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The effective noise reduction method in infrared image

using bilateral filter based on median value

Chan-Geun Park®, Byung-In Choi**

Abstract

In this paper, we propose the bilateral filter based on median value that can reduce random noise

and impulse noise with minimal loss of contour information. In general, EO / IR camera to generate a

random or impulse noise due to a number of reasons. This noise reduces the performance of

detecting and tracking by signal processing. To reduce noise, our proposed bilateral filter sorts the

values of the target pixel and the peripheral pixels, and extracts a median filter coefficients of the

Gaussian type. Then to extract the Gaussian filter coefficient involved with the distance between the

center pixel and the surrounding pixels. As using those filter coefficients, our proposed method can

remove the various noise effectively while minimizing the loss of the contour information. To validate

our proposed method, we present experimental results for several IR images.
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Fig. 2. Median filter application
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270 7k FEE 99 a8} o] FMslasle] 2 o7}
ol g eltt. AN, 3k

A 94 3 7k ol e A WA 992 Fee)
o=t A&H o2 ol Ak WA B wol =g G
gl ofelgol 9& gk o FA: vaas] 2718 59

AT g ¢ AN a8 3HE vk A7)7b
= H = AN 5 sl F |
Fe-AlQE BE S vRR7 A = Fstaote] g Aol 7k 2
3 AA & 9]

=
of ARAL GoA Ane nEL e FH &
W

M 8 2 o XN R f MR ok

R A R T )
¢

S8 AHg3t] PSS,

BF[IL, = % Z o M p q

3

A7) W, ATFE Q5= et ol Ve 4 ol

LG (p—ql)- 6, (|L-1])- 1

.G, (Ip—ql)- G,

€S

(L,—1) @

r

PN szel Aol dd At B A5
1uHQ) 7E9A| ok e S Uhebich, 8 sk ghel A

Gaussian filter o, =1

Bilateral filter o, =5,0, = 0.1

Gaussian filter 6, =5

Fig. 4. Bilateral filter example

ek A $34d AR 48 9 5 ARk s
Aol 2 3t ApolE Hol= HAP A JH A wo|zo| A
o= FE Alg #ho] ol gk xpel7t Wol A7) wiitel] 9
22 w02 Fo|= AT "olxA Hrh
2. 32t 7k 712t ¢dtst ZE{(Median based
Bilateral Filter)

ARbstaLat b 71 7)) ek dEd F1F gk $A
o 7h-AIQE 5 e dEjel| A8t A Gl F=
HAEHs ddx Felo o= AA AeS AL e
S gk 7Inke] e FEjolt), # we 24 (D F31
& FAlY TRRAIRE SR A gt thedt ol yERd
S=s



30  Journal of The Korea Society of Computer and Information

1
MBFUIl, = <5 ¥ MG, (1) G, (|L,—1]) 6
=
o714 W= 4ite AFE gt o] Yehd £ 9tk
w,= MG, (1) G, (|[L,=1])  ®

2.1 2t gt B9 At HH A £F&

T3 3k TAY TR BE AlGE ARtelr] flske] HA
NG st FH NX N 342 344 ghol wat 4HsA 9
o} AEE a5 tate] 27k ¢S 7130 obg) £2(7)
of 7}§-AIQt FE Alke

_ 2 2

MG, (x) = 12 exp(— (ON(z) 2N /2) ) (D)

" 2moy, 20,
o714, ON(z)e AE" 259 «AE dehlzn

N2/2& %70 3ol #4E ehdeh. okl 1) 5% 3x 39
S8 s g 4AT aeln 19 6, 7 ANH F
% @ BEIA s sk F1 gk 71wl AeAe
o B2 gt 7HEA BiFshs B2 e ol

