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Visible and NIR Image Fusion using the Subband Information of
Wavelet Transform
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Abstract

In this paper, we propose the method of taking visible light and near-infrared images and synthesizing the
components of images using the subband energy distribution of Cohen-Dauvechies - Feauveau 9/7 wavelet transform.
The proposed image synthesis method consists of wavelet subband transform, layer separation, multi-layer image
synthesis, and color compensation stages. Moreover the subband weight map is proposed for image synthesis of
visible light and near-infrared multiple bands. It is shown that the proposed method is superior to the existing
method in natural boundary expression. In addition, it shows its strength in fast processing speed and utilization in

that it is possible to shoot and synthesize images in real time using side by side dual cameras without using special

SEnsors.
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CCTV(Closed Circuit Television)

37}

o A FA W wlu %

=
[¢)

9] Vanmali

=
T

L
R

o A

H7] deel

9|

AL Be

il

o
K
o

X
Bl

CCTVE grbEoZ 71A|3o]

GollA

| A7Ech Qe oJsh We

3]

£ 9

3] ©] Z(Dehaze)

t¢ FH=

2

ORE

sl
!

gzo] Eolew

L
T

MA_lO

o B°

2
f

3
3

|2EDY &
S o]&

]

]
1 ¢ gk a2y o3

o). 7k} 2ol
3

719l Aol A=A e o]

[e23
EJ

AA

=]
i

g A7t EsiA W3

Jo]zol #

Bk

3 QITH5]-[7]. 700 ~ 1400nmel]

= 34 o
98 Al 2P AR B Al

et

3]

HH
il

glsl 23 dERY 2

=

=Ny¢]
o

Itk Vanmali

[e)
A

171 Wzl A

)

2l(Wavelet) H3 99

o

dlolegl Mk

Tl

-
i

Z Qo2 2eu U

o

o

H

TS
i

22 4ol

=]
N

kls

AN, ol

SRy

=13
=

%) (Homography

ol

3ol

L=y
-

L
T

A

(Subband) %

3

fol 227

9]

R 24 Bd A7l o

2

&

ol (Fourier) ®



Journal of KIIT. Vol. 19, No. 3, pp. 77-86, Mar. 31, 2021. pISSN 1598-8619, eISSN 2093-7571 79

g JAREE Asete Fo Was g2l o)
22 AR FRA0R SAE Aol2 Aue
AR G AR G0 fdolug NEe B

44
£317] Yeide 24 dlolE3l WHES 8ok
sit} 221 gJolEEl W A ()2 ¥d" 1%
A Sol &3l Wge] Fgolgla & 4 ok

Yo (8) = S 1(2k—n)h (n) )
n=0

M—1
Ynign (k) = E 1(2k—n)g(n)

0471/‘1 1(n)

< a
JJr 8l ]%ﬁ IHE, 9= A9sH dole
=

7} I 74]1—-4 Mg 2+ Yepdth

2 (NZ 2EE dolEx HE FdyE 4y o
ol @ W, & Wadel] 4zt 8)she Zlo] 2344
flo] &3 Eﬂs_%‘rOIE}. 2219 flo]E3 wgho] F3H

Ve 7 g gol 488 Yool G} 43R
2o 9o s & Uk

F2r 7959 9olN B3t o) A F3} &
& 19 $5 S Hgan oM g 54 9
e T T 5 9on, 1 F W5 Gol 2F A
57 W7l H4E Fjo GAe AN gl
AARD e AAET T oo o4
o Tk # E=RolAE 234 fol2el Wae o
830 98 9L 714 AR AR g B2
ik

3.1 2t=H|2|mo| FtH2} 2 =(Raspberrypi
camera module)E 0| &3t EA F 5
7% s 2H9A 9
d FhEt A" AS 98 7 Y9 Az
A 4 9la, FAAY o)F T2
T 94 gA=rt 9ol 4 Atk o] AS I
B3|

S PN W KA BA

,d
o
)
4
=2
X2
2
e

29 ®A7E A Bk Adshs Qe
£ 9AS} B MY 9P 2HIA 99S
FA0) A537) 93 38 134 2ol T AL U
@ gzl e m5 8 AL ’MHJ
AN 5 A9 sl A
SERIEEL I P e R
Qasg M G 2398 39S
) Sla) Fblet A v Azsk 2490
3 W2 A2 AU, 28 2% A 2
T

