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Abstract

Please This paper presents method of video stabilization based on detection and adaptive motion smoothing
filtering of undesirable motion. The proposed algorithm consists of two stages: the detection of undesirable motion
and smoothing filtering of detected undesired motion. To incorporate desired properties into the motion smoothing
process, the local maximum and the local minimum are defined in a set composed of the parameters of
accumulative global motion. Using the local information, the constraints on detecting undesirable motions are
defined. Based on these constraints, the alpha parameter of the alpha-trimmed means filter is adjusted, so that
the degree of motion smoothing in the reconstructed video sequence is controlled. The experimental results
demonstrated the capability of the proposed algorithm.

fo
2

o}
2 e R S HE P A8H 24 g3t HEE ol &3 3 A VIS Atet) Atd
e voE $49 A% wAs AFW v $49L 95 AHYS: WA THAT 49 95 34
o a7EE $45S BVl Nebel vA A LAY ANFER TAE AR 2 Ade =R Az
& Aeluth - Aus A4se] MeE £49 PRl Bad Atz WAoo, AtzaEs new
sho wob-x4q BE AEle A3 g AAelel ATRE 5ol $49 fha ARE Acj@d 49 A%HE
F3) AHE B 4% $49e dFaa
Key words - video stabilization, detection, alpha-trimmed means filter, undesirable motion, accumulative
global motion.
* School of Electronic Engineering, Soongsil 1. M2
University / rhand4l @ssu.ackr / +82-2-823-0372
* Corresponding author Folg Avet culelae) 474, 295 % W@
?MAckﬂowlidgmem et by Basie Science Heconel Joz Qs wa Rokld Fujg shviet tupolx
s research was suppol y Basic Science Researc o] o T [ Ceiar B
Program through the National Research Foundation of ﬂﬂei OL)\D};; LT_ OME; 115} i;; :;‘
Korea(NRF) funded by the Ministry of Education (No. J’} foﬂ 19 & 99 8 olgd et E9% o
2014R1A1A205379) 5 5949 A5E FsA Ho AgHe o
Manuscript received Mar. 27, 2015; revised June. 2, 2015 ; AdS LASIA H3, o]& Q& vl 7]k Q12 A
accepted June. 6. 2015 28 B4 4E A B3 2o tdd ¢4 A
This is an Oprf-:n*Access article digﬁib}lted under the tE@s go A% AdE wAsA HoH1.2]
of the Creative Commons Attribution Non-Commercial gutdow EJa obgst AlAEe 9 =
License(http://creativecommons.org/licenses/by—nc/3.0) which B . ’
. . . L 2 ZEY, 94 ¥ (warping)d] A9 HAHo
permits unrestricted non-commercial use, distribution, and ' > ool = = s
reproduction in any medium, provided the original work is = TAEUBEL A4 F42 s9de JdHE 9

properly cited.

(244)



122

Aol o] AaAAE AYstH, E5 WA, ¥4 FAH
(integral projection), 574 (feature) 7]Wte] &2 < *
A 71 59 Aol &85 koi45] 54 7Nk
A9 4 7HEe

2A D ¥ (scaling), HHol%
(translation) 2 3] A (rotation) 5& X A7 4
shH, ddtel A9 $2 U(global motion)el 23|
=29 WA (trajectory) S EHH o2 FAHTE 5
[56,7]. F ®A E*ﬁ]‘ﬂ 39 &3 e oAM=
A9 AAsE7] s & "o o3
Hor FAAE oS53t 2 <3 e E A

Al BH7,89,10]. F4Y €3} I AACAAE &

P

219l e 9] 3} % (strength)7F W<kt 49 ] <]
T A4 AA Ayt wHagA Eein, 4y &
st A7t AAE grd F49 *J%E A AL E
A TG AT ddE TAE F Q. agERE
EE5do] EAlete TFEAA HgE SAYS AF
sta, 71 ARe wEk 9 ¢ AAS HE8T I
87F Atk vk A A E e " vifd
TES % ] 9 (rendering), Rt b

(homography) TA}8}, A¥l»~E(context) RE 93

< ol&ste] T4 AFgstrl el ARE-ghei7,10].
2 = vE A9 AA 2FE T e
), el A Ho& g4 A7 dEjeh #dd o)A
o AF U&Ee s 71&gr)

2 =rdAE vYgxE 249 A 9 du-1A
¥ it (alpha-trimmed means) ZEE o] &3 FTAIA

ot 3l wr2lo sl A ekstt} Kanade*Lucaszomas
(KL'D[11,12]& o] &3te FF8 5 S 7|vto®
=49 A4S 77 49 %i“%’ 29 vy
N WEER Y AJARS Aoy, ozl W
(affine transformation) i 7H@ stz Sl
random sample consensus (RANSAC)[13] #-21& A}
etk e A SAd Wl —’F%i T4%

