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Abstract: Many computer vision algorithms need to measure the scene radiance accurately, and the
camera response function can achieve this result by establishing the mapping between image brightness
and scene radiance. Camera response function calibration is the key to high dynamic range image fusion.
The properties that all camera response functions share were analyzed in the paper, which helps us to
find the constraints that any camera response function must satisfy and establish the theoretical space
model of camera response function. Firstly, the database of real-world camera response functions was
analyzed by principal component analysis algorithm and low-parameter empirical model of response was
established combined with constraints; secondly, appropriate parameter number was chosen according to
input images; finally, the coefficients to the low-parameter empirical model of camera response function
was solved by least square method. The algorithm proposed in this paper could establish camera response

function of the imaging system accurately by interpolating to sparse samples or multiple images with
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different exposures in arbitrary environment. The effectiveness of this camera response function calibration

algorithm was verified by different experiments, which proved high-accuracy and high computational

efficiency of this algorithm.
Key words: camera response function;

principal component analysis
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Fig.1 Development process of camera response function calibration
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Fig.2 Visual model of camera response function space
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Fig.5 Camera response curves calibrated by images with different exposure when M is 3

1026001-5



aohligok T2

% 10 43

www.irla.cn

%45 %

b WKL 5(d) s MBS 40 C 3k 156 447
JE7R 5 3 BUEL 3(d) 5 (e) #EAT M 1 bR EA o, RO f
Z W k=(1/2)/2=4, W B pRECKR 2 2R AN 5 (e) T
N HRN S C gk 15 5 AT TR  BEIUEL 3(d) 5
(E)FEAT e N7 bR A5 2, R 1 22 e k=(1/2)/5=10, 1]
N7 PR EChR 2 T Ze i 5(0D B, A 28 C nkl
%6 1T,

M 2Ry 3 B ) R AS [) ' e PRI AG b S i) o7 by 450 A5
RIBHANE 1 IR, BRI S B RER 4 /L,

MU M Oh 5 B, BEEUE 3 A ] R b
1) AR AT A AL R pR bR o, HEHRE] 3(a) 5 (d) itk

A7 R pREAR A2, B 2 L k=(1/2)/(1/15)=7.5, I}
;BRI EChR E 2 An &) 6(a) i/ AR Y 280 C k2
55 1 AT R R 3(b) 5B 3(d) BEAT R B R KL bR
TE L B Z H k=(1/2)/(1/8)=4 , Wil )3} bR $5hn i ith 2%
WE 6(b) s MRS EL € gk 2 55 2 47 R ; 1
HUIE 3(c) 5 (d) A7 I bR AbR 22, RO B 2 L k=
(1/2)/(1/4)=2, M ;. bR b o i Ze an & 6(c) Fr s, 4
NS C Nk 2 55 3 4T TR I ELEL 3(c) 5 ()i
A7 e 1 PRS2, BE O i 2 L k=2/(1/4)=8, WA [V PR
Hobr g i & E 6(d) s, MR S E C Ik 25
4 AT PR 5 e U 3(d)5 (e) HEAT A IO BRI B bR 58 | B

&1 M 7A 3B R EHEE S

Tab.1 Parameters for the camera response function when M is 3

No. Different input images C, (o C;
1 Curve of Fig.3(a) and Fig.3(d)/k=7.5 10.204 9 -4.767 7 2.143 0
2 Curve of Fig.3(b) and Fig.3(d)/k=4 10.064 9 -4.545 0 1.876 6
3 Curve of Fig.3(c) and Fig.3(d)/k=2 10.033 5 -4.532 7 1.804 2
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6 Curve of Fig.3(d) and Fig.3(f)/k=10 9.467 6 -2.704 3 6.662 8
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Fig.6 Camera response curves calibrated by images with different exposure when M is 5
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Tab.2 Parameters for the camera response function when M is 5
No. Different input images C, C, C, C, Cs
1 Curve of Fig.3(a) and Fig.3(d)/k=7.5  10.476 4 -5.566 8 3.308 9 -0.980 5 0.635 9
2 Curve of Fig.3(b) and Fig.3(d)/k=4 10.126 0 -4.764 1 2.193 4 -0.250 1 0.200 8
3 Curve of Fig.3(c) and Fig.3(d)/k=2 9.983 7 -4.167 8 1.247 2 0.384 8 -0.438 9
4 Curve of Fig.3(c) and Fig.3(e)/k=8 10.200 8 -5.589 4 4.179 4 -0.987 3 1.312 9
5 Curve of Fig.3(d) and Fig.3(e)/k=4 9.958 0 —5.044. 4 4.112 6 -1.118 7 1.733 2
6 Curve of Fig.3(d) and Fig.3(f)/k=10 7.879 7 -4.599 9 3.637 3 -2.703 4 1.249 1
i Z M k=(1/2)/2=4 W0 i R BbRE LA 6(e) T 2.2 $t3ME B 28 A B — 9 B R 1T N0 5L & AR E
N AL S H C ANk 2 55 5 47 s s I IRE 3(d) 5 B HT B AR AL L R KSb 7 Bk 22 2 A 015 R

