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Non-uniform Deblur Algorithm using Gyro Sensor and Different
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Abstract

This paper proposes a non-uniform de-blur algorithm using IMU sensor and a long/short exposure-time image pair to efficiently
remove the blur phenomenon. Conventional blur kernel estimation algorithms using sensor information do not provide acceptable
performance due to limitation of sensor performance. In order to overcome such a limitation, we present a kernel refinement step
based on images having different exposure times which improves accuracy of the estimated kernel. Also, in order to figure out the
phenomenon that conventional non-uniform de-blur algorithms suffer from severe degradation of visual quality in case of large blur
kernels, this paper a homography-based residual de-convolution which can minimize quality degradation such as ringing artifacts
during de-convolution. Experimental results show that the proposed algorithm is superior to the state-of-the-art methods in terms of
subjective as well as objective visual quality.

Keyword : Deblurring, non-uniform blur, IMU, gyro

a) A3ty M2y 8K (Department of Electronic Engineering, Inha University)
% Corresponding Author : 4% (Byung Cheol Song)
E-mail: besong@inha.ac.kr
Tel: +82-32-860-7413
ORCID: http://orcid.org/0000-0001-8742-3433
- Manuscript received December 17, 2015; Revised February 14, 2016; Accepted March 7, 2016.



F58 9 191 Aol AN kFA0] TE F A0 G4 o)gd Had D Y 201
(Ho-hyeong Ryu et al.: Non-uniform Deblur Algorithm using Gyro Sensor and Different Exposure Image Pair)

iuj
B

T
o2
ox
N
N
fr
o2
ox
b
ol
>
b
i
>
)
=
=
ri
)

O
)
Ml N S g9 o

rlo

o
o >
(9 o 2
i

2

o,
=2
o
ot
A
_r‘LI_I
N
NS
1)
T
oZ,
o
ui
At
o2
o e E

ox
Loy

0 o
pax

o

:(?1:.‘

1y

T,

tlo o

of

. -

e

e

i)

w~

>,

rlo
o 1R ol

N
2
juat
2 og
l
K}
o
o

oot
o
.
o
rr
PO
o
> '
17
A
o X 9
2

i oy

M o
4
i)

N o2
oty
Mo
offl
0,
N
%,
o
offl
2
T
o
il o o2 X
fz o% ol
i "

& 3o iy

o2
v
rel on
ox
.
of
2
ot
)
o
)

TR ST

ifid
=]

Me o
rol

ox

ol

rir

=

g

= e
Jo
M
1o
Au)
s
i)
2
Rl
A
[N
rlo
=
my L
o

o Hd
[
[
o
g
I 3
Q
s
=
=
>
L oo &
flo N ofm
:91:

°] Xil"&f‘& “E'd" H

—

< ARSI sAR T
(non-blind) H]&&] W2

HU
U%O o
i
o,
o
2
o
oft ©
ot
O
i3
V)
e N 1 po

iGd
AN
)
off
ol
ol
o
©
v
ri&'
Mo ©
2
i
:oL_‘,
ih)
[0
ol
)
o
o
S
o
ol
rlo

=N
e
of
o
=,
3
)
=
Ir
A
v
2
o
o
Y
)
=)
Lo
to
2
[o o
>
=2

N
*0,
ob
pos
o
i
o \
N
ox
i“é
o
il
rlo
of
ox
b
>~ r_E,

o
r9 o oo
o

i

o

rot

kY

[

v

o

o]

