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NOI suy Glﬂ Tl'il PO XAM TRONG Bﬂl TOAN
NAN CAP ANH LAP THE SO

ThS. TRAN TRUNG ANH
Trudng Dai hoc MS Dja chat
Tom tat: '

Bai bao trinh bay thuét toan noi suy gia tri d6 xam dua trén cac ham trong s6 khoang
cach khac nhau, day la mot céng doan quan rrong cla nan anh sé néi chung va nén cap
anh Iap thé sé noi riéng. Cac phan tich cu thé vé ham rrong s6 dudc st dung trong néi suy
do xam va sy anh hudng ctia chung dén chéat lugng dnh ndn va thdi gian thuc thi, Tur dé lua
chon dugc ham oMoms phu hdp nhét dé€ xay dung thuat toan néi suy dé xam dé dugc chét

lugng énh ndn tét nhat vai thoi gian thuc thi hop ly.
1. M& dau

(o] suy gia tri dé xam la mét cong doan rat quan trong trong nhiéu bai toan do anh

s6 nhu thu phong anh, xoay anh, nan anh truc g:ao nan cdp anh lap thé... Thuat

toan néi suy dé xam anh erOng dén chat lugng san pham va thdi gian thuc hién
qua trinh do. Trong bai toan don gian nhu thu phéng anh, xoay anh chi phuc vu muc dich
quan sat bang mat nén chi can cac thuat toan don gian sao cho thdi gian thuc thi nhanh
nhat. Trong bai toan nan anh truc giao nham muc dich tao ra binh @6 truc anh cé yeu cau
cao han vé mét chat Iucng tuy nhién san pham binh dé truc anh dung dé in ra dé di doi
soat, diéu vé hoac dung dé sé hoba dia vat cling dudc quan sat bang mat ngudi nén co thé
su dung thuat toan don glan hoac thuat toan cé dé phic tap 8 mic trung binh. Déi vdi bai
toan n&n cap anh lap thé [1] véi muc tiéu tao ra c&p anh lap thé Iy tudng (co thi sai doc
bang 0, sai s6 méo hinh kinh vat bang 0), phuc vu quan sét Iap thé nhanh, do vé chi tiét va
tu déng tim kiém diém anh cling tén... co anh hudng rat I6n dén do chinh xac clia két qua
do vé, nén rat can mot thuat toan noi suy dé xam cho két qua tét nhat, han ché nhiéu va
thai gian thuc thi hop ly.

Bai bao trinh bay thuat toan néi suy dé xam thudng dung dua trén cac ham trong sé theo
khoang cach noi suy khac nhau, ¢ su phan tich cu thé. Tir d6 lua chon ra thuat toan hop
ly nhat ding cho bai toan nan cap anh lap thé.

2. Noi suy do xam trong bai toan nan anh
2.1. Nguyén ly co ban
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Noi suy dé xam

Hinh 1: Qud trinh nan dnh va néi suy doé xam

Nguol phan bién: TS. Dao Ngoc Long

TAP CHi KHOA HOC PO PAC VA BAN DO SO 2-12/2009 2



Nghién edu - Qng dung

N&n anh s& ngay nay thudng tién hanh theo phép nan gian tiép, tir vi tri pixel trén anh
n&n tim ngudc lai vi tri clia ching trén pixel anh géc théng qua mdi quan hé nan anh. Vi tri
tim dugdc thudng c6 toa do 1a s& thuc, tir vi tri nay tién hanh noi suy gia tri d xam dua trén
dd xam cla cac pixel 1an céan theo thuat toan noi suy dugc lia chon. Qua trinh nan anh va
noi suy d6 xam dudc tién hanh lan lugt cho ting pixel [1]. Chat lugng anh nan phu thuéc
rat 16n vao phudng phap noi suy dé xam vdi ham trong s6 khoang cach ndi suy.

