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Estimation of Rotational Center and Angle for Image Stabilization
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(Ho-Dong Seok, Joon Lyou, and Do-Jong Kim)

Abstract : This paper presents a simple method of rotational motion estimation and correction for roll axis stabilization of an image.
The scheme first computes the rotation center by taking least squares of selected local velocity vectors, and the rotational angle is
found from special subset of motion vectors. Roll motion correction is then performed by the nearest neighbor interpolation
technique. To show the effectiveness of our approach, the synthetic and real images are evaluated, resulting in better performance
than the previous ones.

Keywords : image stabilization, motion estimation, block matching algorithm, peak signal to noise ratio
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Fig. 1. Rotation center estimation.



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 7, July, 2004 613

y=ax+hb, )

- bz :y: —a:x: O]D:L uz’vz ?‘_ ;g AZ Oﬂ}\i

e oPC’% 3 E}’\ °o}%
gt
n el skagel §A9 WEE #8384 3HTA

(x,.3,) & 2 798 (103 o] BH 5 Qe

é

-a, 1 b,
-a, 1 H: b,
: Sy, : (10)
-a 1 b

(0 B3} e Gelm w@sw o) ok
Ax=bh 11

15 S Aol (192VE 3

Y o
o
Y
ofy
jabed
rlo
ﬂ,‘

0471*1 dx, dy & 3|54 4 Azl Aol du, dv
S22 ZE AellMe] 2] HE gholth H#
2% 30 Z|QlelmE T Fhdlete] &2

bt wlg A He mepq sdgEE 0- o |

Y
(0.0) | -
il < v—«
SPTEE
PR . \\\\\ \\ A
A
to
TR S A
v R
N /
. -
- »
X v
19 2. §] 120w 24
Fig. 2. Rotation angle estimation.
i dv, 1T dx, ]
dyz d)'cz
dv dx
N | = N @
du, dy, 13)
du, dy,
n_duN_ _dyN_
A7\ M dx,, dr,, - dx, i BAEA SR ikl

Aelol, dy,, dy,, Al :
e Ageltt dv, dv,, - dv = FBAE 7F el
229] #WEe] 7)ol du, du, - du <2 TR M AL
7y el A ZA 9] W] Z17]oluk

(132 JH 3 AP xdsa o239 4ok

webA, 3)AZeis 15 2EE S 4 9ok
T 1 T
0= (A A4) Ab as)

3. S|IMEAH

A Aol Mel Y AL F G ol&ste] 33
JA7)1E Arkshiz Holw, $29 AL 4% $A4 ¥
5 ggalo] obdate G AlAsE ek gk

A4S otAlslsl: W o R A F 7HE a8E £
ek F oole] A& GArte] #HE SRS BAshE
g9z ebA 3}l ebare]F(frame-to-frame algorithm : FFA)Y} 7]
TGl sl dEEeE Zh 9 Zads Asshs Ve
Garat slel YAyt obdsl  ghare]E(frame-to-reference
algorithm : FRA)©| ATH7].

2 =M 7189 o =zt s dag
52 7Ieg el dia 22do] Audem & A #
ukz] ok wiiell ZelQdzt eF4gs) ¢har ?4?2:% *]*%ﬂ?i‘ﬂr

x' cos® sind | [ x- x
= (16)
y' —sinf cosd Y-y



614 MO - Asst - AIABESE =28 HM102 HM75 2004, 7

A7 (x,y) & AT (x,y) B AT 9], Zee 2 spattel Pk afolef kgl tigk WL
i A2 ojulgt), mg shae] Hu) ¥l 255 o)k kg gk
(et y) =SS ol e oL T
gl = . b o [S] T

SR A ol% B o3 FAHU o S

Sy = UGN £, a7 1. 2e8s = == i
Aorel darelEe] AEEQ A% #ES sl §49
A7V f(x,y) T (x,y) BollA L (gray level) ©™ e AHEE A ik ARRE e a9 3ol UE)
3 9l

[ (x) = AFx & ASE 8P rounding A4teloh A gt A e S AR (200256 T)Eos
X :
2
=]

