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CHO TlfNG PHAN HINH D~NG VA MQT SO TINH CHAT

NGUYEN THANH HAl, PHAM THE LONG, NGUYEN CONG £)~NH

H9C vi?n Kfj thnui: Qulin su

Abstract. In this paper, a description method for partial shapes is introduced with the use of Fourier
transformation. The proposed method allows to easily get a partial Fourier set which is invariant
with respect to translation, rotation and scaling, to minimize the required parameter numbers for
describing partial shapes. Some carried out tests shows that the result of proposed method is better
than of other methods and the proposed method can be used for difficult problems in the field of
image processing, recognizing, matching and target tracking in case of touching objects, overlapping
objects, not clearly discriminating between objects and background, objects hiding by others, etc ...

1. GIO'I THIEU

Tom t~t. Bai bao trinh bay phuong phap su dung phep bien doi Fourier de mo ta tung phan
cua hinh dang. Phuong phap de xuat cho phep de dang bat bien hoa t~p mo ta bo i cac phep tinh
tien, quay, co giiin cling nhir cho phep giam bat so d~c trirng thirong dung trong mo ta tung phan
htnh dang. Cac thu nghiem dircc tien hanh cho thay hieu qua cua phiro'ng phap de xuat so voi cac
phuong phap khac. Cac ket qua cua bai bao Iii co s6 de giai quyet dtroc nhieu van de kh6 va thuong
g~p trong cac bai to an xu ly va nhan dang anh chang han cac tinh huang doi tirong ket dinh nhau,
chong len nhau, anh doi tirong kh6 phan tach voi nen, doi ttrong bi che khuat mot phan ...

Bai toan mo t~ hinh dang doi tirong anh luon 1a van de thai su trong cac irng dung xu
ly, khop, nhan dang anh doi tirong cling nhir bitt barn doi tirong chuyen dong. Phep bien
doi Fourier la mot phirorig phap manh trong the hien hinh dang [3]. Cach the hien hinh
dang truyen thong Slr dung phep bien doi Fourier thirong lam viec tren mot dirong cong
dong (tuyen dong) tuang irng voi duong bien cua doi tirong sau khi da boc tach ra khoi anh
[2,4,13,14,15]. Tuy nhien, trong nhieu irng dung thirc te, doi tirong anh rat kho boc tach
VI nhieu ly do khac nhau (chang han, cac doi tuong dinh nhau: chir viet tay net lien, cac
doi ttrong ky tu tren bien so xe may dinh nhau do cau true duoi xe, dinh moc hoac do di'eu
kien moi trirong}, cac doi tuong chong len nhau (nhir trong thiet ke thi giac rabat gitp v~t
the), doi tirong bi che khuat mot phan do di'eu kien moi trtrong (may bay bi may che, cac doi
tirorig chuyen dong bi che khuat mot phan boi dia hinh dia vat), doi tircrig khong phan biet
ro rang vo i nen, kho boc tach ...). Trong cac truong hop nhir v~y doi hoi phai lam viec tren
cac duong cong khong dong (tuyen mo ). Khi do viec Slr dung phep bien doi Fourier de mo ta
tung phan cua hinh dang theo each tiep can truyen thong tro nen khong con phu hop nira,
Cling da co mot so phuong phap khac de mo t~ va nhan dang hinh dang tung phan nhir 8U
dung phep bien doi khoang each [8], khop ma tran con [5, 9], qui hoach dong [7] hay Slr dung
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phep bien aoi wavelet [6]... Tuy nhien, do tinh den gian, de thirc thi va tinh toan cua phep
bien aoi Fourier nen neu van mo ta diroc hinh dang tung phan nho su dung phep bien aoi
Fourier thi van nit co y nghia cho cac irng dung thirc te.

Trang bai bao nay cac tac gia ae xuat mot phirong phap dac ta dirong cong khong dong
vo i hinh dang bat ky nho su dung phep bien doi Fourier. M9t s6 tinh chat cua d~c ta duoc
chimg minh cho phep t6i thieu h6a s6 d~c tnrng trich chon va bat bien h6a cac phep bien
doi hinh hoc gom tinh tien, quay va co gian. Bai bao cling phan tich, so sanh phuong phap
de xuat voi mot s6 phirong phap khac. Cac thir nghiem diroc tien hanh cho thay kha nang
va tinh hieu qua cua phirong phap de xuat.

.... , ... '........
2. MO TA FOURIER CHO TUNG PHAN HINH D~NG

VA MOT s6 TINH CHAT

2.1. Mot so djnh nghia ve t.uyen va phep bien d6i Fourier len tuyen dong

Dirih nghia 1. (U - lang gieng) Tap hop U-lang gieng cua diem (x, y) E R2 la:

LC = {(u, v) E R211(u, v) -::J (x, y), J(u - x)2 + (v - y)2 :S c}.