% 1. el 72l A[A"> 76
(a) Liztsl vfx|=l 2702| FiH2t A= (b) 7Y Ftof|2tof
AZE ZUE (o) 78 &xle TH 2ZE
Fig. 1. Implementation of a multi-camera system,
(a) Two camera lenses placed side by side, (b) a monitor
connected to dual camera, and (c) the rear view of the
implementation device

a3 2. 78 EHRe =
Fig. 2. Operation of implemented device



80 dol&8l Wig g Hrj HRE o] & 7AF 7 2H N G 4

T7d AAY & 55 19 3% 2ok 4749
7helet AlAolA ZE 7RG QT 2H QA
AL FY AHE(Dual adapter)E 53 k=]
gto] HEZ Addth Hed 42 =g go
HE oA A& &g 2 o] o]FoA L ¢4
H e AAY gaZyols T $EHh

32 s212fm of E2lA(Homography matrix)2t
BlE|dA 22| E(Retinex algorithm)S 0|6t

o AI- X EI-

T oY AL ThviEte) BAEE Aol A& Ht

2 A A A oxvt el "k wekA o
Apolg HAE] {ldM TR uﬂxl 74k
duEES AHT TRy e A ¥
o] HEs g ARHA H}E}ﬁ‘%— w g

T 9% s 5AHES Bl e ;gqhza]
3 EYXE WL, o)F ol &5t F g 4
I e HHE gudth ol 4 9 2ol
FHT  UH3)

e Ty hUO hOl hUQ )
Y1 |= H|yp|= [Po b Paa | |y, )
1 1 hog hgy hgp| 11

AN He 3233 rEYAE ou|sit)

2 2 HE 139 3203 rEygXAE o
goted Ay 98 A (D= (29,2
ANEA i Mapping)dh= #4< Uehdth. ORB
(On'ented FAST and rotated BRIEF) €18]|&S A&
st EAAHE AEstn o2 o]gE] 3R
EYAS THETHI)

Retinex
Algorithm

R\'isl l Rxir

Homography Image
Alignment | H matrix Warping

Wavelet Transform

[

[
l

LB_VISl Lg N Lp vis(iJ) l Lp nr(1))
Image Image
Blending 1 Blending 2
LB_fused LD_fusEd

Inverse Wavelet Transform

v

Color
Correction

l Lifused

Color Space Conversion

Hiused

Stused

l Viused

Sharpening

Image

a8 4. Hotel gd1a|Fe| ERPAIE
Fig. 4. Flowchart of proposed algorithm

Capture
Dual | Raspberrypi o
Adapter | CS Board
Input Image
VIS Fusion
Camera

Display

a8 3.

==
X% 53 52

Fig. 3. Device operation flow



Journal of KIIT. Vol. 19, No. 3, pp. 77-86, Mar. 31, 2021. pISSN 1598-8619, eISSN 2093-7571 81

7Y 48 gziEste] neg AP Y
2HIM P YN YL ehha ok
Fgel A, Am 42 Bal, 3 AF, Aol
W 714 AR R A AR §3, delug 9
8 4w, 2 4 30 U Ao FHE,

¢

ra
2
Y
Jn
ot
N
N
>,
)
=
rd
2
to
r_>z
o
oi
mlo
Q
&5
E

g
WHe 8 B ARE T A9 A% AL

gt Hlﬂ3}71 -?4’511*1% gde] B)el
&S Hastete o] viEF st nhEkA Bﬂﬂ”
5 Bl B =7 tiRl(Contrast)E 3

A2 H4E AZT0]. 4 3) &

R(z,y) =log(L(z,y)) —log(G(L(z,y))  (4)

Glz,y) = Kexp|[— (* +42)/0?]

K= 1/226@ [ (2" +4) /"]

A7 Lzy)= 93 = A4
R(z,y)Z Hedx g 31%% &

Adeltt. Gz,y)= 7FH-AIE E3(Gaussian blur)
S YEMITHIL. A= 7FAISE S AYg
o 2715 12 ws] F7] A% BsAgela

ot EEHARA 999 2o ¥ 28 o
o 2k 485E Ggel dH el PR
ol 27} Z7kske] 94 349 At vebanh

5
2

S

]

3!

g

2

2
o Of
K3
aEl b
—TE‘ 1
%

g

r 2

w2

* 2E A A5 B0 A

of 195 IHE A& Fud JFS uidit

71 A G MF(detail) AEH 71A
(base) AE-S o AL3A Esl7] A3 dlol &l
kel 3 WA ¥ 9/ F LLio] 284 9ol
3 WEks A9sty L2, LH2, HL2, HH29] A3}
Gge deth 29 e a9 o 2ok B =
Fol A 7% 94 AdE 2HA 99 3§
T AL 98 Cohen- Daubechies - Feauveau 9/7 ¢
olBgl WS o]gdity Hajd 714 AT AR
G o HAA 7 I A 7AW
53 g CH12]-(14].

