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Abstract: In this paper, an efficient and robust image fusion method is proposed to extract pixel intensity under
the best exposure value directly from a low dynamic range of images with variable exposure values. Using this
method, the HDR (high dynamic range) image can be computed and shown on the traditional display device without
any prior information on a camera or scene. The proposed image fusion method is based on a mathematical model
of a pixel intensity curve, established by a special robust curve fitting arithmetic criteria to evaluate the image
quality of each pixel. The sufficient experimentations on various scenes indicate that the proposed method is more
efficient than traditional HDRI (high dynamic range imaging) technologies and more robust when imaging noise,
object movement, and small camera displacement simultaneously.

Key words: high dynamic range imaging; robust curve fitting; image fusion; least squares fitting
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Fig.1 Agroup of LDR images in Ref.[13]
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Fig.2 Pixel intensity curves and their first-order difference quotient
at different points of church scene’s LDR images
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g0

(a) Result of Refs.[10,13]’s method (b) Result of our direct fusion method (c) Index matrix for information extracting

(@) SCIHR[10,13]F 44l 1 (b) AL el b 1 (c) 17 BARINR T4 b

Fig.5 Comparison of Refs.[10,13]’s method and ours
5 SCHR[L0,13]H (1 5 v AR 3L I L g

T
e
(a) Original LDR image sequence (b) Result of Refs.[13,23]’s method (c) Result of our direct fusion method
(a) )54 LDR K575 (b) SCHR[L3,23] 00 b 545 (c) ARSIy ik H AR & S5

Fig.6 Comparison of Refs.[13,23]’s method and ours
6 SCHR[L3,23]H (1 7V AR S I L

(a) Original LDR image sequence

(a) J5 LDR E1%F %1

(b) Result of Refs.[7,13]’s method (c) Result of our direct fusion method (d) Result of Refs.[10,13]’s method
(b) SCHR[7, 18105 VARV 5145 R () ACTTHERI TS 45 R (d) SCHR[10,13] 7 H: v 5L 45

Fig.7 Further comparison results to the static scene
K7 #ssdt 2 rst s
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52 MEBEERIRENBHEROLELERRI T

A seh MBLIEE) H AR, A& 58 HDRI 75 3% 7 2 56 0L AT H 5% 1 Bk (ghost remove) 4 fig i1 HDR S it 5.
U SR AR BT REAFAE RIS 30,340 T 22 S 34T B AR INC v T Ak B D R AR SCBVR T I 43 0 133 (1 2 B R B R 8 5K
(7) R B RAR 10 T3 3, T 75 EAT A T Ak B0 PR R AT [ i 5 oz 50 H AR AR KL 31 10 5% 0, B AT 550 (10 45 4
PE.F 8 43t T X SCRR[3]H AN I8 3l H AR S S50 73 46 SR8 B )7 7, SCRR 3] i 7 v R R 2 10
IRAREEE NS F R T B 28R 5 AN ST 1] o it 2 400 5 S O ORI, A R e 132 80 H AR B 3 0. T AN TR] B2, e
TASTFEARE NI ER (K 8(a) 2kt I B) WS 732 3l H b, i 1l & £ ) HDR BIR Er B T 2 1]
BRIz 5l H bR, A ST i H AN il G i — A .

(a) Original LDR image sequence of the scene with moving objects
(a) Rah & A2 3) HAr i) LDR E& )51

(b) Refs.[13,23]’s method (c) Refs.[3,13,23]’s method (d) Our method
(b) SCHR[13,23]/) 5 ik () 3CHR[3,13,23]M Jrik (d) A3CT7ik

Fig.8 Comparison results to the scene with moving objects
8 Tzl H bRy 1S g 45 R AKX e A

3 3 AR K ARL IR T 3 AR ST R0 MRL N B B R LAE — 2R B i T T T A i e i m = 2E 2 3h)
A M EETEE 9 BRI MR AP ES) LDR EHR 51 il & 45 R 315K 9(a) i y=0,5L32x 1
BRI Bl 5 JIR A8 0 265 2, T BT 6 1T VS 1 9() I =100, S 6 AR B8 /NS 2l FL A 550 0 1 45 Rl 45 1 37
LTibESE

(a) Fusion results while y=0 (b) Fusion results while =100
() y=0 I il 7 45 9 (b) =100 I} ) il & &5 4

Fig.9 s influence to our method for overcoming the small camera displacement
9 XS AR ST 1k e JIRAR B NS ) fiE 7 1) 5%

53 WEEREMNLDREGFIINLIEERR ST
10 ' LDR P57 51 2 th s 80 A HL(1SO1600) 4 33k 1, 3 & f T 1) CCD % A1 JPEG #% 2 I 4 it 1
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f I P AR SCEE A T =0 I 4 1% LDR B8 91 b B, AT A 20/ Tt RS R e 75 (B 10(b) ). 5 H i 2 i
LDR &% 5 51 75 40 5 S 3540 Ak 2 465 L (B 61 20(C) T/ ) K B AR SC T 25k file ) i AN A2 AL 2% 18 1) SR [4]
PR IR S0 T LSRR A5 BURS 6 X AR BIL A P v 132 e 55, A P 0 R AT G I (K AR B AR SCRLIRAE R R A
AEMT i LA AT — e L s

s

(a) Original noisy image (b) Processed by our method (c) Processed by method in Ref.[4]
() Jr g s [ 45 (b) ASCE LIS EB (C) STHR[A]H Sy Ab 21 5 B 45