Dinh nghia 2. (Tuyen, tuyen dong, tuyen mo , tuyen con, tuyen ngiroc)
M9t tuyen (U- tuyen) la mot day hiru han cac.diern trang m~t phang 2 chieu go, gl, ... , gn

sao cho gi va gi+1 la cac diem U-lang gi'eng cua nhau (i = 0, .., n - 1). Ky hieu tuyen la
go, gl, ... , gn' Ta noi tuyen go, gl, ... , gn xu at phat tir go ket thiic tai gn'

Tuyen dong, mo: U-tuyen gogl ...gn diroc goi la tuyen dong, ky hieu la [gOgj gn], neu go
la U-lang gieng cua gn. Nguoc 10i, tuyen diroc goi la tuyen mo , ky hieu la (gogl gn).

Tuyen con: Xet tuyen p = gogl ...gn' Khi do, Q = gigi+1 ...gi+k, trong do 0 :S i :S i+k :S n,
diroc goi la mot tuyen con cua P. Ky hieu Q c P.

MQt tuyen dong co the chira mot hoac nhieu tuyen con la tuyen mo va ngiroc 10i, mot
tuyen mo co the chira mot s6 cac tuyen dong.

Ky hieu IFI = n + 1 la s6 diem anh narn tren tuyen P = gOgl ...gn. Tuyen Q diroc goi la
tuyen con thirc sir cua P neu Q C P va IQI < IFI.

'Tuyen nguoc: Neu P = gogl ...gn la tuyen thi hien nhien gngn-1 ...go cling la tuyen va ta
goi no la tuyen ngiro'c cua tuyen P va ky hieu la pi = gngn-1·· .go.

Phep bien d6i Fourier len tuyen dong va mot so each th~ hien. .
Gia su P = gogl ...gn-l la mot tuyen dong va diroc the hien bang mot day s6 thirc hoac

phirc Uk, k = 0, ti - 1 [4]. Khi do phep bien doi Fourier roi rac len tuyen dong P diroc cho
boi

n-l

Fm = L uke-i27rkm/n, m = 0, 1, ... , n - 1
k=O

(1)

va phep bien doi Fourier nguoc la
n-1

Uk = ~L Fmei27rkm/n, k = 0, 1, ... , n - l.
nm=o

(2)
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Co nhieu each de the hien Uk nhir the hien bang toa d9 phirc, khoang each den trong tam,
dien tich, goc tich luy ... [4]. Cac thir nghiern do D. Zhang, G. Lu [4] tien hanh da chi ra rling,
cac the hien tot la khoang each den trong tam [1], toa d9 phirc [11].

2.2. Diitc ta t~p Fourier tirng ph'an cho t.uyen met va cac t.inh chat

Gia Slr T = (9091 ...9N) la tuyen mo. Do phep bien doi Fourier co tinh chat tuan hoan nen
thuong chi phu hop trang mo ta tuyen dong. Be mo ta tuyen mo T Slr dung phep bien doi
Fourier ta co the tao ra mot the hien cua T diro i dang mot tuyen dong T' roi ap dung mo ta
Fourier len T'. Vi du, don gian nhat la tao tuyen dong T' tir tuyen mo T bang each di nguoc
tro lai diem xuat phat cua T (phirong phap quay nguoc}, T' = [9091... 9N9N-l ...91], va ap
dung phep bien doi Fourier len tuyen dong T'. Tuy nhien, each nay, nhir da chi ra trong [6],
khong phai hie nao ciing hieu qua (di'eu nay ciing se diroc kiern clnrng lai thong qua cac thl'r
nghiem so sanh vrri phirong phap de xu at trang M\lC 3). Trang [10], K. Kocjan ciing de xuat
mot each khac the hien Uk bling cac khoang each tir cac diem 9k den trung diem cua 909N,

tiec la each nay lai vi pham tinh khong duy nhat trong viec the hien hinh dang bat ky. C6
the chi ra 2 hinh dang cho cling day Uk, k = 0, n - 1 theo each the hien nay. Vi du, tren
Hinh 1, cac tuyen a) va b) co phan tir A den B doi xirng nhau qua AB, phan con lai giong
nhau, song chung co cling do thi Uk, k = 0, n - 1 dircc cho trong Hinh d).
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Hinli 1. Hai hinh dang khac nhau nhimg co cling the hien ui; theo each cua Kocjan

Trong bai bao nay, chung toi de xu at each thirc tao tuyen dong bang each lay doi xirng
cac diem 9k qua duong thang 909N va Slr dung cac toa d9 phirc trang the hien hinh dang.

GQi 92N-k, (k = 0, N) la diem doi xirng cua diem 9k qua dirong thang 909N. Khi do,
de dang thay rling C = [9091...9N9N+l ...92N-l] chinh la mot tuyen dong (Hinh 2d). Duong
thang 9g9N diroc goi la true doi xirng cua tuyen C.

