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PHUONG PHAP XAY DUNG CAC MO TA FOURIER
CHO TUNG PHAN HINH DANG VA MOT SO TiNH CHAT

NGUYEN THANH HAI PHAM THE LONG, NGUYEN CONG PINH

Hoc vién Ky thudt Quan 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...

Tém tit. Bai bdo trinh bay phwong phép sir dung phép bién d6i Fourier 4 mo td tirng phin
cia hinh dang. Phuwong phap dé xuat cho phép dé dang bat bién hod tip mo td bdi cdc phép tinh
tién, quay, co gidn cling nhir cho phép gidm bét s6 dic trung thudng dung trong moé td tirng phan
hinh dang. Cédc thir nghiém dwogc tién hanh cho thiy hiéu qud cia phuong phap dé xuat so véi céc
phurong phdp khic. Céc két qua cia bai bdo 1a co s& dé gidi quyét dwoc nhieu van dé khé va thuong
gip trong cdc bai todn xir 1y va nhan dang dnh ching han céc tinh huéng déi tuwgng két dinh nhau,
chong 1én nhau, dnh d3i tirong khé phan téach véi nén, ddi twong bi che khudt mot phan...

1. GIOI THIEU

Bai todn mo td hinh dang déi twong dnh luon & van dé thoi su trong céc ing dung xi
ly, khép, nhan dang anh déi twong cling nhwr bat bam ddi tirong chuyén dong. Phép bién
déi Fourier 1a mot phwong phdp manh trong thé hién hinh dang [3]. Cach thé hién hinh
dang truyén thong sit dung phép bién déi Fourier thudomg lam viéc trén mot dwomg cong
déng (tuyén déng) twong trng véi duwdng bién cia déi twong sau khi da béc tach ra khoi anh
(2,4,13,14,15]. Tuy nhién, trong nhiéu ng dung thuc té, doi twong anh rat khé bdc tach
vi nhiéu Iy do khéac nhau (chang han, cdc dGi twong dinh nhau: chir viét tay nét lién, cdc
d6i twong ky tu trén bién s6 xe mdy dinh nhau do cau tric dudi xe, dinh méc hodc do dieu
kién moi treong), cdc dGi tugng chong 1én nhau (nhuw trong thiét ké thi gidc robot gap vat
thé), d6i tirong bi che khudt mot phan do diéu kién méi truwong (mdy bay bi may che, cac ddi
twong chuyén dong bi che khudt mét phan bdi dia hinh dia vat), ddi twong khong phan biét
r6 rang véi nén, khé béc téch...). Trong céc truomg hop nhu vay doi hdi phai lam viéc trén
cac duomg cong khong déng (tuyén mé). Khi d6 viéc str dung phép bién ddi Fourier dé mo ti
tirng phan cia hinh dang theo cdch ti€p can truyén thong tré nén khong con phu hop nira.
Ciing da c6 mot s6 phwong phap khéc dé mo ta va nhan dang hinh dang tirng phan nhu sir
dung phép bién d6i khoang céch [8], khép ma tran con [5, 9], qui hoach déng [7] hay str dung
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phép bién déi wavelet [6]... Tuy nhién, do tinh don gidn, dé thuc thi va tinh toan cia phép
bién doi Fourier nén néu van moé td dwoc hinh dang tirng phan nho sir dung phép bién déi
Fourier thi van rit c6 y nghia cho céc trng dung thuc té.

Trong bai bdo nay cdc tac gid dé xudt mot phwong phép dic td duong cong khong déng
v6i hinh dang bat ky nho st dung phép bién déi Fourier. Mot s6 tinh chit cia dic ta dwoc
chitng minh cho phép t6i thi€u héa s6 dic trung trich chon va bat bién héa cic phép bién
ddi hinh hoc gbm tinh tién, quay va co gian. Bai bdo cling phan tich, so sanh phwrong phap
dé xuat véi mot s6 phwong phép khic. Céc thir nghiém dwoc tién hanh cho thay kha ning
va tinh hiéu qué cia phuwong phép dé xuat.

2. MO TA FOURIER CHO TUNG PHAN HINH DANG
VA MOT SO TINH CHAT
2.1. Mot s8 dinh nghia vé tuyén va phép bién ddi Fourier 1én tuyén déng

Dinh nghia 1. (L? - lang giéng) Tap hop L-ldng giéng cia diem (z,y) € R? L

Lf = {(u,0) € B[ (u,v) # (z,9), Vu =2 + (v —p)? < e}.