—{ LF @ LL1
LF @
L mwF @ LHI
L
—| LF @ HLI
o
Ls{  mF @ HHI

a8l 5. 2D Wavelet Transformel 7|2 T=
Fig. 5. Basic model of 2D wavelet transform



a8 6. 2D PAe| 2-Level Wavelet =31
Fig. 6. Wavelet 2-level decomposition of 2D image

I 4ox delEE WEE 3E Ado]
LBins’ LBfNIR’ LD_st (ihj)’ LD_N[R(Z‘J)i E7]E]
Ak L= 78 2A 9 939 714 (base
layer)ol] diFste & AE2A 19 69 LL F-&
o sfdeth. Ly, (0,5) 9 Ly (id) = 7H1%
o A9 Gde] MEZ(detail layer) 0|tk of
714 i Y depth numberZ 03} 19] &S 7}
Atk =02 1¥ 49)4 LHI, HLI, HHI & 197
glolE3 W3 F(layen)S =12 LH2, HL2, HH2
S 28 dolER WE TS Utk j= oY
28 £F2 yehlig o, 1, 2 %S ZH7 LH, HL,
HHE ov|gith

SAYA G4 AF 9 FuY e
Al delE A A We ARSI LLS
A9 ZE X

G(Ly, 1, (i,5)) @)
Winap_NIR (i,j )=G( LD_N]R (i,j )

i:depth number(0,1)
j:band number(0,1,2)

wmap_Vis (27]) =

71X 7}AIB(Vis, visible) R A A(NIR, near
infrared)] WE FEAHA HFRY & Zzte
HEZol 719A9F Bege A gsle] Hojw)

TVEA W, & AFEA THHOE detail FH

$3 0% 2 2490 94 ¢4

9 "ﬂl‘i— oA LD Jq,sé,d(w) T w,,, e ©1838k

4 ()% 2ol FAB

LDJ'used(i’j) = (5)
Winap_ Vg(‘:j)
Dyap vis (057) T Wy w5
Winap_ NIR(Z )
Winap_ Vs( 7])+wmap NIR( i,J

)LD vis (1)

+

)LDNIR( 7.7)

Aol W3 £, (i.5) & Ly (i) 9
w5 A E ol st LDJ’used(i’j) o] AHT.
Hhd, 7R g A9 @4 WelxF
(Lp)dl WX e Hd F9E AHEdth = Ad
T AT Ly s © A (©)F 2] FAET

LB Vis +LB NIR
‘LB_fused = = 2 = (6)

o 4 1A Ly fusea oF 3 ARF
Ly pused E5E G ol ES W SH(Inverse wavelet
transform)& 53 F4 A= Ad L., & AHY
o] Mg,

-

35 7l Mz H|E 0|3 M 24

= Qe A AL ol oa) Qo 2
o F57) Wake A9, AE Adee] 2Edel ¥
Aa A EHo] BAQzAAG. WA s1A)R
A AT A(ays,. bp)ol el FE HE A

(L)@ 7HF Q3 HE DLy, )8 IS
ol g3 TSI o] Jr BARS A,

CC= qused (7)
Ly, +0.001

a' = (ay;, — 128) X CC'+ 128 8

b =(by;, —128) X CC+ 128

A7 coe MR I Adel tiF 4 3=
Ade wolth A (NolN EdAM(L,= 09 7



Journal of KIIT. Vol. 19, No. 3, pp. 77-86, Mar. 31, 2021. pISSN 1598-8619, eISSN 2093-7571 83

_?_ ° ‘31014 cC 71-0] H]-}\].E]E. A
< mholy) OLH 2 A= B gl 24 4
8o 2 okE 9199 740.001)S tlsiFETh

A ®AF 7R G As AL(ay.b,)
A cog FAN AT Wzl U Az w2
FHG. of B A% AL WA RS 002
nh=7] Qe 1288 wiE =
1288 Tated Skl 1289 AL wxA A

E AEE 25 F doh A=RFE F3 dojd

Fd A olF Y AEE S A vkea
ZEE A&ttt WA &4 949 HE(Value)
AR AYE Y3 A7 HAH(Color  space
conversion) S F3l 34 9/dS HSV(Hue-Saturation-
Value) XHQE Halslth, 9L AAHue), A=
(Saturatlon) o 3AdE EaiEH 4 B= 4

=< med“’ﬂ EHOH o ABE AdS Fasth

V Sfused — =9% V}'uspd (8)
-1-1-1

S=|—19 —1| : Sharpeningmask
—1-1-1

Ay dhazs @4 94 BERA
(Convolution) #4+8 B3 Akzy A2jd dAate] W
=AY V., E O B 89 A A9
2 AR A ApEd A WE Ads A9t
o HF 2% e =3I

