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Multiple Exposure Image Fusion with Noise Reduction for HDR Acquisition
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Fig.3 By multiple exposure image noise removal:
(left) low exposure image, (right) denoising re-
sult.
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Fig.5 Tonemapped HDR sample images (scenel, scene2).
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=T oTWAEY, KT LR IbA%) &
TECWD. ERBEIST LT, REETIE, HHH»D
LIZRCTiEV2d00, BHBOFMIIFEIN T2
MRS

M 6(a) DEHRD 7 L 7AHETIZ, BM3D [15] &
VX =T, REETIETHERLT y V0% Tw
5. LA»L, BRAFTROEOFME, REZOSH
HRFRENTWAS, $72, BM3D [15] OFii ks
METETVBREBAE, FICHEROALH P HIE T,
BM3D [15] ¥ DR ABERED & 9 EPT » T
MATES. X 6(b) TlE, #EHL BM3D [15] ®
HRTEENEEAL RV, L2L, [M6(c) DEV
WA N =T, EETIETZy VOFEMIHNT
WEHIG AR ZIT A, I, BTy YLk, #FHL G,
P> Twd 2 A XIZB L Tld, shrinkage Tl
FTHBETCERwRhLEEEZONDL. L2,
NUSMZBE LT3 BM3D [15] &A% 0 ) 4 AEE A
FEHTETVD, fEMEFETIE A ABREDORR
PHIRECTE, I CRIFLMEIHEONS.
5.3 T2 MM

RELZD ) A AGFMEREOERFM A EE LT —
Yy ¥ ZHBOERICHT A PSNR &, SSIM [17]
L BB o0 )iEE w7z, PSNR ERAIC &
DEHE LTS,

MAX?
S T — 1) ) (20)

2T, Igr 1 Ground truth ® h—>r < v ¥ 7
1%, Iy SEEER L -2 EHELEGEEROKE
FE, RORFZICIDHEES LAEK SN HDR #i{%
D=y EYIROMETHS. 22T, Bilateral
Filter [14] % U° BM3D [15] I, Noisy image % #LEH
L7z bl b=y EV ZEITVEHEL TV A, &K
#i Tlid Ground truth % 0" Noisy image @R IZH
Wk AT, L CIRRERAETHEE b I, 4.2.
DY Y= A XEBIT 58T A — 5 REDRE
LOBEALEEEHZFNEN HDR HifE 2 A L T
W5, BEIFMICEY A B0 B E 1T
B, Noisy image, J#FEL b ITHATHWLIEAL
Ground truth DA H WL EA & HFE—T L LEN
H5H. I, HMETHCLEALADPRLRDIGE, EAD
EIZ L > TRAEBROEMBEMOMEEZ / A X2 L BH3EE
PSMOEDIEL, KFh A XGRFEERROAD LK

PSNR =10-log,, (
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K1 FE—r3y VT HOBIEO PSNR L
Table 1 Value of PSNR, (R.L.T.: Reinhard Local
Tonemap, R.G.T.: Reinhard Global Tone-
map).

R.L.T.R.G.T.|CLAHE/MATLAB
(scenel)| 29.87 | 27.90 | 34.09 27.97
(scene2)| 38.83 | 38.45 | 31.95 35.68
(scenel)| 37.91 | 35.36 | 36.02 30.22
(scene2)| 43.49 | 41.51 | 33.80 37.49
Bilateral Filter|(scenel)| 27.09 | 24.22 | 34.23 25.38
(scene2)| 36.90 | 36.55 | 35.09 36.03
(scenel)| 32.79 | 33.69 | 36.78 30.97
(scene2)| 38.74 | 40.29 | 34.10 37.40

Tone-mapping

Noisy image

our method

BM3D

#£2 Hh-rvyEVIHBOBIED SSIM i
Table 2 Value of SSIM, (R.L.T.: Reinhard Local
Tonemap, R.G.T.: Reinhard Global Tone-
map).

R.L.T.R.G.T..CLAHEMATLAB
(scenel)| 0.993 | 0.993 | 0.981 0.989
(scene2)| 0.997 | 0.997 | 0.958 0.994
(scenel)| 0.997 | 0.996 | 0.984 0.993
(scene2)| 0.998 | 0.998 | 0.962 0.995
Bilateral Filter|(scenel)| 0.986 | 0.985 | 0.975 0.983
(scene2)| 0.997 | 0.997 | 0.966 0.993
(scenel)| 0.996 | 0.995 | 0.983 0.993
(scene2)| 0.998 | 0.998 | 0.967 0.995

Tone-mapping

Noisy image

our method

BM3D
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723y NI A M@ M-~ v ¥ [19], MATLAB
D tonemap B TH 5. HFExrFE 1, 2187, —
Bl HDR Wik h— v~y ¥ v 72 A L TERER
LI ENFIEAETHY, T/, b—vev BT
RIS HMEED ) A X2 S 5 2 EDRFEOHT
TH 5720, LDR EBEOADLEKXIT-> T\ b, &
B, HDR WfE® SNR b fif & TR 724, SNR 35
WHIEAS O NARFHLEERBETIIL A LRV
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MWz mi{g i, £ — /4 X2k L HDR Hi{Z
DEAFIv 7Ly IVNIERICE L, EEOH A
WF=PRELL Lozl eEZEz oMb, 72, i
4 HDR W OE &M iiFii e LTHEEZED TS
HDR-VDP-2 [20] IZ & 25Hili b 7o 72A R L1 E A
EEWDR SN e o7z, T, HDR-VDP-2 [20]
IR %2/ A XOFFICIEE L T2 \nico /s
LEZLND,