2.2. Cdc ham trong s6 khoang cdch ndi suy

Thuc chat clia phép ndi suy do xam la lay téng d6 xam clia cac pixel 1an can vi tri can
ndi suy theo trong s& vé khoang cach tu vi tri d6 (ky hiéu la x) dén tam cua cac pixel tham
gia vao noi suy. Do vay gia tri néi suy d xam phu thudc chd y&u vao ham trong s6 clia
khoang cach x tuong (ing véi s6 Iugng pixel tham gia ndi suy. Sau day sé trinh bay mét s
ham toan hoc thudng dung.

a. Ham toan hoc “ngugi lang giéng gan nhat” (Nearest-neighbour) [5]

0; x<-0.5
" (x)=41; —0.5<x<0.5 (1)
0; 05<«x

b. Ham toan hoc tuyén tinh (Linear, tuong duong véi ham B-Spline bac 0, hoac ham
song tuyén khi ndi suy 2 chiéu) [5].

1—xl; |x‘<l
o%x)= (2)
F) { 0; 1<|y
¢. Ham B-Spline béac n [5]
ﬁ"(x):i(—l)‘r £’;+L))k1[n:]+.\'—kl Vxe R, Vne N; (3)
k=0 l = - 2

Trong do
(2] = [max(0,x)]  ~>0

Trong cac (ng dung thuc té thudng diing ham B-Spline bac 3 [5].

4-3x*(2-} o<y <1
2—|«)'; 1<y <2 (4)
0 2<lx|

3 _1
ﬁ(l)—g

d. Ham Moms (Maximal Order and Minimal Support) bac n: tir cong thitc B-Spline céng
thém gia trj dao ham cla cong thiic B-Spline dugc ham Moms bac n [2,3].

Moms" (x)=B" (.\‘)+icm —:—m B’ (x) (5)
m=l X

Trong dé gia tri dao ham bac 1 tinh nhu sau (va tinh tuong tu cho dao ham bac m)
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4 B'(x)=p""(x+0.5)—-B""(x—0.5)

dx

n>0

Cn, 1 hang s6 trong phép 13p th( m;

(6)

Trong cac ham Moms phu thudc vao bac n va hang sé cm: néu dung ham Moms bac 3

V@i ¢4=c3=0; ¢,=1/42 nhan dudc ham oMoms [2,3] c6 gia tri nhu sau:

, 21x] —42x7 +3x|+26: 0 <yl <]
1 3 l -lf?r_ 3 I i 13 3 | N |
§ 2 = : H — y rl= = xl 2 1 xi * 2
oMoms*(x)=f3 (:\)+42 r B (x) T 7|x| +42x" —85|x{+58; IS[I,\|'4:__ (7)
0 2 <ix|
e. Ham Schaum [7] tuong tu ham oMoms nhung l&y c,=-1/6:
Schaum’® (x)= (.‘c)-—l d_) B(x) (8)
6 dx”
g. Ham Keys [6]
(a +21xi3 —(@a+3)*+1; 0 SixI <l
u, (.\’)= aixi} —Sax’ +8a'x‘—4a; 1 S!.\E <2 (9)
0 2 Si'x‘
Trong d6 a la hang sé tu chon.
h. Ham Dodgson [4] dudc xay dung tir ham B-Spline bac 2 va bac 1;
Dodgson’ (x)=2’ (.\‘)-—% [)3' (x—0.5)+pB"(x +0.5)] (10)
i. Ham Sinc [5] (khai trién chon a=-1 dua vao ham Keys)
Ix* —2x% +1; 0<|x| <!
1‘;- [ ‘I i 2 | i -!
Sinc(me )= yin(m) =u,(x)=4—|x" +5x" —8lx|+4; 1<l¥/<2 (11)
™ 0 2.<ly]
k. Ham Sinc thay déi theo Dirichlet [5]
; Si X
Sine? (c) = i) BU[L] (12)
e w
W 1a mét hang sé chan
l. Ham Sinc thay déi theo Hanning [5]
gz & [ 2mx
Sinc,, ()= Sinc)? (m{i +Ecos(—ﬁ/~ J] (13)
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gia tr trong s6
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Hinh 2: Su bién thién cua cdc ham todn hoc

