KHONG QUA LAM MANH

PO NANG TOAN

Vién Cong nghé thong tin

Abstract. This paper describes a method for using contour to calculate binary distance map, then
promote a Skeleton extraction algorithm without thinning process for line images. The calculating
binary distance map technique can be effectively used for region objects and the Skeleton extraction
algorithm is implemented in the software Mapscan and they can be effectively used for:

- Topography, hydrography and transport maps etc.

- Technical, designing, electronic circle drawings and finger images etc.

Tém tat. Bai bdo nay dé cap dén viéc str dung chu tuyén trong viéc tinh todn dnh xa khodng céch
déi véi dnh den tring, qua dé dé xuat mét kv thuat trich chon xuong khong théng qua lam manh
déi véi Anh dudng nét. Thuat todn tinh 4nh xa khodng cich cé hiéu qua ddi véi cac ddi twong anh
c6 do dai dwong bién nhé so véi kich thuée. Poi véi anh dudong nét, ky thuat trich chon xwong ma
chtng t6i dé xuat da dwoc cai dit thir nghiém trong phan mém MAPSCAN va thay cé hiéu qua doi
Vi

- Céc ban d6 dia hinh, thuy van, dudong giao thong v.v...

- Céc ban vé k¥ thuat, so do6 thiét ké mach in, van tay v.v...

1. GIOT THIEU

Xwong dwoc coi nhr kién tric co ban cia moét doi twong, véi s6 it céc diém anh co ban.
Ta ¢é thé khoi phuc dwoc cdc thong tin ve hinh dang nguyén ban cia mot déi twong thong
qua xwong. Cé thé chia cdc thuat todn tim xwong thanh hai hwéng co ban:

o Cdc thuat todn tim xwong dua trén ky thuat lam manh.

o Céc thuat todn tim xwong khong dua trén lam manh.

Trong dé céc thuat todn tim xwong khong dwa trén lam manh thuomg dwoc dwa trén ky
thuat tinh todn dnh xa khoang céch (distance map, [4,5,8]).

Trong bai bdo nay ching toi dé cap dén viéc st dung chu tuyén trong viéc tinh toidn dnh
xa khodng cach cia anh nhi phan va cé thé mé rong déi véi anh xam da phan ngudng hoic
anh mau véi mau chi dinh va quy wée: DSi véi anh den trang thi diém ving 13 den, con anh
da cap xdm da phan ngudng thi diem ving 13 diém c¢é cuwong do sang 1én hon nguwdng va anh
mau thi diem ving 1a diém ¢6 mau tring véi mau chi dinh, céc diém con lai diroc xem nhu
la nén. Thuat toan tinh 4nh xa khodng cach ma chiing t6i dé xuat c6 do phitc tap tinh toan
ty 1é véi s6 diem dnh (O(n?)) va té ra hiéu qua déi véi cde viing anh ma cdc ddi twrong cé do
dai duomg bién nhé so véi kich thuée nhu: ao, ho, 14 cay, cdc hinh Fractal ([7]) v.v... Ngoai
ra, thong qua viéc trinh bay ky thuat trich chon xwong tir truc trung vi roi rac ([2,3,6]) dua
vao cdc ham hiéu chinh, bai bdo con trinh bay mot thuc nghiém ky thuat trich chon xwong
déi véi dnh dwong nét dua theo y tudng chia deé tri.

* Chuong trinh nhap ban dé trr déng da duwoc tai tro va phét trién trong khuén khé cia dir 4n UNFPA-INT 92/P23.