Nhan xet.

(i) 92N == 90;
(ii) 9k va 91 doi xirng nhau qua 909N neu k + l = 2N.
Ky hieu s« = (Xk, Yk), Zk = Xk + iYk, k = 0, 2N - 1, i la don vi phirc, i2 = -l.
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f)~t Z = {ZO, zl, ... Z2N-l}, ta goi Z la the hien phirc cua tuyen G va G la tuyen tirong
irng veri z. Thirc hien phep bien doi Fourier len cac thanh phan cua z ta thu diroc cac he so
Fourier tinh toan nlnr sau

2N-l
Fm = L zke-i27rkm/2N, m = 0,1, ... , 2N - 1. (3)

k=O
Ta noi (3) la phep bien doi Fourier tung phan len tuyen mo T = (gOgl ... g N)'
Khi do, tuyen dong G hoan toan co the diroc mo ta boi t~p cac he so Fourier

F = {Fo, Fl, F2, ... , F2N-l}. (4)

Cac thanh phan cua z co the nhan 19-idiroc tir F bang each SITdung phep bien doi Fourier
ngiroc

2N-l
Zk = 2~ L Fmei27rkm/2N, k = 0, 1, ... , 2N - 1.

m=O

(5)

Ky hieu F = Jt(z), z = Jel (F), trong do cac phan tIT cua z va F lien h~ nhau theo cong
thirc (3) va (5).

Ky hieu Real(A), Imag(A) ttrong irng la phan thirc va phan ao cua so plnrc A. Ta co tinh
chat sau.

'I'inh chat 1. ss« gOgN ndm tren true hoiuih. thi Imag(Fm) = 0, '11m= 0, 2N - 1. Tucrng
tv, neu gOgN ruim. tren true tung thi Real(Fm) = 0, '11m= 0, 2N - 1.

Chung minh: Gia SITgOgN narn tren true hoanh, khi do, g2N-k doi xirng gk ¢:? X2N-k = Xk
va Y2N-k = -Yk, k = 0, N. Do do,

Fm = Zo + ZN cos(1Tm)+

N-l .?; [Zk (cos 2;~m _ i sin 2;~m)+ Z2N-k (cos 21T(2~;; k)m _ i sin 21T(2~;; k)m) ] .

Suy ra,
Imag(Fm) =

~ [ (21Tkm 21T(2N- k)m) (. 21Tkm . 21T(2N - k)m)]
Z:: Yk cos -2N - cos 2N - Xk sin -N + sin = 0.
k=l . 2 2N

,21Tkm 21T(2N - k)m
VI 2N + 2N = 21Tm. V~y, Imag(Fm) = 0, '11m= 0, 2N - 1.

Chung minh tirong tv, ta co, neu gOgN nam tren true tung thi Real(Fm)
0, 2N - 1.

= 0, '11m=
•

Tinh chat 2. Ky hi~u Fo = ao + ib«. Khi do, E(ao, bo) la tronq tam cua G. Nqoai ra
E(ao,bo) E gogN.

Chung minh: GQi (a, b) 1a trung diem cua gOgN. GQi (ak, (3k) la trung diem cua gkg2N-k,
hien nhien (ak' (3k) narn tren dircng thang gOgN. Thay m = ° vao (3) ta dircc

1 2N-l
Fo = 2N L Zk· (6)

k=O
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2N-I 2N-I
Do do, ao = 2~ I: Xk, bo = 2~ I: Yk nen ao, bo chinh la trong tam cua G. Mat

k=O k=O
khac,

[
N-I 1 [ N-I 1

Fo = 2~ Zo + ZN + I: (Zk + Z2N-k) = ~ (a + ib) + I: (ak + i{3k) = ao + ibo·
k=1 k=1

[
N-I 1 [N-I 1trong do, ao = ~ a + I: ak ,bo = ~ b + I: {3k .
k=1 k=1

Gia su phirong trinh dirong thang gogN la Ax + By + C = 0. The thi

Aa + Bb + C = 0, Aak + B{3k + C = 0, k = 1, N - 1.

[
2N-I 1

+ B ~ b + E e; + C = ° ¢:? Aao + Bbo + C = ° hay

•
[

2N-I 1
Suy ra A ~ a + E ak

(ao, bo) E gogN·
Bat bien t.inb tien

Tir Tinh chat 2 ta thay, neu ta d~t thanh phan dau tien cua F bang ° (Fo = 0) va gifr
nguyen cac thanh phan con lai roi su dung phep bien doi Fourier ngiroc (5) thl ta se thu diroc

-+

t~p Gt chinh la ket qua cua phep tinh tien t~p G theo vec to' EO (0(0,0)). Bl1ng each nay ta
da thirc hien mot phep bat bien tinh tien len cac mo ta Fourier vo i t~p mo ta Fourier tirong
irng 1a

Ft = {Ft k = 0, N - 1} = {O,FI, F2, "., F2N-I}. (7)

Ta c6 the tim diroc zt = Jel = {zk, k = 0, 2N - 1} theo cong thirc (5) tir do tim diroc
tuyen ttro ng (rug Ct. Hinh 3a) minh hoa phep bat bien tinh tien thong qua mo ta Fourier.
K' hie G [t t t 1 ( hti ,., hi , G dA

., h t t )Y ieu t = gOgl,,·g2N-I C U Y rang, uc nay t 01 xirng n au qua gOgN .