RSN

ok 2

P (o

flo H
:OL_I‘

=i

o

fel

ﬂ?‘-‘r

o

R

o

rot

&

Q

3

ol

Flo
o AT gr

o rlo

o oF
o o

T
Avs)
1
2o

o
o I
W e e
i<y
N
2
il r
tlo oft
_\|U_l
=2
Ach
1o
ot

2

ol 152 Lucas-Kanade”]¥He] &
I £8 AdS F43H9 1:];'32/\4 FA o] AL
I8y R o g SR TS Al4ke] o] FolA] <t
7 2d A9 F4sge et Dol
¢ tEe ¢xeFe] e '5H7“‘3}71
IMU (Inertial Measurement Unit) A<} =
o] 1:]—% T Ao gArS o] L3 Ty Y Ee x]
WA, Apo| = AAMZRE szt 3d RS
gAE MAEt . 27 SRIHIE AL ?&E}
2 xF A7kl thE F /3 HE ol Lucas-Kanade
s ste} 27] B8 AL AMAs vix)

of
Qo
3R

(> o o & pZ ol
ilid
ol ™

%

o
2,
9

ON o
rlr &

=

—10
e >1¥~

[0 Rl Ho ob rob N2

JEm,d:LJlﬂrﬂJ_LO

Eloji_L‘

s
£

oE

2 HY 4 3 Jolx= AL FE S qUok T3 A
ot 719o] Xu 59 718 [6] tH] H PSNRO| 2.67dB
T =

I, o A7

Hed 71W2 &9 gl mek 7 deed 24
tEe PR B3 tge 3464 Bel A 34
ot Y2 EEA
9 GAS AFEE Mo g R ETH

1
FAA HlolE &g A
st toly & Fo
ol A A2l B3 hyper- Laplacian priorS ©]4

3} 2 59 HolES AHEate Alstste WAL
2] A A ] S5 mEA sk WS Atst

W 12 o ri o
—r
=
O
QL
o

gﬂ‘

T

e

J8uy £ Ad F o] AdEH X Fak
A Ee A A7t SUHERE @l 29 3
A% F 3t ostEE FAA] 2
Chen 52 F 719 E8% 942 o]&o}
Qs e, ‘ﬂxi F Gl

of 32 KU o o2 o O at

|o Jagi
=2

t

o

oL
L o
I o
g
tlo
° 2 g
o2 =
o
oo

O gé rlr
o

d
= X N
_|\(
N
o 1o

o
1 o2

=

o gr Jg Mo &
o T oy N
>
il
i
i
i
2
[
X
o
N
o
o
o
5
o

2
)
X

Coa® tle 1o Hob pt M

of
o
X,
2
)
ot
>,
o
i
)
I
oft
o
e
ot
N
>
T
=
ox,
o
ol
X,
4,
k)

EE ARkl #E FE olEst] =R e

t ol rlo o
T
o2 X v b
ox
tot
z HI
it
)
o
>
N
=l
o
&
o
ru
il
B
[Red
tlo
of
:cu)l—'_',
>
o

v



202

o%

el A By Ad 4 Ao ATt mE: AR
o] Fe @/l Zdefel wet AA WakA Hrk

Xu 2 tEe Bl 71 Fad AL 4 e
F AR Wre) Aol 27 A FG2 FeAleh
FEHY AgE T8 G BN £38H HeS
ol AT RS BT o] E Fall AT AR A
F4 HHolA HILE "ol At WAtk o
w22 ISD (iterative support detection) 445 53 #Ad
A Hge] AEEth HARE FHEE ALY & e
FAAA WEA FEst Feol A9 e g
A= Aol g5 hsdtth sA T B8t dojd >
FEol A9 L 7 BETS 89 A F8L B
=7h "ol

Whyte 5= 22| 2 84 ]’\1 7HE} SE59o] 3
A Aol FF o]l Hg| 2 olFl®E & FF=
71tk F4uPl ofg <) 1‘”/’ > Whyte o] A&
Yol g2t 34 olFol ol LA FLF A7]9] £

Py Peg

A | IF
& &

(@ (b)
a2 1. Fhuiziel B 0lS2 SF olS0 W Z2f5). (a) Fiviet B
0IF, (b) 7H[2t 2™ olS
Fig. 1. Blur phenomenon according to translation or rotation of the
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