Pinh nghia 2. (Tuyén, tuyén déng, tuyén md, tuyén con, tuyén nguoc)

Mot tuyén (Lf- tuyén) 1a mot day hiru han cédc diém trong m#t phang 2 chiéu go, g1, ..., gn
sao cho g; va giy1 1a cdc diém Lf-lang giéng cta nhau (i = 0,..,n — 1). Ky hiéu tuyén la
905 g1, -+ gn- Ta néi tuyén go, g1, ..., gn Xuat phat tir go két thic tai g,.

Tuyén déng, md: Lf-tuyén gogi...gn dwoc goi 1a tuyén déng, ky hiéu 1a [gog;...gn], néu go
la Lf-ldng giéng cua g,. Nguoc lai, tuyén dugce goi la tuyén md, ky hiéu 1a (gogi...gn).

Tuyén con: Xét tuyén P = gog1...gn. Khidd, Q = ¢igit1..-gitk, trong d6 0 < i < i+k < n,
dugce goi 14 mot tuyén con cia P. Ky hiéu Q C P.

Mot tuyén déng cé thé chira mot hodc nhiéu tuyén con 1 tuyén md va nguoc lai, mot
tuyén m& c6 thé chira mot sé céc tuyén déng.

Ky hiéu |P| = n + 1 14 s6 diém &nh nam trén tuyén P = gogi...gn. Tuyén Q dwoc goi la
tuyén con thye sy cda P néu Q C P va |Q| < |P|.

Tuyén ngugce: Néu P = gogi...gn 1a tuyén thi hién nhién g,gn_1...go ciing la tuyén va ta
goi n6 1 tuyén ngurge cla tuyén P va ky hiéu 1a P’ = gngn_1...9o.

Phép bién d8i Fourier 1én tuyén déng va mét s cich thé hién

Gid st P = gog1...gn—1 12 mot tuyén déng va dwoc thé hién bang mét day s6 thuc hodc
phitc u,, k =0,n— 1 [4]. Khi d6 phép bién déi Fourier roi rac 1én tuyén déng P dwoc cho
bdi ‘

n—1
Fo=) upe™@™m/" m =0,1,..,n-1 (1)
fe=<)

va phép bién déi Fourier nguoc 1a

n—1
1 .
== E  Bpe?rimin, b= 0,1 =1, 2
U - e n (2)

m=0
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C6 nhiéu cach dé thé hién u; nhw thé hién bing toa do phitc, khodng cdch dén trong tam,
dién tich, géc tich luy... [4]. Céc thir nghiém do D. Zhang, G. Lu [4] tién hanh da chi ra rang,
cdc thé hién t6t 14 khodng cdch dén trong tam [1], toa do phitc [11].

2.2. Dic ta tap Fourier tirng phan cho tuyén md& va cac tinh chit

Gid stt T = (gog1...gn) 12 tuyén md. Do phép bién d6i Fourier c¢6 tinh chdt tuan hoan nén
thudomg chi phit hop trong moé ta tuyén déng. PE mé ta tuyén mé T sir dung phép bién doi
Fourier ta c6 thé tao ra mét thé hién cia T dwéi dang mot tuyén déng 77 roi ap dung mo ta
Fourier 1én T”. Vi du, don gidn nhat 1a tao tuyén déng T tir tuyén m& T béang céach di nguoc
trér lai di€m xudt phat cia T (phwong phép quay nguoc), T' = [gog1...gNgN—1.--91), VA &p
dung phép bién d6i Fourier lén tuyén déng T”. Tuy nhién, cdch nay, nhw da chi ra trong [6],
khong phai lic nao ciing hiéu qua (diéu nay cing sé duoc kiém chimg lai thong qua cic thi
nghiém so sanh véi phuwong phdp dé xuat trong Muc 3). Trong [10], K. Kocjan cung dé xuit
mot cdch khac thé hién ux bang céc khodng cach tir cac diém gp dén trung diém cia gogn,
tiéc 1a cach nay lai vi pham tinh khéng duy nhat trong viéc thé hién hinh dang bat ky. C6
thé chi ra 2 hinh dang cho ciing day ug, k = 0, — 1 theo cich thé hién nay. Vi du, trén
Hinh 1, c4c tuyén a) va b) c¢6 phéan tir A dén B ddi xtitng nhau qua AB, phan con lai giong
nhau, song ching c6 cting do thi ug, k= 0,n — 1 duoc cho trong Hinh d).