Tif hinh 2 nhan thdy dé thi ham “ngudi lang giéng gan nhat” 0(x) gan trong s6 bang 1
cho pixel gan nhat cac pixel con lai c6 trong sé bang 0, do vay ham nay chi can lay 1 pixel
tham gia tinh (thuc chat khéng can néi suy). Ham tuyén tinh 0(x) thi la su can bang trong
s6 cla 2 pixel lan can theo 1 chiéu (4 pixel theo 2 chiéu thi goi la ham song tuyén). Ham
Sinc va Sinc bién di c6 su bién ddi trong s6 linh hoat nhung véi cac tam pixel cé khoang
cach tit 1 dén 2 pixel ddi véi vi tri ndi suy lai co trong s6 &m nén day la ham sé khéng hdp
ly cho phép néi suy. Ham Bspline bac 3 va ham oMoms bac 3 ¢c6 su bién thién vé trong s6
khoang cach uyén chuyén, nhin vao dé thi thi thay hgp ly hon ca.

2.3. Ty s6 nhiéu va thoi gian thuc thi cda ngi suy dg xam
NG&i suy do xam dé xay dung anh mdi co6 dé xam mdi thay déi vé gia tri so vai do xam
trén anh géc. Diéu nay gay nén mét ty s6 nhiéu khi ndi suy dé xam tinh theo cong thirc sau

[5]:
EZGE (u,v)
ZZ[G(H, \?)— 1(u. v)F

n

SNR =10log,,

(14)

Trong do:
SNR - la ty s6 nhiéu (Signal to Noise Ratio) tinh theo don vi dB;
G(u,v) - 1a gia tri d6 xam ctia anh goc 8 vi tri (u,v);
(u,v) - la gia tri & xam clia &nh nan & vi tri (u,v);

Khi Ia chon cac cong thic trong s6 khac nhau sé cho gia tri SNR khac nhau. Vi ty s6&
SNR cang thap thi nhiéu tinh chuyén cang cao va ngudc lai, ty s6 SNR c6 gia tri cang 16n
thi phép tinh chuyén cang it nhidu. Mudn ty s6 SNR cao thi phai chon ham trong s6 bac

24 TAP CHi KHOA HOC DO PAC VA BAN DO SO 2-12/2009




Nghién ciu - Ung dung

-7 -
cao dé noi suy.

Thai gian thuc thi phép ndi suy dé xam phu thuéc vao ham trong sé dugc Iua chon cling
véi s6 ludng pixel 1an can tham gia vao phép néi suy. Théng thuding ham trong sé c6 bac
thap sé thuc thi phép tinh nhanh va ngudc lai, ham trong sé c6 bac cao sé thuc thi cham
han.

Pé can bang gilta muc tiéu han ché nhiéu va phép thuc thi nhanh, tién hanh khao sat
trén cac cong thic trong s6 da trinh bay ap dung cho hai tdm anh chuan. Sé liéu théng ké
nhan dudc nhu sau:

Bang 1: Théng ké vé ty sé nhiéu SNR va thoi gian xur 1y trén anh chuan

Ham tron S6 pixel tham W sz SNR (dB

S8 7 gia Ifén 1 chiéu Thai gan (s} Circular : gena
o° (nearest) 1 0.24 4.96 18.57
Dodgson 3 0.54 9.49 24.23
Sinc (u_4) 4 0.92 3.60 19.33
Ui g 0.92 15.00 28.16
Ugos 4 0.92 10.06 24.73
Schaum 4 0.92 14.09 27.61
[? 4 1.19 23.22 31.98
oMoms?® 4 1.21 32.76 34.29
[ o 1.40 30.25 33.90
p° 6 1.66 35.01 34.81
SincH (W=4) 4 1.74 0.38 0.41
[ 7 1.93 40.17 35.54

2.4. Lua chon ham trong s6 khoang cdch ndi suy dé xam hop Iy

Su c6 mat clia nhiéu ham trong s6 khodng cach ma chua cé su phan tich dé Iua chon
cho muc dich phu hop. Tly thudc vao yéu cau chat luong, thdi gian thuc thi va muc dich st
dung cla anh nan sau khi thuc hién phép néi suy ma lua chon cho pht hop. Déi véi cong
tac nan cap anh lap thé thi rat can moét ham trong s& khoang cach cho chat ludng tét nhat
va thdi gian thuc thi phu hdp.