“Phan mém mdy tinh va tro giup cho hoat déng dan s&”
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Phan con lai cia bai bdo dwoc thé hién nhw sau: Phan 2 trinh bay vé anh xa khoang
cach, bai toan, cac phwong phdp truyén thong va phuwong phap dwa vao chu tuyén ciing véi
do phitc tap cda né. Phan 3 trinh bay ky thuat trich chon xwong khong qua lam manh. Phan
4 13 tng dung cda ky thuat trich chon xwong khong qua lam méanh trong trwong hop doi
twong la dnh dwong nét va két qua thuwe nghiém cia ky thuat. Cudi cing la nhirng két luan
ve ky thuat trich chon xwong khong qua lam manh thong qua viéc tinh todn 4nh xa khodng
cach dwa vao chu tuyén.

2. ANH XA KHOANG CACH

2.1. Bai toan

Cho B = [b;;] 1a mét anh nhi phan ¢é kich thuéc n x n. O day (4,7) 1a phan tir & dong 4
va cot j va by, la gid tri cda né. Néu b;; = 0, ta goi né l1a phan tir nén, nguwoc lai goi 1a phan
tr ving.

Anh xa khoang céch D = [di;] cia anh nhi phan B=|bij| dwoc dinh nghia:

d;; = min {\/z— +(j —q)? |bqu0}

1<p, ¢<n

2.2. Thuét toan co ban
Thuét todn co ban cho viéc tinh 4nh xa khodng cich déi v6i dnh nhi phan B = {b;;} kich

thudc n x n gom 2 bwée chinh:
Buéc 1: Véi moi cot j cla B = {b;;}, ching ta tinh G = {g;;}, & day

mln {|z —p||bp; = 0}

gii =
T <, g

trong dé g;; = 0o (1 < i < n) néu cot j khong ¢é phan tik nén nao.
Buéc 2: Véi moi dong i cia G = {g;;}, ching ta tinh D' = {di;}

' min LG — ) 4
dij—lgggn{@ a)° + g3}

Gia tri dj; chinh la binh phwong gid tri khoang cach tir phan tir (7,7) dén phan tir nén
gan nhat trong B. R0 rang la buée 1 cia thuat toan ¢6 do phie tap 1la O(n2) va buée 2 ¢6
do6 phite tap 1a O(n?) do d6 do phike tap chung cia thuéat toan la O(n®).

2.3. I'J’ng dung chu tuyén trong tinh dnh xa khodng céich

Trong cong thitc tinh a4nh xa khodng cach rd rang rang néu (4,7) la phan tir nén thi gid
tri d; = 0 vi chinh (i, 5) la phan tir nén gan nhat dén né. Do vay ta cé:

/ 0 néu b;; =0
di; =3 min {(G—a)+g}} nguoc lai

1<q<n
Nhuw vay, thue té dé tinh 4anh xa khodng céch ta chi can tinh véi cdc phﬁn ti viing
(bij = 1). Titc 1a tinh 4nh xa khoang cdch déi véi cde doi twong dnh E C S, & day S 1a tap
cdc diem ving ([1,9,10]).
Mit khdc, trong [10] da chi ra rang moi doi twong dnh sé dwoc xéc dinh bdi céc chu
tuyén trong va ngoai (Hinh 1 13 mot vi du vé mot ddi twong anh cia cdc diém viing va céc
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chu tuyén cia né). Hon nira ting véi moi chu tuyén sé ¢ mot chu tuyén ddi ngau twong ting
véi né. Dinh 1y sau sé gitip ta gidm nhe viéc tinh todn 4nh xa khodng cich ddi véi cic doi

twong dnh £ C S.

Chu tuyén ngoai

Chu tuyén trong

Hinh 1. Mot déi twong anh véi cde chu tuyén

Pinh ly 2.1. Gid si E C 3 la mot d6i twong dnh va C;, CH(i =1,...,n) ld cdc chu tuyén va
chu tuyén 46i ngau twong ing cia E. Khi 46 khodng cdch nhd nhdt ti mot diém dnh thudc
E dén mot phdn t nén (thudc ) sé dat dwoc trén C+ c {C+} (1=1,2,...,n).