Tinh chat 3. 0(0,0) niim tren auang thling g6lN'
--+

Chung minh. G, 1a anh cua G qua phep tinh tien theo vec to' EO, theo phep tinh tien nay
ta c6

, ,
E -4 0, go -4 go, gN -4 gN'

Do E narn tren gOgN (Tinh chat 2) nen 0(0,0) nam tren 969}y. •
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Hinh 3. Bat bien tinh tien, quay va co gian

+ Elip chinh
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z~.
Tir cong thirc (5) ta thay, cac thanh "phan cua z~ la

k = 0, 2N - 1.
Cong thirc tren cho thay cac diem cua Gi nam tren mot hinh elip. Elip nay diroc goi la

elip chinh cua Gt [11] (Htnh 3b). Do tinh chat cua phep tinh tien nen tap cac diem tren tuyen
G" tirong irng vo i ze = je1(Fe) trong do Fe = {Fo,F1,0,0, ... ,F2N-d cling nam tren mot
elip diroc goi la elip chinh cua tuyen G. V~y moi tuyen G deu co mot elip chinh.

Bat bien quay

G9i .p la g6c (c6 huang) tao boi vec tcr gblN voi true tung (tia Oy). Thirc hien phep quay
Q(O, cp) tam 0, g6c quay c6 huang ip, khi do true doi xirng gbg~ se diroc quay de narn tren

-+

true tung (vec to 969~ cling chieu vci tia Oy). Di'eu nay luon thuc hien diroc do 0(0,0) nam
tren duong thiing 969~ (theo Tinh chat 3). Tir do ta c6 diroc tap mo tit Fourier bat bien
quay (va ca tinh tieri) la

Fq·t = {Ftt, k = 0, 2N - I} = {O, F1Kq, F2Kq, ... , F2N-1Kq}, (8)

trong do, Kq = e«, F3·t = FJKq, Fr = FZKq = FkKq, 'Ilk = 1, 2N - 1.
That vay neu goi zq·t = je 1(Fqt) = {zqt k = ° 2N - I} va G = [gq.tgq.t ... gq.t ]la. .,. k " q.t 0 1 2N-l

tuyen tirong img. Tir cong thirc (5) ta suy ra duoc

2N-l (2N-l)
zq·t = _1_ "'"" K r:ei27rkm/2N = K _1_ "'"" Ft ei27rkm/2Nk 2N L q k q 2N L k

m=O m=O

k = 0, 2N - 1.
Tir day suy ra g%.1chinh la anh cua gi qua phep quay Q(O, cp). Hinh 3c minh hoa phep

quay n6i tren.

T'inh chat 4. gbg~ la true (chinh hoiic phu] cda elip chinh cua Gt.

Chung minh. Do tinh chat cua phep quay nen ta chi can clnrng minh ggt gJ/ la true cua elip
chinh cua Gqt va do do ta cling suy ra diroc 969~ la true cua elip chinh cua G.

That vay, xet tap F;t = {O, F'tt, 0, ... ,0, F:j/!_l}' Ky hieu ztt = {z~·qt, k = 0, 2N - I}
= jel (Ftt) va G~t la tuyen tucrng irng. V~y thl cac diem cua G~.t nam tren elip chinh cua
Gqt. Tu (5) suy ra

e.q.t _ 1 ( q.t i2rrk q.t i2rrk(2N-l))
zk -2N Fl e2N +F2N_1e 2N

_ 1 [ 27rk( q.t q.t) .. 27rk( q.t q.t ]
- 2N cos 2N Fl + F2N-1 + z sin 2N Fl - F2N-1) ,

k = 0, 2N - 1.
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Do g't/g'j/ narn tren true tung nen theo TInh chat 1 ta co Real (Ff,t) = Real(Fi~_I) = 0,
thanh thir

e.q.t 1 [. 21rk t t 21rk ',' ]
zk = 2N sin 2N (lFiN-II - 1Ft I) + icos 2N (IFttl + lFi~-II) , k = 0,2N - 1.