(6)HEAT 1 I bR EUObR S | B B 22 HE k=(1/2)/5=10, ]
V7 PR EbR 2 1l £ A & 6 () BT, M S B9 2 %0 ¢
# 25 6 1R,

My 5 B FHAS [ B ' it (1506 2 e 7 bR 5045
RISHN R 2 s BRIV SHO9 IR 4 /B,

ME 5 K& 6 rhal LU g ) A H R — 87 51
H A P AN [+ B ' Bk 11 P62 119 2 e DO AH AL
M) 107 2 B AR 25 B AR AL 1 R B [ AN AR | AR 2k
MG % 22 L S B 3 3 I RRAE B A R A, B/ 5
Hr(a)  (b) . (c) = 41l e 5 A2 AH BIL i 1 ok 25 [
AR EARAE | AEZetE | O % 2L LA R i 4
P T, &6 Hh(b) | (o) P 41l 2k B % 4 ok 2 AR
SR N  ElZ NGAINE | 52 R N i - $ < - A DN IS T B
B, 50 UE SRR A RO Y TRD IR B A AR
1811 358 BUXT J 22 ) 7 bR bR S I ORE FE B AT S R

ERNEEWEGIE 3 R, SCRE RS
2.1 1 &UF B RR X B B 5 0 EURSEAT AR
BRI PR ERR R AR SEPRAR I S e AR A5 B i
B— SRRk SR A RR IS X B R O — 1Y
PG AT I 07 pREICHR S | SR 2 BiE DO AHHILAE AR 7] (1
OGRS AN BT XHF B 3R B — 1 37 A H A [R] B
Jeit MG, HEES WU SR ] 4354 1/5005 ,1/200s |
1/100s .1/25s 1/10s #1 1/2s (IR A0E 7 Fis

(b)Y ] 1/200 s
(b) Exposure time is 1/200 s

'lll
g B !I

()G [H] 1/500 s

(a) Exposure time is 1/500 s

107 T4 5 R 0 S0 00 67 2 10 24 7T 1) o N
A (RO A, D R N |||
g o g TALL B S WA B3 A R A 3 (o) K /
@ FREEBRABEESM LTS, T .

Jorn FHLAEL 2 L e L bR R T A M T A 24 TR 4
AT AR A5 B 5 w8 1 A AL 7 bR B30T D) AR Y %
DA 36 B8 A 7] B O f IR 2547 A AL M [0 R E0AR o2
A S e B RO RO A Ih HORR 0 R g 5L
SO B, e R R R B O Kk i RN i BB AE
g A T AT ) R PR AR A

FE# I 5 R 6 DL R 1 F13 2 iS50 L
KI M Sy 3 W EIF] ] EMoR W {hy, hy, by} RERS T Ny
FHAL b 7T AHATLAH B R BORR 2, DT AR A AT LA 4R
R ERCR

(c)BEEHTE] 1/100 s

(c¢) Exposure time is 1/100 s

(d)BESEISTA] 1/25 s
(d) Exposure time is 1/25 s

B L

(e)BELITE] 1/10 s

(HMEERFE] 1/2's

(e) Exposure time is 1/10 s (f) Exposure time is 1/2's

P 7 A [E g e A 51

Fig.7 Image sequence with different exposures
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Tab.3 Parameters for the camera response function when M is 3

No. Different input images G (0 Cs
1 Curve of Fig.7(a) and Fig.7(c)/k=5 9.634 6 -5.736 4 4.784 0
2 Curve of Fig.7(b) and Fig.7(c)/k=2 5.612 0 -0.128 0 0.722 5
3 Curve of Fig.7(b) and Fig.7(d)/k=8 9.810 0 -4.038 5 3.124 4
4 Curve of Fig.7(c) and Fig.3(d)/k=4 9.207 4 -2.990 3 2.552 6
5 Curve of Fig.7(c) and Fig.7(e)/k=10 9.846 7 -4.480 9 2.723 7
6 Curve of Fig.7(d) and Fig.7(e)/k=2.5 8.114 9 -4.896 01 0.556 0
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Fig.8 Camera response curves calibrated by images with different exposure when M is 3