Chitng minh. Gid stt Q € E v P € $ la diém ma khodng ciach PQ 13 nhd nhat, ta can chimg
minh P € {C}} (i = 1,2,...,n). That vay, néu P ¢ {C}*} (i = 1,2, ...,n), theo dinh nghia vé chu
tuyén ([6, 8-10]) thi ca 4-1ang giéng cia P (P, Pa, Py, Ps) déu khong thuoc E (Hinh 2).

Py

P, P Po

Pg

Hinh 2. Céc diém 4-ling giéng cia P

Goi P la diém c6 toa do (xp,yp) va Q 1a diem cé toa do (zq,yq), ta cé 4 diem 4-ling
giéng cla P sé ¢6 céc toa do la (xp + 1,yp), (xp,yp — 1), (xp — 1,yp) va (xp,yp +1).

Ta di chitng minh c6 mot diém trong 4-ldng giéng ctia P c6 khodng cich dén P nhé hon
khodng céch tir P dén Q. That vay, xét cic treong hop cé thé xady ra vi tri twong ho gitta P
va Q:

i) Truomg hop xp # zq

Suy ra: |zg —ap|> 1< —2zg —ap| < -2 2zg—ap|+1< -1

& (xg —2p)® = 20ag —xp| + 14 (yg —yp)® < (xg —2p)® + (yg — yp)* - 1

& [lwg —xp| + 112+ (yg — yp)? < QP? — 1 < QP?

+ Néu zg > xp, ta cb [vg — (xp — )2+ (yo —yp)? < QP% & QP? < QP? (khodng cdch tir @

dén P* nhé hon tir Q dén P).

+ Néu zg < xp, ta cb [vg — (xp + 1|2+ (yo —yp)? < QP? & QPZ < QP? (khodng cdch tir @

dén Py nhd hon tir @ dén P).

ii) Treong hop zp = g :

Twong tw xét hai truomg hop doi véi yp va yg ta co:

+ Néu yp > yg thl QP2 < QP?, tirc 1a khodng cdch tir @ dén P, nhé hon khodng cdch tir @

dén P.

+ Néu yp < yg thl QP2 < QP2 tikc 1a khoang cdch tir @ dén P, nhé hon khodng cdch tir @
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dén P.

Trong tit ca céc trwong hop dang xét ta deu thay 3i (i = 0,2,4,6) d€ khodng cach tir Q
dén P; nhé hon khoang céch tir Q dén P.

Vay gid thiét P ¢ {Ci} (Vi =1,2,...,n) la sai, do d6 khodng cach nhé nhat tir mot diem
dnh thuoc E dén mot phan tir nén (thuoc ) sé dat duoc trén C+ € {C} (i =1,2,...,n). =

Thuét toan tinh 4nh xa khodng cich dua vao chu tuyén

Thuét todn tinh d4nh xa khodng cdch d6i véi dnh nhi phan B = {b;;} kich thudc n x n dua
vao chu tuyén géom 2 buéc chinh:
Budéce 1: Duyét tim cdc chu tuyén va chu tuyén déi ngau twong ting cia cic doi twong
trong anh. Viéc duyét tim tir trén xuong dudi, tir trai sang phai. Véi doi twong anh viing
E; (i=1,...,m) sé ¢ twong ing céc chu tuyén C;j, C% (7=1,...,my).

Buéc 2: V&i moi phan tik by, trong anh nhi phan B ta tinh:
0 néu by, =0

- min 1—a)2+ (m—y)? by € B
(x,y)e{c;j},jzl,_.,m{( ) ¥

!
m

D6 phirc tap cda thuat toan

Gid tri d) = chinh la binh phuong gid tri khoang cdch tir phan tir (I,m) dén phan ti nén
gan nhét trong B. Ro rang la budce 1 cda thuat todn c6 do phite tap la O(n?) va buéde 2 ¢
do phirc tap ty 1& véi s6 diem anh (O(n?)) va do dai chu tuyén cia déi twong anh. Néu do
dai cla chu tuyén 1 nhé so véi kich thwée anh cé thé xem do phitc tap cia thuat toan la ty
1& v6i s6 diem anh. Do dé, do phitc tap chung cia thuat toan 1a O(n?).