Do vay tir s6 liéu clia bang 1, xay dung dé thi phan bé véi truc hoanh la thai gian thuc
thi (t), truc tung la ty s& SNR nhu hinh vé 3.

40 3 B;plmc(t’s'l.
E oMoms(3) ® i )
A Yo Bspline(s)
A g [ ]
3 Bsphnetd4)
a8 Bspline(3) ¢y
=1
20 3
s
é ‘}{c)s\-ﬂ.,‘}
A Schaum(3)
e Dadzson
105 A A Kevs(-0.2%)
& Linear
— A 5
Nearest-neightbor "
1 carest-ueightbor A Sinc(3) M""r\'-ﬂ
0 ] A t
BN B S e m G p s S T B E—— e e e e
0.0 0.5 1.0 1.5 20

Hinh 3: Su'phan bé thoi gian thuc thi (s) va ty s6 SNR trén anh chuén Cicular
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Ti hinh 3, nhan thay rang thai gian thuc thi nhanh nhét 1a ndi suy theo ham “ngudi lang
giéng gan nhat” nhung cting cho gia tri ty s6 nhiéu SNR thap nhat. Cac ham ndi suy bac 3
c6 thai gian thuc thi tuong duong nhau nhung lai cho ty s6 nhiéu SNR khac nhau, ndi suy
theo ham Sinc (bac 3) cho gia tri ty s6 nhiéu SNR thap, ham Bspline bac 3 va ham oMoms
bac 3 cho SNR cao. Cac ham Bspline bac cao (4,5,6) c6 thai gian thuc thi cham (dung
nhidu hon 4 pixel lién ké theo 1 chiéu) nhung cho ty s6 SNR cao, tuy khéng cao hon la bao
so v6i ham oMoms bac 3.

Do vay cach chon dé can bang gilfa chat lugng (SNR cao) va thdi gian (nhanh) thi chon
ham oMoms bac 3 dung dé tinh trong s6 noi suy 1a hop ly. Cac ham dang Sinc trudc day
van thudng diing nén tuyét déi loai bo vi cho ty s6 SNR thap, thdi gian thuc thi cham va cod
su v Iy khi trong s6 clia pixel lién ké con bao gia tri am (theo hinh 2)

3. Xay dung thuat toan ndi suy do xam theo ham oMoms bac 3

Ham oMoms bac 3 sUf dung 4 pixel lién ké vdi vi tri ndi suy theo 1 chiéu, trong anh 2
chiéu sé& diing 4x4 pixel theo 2 chiéu. Viéc tinh ndi suy theo ting chiéu 1 riéng ré, tuy nhién
vdi kha nang tinh toan clia may tinh hién nay tinh luén trén 2 chiéu cling mét ltc theo thuat
toan sau.

Pii P12 P Pia
o o
!t 1 L i
| ‘ | |
13 i ] i
P2 _JJ;P_ .‘_f,[_: i P2
l.-= | |
[ _______ o SRR |
| Qlu.vy i
P2 !(L R LS &,P 2 J) Pas
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Hinh 4: NGi suy do xam cho vij tri (u,v) dung 4x4 pixel lan can
‘oMoms(1+1) ; B By & Ky | [ oMoms(1 +5)

oMoms(r) ' Py P, Py Py oMoms(s) (15)
oMoms(1 —.*) P, P. P, P,||oMoms (1 '—N)
oMoms (2 —!). B B g Py oMoms(2— 5)
Trong do: {.s' =u —inl[u]

Q(H. v)=

s, € 0.1
!:\--—inl[v] : .-'e[ )