3(b)e] A didolch 13

Im. &g - - =
Aorsl ShnzlZe Azaly] sla) G A wat] Aol =2 Fiol, el 4 T AR BRE-S
U EXHEE 960 ol W76 6’0 = 670 8 AR A FIe] oFte] 9] oAb EdhER] gglel X
Qs v 6% fany o} B AL T
7¥et7] 98l rdEa ik Zyelzlke] A A o 7S Hol Alzo] Zrlso] AeMo FAHPSS B 4 9}
H](peak signal-to-noise ratio: PSNR) [10]& A&}t &5 9 AT FHQATIe] RAERRES YA BE A3

A =alQd 1,9 1,7+e] PSNR & thaat o] Ageojeih s
1552 |81l mAdEe] RS 18 WAHe] HE]ZA W
PSNR(I}, 1) = 10log 745—5(‘51#1*)’ (18) tiet Aej2 ALgsrdct
1.lo
QoM Fhg B FEAQ UFE Wbt Ag o S5
[}

-
oFv X & And, ole) B 2RE

o] 714, H A2 *Hmean squared error : MSE)y= 5 G4 Aoz FHZ=A <)
sl A3e Fasiivh d Ake A4 Ak Hes Hrjet HHE A8 gty or Aol viseith B

@

Median filterd Motion

50 100 150 200 250 300 350 400 450 500

®) ] (b)
O3 4. 35 9E@. 2 A2l A ©). i e A
I3 3. APl HEE TN dS5E G @ @ 9 23}
5 J A
®) #Hd I Fig. 4. Motion vectors (a) Block matching result (b) Median

Fig. 3. Two test images. (a) Original image. (b) Rotated Image. filtering result.



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 7, July, 2004 615
3L A s AP da
Table 1. Simulation result for the synthetic image.
kS Raar IR PSNR
A1k AdE | Chang] Exact zﬂcg_g Changgl UB @ 211%%?_ Chang-‘j/]
ohag]E | o value ofarglE | oha dnElE |ty
15 3% 0.9870 1.0687 x=200 x=201 x=144
(NAMFEY (00130) | (0.0687) | y=256 =260 =210 464304 BE8UE| 244241
Ul 2.0159 1.9213 x=200 x=199 x=239
(A1 AN (00159) | (00787) | y=256 y=254 y254 | AS65T | 363186 ) 243867
2% 3)H 2.0139 -1.8364 x=200 x=202 x=254
(A Ak ©00139) | (0.1636) | y=256 y=254 y=232 44.9182 BT 281
* 2o 2RQ) THBZAT v s BRGS=7, B8 7] =11
Chang®] 2Fire)s o3 54 37le] Hgw w/pas: g1 =55, 145:17] =77

n x n 271 RAWEE 9& 4=

H
=] ZVJH RAME S x AP H Iy THAR
ehel duos A Wb, 0 x n A7) BAHE
x, y B welsted, x MW 0 < n AP y WFIE
noxn FHER A 9L 7 gL, Ll 2719 Aol o
&l 77k 3 x 3 ol%ska 71EoR 244 MYt WHE HE
sk Zzioll Uig e AvE d& 5 9lvk

a9 4 BEAEE et 73 BAMEE ek
gelar, T 4y Wivieh BEE 14%6}01 ofl 1; ‘M

%’1 zu PSNR-& ?o}oﬂu} ;T,] g}xgﬁ} A5
& #kal719ls) PSNRE] Upper Bound(UB):: Aaraieic,
Qg3 B AGES 9 D AW AT 3)
of uhe} 918l o7kl PSNRE Fe)3lqirt. Aok
Zoll 2Jgt DIS 279 Chang®l ‘?L’Yﬂi I <& DIS
7;153}—?—: H]Jl’o]—O:] % 19 Aokl ¥ 19 g B
e} 7ro] Alokyl AarE)Eel] o]t DIS 450] Changel W
ol nlal $alatc
2. A gialol| cifzt A1
Aol AHgE A Al wrd

Bl o] DISE “-&a}/]
_‘,]QH u]_L Alfﬂz}i‘(ja Si‘ng:)g

afoleh. Al

1
o el Apuleli 5 BEE Fote] Aelst Fej wal
ol MR, AR vl § o T s

F Al e gk A8 v
g g AP 277
= s070elth 11¥ 62 HE gidolvh el ﬁﬁlfﬂ}

(boundary effectyol] 213t a8 A A7 7t FdollA F

Ao ZXE] 360x 360 AT A A&k

400x400 Shole] 32)9)