V. & 2ot

A%t FuelEe) A FHE A 9dE 7HA
%9 249N J4S PHAAY. TH TED 2
zHgjgto] Fhet BES o83 v Ao 874
A A% B 2R Qe BE GAE
Actk. 283 T FdS o838kl 7]¥ Vanmalid]

S AR vl Grlsiolvi4]. 2™ 7eld 1
147}11 A 7R B Ao G A 9%
< HAE.
1‘3 714 Vanmili®] $371Hb)ll Hls] At
T2 75 A9 A FEAM 989 o
HY Ar7E 2 22 Ae 29T 5 o w13 4
Fdo] AALYaL R0l Ssit.

_

(@) 72 g4 2 NIR 3z Hat
(a) Visible and NIR images

S

b) 71= g4 Zat
(b) Result of Vanmili method(2017)[4]

(C) x-||o|- HiH 74-||.

OI:IE

(c) Result of proposed method
agl 7.3 o Zap JAK))

Fig. 7. Input and result images(1)



84 slol8l MR o) e ARE o8 MY L 2HIY B B

2% 89X Vanmili 3 71H(b)S A3 FAelA ad 9 g a9 10 AR FEd AAE 9
W, A, 2 5 It G dnte 24 & AN RE HES 93 AE 2 FA ATtk
< Mo] Fatal FAE Fodo] UehdE A Vanmili 3471 75 FGlM 23t LA
Aom glo|E WAAT} AgeA] = T o 9 3 e B o A 1Y AL & as BEe
o e A =45 Bk vk ARE (o of 7@—7} Z UehtA geth v AR WRl(e)=
T 999 dHY & 95 glo|E WA & QoelA T3Pt =R a1, G dAvrHor
7} fAE o] Axdo] AATHT) —’f—%} Uy 1538 A4S Belth

(@ 7M1 G4 S NR 3 Hat

oo

(a) Visible and NIR images

(b) 7|1& whedf4] Z3} b) 71& g4 Zat
(b) Result of Vanmili method(2017)[4] (b) Result of Vanmili method(2017)[4]

(c) Mok gk Aot (o) Mok e

(c) Result of proposed method (c) Result of proposed method
% 8 3 2 Ao AAQ) O 9 3 3 Zn JAKQ)

Fig. 8. Input and result images(2) Fig. 9. Input and result images(3)



Journal of KIIT. Vol. 19, No. 3, pp. 77-86, Mar. 31, 2021. pISSN 1598-8619, eISSN 2093-7571 85

(a) 7HAIZ AF 2 NIR 31T GAH

oo

(a) Visible and NIR images

(b) 7|1& whed[4] Zof
(b) Result of Vanmili method(2017)4]
fﬂ‘

(c) Mot g Ha}
(c) Result of proposed method
& 10, 2 2 ZoF A4
Fig. 10. Input and result images(4)

v.24 B
2 =2gAE dolEd wd 49 g HH
£ o83 7HF & —:L?ﬂ?%j d e ¢ugE
S Agkalgty. Alokd FaEe 712 2
39 WO Vanmali®) GglEe] B3] Aaay
& A B G AT BE ZR8A 58S
Btk T3 54 AME AMESHA ¥a pdst

e 2] 2EE B BYE ol 3
o 7R B ANMOR 9% B9, AF 2 o
~Edold B9S2 5 A

References

[1] Tacho Kil and Nam Ik Cho, "Image Fusion using
RGB and Near Infrared Image",
Broadcast Engineering, Vol. 21, No. 4, pp. 515-
524, Jul. 2016. https://doi.org/10.5909/JBE.2016.21.
4515

[2] Jong Myeong Lim and Jisang Yoo, "Super-

Journal of

resolution ~ Algorithm using Discrete  Wavelet
Transform for Single-image”, Journal of Broadcast
Engineering, Vol. 17, No. 2, pp. 344-353, Mar.
2012. https://doi.org/10.5909/JEB.2012.17.2.344

[3] Ueshiba, Toshio, and Fumiaki Tomita, "Plane-based
calibration algorithm for multi-camera systems via
factorization of homography matrices", International
Conference on Computer Vision, Vol. 2, pp. 966-
973, Oct. 2003. https://doi.org/10.1109/1CCV.2003.
1238453

[4] A. V. Vanmali and V. M. Gadre, "Visible and
NIR image fusion using weight-map-guided
Laplacian-Gaussian pyramid for improving scene
visibility", Sadhana :
engineering sciences, Vol. 42, No. 7, pp. 1063-
1082, Jun. 2017.