2 2
Nhir vay cac diem cua G~t nam tren elip co plnrong trinh chinh tiic la

x
2 + y 2 = 1 voi'. a b

a = (IFttl-lFi~_II)/2N, b = (lFttl + lFi~_II)/2N. Tir day suy ra cac true cua elip chinh
cua Gqt la true tung va true hoanh. Do do ta co di'eu phai clnrng minh. •

Bat bien co gian
Ban kinh cua dtrong tron dieu hoa thir nhat [11] dVa tren elip chinh diroc cho boi:

Keg = JIFI12 + IF2N-112. (9)
Do do, co the thtrc hien phep bat bien co gian bang each chia cac thanh phan cua Fqt =

{O, FIKq, F2Kq, ... , F2N-1Kq} cho Keg. Tap mo ta Fourier bat bien co gian (va quay, tinh
tien) la

eg.q.t _ { FIKq F2Kq F2N-IKq}
F - 0, K 'K ' ... , K .eg eg eg

GQi zegqt = j'el (Fegqt) va Gegq.t la tuyen tuang irng. Hmh 3d) minh h00 tinh bat bien
co gian nay.

Bat bien ve so t.han h ph'an mo ta hrnh dang
Ta co the noi tap Fegqt xac dinh theo cong thirc (10) mo ta chinh xac hinh dang tuyen

G vo i cac tinh chat bat bien ve tinh tien, quay va co gian. So phan tu- cua Fegqt phu thuoc
vao N. Ta con co the lam bat bien eel so phan tu- dung de mo ta cac tuyen rno cua tung
phan hinh dang.

Chu y rang, trong phep bien doi Fourier, cac he so co y nghia nhat duoc t<tp trung phan
dau va phan cuoi cua day he so Fourier. Ta giir 10i M thanh phan co y nghia nhaf tir t<tp
Feg.q.t

(10)

b _ {FIKq FMKq F2N-MKq F2N-1Kq}F - 0, , ... , ,0 ... ,0, , ... , .
Keg Keg Keg Keg

GQi zb = {zZ, k = 0, 2N - I} = j'el(Fb) va Gb la tuyen tuang irng. Hinh 4 minh hoa
G b voi mot so gia tri cua M.

Chu y rang, Real(A) = OVAE Fb (theo Tinh chat 1), nen ta su- dung tap cac so thuc H
sau day de lam cac d~c tmng cho tuyen G.

(11)

{ (FIKq) (FMKq) (F2N-MKq) (F2N-1Kq)}H = Imag Keg , ... , Imag Keg ,Imag Keg , ... , Imag Keg

(12)
Ta goi H la tap Fourier tung phan cho tuyeri mo T.

Nh an xet. So phan tu- cua H la 2M phan tu-, khong phu thuoc vao N.

Sai so mo ta
Co the thay Fb chi mo ta gan dung hinh dang cua tuyen Gegqt, M cang lori thi mo ta

cang chinh xac. Ta co the tinh dUQ"Csai so cua phep mo ta ling vo i moi M thong qua viec



PHUONG PHAp xAY D\JNG cAc MO TA FOURIER CHO TUNG PHAN HINH DANG 341

kiern tra sir sai khac giira Gb voi Gcg.q.t. Cac dai hrong sau co the su dung de danh gia sai
so cua phep mo ta (diroc goi la sai so mo ta)

2N-l

Sai so trung binh: Etb = IN L Ilz~ - z~g·q·tll. (13). 2
k=O

Sai so cue dai: Emax = max{llz~ - z~g·qtll, k = 0, 2N - I}. (14)
Sai so Hausdorff: EHausdorJJ = max{min{llp - qll, q E C(Gcgqt), p E C(Gb)}. (15)
(; day, chuan su dung la chuan Euclide, C(G) la dirong cong vach nen bo i tuyen G.
Dai hrong sai so mo ta nay cho phep ta xac dinh diroc so h$ so din thiet de dac ta mot

phan hlnh dang va do do la mot yeu to diroc su dung trong nhan dang. Noi chung, M cang
Ian thl sai so mo ta cang be. Vi$c mo ta cac tuyen co hinh dang phirc tap thl doi hoi gia tri
M cao hen so vo i tuyen co hmh dang don gian (chang han, tuyen nam tren dirong tron thl
chi can M = 2 la du). Do do, M cling chinh la mot d~c tnrng bieu thi mire dQ phirc tap cua
tuyen can mo ta. Thtrc nghiem cho thay, doi voi cac hinh dang thong thirong, M = 15 -;- 20
la du, va M = 55 -;- 65 la du de tap Fourier mo ta diroc hau het cac phan cua hinh dang
thirong g~p trong thirc te (xem them cac Bang 1, 2).

M = 10, £'0= 0.05344, £",,,=0.15186 M=20, £'0=0.016497, £",,,=0.05369

Hinh 4. Sai so mo ta voi mot so gia tri cua M

: .:
. ./ "-{

"('-') ~~J
" ··(~::;"'\r-)
·'1 .I~ \ .H C 01--:

.j ;

M=20, £'b=0.0397621 , £n""=0.688038 M=50, £'b=0.01988, £",,,,=0.30625

Hinh 5. Ap dung phep bien doi bat bien Fourier thong tlnrong len tuyen mo

Sai so cua mo ta tuyen mo qua phep bien doi Fourier truyen thong: Neu thuc hien tnrc
tiep phep bien doi Fourier len tuyen mo , sai so rno ta Ian hori hiin va co sir bat on dinh trang
viec mo ta a 2 dau mut (Hmh 5).