50712 47 ol diE] Aekel darE]FoR P}l
18 73} 72k 1% Ha)t 5032 Y
*JOﬂ EHoPO# A7 Hdst Adss vehd
7} Change] el tsle] HAsks:
%'1101 o] Zde] kg3t A 5(PSNR)
& 5070 Ao dlsl e el

Camera Control

RS232C

le—————»|

Cable

Stabilize
Control
Power Supply

EIS Controller

——— |
Emulator

Cameara Block System Gonsole

AR R

Fig. 5. Testenvironment.

a6 A GAe) TR

g9l
Fig. 6. Sample of real image frame.



616

Real Image sequece PSNR between stabilized frame
40 ' R
~  Proposed
+ Chang's
Low bound
35+ | I .
* P * - Al 1 ' N
‘ , et . x N o ) X
1 N L] L ‘ * * f -
308 v ¢ HN i -
- + . A @
o * Y S
Q25 s )
o S
P <
20 . k. S
. : N
15-
10 ! ‘
5 10 15 20 25 30 35 40 45 50
Frame
(@
Angle
6 el
Proposed ‘1
5. - Chang's |!
R s |
4 ‘ '
3- ' G
t
5. g
i |
@ i i
5 f \
<
’ / !
i
' /
. . P
2 PO
3-
4 :
0 5 10 15 20 25 30 35 40 45 50
Frame
Accumulated Angle
0——mn . S RN —
b " «- Proposed :
5, AN Chang's ||
A T
. PR
-10 O ' SN
~ «
N RO
15 . , L
AY * A\
o 2 N ' y
2 . 3 |
< .25 « LN |
+ * \\ i
-30- . , x i
N I
N “,
-35 - . ’ .
;
-40 S e -
45 - - - -
5 10 15 20 25 30 35 40 45 50
Frame
©
Estimated Center X
350 e ——- - e n
1 4 Proposed
—— Chang's
300
!
250 -, * |
5 . + .- e ‘
X N - S
[ L !
H : f
5 ¥ ;
o 200 i
150 -
1
100 - ' !
0 5 10 15 20 25 30 a5 40 45 50
Frame

Mol - Hss - Alagsst =2X M10A M75 2004, 7

Estimated Center Y

350
Proposed
- Chang's
300 ‘
... 250 , !
3 ¢ y ; * N
£ : i . < RN .
< 2000 * g -
150%
1000 5 10 15 20 2‘5 30 35 40 45 50
Frame
©
97 A Gl g A¥AH : (a) PSNR (b)Z <)
7 AARE #3289 © FHIA AE 74
A3 (d) SAFTA FHEZHEE) (o) WA
FAA(yH).
Fig. 7. Experiment results for real image frames : (a) PSNR
(b) Angle between consecutive frames (c)

Accumulated angle (d) Estimated rotational center of
x-axis (e) Estimated rotational center of y-axis.

F 2 BAA s AT wal
Table 2. Comparison of Statistic Performance.

7 PSNR #EER
Aoty duElE 313 205
Chang®} ¢43lE]F&F 255 262
Lower Bound 19.5 232

S5 B L}E} £ 25
o} = EHE 5}5}01] ) Lower Bound(LB) Az Ak 1A
s FejsiA| %‘% 745 @A

=z lz 011 neﬂou PSNR& ‘4‘5}“44_ Zlo|t}. LBE <t
Aste) Hagwolgt T 3l

20, 3094 <l ‘:‘3011*1 LBA FR7} = veRd A
2 Fholeke] slAEke] nlpE FRoRA 47t A o
off 71719) @A) =Y ol d Zyde] o] FUT FF
S 2A QPdstE 31 tol= PSNRO| F| ViR F-Eelth

T9 1boyE SIS A AAoA FA AdeE g%
23E Jepiledl, 28 1h)ye 2z wske@ A e
A7 o)A ZyQdzke] Z4%) 34 AAE Chang o ST
vlasted veRbd afes, a9 7o) FHElE A1 2
TE Ty 9E F43 agolr

19 7b)elA] 25 el FelA Hujgks 1ol AL g
ke ALt 7P whE fRely] wlFoelt.