FolA R Al L ArgE ol §

s d=

om0 ol N omN

] :r“*E]EP MAeA= A

71 =49 &t g o 7
sl zteFs] Atk IIEelAs AlQ
ZHol dsl 71Ed

(245)

j.inst.Korean.electr.electron.eng.Vol.19,No.2,244 ~253,June 2015

(least squares)% o]g3gk o3}
2as Agsto] 19

= WA AQkE T4l
He o]F, 3d, gd H Fa4 22
ﬂ‘ﬂé}ﬂoﬂi 459 SATE Atk ol¢k &
Hﬁo}ﬂ MER=
A7 &g ?l?ﬂﬂ?ir)r o E
H 57 W3k (SIFT: Scale Invariant
Feature Transform)ol A= descriptors A& 3}¢]
AAE Aosle], 2AY, A L W3
walo]l  AQteATHEL E3
4 Aol AsEs

2
/\01-7] AR

m‘ﬂ N o a0 lo kT o

4
e
M o
e

il

o mlo

3A3re) .
7213k
SIFT7IWke] 9 229l
A 7171 Yt Speed Up Robust Features (SURF)
ATHE]. FHToe EAAL 7Hlo g &)
= WA o7 e F(particle) E 9} SIFTE

@ efolmal= WA], suady 54 34
[10], KLT 7193 Agd 3-DE[15] el
A= ATt

E_H__ ;(] 5l

= 7t

a!

%
o] W
A%
=)
=]

o)

optical flow&
71ke] A qtsh
3 AEr 2 A 1], CMOS (Complementary
Metal Oxide Semiconductor)ollA] o]3}Ql W 22
A d=r s AABH A A AsbEFe]l HY
T“Ei WAl o] AlrE AH2L e %71
ﬂﬂoﬂ/ﬂ ﬁtﬂ 44

0;(101

2a5



123

Video Stabilization Based on Smoothing Filter of Undesirable Motion

(3)

ratesirea B3) T Gundcsirea B:7)-

¢, (i.5)

BN

T

pas

o
=~

Al
~

2

¢t,u71desz'red (7’]) = Z‘]—

oﬂ /H ¢t,(i€sz‘1‘ed (Z‘])

M
o

Tk

oy

H

ol
ko
N

i

&

B

6
o

o))

"

o

(1)

Hyg, :Ht[ptT—pl]T'

b=

[zy]"

9 A p =

ERbs

5|

ol&

Al

A4 AR

A= £49)
v2 4%
#

]

A=)
o)
2
2
2]
ol A
accumulative affine transformation parameter)

vetith A (Dl

549 A5
B¢l A3 (transpose) AAHS ol m]

A
R

froq ol A B85

3l

=,
(AATP:

) 7

gk

S
1

SER

7

I

=
)

T=

=90
==

A olte

pu

% op,y Aol

X S
ﬁ#ﬂ
o8
=
™
Bl w
Ojf
=
fes
PR =
2oAR -
I m Tz
o = =
m = - I
“.\: = Ev
— [
X P~
B =
B =
" T S
TR
o ) wr
xO °
=~ T
N oo AF
oW
TSR
s
NG
<< 5. 2
NN
NS .
< €W
- o
o4 g .Z
S Suwu
Il I
-

4 @AM 5% 0= 2% p s pAtele] =AY

el

I

o 4

4

9l

(%)

{kelt— L tHo, (0. 5)}.

5,(i,5)

e ol&skld.

RANSAC 7]

A A

o
i
X

H

o)

w
A

el

=
o
A

pul

ojy
i

)

NI

o

w

9 Aol A (L+1)& 3

ojm <

b,

=
=

(AATPS: AATP set)9] =7]

)

el

@ vhsh gel, A% UlA

-
=]

]

oR
T
o

M

=
oj

i

s}
o] daEe Wgtd we thga &

cs,, :{

o,

ol
o7

H Al

3]

o o

(6)

T, <9, (i) < T,
otherwise ’

0
1

oy

] o] /\é%

Al
A

]
T

&
Heol (i, /)4 wj/iag7t vl

1. HYg= 44 3

ﬂo

]
o
ok
23

(246)



124

j.inst.Korean.electr.electron.eng.Vol.19,No.2,244 ~253,June 2015

2Bl @, (6,5)ES,(i,5) 1™, ds, =1 @, (i,j)
A WeE §49 ARE T AL ovad
Wl ds, =0 @,(ij)7F b A&TI n]seA
gowelE g4 AEs} e e AeE ek
o HRol, T B AALE Jvlan, g 2

o] AAHt

Ti = (qjmax 7€pmin) ><Cl +€1'Smin’ (7)
E:(dimaxi@mln)x%+¢min
A AdAM T glg <) AFE UEUI,
A CEL
dsmax :maxsb,(i,j)e S'(i_j)@](iij)u (8)
Piin = Mg e 56,9 (i.)-
AR AARE AHEse A, A 69 HE I
Ao Ase Al e NRH 54 2] U
of A wAWEel UE wR Aus 2o F89