.... ....', ....
3. MQT SO THU NGHI~M

Trang phan nay chung toi tien hanh cac tlnr nghiern ve viec chon so M cho mot so hinh
dang thirong g~p theo phuong phap de xuat va tien hanh so sanh vo i cac phuong phap khac.

Thrr nghiem 1

Trong thir nghiem thir nhat, chiing toi chon 3 anh doi tirong tir t~p anh MPEG- 7 gom:
anh lac da, may bay va ban tay. 80i voi cac anh nay tien hanh lay ngau nhien cac tuyen
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mer nam tren dtrong bien baa ngoai hinh dang cua chung (cac mire Qua ra de thu tuyen ma
la 18:ytir 20%, 30%, 50%, 75%, 90% va 100% cua tuyen dong the hien diro ng bao cua hinh
dang). Diem khoi dau cho viec Hiy tuyen mer diroc HJ:yngau nhien tren QUang bao, voi moi
rmrc dQ dai cua tuyen mer doi voi mot hinh dang, chung toi thirc hien liiy cac d~c ta Fourier
theo 3 each: phirong phap de xuat, phirong phap truyen thong, phuong phap quay ngiroc.
Cac so lieu duoc lay trung binh tren 30 Ian chay, Ngoai ra, mot tap mau khac duoc dua vao
thir nghiern la cac chir viet tay gem cac ky tv

~~Jo(~c; 6{}~\)'C1f
trong do cac mau duoc lay theo duong re but. Bang 1 sau la cac ket qua thir nghiem.

Bdng 1. So sanh ve so he so mo ta giira cac phirong phap mo ta hmh dang tung phan

se diem
S6 h~ s6iF,i > 0.1 S6 h~ s6iF,i > 0.01 S6 h~ s6iF,i < 0.01

pp pp PP quay PP PP PP quay PP PP PP quay
D6i tUQ11g tren tuyen d~ truyen nguQ'c d~ xuat truyen nguQ'c d~ xudt truyen ngiroc

xudt thong thong thong

126 (20%L) 5.03 10.13 7.07 20.20 118.50 24.60 229.80 7.50 225AO

~

189 (30%L) 5A3 10.60 7.20 23A7 142.20 29AO 354.53 47.80 348.60

315 (50%L) 4.33 9.37 8.93 26.00 89.37 37.73 604.00 226.63 592.27

471 (75%L) 5.90 5.83 9.87 34.63 43.30 47.13 907.37 428.70 894.87
(628 diem) 565 (90%L) 7.83 4.77 11.87 41.77 27.97 56.27 1088.23 538.03 1073.73

(L=628)
628 (IOO%L) 8.80 4.00 13.93 47.90 28.00 63.33 1156.23 575.07 1140.80

105 (20%L) 5.07 9.37 6.60 20A3 100.80 25AO 189.57 5.20 184.60

~

159 (30%L) 5.60 9A3 7.33 23.50 130.50 30.73 294.50 29.50 287.27

265 (50%L) 5.17 7.73 9.33 25.67 91.60 34.87 504.33 174AO 495.13

397 (75%L) 5.17 5.90 1107 27.20 43.33 46.20 766.80 354.67 747.80
(528 diem) 475 (90%L) 7.67 5.33 13.07 38.63 30.57 54.80 911.37 445A3 895.20

(L=528)
528 (IOO%L) 10AO 5.00 14.27 47.50 24.77 62.07 992.70 496.33 978.13

185 (20%L) 6.93 8.30 8.73 25.07 108.93 28.00 344.93 77.07 342.00

- 277 (30%L) 7.23 11.03 8.80 25.60 145.03 31.20 528AO 132.97 522.80

463 (50%L) 6.93 9AO 10.80 27.70 102.23 36.53 898.30 361.77 889A7

693 (75%L) 7.47 7.97 13.80 33.80 6110 48.13 1352.20 632.90 1337.87
(925 di~m) 833 (90%L) 11.90 8.17 18.80 46.37 35.77 56.93 1619.63 798.23 1609.07

(L=925)
925 (IOO%L) 13.00 9.97 21.13 53.50 30.17 63.73 1752.50 873.83 1742.27

Vi~t tay 100%L 6.64 9.93 10.14 23.43 106.00 45.64 202A3 7.93 180.21

(\1,2:)

Nh~n xet
- Phep bien doi Fourier truyen thong ap dung khong hieu qua cho cac tuyen mer (phan Ian

cac he so co modul lon hon 0,01 khi mo ta tuyen mer duoc lay tir 20-75% cua tuyen dong).