15 20 18

16 | 100 | 10

»[m[ls‘xa‘n}n}w}w‘zo}m[

sorting

17 17 19

Fig. 5. pixel sorting

Il

0
P -
Ilﬂ]lsllﬁ[17]17|18l19|20l103|

Fig. 6. Typical median filter

o e 0

‘10'15'16[17‘17‘18I19|20[100‘

Fig. 7. Median based Gaussian filter

2.2 342 3t Holol 2|3t JpRAlSt BE| A4 x&
7% e W) S ol U@ AsAlet BE AL
nEST $ gk $A 49A
) AgE A skl e e gl 3
o Fa2 A4d 5 49w B2 dolHge] 42 A
s gt Aol WF G, 2 Awa,

e

2.3 37k gt 7|4k e

Nkl
m
=4
ogg

FlellA 75 27K BH AFE o8t $4(60)F ST
ok F7F gk 71k g dE= BE shaol diste] 217) 423
ek, obdf 11 8L ARjlekE 71 e AAA 9 g v

ehdith.

Input image
¢

— 1
\,_‘_,{ Save NXN neighboring pixels H Save center pixel ‘
The difference between the
alignment data and the center pixel
Calculatation of median ilter
coefficient 7)

Processing Bilateral filter
ion 5|

For each pixel

Align pixel

Calculation of gaussian filter
coefficient i

T

l Output image

Fig. 8. Whole process of median based bilateral filter

[Il. Experimental Result

# ERAAE AR Yl W8 s 99 42
0|28 F7ste] 719N

R
ERE T

79 4

noise added image

Gaussian filter o, =5



The effective noise reduction method in infrared image using bilateral filter based on median value 31

Bilateral filter o, = 5, 0, = 17

e o 1L R §
ime;_- M .3@

LK

e e e
o glim Mgt noy B

S R e . o aE X -
Median based bilateral filtero,, =1, o, = 17 Median based bilateral filteros,,, =1, o, = 17
Fig. 9. The experimental result of noise filter Fig. 10. The experimental result of noise filter

- ‘}f?4_jmi__._ “’ .
noise added image

g gm-sn- |
Gaussian filter o, =5

Gaussian filter o, =5



Journal of The Korea Society of Computer and Information

32

e

TETE AN KT o G Gl SRR
i B o] =% o 3 M gy HR TETARE D, F
e SR s of B ob &
1__/|Lt,|.»¢|ﬂ1rL MU ~ 20w R N
TR RN W N PR R o
N R R R D N NI N
ﬂﬂémmﬁw_ﬁi%w H%Wﬁ%@&ﬂ
[ ) == —
LL\FIIMJMQL‘WMNﬂ%EEWO ﬁe_/wa..XﬂmeﬂﬂﬂEe
o N PR S NT 2o N e X]
Wﬂfr&wmo.z]wﬂﬁamﬁ 2 %%ﬁﬂ%éﬂwﬂuﬂ
LAHERE YD 2 TeonPrac
,AEzolox» meiﬁdl wn o < o —~ A
Bo < il 5 i) = 7!
WROORT g T Y o =2 o KT %N g T
oy T gE oy Q m_mw.,eﬂm,ﬁiotmu
T o — 5 = o M. < - 5 o N o
S N N QT w I m H¥m
%owmiwmﬁ]mﬂoﬂ%ﬁ% © M%oz]#%ioﬁlﬂ%
NrRmo%L%mooTEM@Q S y%w%%%%@
EEWM_H_@LoTHoﬁoEoTﬂoE — qamuqmﬂdﬂlﬁt
%Pmtfrﬁowmﬂﬂfrﬂﬁ L,_%%Ne%%momﬂ
E N T B ey R T
Po Fow T TT e me xR
cuwx amNaem oD o X B W 4 & %
FEX AP RE ey Ko 2 X o
TT® iP5 w I S I
N oo 4 0w A ) Gl L
W R e How o] H X H WO U N W H o

=17
= §
=1,0,=17
The experimental result of noise filter

5, 0,

Bilateral filter o
Median based bilateral filtero,,

L

T

o}
o]
o] H]3)
Infrared

15 8

[e)

H,
joints,"

[¢)

23 A% 2714
}

o] spazte] AR zolol o9k dE A4

al
of

Physics & Technology, Vol. 46, No. 1, pp. 93-99,

Dec 2004.