3. TRICH CHON XUONG KHONG QUA LAM MANH

3.1. Xwong roi rac

Xwong dwoc coi nhr kién tric co ban cia moét doi twong, véi s6 it céc diém anh co ban.
Ta c¢6 thé 1ay dwoc céc thong tin ve hinh dang nguyén ban cia mot doi twong thong qua
xuwong. Cé 1& nguoi dau tién dinh nghia xwong 1a Blum (1976), thong qua viéc dinh nghia
truc trung vi (Medial Axis) (]2, 3, 6]).

DPé tim ra truc trung vi ta sit dung 4nh xa khodng cich. Véi diém P bat ky trén doi
twong £ € & néu nhu ¢6 nhiéu diém nén c¢6 cung khoang céch ngan nhéat téi P thi P nam
trén truc trung vi. Viéc xéac dinh truc trung vi duoc tién hanh thong qua hai buéce co ban:

¢ Buéc thit nhat: tinh todn anh xa khoang cach ddi véi tat ca cic diém anh.

¢ Budce thit hai: khoang cich anh da dwoc tinh todn va cac diém anh cé gid tri 16n nhat
dwroe xem 13 nam trén truc trung vi.

Truc trung vi tim dwoc trong buéc 2 thwong dwoc tién hanh véi duwong bién cia doi
twong dwoc roi rac bdi day céc diém bién khép kin va do dé truc trung vi ciing dwoc hieu la
truc trung vi roi rac. Ki hiéu 1a DVMA(E) (Discrete Voronoi Medial Axis) ¢6 thé xem nhw
la xwrong day di cta d6i twong anh E. Xwong day du bao gom nhiéu mitc (Hinh 3), nhung
trong thuc t& déi khi ta chi quan tam dén mot mitc ndo dé. DE han ché xwong dén mitc can
thiét nguoi ta sit dung ham hiéu chinh theo nguwong.

Pinh nghia 3.1. (Xwong roi rac - Discrete Skeleton) ([23]). Xwong r&i rac theo ngudng 7',
ki hiéu la SkePMA(E, T) (hoac Ske(E,T)) la mot tap con cia truc trung vi roi rac DVMA(E):

SkePMA(E, T) = {ele €« DVMA(E), A(Rp(e) > T},
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trong d6: ARp la ham hiéu chinh.

©- Xuong mic mot
<-@ ®- Xuong muc hai
. ©- Xuong muc ba

Hinh 3. Vidu vé cdc mirc xwong
Dé thay néu ngudng T cang 1én thi s6 lwong diém tham gia trong xwong cang it.

3.2. Xuwong va ham hiéu chinh

Ham hiéu chinh nham muc dich gidm bét diém tham gia trong xwong dé di dat dwoc
xuwong mong muén. C6 nhiéu phwong phap xay dung ham hiéu chinh khdc nhau nhung nhin
chung ching deu phai ddm bao tinh lién thong sau khi bé bét cac diém theo ngudng T'. Trong
phan nay chiing t6i dé cap dén viéc xay dung ham hiéu chinh dwa theo ham niang lwong bién.