I8 Hde)E A FAEY , y) HAEE FHE AAE
YENSL.2.1, Chang ©] Zz}9} wjusloick

A AR A SHsRE FhiEleA] A Gl

W AEATEN A Haduet AFNRE % 4
YA, @ THAA AR P Aol Chang?]

PR 258 A0R Hok 2w B FAEFY AREo



Journal of Control, Automation, and Systems Engineering Vol.

& Zolghs A& &+ Sk

N01se7} f-xﬂo = oA st vl RS
HlaE SlEiA so Eelle] Agedel disiA, <Hdst
el SAAQ S-S 3E 20 YERASITE

3 29F 740 Noise7h E el A#) #7014 Alshel okael
Z2] 7 PSNRO| Chang®] %1 F wrh =4 vepd o,
5070 Za|del ik Wakw AA vheRsksl, o) E At
H 2agFe] st el ’ﬁiﬂ ZefQlell el Chang®l

<}
Fuelrc o ghele & 4 ek
Qe o 2GR} vp AR AerE daelE
& 7)) el vlal S5 e ek

AN B4 EE sHe el thste] eyt o
Ze Aslla A5HIHE Botel APl ol
3}

o K
4 & e

2
oo 8

[1] K. Uomori, A. Morimura, and H. Ishii, “Electroni¢
image stabilization system for video cameras and

O

I

191651 329 279440, 1984d 751
Ag gt Eaah. 1992 Fdd] A=}
_._6]—4,].(16]—/\4/\},) 20024, ,J:s:}_ZH 'éTUEH
ey AxpEete) uiatabd Aska.
Aol Jidetdsl, AALl s,

£

- =
AN

19621 5°J 2794, 1987 AET) AR
3l} 2. 2001d S Bk el AR
slah vk 19g7d~ @A) el
T4 A7 Tldoks @krds) <l

A, 73,

[2]

(3]

(5]

[10]

10, No. 7, July, 2004 617

VCRs,” Journal of the Society of Motion Picture
Television Engineers, vol. 101, pp. 66-75, 1992.

J. K. Pail, Y. C. Park, and D. W. Kim, “An adaptive
motion decision system for digital image stabilizer based
on edge pattern matching,” IEEE Transactions on
Consumer Electronics, vol. 38, pp. 607-615, 1992.

S. 1. Ko, S. H. Lee, and K. H. Lee, “Digital image
stabilizing algorithms based on bit-plane matching,”
IEEE Transactions on Consumer Electronics, vol. 44, pp.
617-622, 1998.

S.J. Ko, S. H. Lee, S. W. Jeon, and E. S. Kang, “Fast
digital image stabilizer based on gray-coded bit-plane
matching,” IEEE Transactions on Consumer Electronics
vol. 45, pp. 598-603, 1999.
S. Erturk, and T. 1.

stabilization based on DFT filtering,” IEE Proceedings
on Image Vision and Signal Processing, vol. 127, pp. 95-
102, 2000.

A. Burt, and P. Anandan, “Image stabilization by
registration to a reference mosaic,” Proceedings of ARPA
Image Understanding Workshop, pp. 425-434, 1994.

C. Morimoto, and R. Chellappa, “Fast electronic digital
image stabilization for off-road navigation,” Real-Time
Imaging, vol. 2, pp. 285-296, 1996.

J. Y. Chang, W. F. Hu, M. H. Cheng and G. S. Chang,
“Digital image translational and rotational motion
stabilization using optical flow technique.” [EEE
Transactions on Consumer Electronics, vol. 48, no. 1,
pp.108-115, 2002.

A. Murat Tekalp, Digital Video Processing, Prentice Hall,
1995.

C. N and R. Cellappa. “Evaluation of image stabilization
algorithms,”  Proceedings of IEEE  International
Conference on, vol. 5, pp. 2789-2792, 1998.

Dennis, “Image sequence

o X
L

195613 3¢9 22948, 19783 A& A=}
Tt EY. deHEriad d7]) 9
A zgskat BEA(1984). 19843 ~E A F
woiehnl FREAE S wE PR
o= APTAA, MM Als A, Y
Al 228l 5