# 1, %2 &0, $2%5 Reinhard [18] 50 b —
YRy EYTTRREL Y S BIF AR oT RS,
#27T, M 72 Reinhard [18] 5D b —r v ¥



3/ HDR WH{EER D720 D /) 4 XD % ERE L 725 EHWIEA G

M 7 Reinhard [18] 5OHE—AN b=y X /ICLk) F—rv vy ¥y 7 EN7: HDR
Ef%: (/£2°5) Ground truth, / 1 XD H % Wif%, $&%#:, Bilateral Filter,

BM3D

Fig.7 Tonemapped HDR images by Reinhard Local Tonemap: (from left to right)
Ground truth, Noisy image, our method, Bilateral Filter, BM3D.

BREZRT. K7 LY, BM3D [15] TIEFEILA%)
EFTETVLOMBGALRDEED T 7 X F ¥ DFEL
Lo TWVADIIRL, REETII/ A X2REEL
DO, FUAFXRIy VRIFHETETWVAEZ LD
»%. F7z, Bilateral Filter [14] & D b i a5 &
ToTwh, ZOr—rey¥r 7k, BHEICRN
(7 513 EHEE AR B &) AR OB EEE
TEeEE L, EEROmHREEL, AMPHELIC
CVEMEMEZMCEMTS b—rvy ¥y rbio
TWh, ZO70, B 4 A% 5. =EHIE
PERIFNZHAEGOFEM % RFE L OO 1 X%
B2 LS TELLORD BIFRIERE 72k
%255, CLAHE [19] £ MATLAB® b—> <
Yo7, RAPray b7 A b e Lg% R
MG AR 5720, SMERTEL GRS
7246k & %2 o7 BM3D [15], Bilateral Filter [14] &,
REEGEZHB L 2L &, REGEIETREIS 256
b, NI, BEEIERO ) A ZOEHICHES
EEWTBY, BEERD ) 4 XREEHI D ERL
TV WO O/ A XS0 & I8
L7coTlkBwhtEz 605, UL, SHEEMIC
HELB A XL T, ABOBENEEEE L7
— e b=~y VIO EHT VMEE LS R
Voo F 7, REETIREME L) QRO ) A Xk
ICEEZENVTWVDL I ENORULERTH L.

FLwb L, FEEE, Reinhard [18] 5D b — >
Ty EY TR, YOMRBELD b BIFRERES
LI ENTE, MATLAB O b —> <y ¥ 7T,
Bilateral Filter [14] & 1) & B#f 2R T, BM3D [15]
LIRS DRSS N7z, CLAHE [19] @ & 9 7l
LEME R BEICHAT S P vy E TR
BRETIINGEE L TOWRWEIEREIRD 2 A X H556H
ENBTD, ERBEIEIBEELDHD.

8 fEskik (Hat B%) LRBFEOEABHOKERILE
Fig.8 (upper) conventional method (Fig. 2 left: Hat
function), (lower left) our method quanti-

zation noise suppression, (lower right) our
method sensor noise suppression.

SSIM [17] ICBILTH, PSNR OfH L RO Z &
S5, BEERE, BERORLLY -V THREL
7o) A ABRFEHEREBDL I ENTETVS2D, an
AN RFHETH 5.

5.4 EAFEBORE

RIZ, TEREDOEMFT LRFEEDEIMHTIZ L Z%D
BT, SRR L 724 EH WG % B
HWTHEROBMAEFEIC L VAA L, CLAHE [19]
FHICLI =¥ SICEINDFAFIv LY
VHEMiET o, 2O M=y oy ¥y ST
IV NTANRMELT) 2D, LU - A AR
TFAL ) A XDHEBLRL T b, M8 ITHRERT.
FRIEHER D Hat FfCcH Y, FTERAE, FRAIZZ
nen, =iz, vt A X0BRRICEEE
BWIHERTH L. mTARELTEBRT 2 EABK
i, b1 =0.001, b2 =0.01, b3 =0.95 %, ¥ —
4 R % BT 5 EABEIE, b = 0.001, by = 0.99,
by = 0.01 2ZNEFNHVTWE, T/, ThEho
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Fig.9 Proposed two weight functions: (left) quanti-
zation noise suppression, (right) sensor noise
suppression.
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RECHD I ENMETE, 2D/ LA ADOMITIE,
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5.5 /4 XD

7 A Xttt % FFfid % 729, Ground truth ® Ak
WCHW/2 ) A AV A LS ERELEBGISELTHT Y X
MEEAINz, ZoHtL-LEFELNGRE AL LK
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s(z) = L} L

mazx ¥ 12.60-63 (21)

£ 3 Y AMEE R MRS EREIEG % 72w sEH

Table 3 Quantitative evaluation using multiple ex-
posure image with additional Gaussian
noises (BRF': Bilateral Filter).

Noisy | our BRF | BM3D
(scenel) | 20.99 | 25.68 | 23.61 | 25.21
(scene2) | 23.72 | 30.41 | 27.80 | 30.09
HDR-VDP-2 | (scenel) | —1.17 | —1.29 | —1.21 | —1.29
(scene2) | —0.84 | —0.97 | —0.88 | —0.99

NSNR
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Fig.10 Tonemapped HDR images by Reinhard Global Tonemap: (from left to
right) Ground truth, Noisy image, our method, Bilateral Filter, BM3D.
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