B
Py 1 = i
£ (lg pony
. . 3 ¥ Tra,
L » . . | ¢ - ‘.\_‘
g g R N E osk *
: L A V0
B T . e, 3 u* .u*- R ”:i i A ) t’l
B w  B& F E=& @

Hinh 1. Hai hinh dang khac nhau nhung c6 ciing thé hién wu, theo céch ciia Kocjan

Trong bai bdo nay, ching t6i dé xuat cach thitrc tao tuyén déng bang cach 14y ddi xing
cac diém gy qua dudng thing gogn va st dung céc toa dod phirc trong thé hién hinh dang.

Goi gan—k, (k = 0, N) 1a diém déi xing cia diém g qua duong thiang gogn. Khi do,
dé dang thay rang G = [gog1..-gNgN+1---g2n—1) chinh 1& mot tuyén déng (Hinh 2d). Puong
thing gogn duroc goi la truc déi xitng cia tuyén G.
Nhan xét.

(i) gon = go;

(i) gr va g; d6i xtng nhau qua gogy néu k + 1 = 2N.

Ky hiéu gr = (2, Yx), 2k = Tk + iyk, k= 0,2N — 1, i 1a don vi phitc, i% = —1.

_ S R S

5z v 3 8 8

W m % & % @ n @

Hinh 2. Tao tuyén déng tir tuyén md
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bat z = {20, 21, ...22n-1}, ta goi z & thé hién phitc cia tuyén G va G la tuyén twong
trng v&i z. Thie hién phép bién doi Fourier 1én cédc thanh phan cia z ta thu dwoc céc hé s6
Fourier tinh todn nhu sau
2N -1

Fn= ) ze ?™m/2N m=0,1,.,2N-1. (3)
k=0
Ta néi (3) 14 phép bién déi Fourier tirng phan lén tuyén m& T = (gog1---gn)-
Khi d6, tuyén déng G hoan toan cé thé duwroc mé td bdi tap céc hé s6 Fourier
F:{FOaF17F27"'aF2N—1}- (4)

Céc thanh phan cta z ¢6 thé nhan lai duwoc tir F bang céch str dung phép bién doi Fourier
nguwoc

2N-1
_ 1 i2km /2N —
Zk_ﬂ,;:oFme i B0 2N =1, (5)

Ky hiéu F = ft(z), z = ft~}(F), trong d6 céc phan tir ciia z va F lién hé nhau theo cong
thitc (3) va (5).

Ky hiéu Real()), Imag()\) twong ing 1a phan thuce va phan 4o cia s6 phitc A. Ta cé tinh
chat sau.
Tinh chdt 1. Néu gogn nam trén truc hoanh thi Imag(F,,) = 0, Ym = 0,2N — 1. Twong
tw, néu gogn ndm trén truc tung thi Real(Fy,) =0, Ym =0,2N — 1.

Chitng minh: Gid sir gogny nam trén truc hoanh, khi dé, goy_ doi xing gr < Ton_r = Tk
Va YoN—k = —Yk, kK =0, N. Do d6,

Fp = 20 + 2y cos(mm)+

N_l[ < 2rkm . . 27rkm>'_ ( 2n(2N —k)ym . . 2W(2N—k)m)}
Z 2k, | cos —isin—— | + zon—k | COS ————F— —isin———"— | | .

P 2N 2N 2N 2N
Suy ra,
Imag(Fy,) =
Nz_:l o8 2mkm o8 2w (2N — k)m . 2mkm i 2m(2N — k)m 0
— ————— | — x| sin sin ————— || =0.
2 | 2N 2N : 2N " 0T 2N

. 2mkm 27w (2N — k)m

= 2mm. Vay, Imag(F,,) =0, Ym = 0,2N — 1.

SN T T N j \
Chitrng minh twong tu, ta ¢, néu gogy nam trén truc tung thi Real(F,,) = 0, Ym =
0,2N — 1. =

Tinh chdt 2. Ky hiéu Fy = ag + iby. Khi d6, E(ag,bo) la trong tam cia G. Ngodi ra
E(ao, bo) € gogn- '
Chitng minh: Goi (a,b) la trung diém cia gogy. Goi (ag, Bk) la trung diém cia grgan—,

hién nhién (ay, Bx) nam trén duomg thing gogny. Thay m = 0 vao (3) ta duoc
2N -1

' 1
Fo=zc Y 2
0= 5 2 2k (6)
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2N-1 2N-1
1

1
Do dé, ag = SN kz_o Tk, by = N ZO Yk nén ag, by chinh 1a trong tam cua G. Mit
khéc,

, N-1 7 N-1
1 1 ; :
By == [zo + 25 + kE_l (2 +2on k) | = 5 |(a+b) + kg_l ak +ifk) | = ao +ibo.