)

AL

k)

T oM o K

=
o
=
{0
o i1 ox
o K1 do tlo
L

i
o
:

o
i

o

o,
S
fijo
2,
X
o

o A=)
A AR

a7l @40l k.
AA EAE 25
A7so] stom, dv-ng AF L
52 Alojstel AAsgo R HAY

o=

(247)

EAS wgd g = Jde FHE AUz rHiel
B =EoA du-14g Hit e E AATPS
37 A 5358 e o] 2LEAToR
A st
5i,5) = {kE{t — L t}1,(i.)) }. (10)
o AlA @, (i) <d, . (i,j) <—<d,(i,j)el
o, &9-24 P B AdgdE (i)HA 93d ¥
A wi g o] &8y theI o] 48 4 Utk
1 S
@ 6,5) = mkitz;ﬂl@k(w) (11)
2 (1DelA ZE" Ay 93t Jre mius

ol adl 98 24 A7) dF 5o, a7t 0Y
H it (mean) FE O &S 340, a=L/2Yd v @
to] (median) ZE S 935 3 doh 544
3 A AAL A5

A =2 Aol
<3} e At AAok
7hA oF gttt

18

o H e

(12)

A (12 #AE
o g Aoy
tﬁi}&ﬂr ok v
A7)
oAM=

Ruiy =R
S rir

if M, > Thr
(%% otherwise

13)

2ol Al o <o, 0]l

4 ADe MR 49 AAdE FH s
ME I AMSE drsteE ()8 2 olshel
ME AR FE G 2ol T3 & ATk



Video Stabilization Based

6,6,j)=¢,(i,5) +&,(i,j)—®,(i.j) 14)
t—1
~ ¢t (27]) + (kE ¢]; (7/7]) + ¢t.’d(fs{'['(f[l (Z7J))
c=1
t—1
— (X6, G5) + ¢, ()
k=1
= a)f‘(luswed (,L’-])

A (148 28 oA WAWMSES o] gl
Hlolw g9l ARo| ¢hatEl ofdel W PP o}
o3} o] TAE & .

6,(1,1) ¢,(1,2) ¢,(1,3)
U=|= - -t (15)
"ole21) ¢,(22) ¢

9l e Faste] Ho® 219 ARS AAF A

A e AR 9 fo gs® e HAES

3} 1 ZH(bilinear interpolation) 2 <}3 74

K
the 7t ol AT eA HrHIs]

o 2
)
o2
o

o
o
o
2

fr 1, (U) (16)
Current
frame
Feature Affine Motion
Previous points selection ——>{ transformation o trajectories
frames & tracking (RANSAC) generation
(KLT) (Set: AATPS)
Alpha-trimmed
means motion  [<——] lA{\ﬁTP?
a - fiter classification
Stabilized N
Image
current -y l
frame waping
Smoothed
trajectories
Fig. 1. Flowchart of proposed algorithm
7 1 MekE e sEE

19 1ol At
AA A= e

on Smoothing Filter of Undesirable Motion

(248)

125

“Hippo”, “Outdoor”, %
Agedeh Ao A3 TG
(fps: frames per second)e|t}. 7}
E 1o 7HeFstA 7lEshsTh
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Fig. 3. Visual performance ocomparisons with “Hippo”
sequence : (a) observed sequence, (b) result with
TSMD, (c) result with KFMT, (d) result with AFMT,
(e) result with ATMMT

a7 3 "Hippo"AlEAE 0|E% A|ZE Hs dHl : (a)

oAb

SH4, (b) TSMD Z3, (o KFMT Z2 (d)
AFMT 23} (e) ATMMT Z 1t

e

27 39 (a)-(e)ol RO EE57 dol
“Hippo” ¥%94, TSMD %2]& o]&3]
947, KFEMT #®W2ls  o]&ste] A" <44,
AFMT A& o
wAeZ AFAdE G4s

%
ol
ol
2
2L
S
o
i

127

3

&3] TSMD
ol

AFMT WAo] 4 Heoe =)
] J

tlo
* g o2 ok
off o > rfr »2

of o rlo W
-0,

a9 49 (a)-(e)=
&4 EAsE w94, TSMD,
AFKF, AFMT % ATMMT %W2& o] &3lo] A4
" GAESs AT (98 As Hla
http://www.youtube.com/watch?v=qVnHsVUmiPE).

121 frame 122" frame

120" frame

(e)

Fig. 4. Visual performance comparisons with “Outdoor”
sequence : (a) observed sequence, (b) result with
TSMD, (c) result with KFMT, (d) result with AFMT,
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Fig. 5. Visual performance comparisons with “Zoom”
sequence : (a) observed sequence, (b) result with
TSMD, (c) result with KFMT, (d) result with AFMT,
(e) result with ATMMT.
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