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Hslo] 0|52 ds2 dA +=TEHIGLS S5tf H|W Bt

AT DEfst Ml JHX| chddasR J|He2 dAEM oH JEh AAs
Z1db 8 =Z3IAE HE3d 7| A
Metek (transmission map) 5 & =
(gradient) & Hstete 2 =5 ool JHIAM S JiMst= delibdE 22 &

Mo Jok of O |m o oot rr K

= g gas8FE 7|He sSoHel JdaXe7|HEs MEstol Mx EY,

=5 ¥ AN dstE WA st = JIEX(of uet ZEkE dAaAES 88

o &z Z1} M2 S, =F ImageNet HIO|E{H|0|AE &3l =Z2

FAS MAMS= GAN (generative adversarial networks)S StEAI71 A &

Zatst= Held 7|He M8T. ciefst Ao 2P E AN =3t A
of 2t o= J[HE XMEstd UIQM  (underwater image quality
measure) X|EE S50 2+ U AAMSS J|#He| M52 H|WE

- JBICYE BY IMe A (1)1 Ze IANIY J|Yoz TokE.

Iz,y) = J(x,y)t(z,y)+ Bl1—t(z,y)] (1)

Scene Background Light (B)

: Radiance (J) * ' . ' ; i
[ e STy = > i
| Liglt of Sight > .

Observed

Attenunaton/Transnussion (t)

[ Intensity (I}

| Water I(x) = J(x)t(x)+ B[1-t(x)]

AL
Cha o o

o2

M 28 (simplified image formation model)
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t=1—max [min | Wp W],0] (3)

=median[ W], W,y = W, on — median[ || W= W00 | ])

(W=minl1], W,

mean



HEl Metetsof w2l ZstE o Hale| OZIfdEZRH | & (Ve 5
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F

o ;
Aras =/

o o H o = o =

Ao MHEE U, HHw ZetEHAoA 4 (5)E &35t04 RGB &
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[Image fusion-based enhancement]

Original image CLAHE nhanced image
(| (contrast enhancing) L4 b
‘ White-balancing Image fusion
(color balance) (weight maps)

‘ Unsharp masking

(edge sharpeing)
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Stst= Hatxe| 7|He 42 M3s =% 4stE 21510 CLAHE (contrast
limit adaptive histogram equalization) &S M &, CLAHE= dA4le| ¥
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o s|lAETOYMOIA EX St JIFE He EF A MEE I™HE S510d
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(6)Z} Zr2 WGAN-GP (Wasserstein GAN with gradient penalty) &4 g2
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UGAN 12.4504 9.4297 23.4831
2AHAE (=5 2L OlolH M2l ¥ BE™T|s i)
Cts SHEZ Cist Z4E2 Aot Sof2s giMISe| HAE AlZE2 7(|Ee=z &4
of 2LHIMZE 7ElE FEsi0l 2xtel ALldate HME,
beams
beam 2, 2/\ 2
bmml/z/\ o
7 s
&V ‘4'91,@“”‘ ~ , ”
hmHl 7’%
bins ’ _
e BlueView
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l Space Weight
Normalization
Factor

(3) Wavelet ZE{: 042 ctHE S5H0{ Wavelet

LL consisting of low frequency components

means important information

1)1,

o (1Ip =
Range Weight
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P e JEE 8

o=z #g H7{ske Ze
LL HL,
HL,
LM | HH
3 3 HL:
LH HH_ Harizontal
¥ ‘ information
LH1 HH
Vertical Diagonal
information information
Discrete wavelet transform
O ALIAAF (o, swimmer, 864x674 SHAFT)Ol median (5x5 FHE), bilater! (5x5) 2
wavelet (3 level)S E‘%ocﬂé i median EE{Z} ZFEF W2 A[Zbof| 7R Z2 CONR
(contrast to noise rat|o) E°|
Median (5x5) Bilateral (5x5) Wavelet (Level of 3, Sym4)
CNR: 2 (22 msec) CNR: 1.9 (47 msec) CNR: 1.8 (1.7 sec)

Original Sonar (Swimmer)

(864x674) CNR: 1.8
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(1) CLAHE (contrast |imited adaptive hlstogram equal ization)
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clip limit Ny = Ny X N