1026001-8



aohligok T2

% 10 48

www.irla.cn

% 45 %

8 rhbR e 1Y JE BRE DO ARAIL M B bR HOx L 5
KB 6 LLEW 2.1 K 2.2 i LR RGN
D90 AHAL A 17 PR BHE A — B, il /2 1 AHAIL AR 7 R
I AN B T ) I = 2 S 36 v s 5 14 W) O PR
Yyl AR LM | L I Sk LA R B B 1 B 2 TR A%
7, AT 56 UE T 3CHP 4R IR A R RE A8 XHE
By R Ie B EE S AT SR A AR B
o7 bR BB A

i P8 n] LSS EI SO B A kA R
B H— 1) PRI AR BE RS EA T AR AL IR 7 pR B A A A
Kl 8(c) (d) S (e) it il e o BIUAEL AR T 3.1 5 v
ST A A PR R EEO LB Bl Y REAS S M7 545
SIS, DT REAS 2 i A BILIE B R BSOPR R BORSE

3 & #

=A

FRATL I 7 BRI RE 0% 2 AR A5 1 [RG5S 2
JEZ [R] 7% B B GE OC R, R 1R 2 254 L PRS2 45
Sk iy T B R R, 3P ok 3 A 4 BT R (PCA) X
C 2 bR 19 T 7 PR KICER 5 P22 (DORF) #E A7 43 BT 4K 15 2
BOBRL T80 S, 45 G AR B B bR 5K [ A o
() 249 SR 2% 4 4 57 Wi R pR Y IR S B 4 50 AR R
EMoR , Fll e/ e 1 0 2 M st i A R4 £
S iR R R A, DA 3R AT R R R S IR
Y 3T AL o7 bR SRR | 2 SRR RE A AT R R G
1T S AR5 B o — (93 5 R AT AR B 7
PR bR A , PR A B A ) Bt Rk et g v,
T S 500 B R A2 B 14 i 7 o 50 A L
07 R BCELA (1 [ 8 AN A ARZR M 6 % B2 DA K
3 8 I P T PP AN [ R o 1) PG A Ay
VR, 38 2o 5256 43 AT R 32 8 AR o R i A R
T AR, B S R RUR AR R [ R s 5
N M) 1 R KR s A B AR SR S TAE P R i —
T 5T e 412 w55 T2 R AL N7 PRI 500 2 3 ARG DA
e ALK X 4 A T M Yk 1) 2 SR 2%

SE .

[1]  Reinhard E, Ward G, Pattanaik S, et al. High Dynamic Range

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

1026001-9

Imaging: Acquisition, Display and Image-based Lighting [M]
2nd ed. US: Morgan Kaufmann, 2010.

Grossberg M D, Nayar S K. Radiometric response from
images[C]//Proc Euro Conf on Comp. 2002: 189-205.
Mann S, Mann R. Quantigraphic imaging: estimating the
camera response and exposures from differently exposed
images[C]//Computer Vision and Pattern Recognition, 2001:
842-849.

MMitsunaga T, Nayar S K. High dynamic range imaging:
spatially varying pixel exposures[C]//Proceedings of the
IEEE International Conference on Computer Vision and
Pattern Recognition, 2000: 472-479.

Grossberg M D, Nayar S K. Radiometric self calibaration[C]//
Proceedings of IEEE Conference on Computer Vision and
Pattern Recognition, 1993: 374-380.
Mann S, Picard R W. On being ‘undigital’'with digital
cameras: extending dynamic range by combining differently
exposed pictures [C]//IS&T’s 48th Annual Conference, 1995:
422-428.

Debevec P E, Malik J. Recovering high dynamic range
radiance maps from photographs[C]//Siggraph 97 Conf Pro,
Computer Graphics Annual Conf. Series, 1997: 369-378.
Grossberg M D, Nayar S K. Modeling the space of camera
response functions [J]. Pattern Analysis and Machine
Intelligence, 2004, 10(26): 1272-1282.

Zhang Weixiang, Hou Bingfeng. A robust HDR image
calibration algorithm for camera response function [J].
Chinese Journal of Computers, 2006, 29 (4): 658-663. (in
Chinese )

Shu Ni, Chen Xiaowei. New method of recovering response
curve in process of HDRI constructing[J]. Computer Engineering
and Design, 2012, 33(3): 1032—1036. (in Chinese)

Tai Y W, Kim S Y, Yang J, et al. Nonlinear Camera
response functions and image deblurring: theoretical analysis
and practice [J]. IEEE Ttransactions on Pattern Analysis
and Machine Intelligence, 2013, 10(35): 2498-2511.

Kan Weiran, Fang Xianyong. Camera response function

estimation method for motion blurred image [J]. Computer

Engineering, 2014, 10(40): 232-238. (in Chinese)