- Phuong phap de xu at to ra rat hieu qua trong viec mo ta cac tuyen mer lay tir 20-75%
cua tuyen dong.

- So h~ so Fourier co modul Ian hen 0.01 cua pluro ng phap de xuat luon nho hon h~n
so vo i phiro ng phap quay ngiroc (it ho'n ca khoang 1,2-1,4 fan). Chu y rang, gia su lay cac
trich chon tir cac h~ so Fourier co modul Ian hon 0,01 thi theo phuorig phap de xuat ta chi
phai lay phan ao (do phan thirc bang 0) trong khi cac phuo ng phap con lai deu phai lay ca
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phan thuc va phan ao do do so d~c tnrng trich chon cua plnrong phap de xuat cung it hon
hin (chang han, khi do so voi phtrong phap quay ngiroc, so d~c tnrng trich chon it hon tir
2,4-2,6 Ian).

- elf the, chang han xet mo ta tren mot tuyen mo lay boi 30% cua tuyen d6ng nhan tir
bien cua anh lac da, lay cac d~c tnrng trich chon tir cac he so c6 modul krn Am 0,01:

+ Phuong phap de xuat: So h~ so Fourier c6 modul Ian hon 0,01 la 23, so trich chon la
23.

+ Phuong phap truyen thong: So he so Fourier c6 modul Ian hon 0,01 la 142, so trich
chon la 284.

+ Phuong phap quay ngiroc: So he so Fourier c6 modul Ian ho n 0,01 la 29, so trich chon
la 58.

- Xet tren tap lay mau chir viet tay theo duong re but: So d~c tnrng trich chon (tir cac
he so Fourier c6 modul lori hon 0,01) theo phirong phap quay ngiroc gap den gan 4 Ian (trung
binh dung cCr91 d~c tnrng) va phuong phap Fourier truyen thong (trung bmh dung den 212
d~c tnrng) gap den 9 Ian so voi phirong phap de xuat (trung bmh dung khoang 23-;..-24d~c
tnrng).

Thu- nghiem 2
Trong thir nghiem thir hai, chiing toi chon mot so hmh dang tir tap MPEG-7 va phan

thanh cac nh6m: may bay, dong vat, do vat va bo sung them mot nh6m anh ky tir in kieu
Time New Roman.

May bay: ~ ~ ~ ~ + ~ 1t ~ Jt ~
Dong vat: 't -, ~ ~ -t ~ ~ -. ~ • ~
Do vat: •• ~ " ~ J * t T 1
Ky tir: mo s t a e n f k c S
Thuc hien lay d~c ta Fourier theo tung tuyen mo cua tung hmh dang trong nh6m, diem

khoi dau tuyen mo lay ngau nhien, trung binh tren 30 Ian chay tren moi doi tuorig, cac so
lieu duoc lay trung binh cho tat ca cac doi tirong trong nh6m, cac ket qua duoc cho trong
Bang 2.

Bang 2. Mo ta Fourier tung phan len mot so lap hmh dang (theo phirong phap de xuat)

Nh6m
S6 h~ s61Fkl > 0.1 S6 h~ s61F.1 > 0.01 S6 h~ s61Fk 1< 0.01

30% 50% 75% 30% 50% 75% 30% 50% 75%

May bay 5.56 5.58 6.18 23.62 28.20 37.42 441.06 712.64 1122.50

Dong v~t 5.47 5.49 7.00 2315 30.51 39.67 415.51 670.87 974.98

Df> v~t 4.36 5.74 6.98 18.84 29.14 35.46 391.68 647.94 984.02

Ky nr 4.55 6.22 7.75 18.25 22.89 28.87 431.85 720.49 974.76

Trung binh 5.06 5.88 7.17 21.04 27.81 35.54 420.10 688.11 1014.25

Nhan xet: Boi voi cac hinh dang thong tlnrong
- So h~ so Fourier c6 modul Ian hon 0,1 chi khoang 4 -;..-6.
- Theo phirong phap de xuat, khoang 20-40 h~ so Fourier diroc giir lai la du de mo ta hau
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het cac tnrong hop tuyen mo thong thirong (trong [4] da chi ra la 60 h~ so Fourier diroc giir
lai la du de mo ta hau Mt cac tuyen d6ng theo phuong phap truyen thong).

Ngoai ra, tuy theo irng dung xu ly hay nhan dang nh6m doi tirong cu the, c6 the chon
diroc so cac phan tu cua tap Fourier du de mo ta diroc moi doan cong narn tren hmh dang
bang each thiet lap thirc nghiem theo nhir each thirc da trlnh bay d tren.