(! ]

vg" @verage pixel number of one gray level in the region
Neiip: normalized clip limit in the range of [0 1]

i x| & z[tigbE w2fole yol w2t gkl
FE QmRIFOR I IECE AH24E X2 skagte O SEAFIE 220} UYS.
5
Jz,y)= 255 % (255y) )
gamma = 1.0 gamma =0.5 gamma = 2.0
230 260 - 260
200 f_/} ., 200 i ., 200 rd
%‘ 150 //' 1:; 150 . ) ; 150 /;/
B 100 g 5 100 4 2 100 f
§ i 5 |/ g P
> @ = ® & g
e ] 0 i
a 60 100 150 200 280 o 50 100 150 200 230 o 8 100 180 200 280
niput intensiby riput intensiby input intensity
O ALIAAF (off, swimmer, 864x674 SHAME)O| CLAHE gamma correction (y=0.4)8 X

2 C\R=2 2¢.

Gamma correction (y=0.4)
CNR: 3.8 (4 msec)

EsIF 2 I gamma Correct|on0| 7 =2 A|ZHo| 7P‘F =

CLAHE
CNR: 2.2 (26 msec)

Original Sonar (Swimmer)
(864x674) CNR: 1.8

864x674 AT )oll median (5x5 F4E)Z} gamma correction

(y=0.4)2 M35l%¥S i AZF6.8 msec, CNR2 4.1 £¢&l.

O LMo HSHAH 2 o=z Z3 gi2E2 HME MFE (NR2 2.3t
(CNRafter/CNRbefore) X7|_|3: .

O 2152t ol siEsh= 28 FESH| f/5t01 ROl (region of interest)E &35t

01 CNRS Ittt
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CNR=

Median + Gamma correction (y=0.4)

CNR: 4.1 (6.8 msec)

Original Sonar (Swimmer)
(864x674) CNR: 1.8

Region of Interests

(green) signal / (red) background

oMM Hlolel XH2|7|&
_OEI) 225 Mo x|

H=EE 7iMsks 2|5 HE.

fonien) .
Sonar image

- Blueview P900-90 (900kHz)

- 512 beams (0.18° spacing)

- Beam width: 1°x20°

- Range resolution: 2.54 cm

- 4 frames/sec

BiueView

Sonar @
Imager . "

Optical image
- SIDUS $5402 SD camera
- 928x480 (30 frames/sec)

SD Optical
“Imager

O 2EE FFH FZALIEA (7321581 SHAME)O| median (5x5 FHY)Z} gamma
3 1

St mf A|ZF 37 msec, CNR2 112 M2M=F 1.84) &

Ch=



Region of Interests
(green) signal / (red) background

Original Sonar (22 % )
(732x1581) CNR: 0.6 250

200
150
100

50

Median + Gamma correction (y=0.3) 0
(37 msec) CNR: 1.1
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T4H| frame: 1.5m x 1.5m (3cm thickness) - Colored Al plate: 35.25x35.25x0.5cm?
- Blank acryl plate: 35.25x35.25x0.5cm?®

HOHEHEA ()9 ZH S (Ky.
3 Aol 28

n

2 s st g

([w, w, w.)) 2FE = =FEA Ato|2] 7[5t} ekl
Sluy1l=[w, w, w, 1] P ( P= [ﬂ[()

Kongsberg - =
{Optical) Blueview
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HZ A2 2 Sl Aljedal 2o Yleiste HElsln Aol SHs Hal
HE 0|33l zBH2=Z #AAHAS| point cloudsE FE5t0] 3t EH ZHE 4N
gk (et} point clouds AHIAHAIZE: 460.8 msec)

Optical image in world coordinate
Fused optical and sonarimages
Y/ oLt Sl0| RIS MAlS| YASEY|S SEEIAE 53
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3m 4m 5m

Kongsberg (Image Fusion) Kongsberg (Image Fusion) Kongsberg (Image Fusion)

Deapsea (Image Fusion) Deapsea (Image Fusion) Deapsea (Image Fusion)

Blueview-900 kHz (Median & Gamma) Blueview-900 kHz (Median & Gamma) Blueview-900 kHz (Median & Gamma)

Blueview-2250 kHz (Median & Gamma) Blueview-2250 kHz (Median & Gamma)

m A2[=20|d Hlo[e{z HO{Zl |5kt gigh AR S 0|&50 dstnt &Lt Jds
E

St point couldsE F&E510{ 3k

Blueview-2250 kHz (Median & Gamma)

oot

H

Fused Kongs & Blusview(900kHz) in 2D Fused Deapsea & Blueview(300kHz) in 2D Fused Kongs & Blueview(900kHz) in 2D Fused Deapsea & Blueview(900kHz) in 2D
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Fused Kongs & Blueview(900kHz) in 3D Fused Deapsea & Blueview(900kHz) in 3D Fused Kongs & Blueview(900kHz) i Fused Deapsea & Blueview(900kHz) in 3D
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