: 1
trongdo,ao——[a-i—Zak], 0= b+Zﬂk
Gia st phuwong trinh dudng thiang gogN la Ax + By + C = 0. Thé thi
Aa+Bb+C =0, Aoy + BB +C =0, k=1,N—1.

2N-—1 2N—1
1
SuyraAN a+;ak +B b+;ﬁk +C =0 & Aag + Bbyg + C = 0 hay
(a0, bo) € gogn- [

B4t bién tinh tién

Tir Tinh chat 2 ta thay, néu ta dit thanh phan dau tién cia F bang 0 (Fy = 0) va gi
nguyén cdc thanh phan con lai r6i sir dung phép bién déi Fourier ngurge (5) thi ta sé thu duge
tap Gy chinh 1a két qua cda phép tinh tién tap G theo véc to EO (0(0,0)). Bing cdch nay ta
da thuc hién mot phép bét bién tinh tién lén cdc mo ta Fourier v&i tap mo td Fourier twong
ung la

F'={F, k=0,N-1}={0,F, F, ..., Fan_1}. (7)

Ta ¢6 thé tim dwge 2! = ft71 = {2}, k= 0,2N — 1} theo cong thirc (5) tir d6 tim duoc
tuyén twong ing G;. Hinh 3a) minh hoa phép bat bién tinh tién thong qua mo ta Fourier.
Ky hiéu Gt = [gfgt...g5x_,] (chd ¥ ring, lic nay G d6i xtiimg nhau qua ghg%).
Tinh ch&dt 3. O(0,0) nam trén dwong thang ghg'y .

Chitng minh. Gy 1a dnh cia G qua phép tinh tién theo véc to EQO, theo phép tinh tién nay
ta cé

E— O, go— 9y, 9N — gn-

Do E nam trén gogy (Tinh chat 2) nén O(0,0) nam trén ghgy. ]
NG V¥ Py (N
< 7] S VS read DI PN
J - {:’ b < 1‘l *MJ \ (f
o ‘?:-’w m\\um ) g’}{f“\‘x ‘{\j 8 vy L;’ 3‘ ,L :
= by B Cn Bhl AT R T
. Gy w0 S el L oa I
3 3 hl PR g
a) b) c) &)

Hinh 3. B&t bién tinh tién, quay va co gian
+ Elip chinh
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Ky hiéu z{ = ft7!(F?) trong d6 F! = {Fy, F},0,0, ..., Foy—1} va G¢ 1a tuyén twong tng
t

- Tir cong thire (5) ta thay, cdc thanh phan cla zi 1a
(ze)k = 2;, [Fle 2N + Fon— 1612#“22"7__12]
= élﬁ {cos 22—7;\?(& + Fon-1) +isin %—N[E(ﬂ Fon-1)|
k=0,2N—1.

Cong thirc trén cho thiy cdc diém cia G¢ nam trén mot hinh elip. Elip nay dwoc goi la
elip chinh cia Gy [11] (Hinh 3b). Do tinh chat cia phép tinh tién nén tap cic di€m trén tuyén
G® twong tmg véi 2¢ = ft~1(F®) trong d6 F© = {Fy, F1,0,0, ..., Fon_1} cling ndm trén mot
elip duoc goi la elip chinh cia tuyén G. Vay moi tuyén G déu ¢6 mot elip chinh.

Bat bién quay

Goi ¢ la goc (c6 hudmg) tao bdi véc to ghgly véi truc tung (tia Oy). Thuc hién phép quay
Q(O0, p) tam O, géc quay c6 hudng ¢, khi dé truc déi xing ghgh, sé dwoc quay dé nim trén
truc tung (véc to gfgl cling chiéu véi tia Oy). Diéu nay luon thye hién duge do O(0, 0) ndm
trén duong thing gfgh, (theo Tinh chat 3). Tir d6 ta c6 dwoc tap mo td Fourier bat bién
quay (va ca tinh tién) 1a

Fit = (F}* k=0,2N -1} = {0, 1Ky, FxK,, ..., Fan—1K,}, (8)
trong 46, K, = ', F' = F{K,, F}* = F{K,= FyK,, Yk =1,2N - 1.
That vay, néu goi 29 = ft1(Fet) = {{*, k=0,2N — 1} va G = [¢8*g7"..9%%y | A

tuyén tuong ing. Tir cdng thire (5) ta suy ra dwoc

1 2N-1 1 2N-1
Zz.t _ Zv— Z KqFlzeﬂﬂkm/QN — Kq (2_N Z F£612wkm/2N> - qultc — Z]tceup,
m=0 m=0

k=032N—1
Tir day suy ra gf* chinh la dnh cia gf qua phép quay Q(O, ¢). Hinh 3¢ minh hoa phép
quay néi trén.