4. KET LU~N

Bai bao da de xuat mot phuong phap mo ta hinh dang tung phan su dung phep bien aoi
Fourier. Phuong phap de xuat cho phep xay dung diroc tap Fourier mo ta tung phan hlnh
dang c6 day du cac tinh chat bat bien doi veri phep tinh tieri, quay va co gian cling nhir toi
thieu h6a diroc so cac d~c ta can thiet giir lai trong t~p de mo ta chinh xac hinh dang. Cac
thir nghiem diroc tien hanh cho thay hieu qua cua phirong phap de xu at so veri cac phuong
phap truyen thong. Viec xay dung thanh cong cac d~c ta cho tung phan cua hinh dang Iii
co Sd de phat trien cac giai thuat giai quyet cac bai toan xu ly va nhan dang anh doi tirong
trong cac dieu kien xau (che khuat, chong nhau, dinh nhau ...). D6 cling chinh la noi dung
nghien ciru tiep theo ma cac tac gia hien dang thuc hien.

TAl LIEU TRAM KRAO

[1] C. C. Chang, S. M. Hwang, D. J. Buehrer, A shape recognition scheme based on relative distances
of feature points from the centroid, Pattern Recognition 24 (1991) 1053-1063.

[2] C. T. Zahn, R. Z. Roskies, Fourier descriptors for plane closed curves, IEEE Trans. Comput.
C-21 (3) (1972) 269-28l.

[3] D. S. Zhang, G. Lu, Review of shape representation and description techniques, Pattern Recog-
nition 37 (2004) 1-19.

[4] D. S. Zhang, G. Lu, A comparative study of Fourier descriptors for shape representation and
retrieval, Proceedings of the Fifth Asian Conference on Computer Vision (ACCV02), Mel-
bourne, Australia, January 22-25, 2002 (646-651).

[5] Eli Sabera,Yaowu Xu, A ..Murat Tekalp, Partial shape recognition by sub-matrix matching for
partial matching guided image labeling, Pattern Recognition 38 (2005) 1560-1573.

[6] C. H. Gene, C. C. Chuang, Jay Kuo, Wavelet descriptor of planar curves: theory and applications,
IEEE Transaction on Image Processing 5 (1) (January 1996).

[7] J. W. Gorman, O. R. Mitchell, F. P. Kuhl, Partial shape recognition using dynamic programming,
IEEE Transactions on Pattern Analysis and Machine Intelligence 10 (2) (Mar 1988) 257-
266.

[8] H. Liu and M. Srinath, Partial shape classification using contour matching in distance transforms,
IEEE Trans. Pattern Analysis and Machine Intelligence 12 (2) (Feb. 1990) 1072-1079.

[9] M. Husain, E. Saber, V. Misic, S. P. Joralemon, Dynamic object tracking by partial shape match-
ing for video surveillance applications, IEEE International Conference on Image Processing,
Atlanta Marriott Marquis, Atlanta, GA, USA, Oct. 2006 (2405-2408).

[10] Krzysztof Kocjan, Partial shape matching using convex hull and Fourier descriptors, Annales
UMCS Informatica AI 3 (2005) 35-43.



PHUONG PHAp xA Y D\JNG cAe MO TA FOURIER CHO TUNG PHAN HINH DANG 345

[11] FP. Kuhl, CR. Giardina, Elliptic Fourier features of a closed contour, Camp Graphics Image
Processing 18 (1982) 236-258.

[12] Nguyen Cong Dinh, Nguyen Thanh Hai, Ve xl'r If anh va nhan dang anh aoi tuorig tren co sa
wavelet ket hop mang naron nhan tao, "Thong bao khoa h9C, Hoi nghi toan quoc fan thir V ve
tir dong h6a (VICA5)", Ha Ni?i, 24-26/10/2002 (66-71).

[13] Nguyen Dire Luyen, Nguyen Cong Dinh, Nguyen Thanh Hai, Nghien ciru xay dirng Thir vien
chuyen dung xl'r If anh va nhan dang anh aoi tirong, Ky yeu H¢i tluio Quac gia {an thu nhiit
ve Nghien cuu pluii trien va ung dV-ng Cotu; ngh? thong tin va truyen thOng (ICT.rda),
H9C vien KTQS, Ha Ni?i, 2/2003 (242-251).

[14] Pham The Long, Nguyen Thanh Hai, Ket hop mang noron va phep bien aoi Fourier trong mot
irng dung nhan dang anh, Hoi thao Toi iru va tfnh to an khoa h9C - chuang trinh trong aiem
"Mot so van ae chon 19Ccua toi iru va tinh to an khoa h9C", Vien Toan h9C Viet nam, Ha Noi,
7/2003.

[15] R. Chellappa, R. Bagdazian, Fourier coding of image boundaries, IEEE Trans. Pattern Anal.
Mach. Intell. 6 (1) (1984) 102-105.

Nhiiti bai ngay 15 - 6 - 2007
Nluin. lai sau su a ngay 16 - 8 -2007