Fig.10 Comparison results to the noisy LDR image sequence
K10 X5 LDR BG 551 ab BHE5 B0 L 23

54 EXPIHBHRHILDREKFIRMESER

A SCRAEAE X S2 b )7 b sl 5 it LDR B P 51 JEAT 730 I 22 () I 25 f P R e 75 L 3280 H ARy

BR AR B /IS B 2l #E 45 DR 38 e B0 1 0 Pk A 48 ) B R IR PR G I 2R B B 11 R PR sz A
AR TIBATE AT A B X S AT RO R AR (1SO1600) 112 il i 8 75 2630 35 T I A A
TEAE =40 RN 4 5 5 Bl 05 (e L HE) A 1 R 1 Pl R i 5 45 8 1 12(b) .
Zoy TR ATy i e

Fig.11 LDR image sequence of real outdoor scene with moving objects
K11 Fs 408l 5K LDR K& 74

(a) Result using method in Refs.[13,23] (b) Result using our method
(a) 3CHR[13,23]77 i v 55 45 (b) ASCTT RIS A R

Fig.12 Fusion results of real outdoor scene with moving objects

12 FLSE ARSI s (1 G Rl A 45 2R
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55 ITEME LD LR

FH A S Ty v T v Ak T 2R L S T M LDR G T 51 th i 4% M AR I 305 B S S Rla S0
RS AR AT PR3 L b DR I [R) G T 5 SR I AR SO I T B R L A% B8 HDRI AR PR A4t
Y AESE HDR T BB IR v LI i) I A 2 77 AR DY, i w9 R 2 5 0 1 Bl 3 AN T A B 5 R K
LI ], R P 1 Qtpfsgui FFEACAY 40 S .

T BB, th TASR VST 6 B RE AL 1/0 B ) 22 AR K, R 1 op BB AN 5 48 1/0 1 fi).

Table 1 Comparative analysis of computational efficiency (s)

F 1 A CHDA AR A HE AT )

LDR image size HDR reconstruction Tone mapping"" Time-Consuming of traditional method Time-Consuming of our method
456x342x6 1.82 2.22 4.04 0.51
912x684x6 6.67 8.44 15.11 1.52
1824x1368x6 24.03 34.89 58.92 5.54
3648x2736x6 100.17 136.01 236.18 21.43

6 4 it

ST A3 SN FOGE LDR BB 7 51 b R AR 3 A7 B 3 A8 i 2 (K O B A SOy T A
s A TS LDR BB 81 R AMG 3 A B B B L K 505, OF i b th ELR R 5 LDR BR 7 5110 B4R
Rl 715 AZ TR S LDR G 51 R R A5 38 A A5 3R 2 ) B 22 7 R AT 0L, Pl o o R i
5 s 77 AR MR B 3R L B i OGE PR B 2 A5 S LR LDR BB 516 S 06 45 SR 1 T 4006 b
AN BT 2 W], AR SCELE IR T 5280 249 00 5 88 HDRI BRI 10 £, I8 H L 7R BE % L RESIA 21 5 4% 48 HDRI £
A 22 01 e 3 A AR S s R R N A SO 0] 5t LDR B P i AFAE B e A L da 3l Hbs s R 1)
TN T T A 258 5 Wi AT L 1) 8 A 1 A i) 3, AR SC S0 TG 71 PP R A5 358 67 B PR A 0 AR RS % ]
B e A B, AN T B T B 1A R A Al A R B g R FL T Ak PR F: (graphics processing unit) i
AT IFAT IS

A SCHE AP AFAE A4 JR) 2 By PSR 7 SR 0 W 75 (4 BE D OGS 3z 3l H AR 8 B 1 (37 3 AN ] X
SR PR R P R T AL (R IE Bl H b DU B AN TR JR) S 8 A8 R R A B D HAEL R FRATT R — 2B TS 5 1) 53 Ak A
SCEL IRl G5 RAR KL E AT 5 AR AR 28 1, T ] 2 e 32 BB 0t o AT TR R AR BIE S
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MR A. EIF 1 BYILERA

% g(x)eC¥a b], AT g(a)=g(b)=0,%} g(x)¥its — kI 2 i P.(x), 18 P1(a)=g(a),P1(b)=g(b), ] P;(x)=0.
Wi E 2 iR E ARG

909~ () =2 9"(C)(x- a)(x-b), ¢ [ab]
=190 1970 (X -a)(x-b) < 2 max |9°00 | (x~a)(x~b) < max | °()| (b~ ) (13)

= max | 900 |< £ max 09| (b~ a)

asx<bh
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d*E(X) _ d°[F(X) ~ y(x;a)]

B, ARADT EX)=f(X)-y(x;0)eC’[a bl H —; 5
dx dx

=e(x), LL & E(a)=f(a)-y(a;a)=0,

E(b)=f(b)-y(b:@)=0.
T 1T 4 g(x)=E(x), M8 4 20 (13) A S I | Ex) < %a@f‘i‘b e(x) | (b —a)? .iif 5. 0

MR B EZHEEMSHSHISERER

Fig.13 More results of our method
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