Tinh chat 4. gbg’, la truc (chinh hodc phu) cia elip chinh cia Gy.

Chitng minh. Do tinh chdt cia phép quay nén ta chi cAn ching minh gd° tg?\,t la truc cuia elip

chinh cia G4 va do dé ta cling suy ra dugc ghghy 1a truc cia elip chinh cua G.
That véy, xét tap Fe, = {0, F{, ,...,O,Fg]'\t,_l}. Ky hiéu 24 = { et} =0,2N -1}

= ftoY(FZ) va Goyla tuyen twrong ng. Vay thi cdc diém cia G¢, nam trén elip chinh cua
(Y
Gt

Tu (5) suy ra
eqt N qt 2k q. 2nk(2N -1
2y _QN(F e 2N +F,Vle 2N

1 27k, ot t 2k g
SN [COSW(F(I FgN_l)‘{‘ZSIHW(qu quj\t, 1) y

k=0,2N—1.
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Do g&*¢%! niim trén truc tung nén theo Tinh chit 1 ta c6 Real(F{') = Real(Fix_;) =0,
thanh thir

egt _ L | . 21k, g4 iy g 2Tk g P T
7 = N sin ——Q—ZZ—\T—(’FSN*J — |F|) + i cos W(}Ff |+ |FNv_11)|, E=0,2N - 1.
2 2
Nhu vay céc diém cia Gai nam trén elip c6 phwong trinh chinh tic 1a o + > 1 véi
a= (|F{" = |FLE_1)/2N, b= (|[FF* + |Fdx_,])/2N. Tl day suy ra céc truc cda elip chinh
cia Ggy 1a truc tung va truc hoanh. Do dé ta cé diéu phai chirng minh. W

Bat bién co gian
Béan kinh cia duong tron diéu hod thir nhat [11] dua trén elip chinh dwoc cho bdi:
Keg = V|1 + | Fan-a 2 (9)

Do dé, ¢é thé thire hién phép bét bién co gidn bang cich chia céc thanh phan cia F4t =
{0, Ky, 5Ky, ..., Fon_1K,} cho Kq,. Tép mo ta Fourier bat bién co gian (va quay, tinh
tién) la

ch.q.t _ {0 Fqu FQKq FZN—IKq}'

, s 10
Koy ' Ko K. 10)

Goi 299t = ft=1(F99t) vi Gg 44 1A tuyén tuong tng. Hinh 3d) minh hoa tinh bét bién
co gian nay.
B4t bién vé sd thanh phin md ta hinh dang

Ta c6 thé néi tap F°9-9t xic dinh theo cong thitc (10) mé ta chinh xéc hinh dang tuyén
G véi céc tinh chat bat bién vé tinh tién, quay va co gian. S6 phan tir cia F9-9¢ phu thudc
vao N. Ta con cé thé lam bat bién ca s6 phan tir ding dé moé ta céc tuyén md cia ting
phan hinh dang.

Chu y rang, trong phép bién doéi Fourier, cdc hé s6 ¢6 v nghia nhit dwoc tap trung phan

dau va phan cudi ciia day hé s6 Fourier. Ta gitr lai M thanh phan c6 y nghia nhét tir tap
ch.th

Fb = {o, FlK‘?, FMKq,O...,O, Fov-mKq FQN“IK‘?} . (11)
ch ch ch ch
Goi 20 = {zb, k = 0,2N — 1} = ft~1(F,) va Gy la tuyén twong ting. Hinh 4 minh hoa
Gy vGoi mot so gia tri cia M.
Chu ¥ riang, Real()\) = OVA € F? (theo Tinh chit 1), nén ta str dung tap céc s6 thuc H
sau day dé lam céc dac trung cho tuyén G.