E

S3F g ZE R
)

3} A7}

2z

al

%
A

o
2
3k
B

2

o

L

]

O X
evaluation

o 7}

REFERENCES

o AA 4
EBREEREE)
=]

Foolws

"The use of infrared thermography for

A7) o
e]7F 7

al

9

H

7t
C. Meola, G. M. Carlomagno, A. Squillace and G.

]

o AA|
Giorleo,
nondestructive

(1]

jl]-?(é [}

PSNR(db)
33.7888
27.2131
35.7710
31.1931
28.0895
32.5270
31.1735
26.8602
33.0605

33.0605

Fig 12

311735

32.527
Median based bilateral filter

Fig 11

311931

28.0895
-2131 I I Izs.ssﬂz

= Bilateral filter

ltem

35.771

12. Graph of filtering result

Fig 10

27.

Fig.

Gaussian filter
Bilateral filter
Median based bilateral filter
Gaussian filter
Bilateral filter
Median based bilateral filter
Gaussian filter
Bilateral filter
Median based bilateral filter

33.7838

11.
® Gaussian filter

PSNR result of Noise Filter

Fig.

38 -

36

32 4
PSNR 30 -

26

24 -

22

20 +——

Fig. 10
Fig. 11
Fig. 12
(db) 28 -

Table 1.




The effective noise reduction method in infrared image using bilateral filter based on median value 33

(2]

[3]

L. Becker, "Influence of IR sensor technology on
the military and civil defense," Proc. of SPIE, Vol.
6127, pp. 61270S-1-61270S-15 February 2006.

H. B. Srivastaval, Y. B. Limbu, R. Saran, and A. Kumar,
“Airborne Infrared Search and Track Systems,” Journal
of defence science, Vol. 57, No. 5, pp. 739-753, Sept
2007.

Jae-Hyup Kim, Bong-Joon Choi, Seung-Woo Chun,
Jong-Min Lee and Young-Shik Moon, “The Target
Detection and Classification Method Using SURF
Feature Points and Image Displacement in Infrared
Image,” Journal of KSCI, Vol. 19, No. 11, pp.
43-52, Nov 2014.

Sang Jun Lee, Seok Hyun Yoo and Kwang-Baek Ki,
“Noise Removal using Fuzzy Mask Filt”, Journal of
KSCI, Vol. 15, No. 11, pp. 41-45, Nov 2010.
Yong-Whan Lee and Jnag-Chun Park, “A study on
the subset averaged median methods for gaussian
noise reduction”, Journal of KSCI, Vol. 4, No. 2,
pp.120-134, Jun 1999.

C. Tomasi and R. Manduchi, “Bilateral filtering for
gray and color images”, Proc. Int. Conf. Computer
Vision, pp. 839-846, Jan 1998.

M. Elad, “On the origin of the bilateral filter and
ways to improve it,” IEEE Trans. Image Processing,
Vol. 11, No. 10, pp. 1141-1151, October 2002.

Xu Long and Nam-HO Kim, “An Improved Adaptive
Median Filter for Impulse Noise Removal’, Journal
of KIICE, Vol. 17, No. 4, pp. 989-995, April 2013.

[10] S. Paris, F. Durand, “A fast approximation of the

bilateral filter using a signal processing approach”,
International Journal of Computer Vision, Vol. 81,
No. 1, pp. 24-52, Jan 2009.

He is

interested in

Authors

Chan Geun Park received the B.S.
degrees in Electronic Engineering from
in 2009, In
2009, he joined Hanwha-Systems Co.,

Ajou University, Korea,

Republic of Korea, and he is currently
a researcher.
Image

Computer vision,

processing, Surveillance and Tracking

His research

multi-target

Choi the B.S,
Master, and Ph. D. degree in electronic

Byung in received

engineering from Hanyang University,
Korea in 1989, 1991 and 2004, Since
2008, he has been a chief engineer at

Hanwha-Systems Co.

interests include image processing,

detection and tracking, pattern

recognition, and their applications.