N&u ki hiéu bién y dai dién cho gia tri t (theo chiéu doc) va s (theo chiéu ngang), thi ham
trong s6 oMoms bac 3 dudc viét dudi dang tuong minh nhu sau:

oMoms(1 +y) =_-l pi=2y° L _1-+i
6" 21 21
l | 2 l |3
oMoms(y)==y" —y +—y+-—
s T
35 . 5
oMoms(1 —y) =u_| y? w2 e B L)
2 14 147 21
! 169 170
oMoms(2—y)=—y’ +2y* —y——
. oms(2—y) 6y y = y =

26 TAP CHi KHOA HOC DO BAC VA BAN DO SO 2-12/2009




Wghién eiu - Ung dung

D6i vdi cac vi tri can ndi suy khi trén anh ndn khi tim lai vi tri trén anh g&c¢ ma rai ra ngoai
thi gan Iuén gia tri @ xam la 0 (mau den), néu niam trén pixel bién thi 1ay d6 xam theo
nguyén tac ham “ngudi lang giéng gan nhat”, néu nim & can bién thi néi suy theo ham
tuyén tinh, con néu nam trong t&m anh thi ndi suy theo ham oMoms bac 3 nhu thuat toan
da trinh bay (céng thirc 15).

4. Thue nghiém

Dé kiém chiing ly thuyét da trinh bay, két hop véi bai toan nin cap anh lap thé [1], tién
hanh nan cap anh Iap thé vé cép anh lap thé ly tudng, phep ndi suy dé xam dudc chon theo
ham oMoms bac 3. Day la mét cong doan quan trong trong cac bai toan do anh sé dugc
thuc hién trong phan mém viét bang ngén ngit C++ Buider ciia tac gid. Sau céng doan nan
anh (c6 budc noi suy gia tri dé xam), sé tién hanh do vé tu dong cling nam trong phan mém
nay.

Hinh 5 la cap anh mau chup tir may chup anh sé Sony F707, qua trinh noi suy gia tri do
xam dudc tién hanh trén 3 kénh mau riéng biét R (Red), G (Green), B (Blue). Chat Iuong
clia anh sau khi nan (hinh 6) gan nhu gitr nguyén gbc vé dé xam, anh c6 chat lugng cao
phuc vu t6t cho qua trinh do vé Iap thé, tu dong héa tim ki€m diém anh cung tén.

Hinh 6: Cdp anh Idp thé sau khi ndn vdi thuat toan néi suy dé xam oMoms3
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5. Két luan

Pé c6 san pham anh nan cé chat lugng tét va thai gian thuc thi hgp ly can sif dung thuat
toan noi suy gia tri dd xam vdi ham trong sé khoang cach oMoms bac 3. Ham Sinc van
thudng hay dung khéng nén ti€p tuc st dung vi c6 hé s& nhiéu SNR thap (gay gia tri nhiéu
cao), thoi gian thuc thi cham, trong so clia cac pixel tham gia khong hdp ly. Ham “ngudi
lang giéng gan nhat” va ham song tuyén chi nén dung trong cac bai toan thu phong anh,
cac san pham cé yéu cau chét lugng khéng cao, d6i véi anh nan cé yéu cau chat lugng cao
thi ding 2 ham nay dé ndi suy trén cac pixel bién va can bién cla anh s6.0
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SUMMARY okl

- RESAMPLING INTERPOLATION IN THE NORMAUIZED STEREO IMAGE PAIR
MSc. Tran Trung Anh
Hanoi University of Mining and Geology

This paper refers to the resampling interpolation algorithm based on difference weight
distance functions. This is an extremely important process of image rectifier and normal-
ized stereo image pair. The specific weight function analyses are used in resampling inter-
polation method. These analyses also affect the quality of the image rectifier and duration
of time. Hence, the most suitable oMoms function is used to build the resampling interpo-
lation method, reducing time and increasing the quality of image rectifier.O

28 TAP CHi KHOA HOC PO DAC VA BAN DO SO 2-12/2009