K Fy K Foyn-uK oy K
H =< J L iy 1 ' il I S | =
{ mag < Koy ) , ,Imag< K, ) , Imag ( R, , ..y Imag .,

(12)

Ta goi H la tap Fourier tirng phan cho tuyén mé 7.
Nhan xét. S6 phan tir cia H 1& 2M phan tir, khong phu thude vao N.
Sai s6 mo ta

C6 thé thdy F® chi mo ta gan ding hinh dang cla tuyén Gegqe, M cang 16n thi mo ta
cang chinh x4c. Ta cé thé tinh duoc sai s6 cla phép moé td ng véi moi M thong qua viée
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kiém tra su sai khac gitta Gp vOi Gegq¢. Céc dai luong sau c6 thé sir dung dé danh gi4 sai
s6 ctia phép mo ta (dwoc goi 1a sai s6 mo ta)

2N -1
o A N 1 b cg.q.t
Sai s6 trung binh: Etb‘ = 5N ;) llzp — 2,79 ‘ (13)
Sai s6 cuc dai: Emax = max{||28 — 289%%||, k=0,2N — 1}. (14)
Sai s6 Hausdorff: Exausdorff = max{min{||p —q||,q € C(Geg.q.t), p € C(Gp)}. (15)

O day, chuan sit dung l4 chuan Euclide, C(G) 14 dudng cong vach nén bdi tuyén G.

Pai luong sai s6 m6 ta nay cho phép ta xéc dinh dwoce s6 hé s6 can thiét dé dic td mot
phan hinh dang va do d6 1a mot yéu to duge sir dung trong nhan dang. Néi chung, M cang
16m thi sai s6 mo6 ta cang bé. Viéc mo ta cdc tuyén c6 hinh dang phire tap thi doi hoi gid tri
M cao hon so v&i tuyén c6 hinh dang don gidn (ching han, tuyén nam trén duomg tron thi
chi can M = 2 1a di). Do d6, M ciing chinh 13 mot dic trung bi€u thi mirc do phitc tap cta
tuyén can mo td. Thuc nghiém cho thédy, d6i v&i cde hinh dang thong thuomg, M = 15 + 20
la dd, va M = 55 = 65 la di dé tap Fourier mé t4 dwgc hau hét cic phan cida hinh dang
thuomg gap trong thuce té (xem thém cac Bang 1, 2).

<\\\ /A x"“) i . (:\\\ //)
Vg & T )
7 Bk EEnE
Y- : < =y
M=7, E,=0.09797, E,,,.=0.269126 M=10, E,=0.05344, E,, =0.15186 M=20, £,=0.016497, E, , =0.05369
Hinh 4. Sai s6 mo td v&i mot s6 gid tri cia M
e f s
;'/-,' : e ,—/ i
syt o L L | o 17 h
1 & 4 e
°l \""J:\ b % hx = 5
bt i e 4 i K
ERsu'ilg el
M=20, E,=0.0397621, E,,, =0.688038 M=50, E,=0.01988, £, =0.30625

Hinh 5. Ap dung phép bién d8i bat bién Fourier thong thuomg lén tuyén mé

Sai s6 ctia mo ta tuyén md qua phép bién ddi Fourier truyén thong: Néu thuc hién truc
tiép phép bién d6i Fourier 1én tuyén md, sai s6 moé ta lén hon hin va cé sir bt 6n dinh trong
viéc mo ta & 2 dau muit (Hinh 5).

3. MOT SO THU NGHIEM
Trong phéan nay ching t6i tién hanh cdc thir nghiém veé viéc chon s6 M cho mdt s6 hinh
dang thuomg gip theo phwong phép dé xuat va tién hanh so sdnh véi cde phuwong phap khéc.
Thir nghiém 1

Trong thir nghiém thit nhédt, ching toi chon 3 dnh ddi twong tir tap anh MPEG-7 gom:
anh lac da, mdy bay va ban tay. Ddi véi cde dnh nay tién hanh 1dy ngau nhién céc tuyén
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m¢& nam trén duwdng bién bao ngoai hinh dang cia ching (cdc mitc dwa ra dé thir tuyén mé
1 14y tir 20%, 30%, 50%, 75%, 90% va 100% cia tuyén déng thé hién dwong bao cia hinh
dang). Pi€m khdi dau cho viéc 14y tuyén mé dwoc 14y ngau nhién trén duomg bao, véi moi
mirc do dai clda tuyén mé déi vai mot hinh dang, ching téi thue hién 14y cdc dic ta Fourier
theo 3 cdch: phwong phap dé xudt, phwong phdp truyén thong, phwong phap quay nguoc.
Céc s6 lieu duoc 1ay trung binh trén 30 lan chay. Ngoai ra, mot tap mau khac dwoc dua vao
thir nghiém 1& cdc chir viét tay gom céc ky tuw

TSI 8{F3M3 Y

trong d6 cdc mau dwoc lay theo dudng ré bit. Bang 1 sau 1a céc két qua thir nghiém:

Bdng 1. So sénh vé s6 hé s6 mo ta gitra cac phwong phdp moé ta hinh dang tirng phan

o S6 hé s6|F,| > 0.1] S hé s6|F,| >0.01 Sé hé sé|F,| < 0.01
0 di€m
- tsf’ f‘e Y U pep| pp [PPquay] PP | PP [PPquay| PP PP | PP quay
ottueng | tren tuyen dé | truyén | nguoc |dé xudt| truyén | nguoc | dé xudt | truyén | nguoc
xuét | thong thong théng

126 (20%L) | 5.03 | 10.13 | 7.07 | 20.20 | 118.50 | 24.60 | 229.80 7.50 | 22540

189 (30%L) | 543 | 10.60 | 720 | 23.47 | 142.20 | 29.40 | 354.53 | 47.80 | 348.60
’ 315 (50%L) | 433 | 9.37 893 [26.00| 8937 | 37.73 | 604.00 | 226,63 | 59227
471 (75%L) | 590 1 5.83 9.87 13463 4330 | 47.13 | 907.37 | 428.70 | 894.87
565 (90%L) | 7.83 + 4.77 | 11.87 | 41.77 27.97 | 56.27 | 108823 | 538.03 | 1073.73
628 (lOO%L) 880 | 4.00 | 1393 | 4790 | 28.00 | 63.33 | 1156.23 575.07 | 1140.80
105 (20%L) | 507 | 9.37 6.60 | 2043 | 100.80 | 25.40 | 189.57 | 5.20 184.60

159 (30%L) | 560 | 9.43 7.33 | 2350} 130.50 | 30.73 | 294.50 | 29.50 | 28727
*‘ 265 (50%L) | 5.17 | 7.73 9.33 | 2567 | 91.60 | 3487 | 50433 | 17440 | 495.13
397 (75%L) | 517§ 590 | 11.07 | 27.20 | 4333 | 4620 | 766.80 | 354.67 | 747.80
475 (90%L) | 7.67 | 5.33 13.07 | 38.63 | 30.57 | 54.80 | 911.37 | 44543 | 89520
528 (100%L)| 10.40] 5.00 | 14.27 | 47.50 | 24.77 | 62.07 | 992.70 | 496.33 | 978.13
185(20%L) | 6.93 | 8.30 873 | 25.07 | 108.93 | 28.00 | 344.93 | 77.07 | 342.00
277 (30%L) | 7.23 | 11.03 | 880 | 25.60 | 145.03 | 31.20 | 528.40 | 13297 | 522.80
463 (50%L) | 6.93 | 9.40 | 10.80 | 27.70 | 10223 | 36.53 | 898.30 | 361.77 | 889.47
693 (75%L) | 7.47 | 7.97 | 13.80 | 33.80 | 61.10 | 48.13 | 1352.20 | 632.90 | 1337.87
833 (90%L) | 11.90| 8.17 | 18.80 | 46.37 | 3577 | 56.93 | 1619.63 | 798.23 | 1609.07
925 (100%L)| 13.00| 9.97 | 21.13 | 53.50 | 30.17 | 63.73 | 1752.50 | 873.83 | 1742.27

Viéttay 100%L 6.64 9.93 10.14 | 23.43 | 106.00 | 45.64 202:43 793 18021
N.2)

(628 diém)
(L=628)

(528 diém)
(L=528)

(925 diém)
(L=925)

Nhan xét

- Phép bién ddi Fourier truyén théng 4p dung khéng hiéu qué cho cdc tuyén mé (phan 16n
céc hé s6 c6 modul 1ém hon 0,01 khi mo td tuyén mé dwoc 1y tir 20-75% cia tuyén dong).

- Phuong phép dé xudt td ra rat hiéu qua trong viéc mo ta cdc tuyén md 1y tir 20-75%
cia tuyén déng.

- S6 hé s6 Fourier c¢6 modul 16n hon 0.01 cia phuwong phap dé xuat luén nhd hon hin
so v&i phuwong phép quay nguoc (it hon ¢ khodng 1,2-1,4 1an). Chu y ring, gia str 1y cée
trich chon tir cdc hé s Fourier ¢c6 modul 16n hon 0,01 thi theo phwong phap dé xuét ta chi
phéi 1&y phan 4o (do ph#an thirc bing 0) trong khi cac phwong phdp con lai déu phai lay ca
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phan thuc va phan 4o do d6 s6 dic trung trich chon cia phuwong phép dé xuat cling it hon
han (chang han, khi d6 so véi phwong phap quay ngwoc, s6 dic trung trich chon it hon tir
2,4-2,6 lan). |

- Cu thé, chdng han xét mo ta trén mot tuyén mé 14y bdi 30% cia tuyén déng nhan tir
bién cia anh lac da, 1ay céc dic trung trich chon tir cdc hé s6 ¢ modul 16n .won 0,01:

+ Phuwong phap dé xuédt: S6 hé s6 Fourier ¢c6 modul lém hon 0,01 1a 23, s6 trich chon la
23.