[5] S. K. Nayar and S. G. Narasimhan, "Vision in
bad weather", Proceedings of the Seventh IEEE
International Conference on Computer Vision. Vol.
2, pp. 820-827, Sep. 1999. https://doi.org/
10.1109/ICCV.1999.790306

[6] Y. Y. Schechner, S. G. Narasimhan, and S. K.
Nayar, "Instant dehazing of images using

in Proceedings of the 2001 IEEE
Computer Society Conference on Computer Vision
and Pattern Recognition. CVPR 2001, Vol. 1, pp.
[-325-1-332, Dec. 2001. https://doi.org/10.1109/
CVPR.2001.990493

[7] R. Fattal, "Single image dehazing", ACM Trans.

Academy proceedings in

polarization",



86 dol&3l W3k 949

o,

P 3R

mlm

\__

Graph., Vol. 27, No. 3, pp. 19, Aug. 2008.
https://doi.org/10.1145/1360612.1360671

[8] M. Antonini, M. Barlaud, P. Mathieu, and I.
Daubechies, '"Image coding using wavelet

IEEE Trans. Image Process., Vol. 1,
No. 2, pp. 205220, Apr. 1992.

[9]1 E. Karami, S. Prasad, and M. Shehata, "Image
Matching Using SIFT, SURF, BRIEF and ORB:
Performance Comparison for Distorted Images",
arXiv, Oct. 2017.

[10] Wen Wang, Bo Li, Jin Zheng, Shu Xian, and
Jing Wang, "A fast Multi-Scale Retinex algorithm

enhancement”, in 2008
International Conference on Wavelet Analysis and
Pattern  Recognition, pp. 80-85, Aug. 2008.
https://doi.org/10.1109/ICWAPR.2008.4635754

[11] D. Z. Rahman, and G. Woodell,

"Properties and performance of a center/surround

transform",

for color image

Jobson,

retinex", IEEE transactions on image processing,
Vol. 6, No. 3, pp. 451-462, Mar. 1997. https://
doi.org/10.1109/83.557356

[12] Zhong Guangjun, Cheng Lizhi, and Chen
Huowang, "A simple 9/7-tap wavelet filter based
on lifting scheme", Proceedings 2001 International
Conference on Image Processing, Vol. 2, pp.
249-252, Oct. 2001. https://doi.org/10.1109/ICIP.
2001.958471

[13] Joong-Hee Lim and Inn-Ho Jee, "A Study on
Enhancement of Digital Image Performance Using
Dual Tree Wavelet Transformation in Non-
separable Image Processing", JIIBC, Vol. 12, No.
1, pp. 65774, Feb. 2012. https://doi.org/10.7236/
JIWIT.2012.12.1.65

[14] Joong-Hee Lim, Jong-Hong Shin, and Inn-Ho Jee,
"2D Digital Image Processing Using High Density
Discrete Wavelet Transformation”, JIIBC, Vol. 13,
No. 1, pp. 1-8, Feb. 2013. https://doi.org/10.7236/
JIIBC.2013.13.1.1

0] 43l 7pAF 9@ ZH A G4 A

e} e}

AN

o] & % (Hyeon-U Lee)

20154 39 ~ @A« st
IToi e A3 54

AR} . HDR, 94 A, 94
%, owlA AlA, opdz
3z, gAY 3=

A & F (Hyuk—=Ju Kwon)
] 20108 29 - AR MR
HFE SR(F AN
2012 2¢ : A&
AAA 7| A FE S
20173 9€ : A&
AAZ SR (AL
2019y 8¢ : of At

sl

HOHFJ

o

74
1997

“

EEFBJJ.?L’A_L‘_,

X

o

A7
2019\ 84 ~ A : A=
F4E-oF : Color Image Processing, Color Management
HDR 9312, A9 982, &4

Wt AAEY At

ol A &t (Sung-Hak Lee)

1997d 2€ : A5Ulgw
AAZ I (F AL

1999 29 : AEstn
AAZ T A

19993 2¢ ~ 20043 6€ : LG

2008%1 2%}
ZJX}J—Q}J}(J—Q}HLA})

20093 84 ~ 2017\ 74
AApg et °4?JQ

2018 3¢ ~ &A| . ﬁo%ﬂl?ﬂrﬂ T8t Axpgas w4

FAJFok : Color Image Processing, Color Appearance
Model, Color Management, HDR %34], 9385,
Hed 34



	웨이블릿 변환 영역의 부대역 정보를 이용한 가시광 및 근적외선 영상 합성
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안 알고리즘
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