\ ’ N s oA
Hinh J. Khoang ciach w;; va cic diém neo p;, p;

Gid st E C & vi e € DVMA(E), hai diém bién p;, p;, B(E) (bién cia E) la diém cé khoang
cdch nhd nhat dén e. Céc diém p; v p; dwoc goi 1a cdc diém neo cia e (Hinh 4). Khi dé
khoang cich gitra diém neo dwoc dinh nghia 13 w;; = distp(p;, p;) 12 khodng cich nhéd nhat tir
p; dén p; doc theo bién (truwomg hop p; va p; cing thuéc mot duomg bién). Gid tri w;; cling
c6 thé duoc tinh todn bdi ham nang lwong bién W : B(E) — R doc theo bién B(E) cia E.
Dbéi véi duomg bien kin ¢ thé xem:

dist p(pi, p;) = min (W (p:) = W(pp)}, D =W (p:) — W(py)l),

W
trong dé Yy, la tong niang lrong bién doc theo B(E). Gia tri neo cia diém e € DVMA(E)
dwroc xac dinh béi gid tri nhé nhat cia khoang céch gitra 2 diém neo cia e

dist? (e) = migl{wij}

’
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Khi d6 ham hiéu chinh ARp duoc dinh nghia:

distP(e) néu cdc diém neo p; va p; cla e thudc cling mot bien
ARp(e) = : .

00 nguoc lai

GOl wax = %?X(E) dist? (e). Robert L. Ogniewicz & phong thi nghiém Harvard Robortics da
ec

chi ra rang ([1,3]):

i) Tap hop @ cta tat ca cdc nhanh cé chita diem e € DVMA(E) cé gia tri dist? (€) = wmax 12

lién thong.

ii) Cac nhanh khong thudc @ sé 1a tap hop cic diem e; cDVMA(E) tao thanh day c6 dist? (e;)

tién t&i wmax. NEu nhanh c6 m diém ki hieu 1a {e1, es, ..., €, €1, ..., €m} thi véi moi diem

€5, €i+1, 1<i<m, ta cé: dist? (6i+1> > dist? (61)

Nhan xét. Né&u chiing ta hay thuc hién mét thao tdc tréen DVMA bing cich loai bd tat
cd nhitng diém e md ARp(e) < T (T: gid tri ngwomg). Khi tang gid tri ngwdng T, cang cb
nhiéu diém bi loai bé tir DVMA, nhung s lién thong ban dau van dwoc bao toan. Khi gid
tri nguwdng 13 wmay, chi cé nhitng diém cé gid tri nang lrong cao nhat méi dwoc gitr lai, néu
tiép tuc tang T thi chinh nhirng diém nay ciing bi loai bé. Ngudng 7' thwong duwoc xdc dinh
thong qua do léch gitta ARp(e) va khodng cac giira hai diém neo.

Truong hop nhitng diém (e) cé6 ARp(e) = oo tirc la nhimg diém cé cdc diém neo twong
trng 14 nam trén cac dwong bién khac nhau. Hay néi céch khéc la nhitng diém cé khoang
cach nhé nhat dén céc diém nen dat duwoc trén hai bién sé chac chian nam trén xwong véi
moi nguong hiéu chinh T.

4. UNG DUNG

Nhitng nam gan day, trén thi treong da cé nhiéu hé thong chuyén déi cic 4nh dang diém
sang cdc duong (vecto héa tu dong) nhu R2V, WinGis, MapScan ([9,11]). Do do phitc tap
ctia hinh 4nh va muc dich cia cong viéc, ngudi st dung chi quan tam dén mot s6 dwdng nhat
dinh nhu cidc duwong giao thong duwong bién huyén, tinh.

MapScan - [SRI75.PCX] ] MapScan - [SRI75.PCX] ]
=[] [_[=[x]

[ Fle Edt View Image Recos

aniion  Veclorization Window  Help: —lm[x| [Z Fle Edt View Image Recogniion Vectort Window Help =12 x|
(=16 R [ e 7] @@ E]s] ] pelv]®) . | (=R @Ja] (el EEe] ] k] .
Mullaitivu B

?