+ Phuong phdp truyén théng: S& hé s6 Fourier ¢c6 modul lén hon 0,01 1a 142, s6 trich
chon 1& 284.

+ Phuong phdp quay nguoc: S6 hé s6 Fourier ¢6 modul 1é6m hon 0,01 1a 29, s6 trich chon
la 58.

- Xét trén tap lay mau chir viét tay theo dudong ré bit: S6 dic trung trich chon (tir céc
hé s6 Fourier ¢ modul 16n hon 0,01) theo phwong phép quay ngwoc gédp dén gan 4 lan (trung
binh diing ¢& 91 dic trung) va phuong phép Fourier truyén théng (trung binh dung dén 212
ddc trung) gap dén 9 lan so v4i phuong phap dé xuat (trung binh ding khoang 23+24 dac
trung).

Thi nghiém 2

Trong thir nghiém thit hai, chiing t6i chon mot s6 hinh dang tir tip MPEG-7 va phéan
thanh cdc nhém: may bay, dong vat, do vat va b sung thém mot nhém anh ky tiw in kiéu
Time New Roman.

Méybay:;(}*‘*‘**ﬂ**x
e ¥ N TEA N BN O @ M
P6 vit: =93>V EITI
Ky e mostaenfkc8

Thuc hién 18y dic ta Fourier theo timg tuyén mé cia tirng hinh dang trong nhém, diém
khoi dau tuyén md 1ay ngau nhién, trung binh trén 30 [an chay trén moéi doi twong, céc s6
lieu duoc 1ay trung binh cho tat ca cac doi twong trong nhém, cdc két qua dwoc cho trong
Béng 2.

Bdng 2. Mo6 ta Fourier tirng phan lén mot sé 16p hinh dang (theo phwong phap dé xuét)
S6 he sb|F,|>0.1 | S5 hésb|F,|>0.01 | Sbheésd|F,|<0.01
30% 50% 75% 30% | 50% | 75% 30% 50% 75%
May bay 5.56 5.58 6.18 1 23.62 |28.20] 37.42 {441.06 | 712.64 | 1122.50
Dong vt 5.47 5.49 7.00 | 23.15 }30.51| 39.67 | 415.511670.87| 97498
D6 vat 436 5.74 6.98 18.84 129.14| 35.46 | 391.68 | 647.94 | 984.02

Ky tu 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

Nhom

Nhan xét: Poi v4i cdc hinh dang thong thuong
- S6 hé s6 Fourier ¢6 modul 16n hon 0,1 chi khodng 4 + 6.
- Theo phuong phap dé xuat, khodng 20-40 hé s6 Fourier dwoc gitr lai 1a du dé mo ta hau
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hét cc trudmg hop tuyén mé thong thuomg (trong [4] da chi ra 1a 60 hé sé Fourier duoc giir
lai 1a di dé mo t& hau hét céc tuyén déng theo phwrong phép truyén théng).

Ngoai ra, tuy theo trng dung xir Iy hay nhan dang nhém déi twong cu thé, c¢6 thé chon
dugce s6 cac phan tir cia tap Fourier dd dé mo ta dwoc moi doan cong nam trén hinh dang
bang cach thiét 1ap thurc nghiém theo nhw céch thitc da trinh bay & trén.

4. KET LUAN

Bai bdo da dé xudt mot phwong phdp mé ta hinh dang tirng phan str dung phép bién doi
Fourier. Phwong phap dé xuédt cho phép xay dung duwoc tap Fourier moé ta tirng phén hinh
dang c6 day du céc tinh chat bat bién ddi véi phép tinh tién, quay va co gian cling nhu t6i
thidu héa durge s6 cac dic ta can thiét giir lai trong tap dé mo ta chinh xédc hinh dang. Céc
thir nghiém dwogce tién hanh cho thiy hiéu qud cia phwong phap dé xuat so véi cac phuong
phdp truyén théng. Viéc xay dung thanh cong céc dic td cho tirng phan cia hinh dang 1
co s& A€ phét trién cac giai thuat giai quyét céc bai todn xir 1y va nhan dang anh déi twong
trong céc diéu kién xau (che khudt, chong nhau, dinh nhau...). D6 cing chinh 1a noi dung
nghién ciru ti€p theo ma cdc tdc gid hién dang thwce hién.
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