“ “
1[633,748] - White

= 5
[ INUM[SCRL [[910,582] -White R EsT

1]

a) Anh cdn vécto hod b) Ap dung tim xuong dua vio 4nh xa
khoang c4ch theo phuong phdp chia dé tri

Hinh 5. Vi du vé doan thang vécto héa ban tw dong khong qua lam manh

Tir nhan xét trong Muc 3.2 ta thdy néu mot diém cé khoang cich nhé nhit dén dieém
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nen dat dwoc tai 2 diém trén céc bién doi ngau khéc nhau thi chic chan thudc vao xwong
clia déi twong. Véi céc doi twong cé do dai 1ém hon do rong rat nhieu néu mot di€m e thude
duromg cong ¢6 khodng cach nhd nhat dén céc dieém nén dat dwoc trén hai canh bién déi ngau
clia dwong cong thi khodng céch gitta 2 diém neo s& nhé hon rat nhiéu so véi ARp(e) va do
dé e thwomg dwoc xem nhw 13 nam trén xwong. Chiing to6i da cai dit thuat toan tinh dnh xa
khoang cdch va ép dung Nhan xét 3.2 vao viéc trich chon xwong khong qua lam méanh trong
modun vécto héa ban tu dong trong phan mém MapScan.

Trong Hinh 5.a 1a cdc dwdng nét can vécto hod. Dai véi canh dudng noi gitta hai diem
khép khoanh tron, canh trai chinh chinh 1a chu tuyén ngoai, con canh phai chinh la chu tuyén
trong. Trong Hinh 5.b doan dudng néi giita 2 diem khép dwoc ap dung tinh dnh xa khodng
cach dé tim xwong dua vao diém bién cia 2 canh theo phwong phap chia dé tri.

Qua. thue nghiém ching t6i thay k¥ thuat té ra hiéu qua d6i véi 16p cdc kiéu anh cé
chiéu dai 16n hon chiéu rong rat nhiéu (dnh dwong nét) nhu:

- Cé4c ban do dia hinh, thuy vin, duong giao thong v.v..

- Céc ban vé ky thuat, so do thiét ké mach in, van tay v.v..

5. KET LUAN

Anh xa khodng cdch 14 mot khai niém quan trong trong nhiéu tng dung lién quan dén thi
gidc may (Computer Vision). Hau hét cac thuat todn tim xwong khong dwa trén lam manh
thuong duoc dua trén ky thuiat tinh todn dnh xa khodng céch.

Bai bdo nay dé cap dén viéc sir dung chu tuyén trong viéc tinh todn anh xa khoang céch.
Dinh 1y 2.1 chi ra rang khoang cdch nhd nhat tir mot diem ving cia doi twong anh téi nen
sé dat gi tri nhé nhat trén bién doi ngau cia doi twong anh. Viéc d4p dung dinh Iy cho dua
dén thuat toan tinh 4nh xa khoang cach dua vao chu tuyén c¢é do phitc tap tinh todn ty lé
véi s6 diem anh (O(n?)). Thuat todn ma ching t6i dé xuét té ra hieu qua ddi véi cée ving
dnh cé cic doi twong c6 dd dai duong bién nhé so véi kich thwée nhu: ao, ho, 14 cay, céac
hinh Fractal v.v..

Ngoai ra, thong qua viéc trinh bay ky thuat trich chon xwong tir truc trung vi roi rac
dura vao cdc ham hiéu chinh va nhan xét trong Muc 3.2 ddi véi cdc dudng bién roi nhau cia
doi twong anh. Bai bdo trinh bay mot thue nghiém ky thuat trich chon xwong ddi véi dnh
duromg nét dua theo ¥ twdng chia dé tri.

L&i cam on
Téc gid xin chan thanh ¢dm on GS. TSKH Bach Hung Khang da tin tinh gitip do trong qué
trinh nghién ctru v phét trién bai bdo nay. Qua day téc gid cling bay té long biét on dén PGS. TS

Ngoé Quéc Tao, TS Luong Chi Mai, TS Nguyén Ngoc Ky da déng gép nhitng ¥ kién qui bau gitp
cho tac gid hoan thanh bai bio.
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