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of digital color camera

WU Bo', FU Tai-ran'?, CHENG Xiao-fang', YUAN Yao-ming',
ZHENG Xiao-bing®>, ZHANG Jun-ping’
( 1. Department of Thermal Science and Energy Engineering,
University of Science and Technology of China, Hefei 230026, China;
2. China Academy of Safety Science and Technology, Beijing 100029, China;
3. Anhui Institute of Optics and Fine Mechanics,
the Chinese Academy of Sciences, Hefei 230031, China )

Abstract: For digital color camera with high dynamic range, the intensity response characteristic is
strongly nonlinear. Therefore, this paper established the non-linear model (polynomial) to respectively
predict the intensity response characteristics for three channels (R, G, B) of digital color camera. Then a
convenient method was put forward to determine the intensity response curves of digital color camera by
only adjusting the exposure duration. For the specified digital color camera, Olympus-E20, we set up the
calibration experiments of intensity response characteristics and presented the corresponding
experimental results through polynomial model fitting and y exponent model fitting. The results show
that the calibration method mentioned in this paper is feasible. And the polynomial model is more
suitable to describe the response characteristics of digital color camera.
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Fig.1 Sketch for the basic operating principle of digital camera

REERRERITTH CCD E,CCD
R p g — MR R SRR — AR
&, B, ARG S, BHRES R RS ADC) Bt AR FES, BT
fESACE g5 (DSP) #17ALEE, B dpthiR15 8L PG, TIFF, TGA, BMP ¥ BRI Eimt .
B HEEE CCD AN E £ 0 24 (L. &, @& 8 i, BIATEE % 0~255), HI 24
PRV, B B, ATLARB R T AR LR EANASELEGI. & E=8HEE8),
% R, G, B RIRF DB T HFHERPEREND, &, B=BEAKIE, B T TR PR .
R=¥,(P)+n,
G=¥,(P)+n, 1M
B=Y,(P)+n,
XA F0=1,2,3) rHIR Z@EMIEEMEMB RS, n(=1,2, A= REMRTEES, QERGHRSE.
BURFEE, ZRESREERBEPA
P=(@/FHPL )
K AFIRBRIIZERLME T ZonaYURBRERTIA, F AANLEENR/N, L AR EEE,
% ¥ R T RS CCD BLARNLI YRR AEYE, 8% R ARy B4 BOER T LARE «
¥(P)=aP 3)
Y(P)=aP’ 4
ROFGEE X TR SH CCD DS M r B M BRI, RAMamsI SR, MEim
= S A BEDARYLA LSRN S B A SR IR et . Bk, T CCD % G ARYLEI L3R R A MR 5T,
FICRABE LEREN B £ A58 00 SA B R
Y.(P)= ic,,mP"', i=1,2,3 ®)

m=1


http://www.cqvip.com

000 http://www.cqvip.com|

2006 % 6 A 2 ¥ %, ¥eRLAANLERN AR E L 103
KB, ZTRMEN, FIRE o BIRE T IRNR R ¥ LSBT, — Bk, TRESH
CCD ¥ @AY EA F RIS N, FNZE 8 o, FEIAH T BN RN A EE, SIS,

2 HBIMMNARESLEHEBE SR

2.1 BERES
BHX T4, 4 P=0 R, BNE FREDIEYLAVEELE, ERBEANLIERT, A
?.(0)=0 (6)
L&, E=dENREBES AR, Go, Bo):
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KB LHRIINEN, FIRE com BN IHEMEEBH,
HTFLAEE, BIVEn ATFREBRETP, Py, B), AILABFIINTHMESLE:
e, P +c P’ +c yP" =R R,
A +c,2P +: l,\,P =R, - R, ©)
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2.3 HREFEIFIT
2.3.1 KaAadLegi B

LA OLYMPUS-E20 THBE CCD & 50N VE A FAPRE ML, IZFRHRHLER I T3 B (3R Yt ) 1/640~60s ;
Y F2.4-11; BRXAMERAIE1/3 EV, BRRELA 17mm@B] 2/3 F-1), 524 FiRE CCD, CCD WizhANaL
JEEEDLA 30 fI(4L. . WEEE 10 60), AffabFEaERNY 24 (L /H8E & 8 ), BARZFRAEN
NER LR EEESRMM B YRR PE SR, BEEE R i 10 (rAvBh AN B ESEE 8 1.

BEDHNLA R A TRE IS SRR, SRE2 217, CRvE R AN Mtk IR Rt IR A/,
KR AR TLE D 1/640~1/2s, FBANAR EEASKIREME 1,

R1 HHSHEE

Table | Parameter setup for digital color camera

White p Exposure Storage Color
Apertu Fl B
perture ash balance Exposure metering Focus mode 150 compensation format correction
FS6  OFF  6500K Centerwf;i:‘;‘:&zvemg‘"g Auofocus 100 0EV TIFF Default mode

2.3.2 ARGRIR .
BIRARSROKBEEATRE X R P REREMR G R, BORE—FMEENARES, TR
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Zig‘j’%ﬂ“]%i'ﬁ , i&ﬁﬁﬁélﬂz Hj g‘j’j‘ﬁﬂ“]%i . Fig.2 Calibrating experiment for digital color camera
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Table2 Corresponding relationship between exposure duration and response value for three channels

t 1/640 1/500 17400 1/320 1/250 17200 1/160 1/125 1/100 1/80 1/60 1/50

R 20875 29.063 35.813 39.750 51.250 60.375 70.063 84.250 101.188 113.875 131.000 150.500
G 9.500 11.063 14.938 19.875 21.250 28.688 34.000 39.375 50.625 60.625 73.688 87.125
B 1.813 4.250 3.938 2438 6.375 8.313 9.250 12.375 14.625 17.625 22.563 28.688
t 1/40 1/30 1725 1/20 1715 1113 1710 1/8 1/6 1/5 1/4 173

R 169563 188500 202313  213.813 224875 236313  243.500 246.563 249.250 252.000 251.188 253.000
G 104500 118.750  137.000 155750 176500 193500  209.625 225313 240.125 252250 252.813 253938
B 33313 43.188 58.438 71.125 93.250 114.375 130.313 146.688 164.500 177.750 202.688 222.625

FIEBBEAE SRR EY, —RFER AR ESTEEAE 10~240 ZjH, h(10)R 40, #3Ht
OB EE SRR 4 BIELL, SRR p A

P =Pt | FHBLI=t, It j=1,2,-,n ¢1))

BT RIS A R KR et RS A E R TR, TG ESHEMNEEH, HIREN

MULE SRS NARHAMENL, X BLAWR CEMETIRMIRE, BiLLX B 1R AR RS g sy

#®3 WA HyBEEMESEITE

Table 3  The fitting parameter value and evaluation for polynomial and yexponential fitting

Channel Fitting function Correlation coefficient
X R=4154.77562p—35229.64782p" + 146188 49536p" — 226685.14071p* 0.99806
R=514.71851xp" 8% 0.96262
G G = 1813.14707p ~ 7627.51022p" + 18068 91027p" — 17040.38522p" 0.99962
G = 421 21384xp" 7 0.98055
5 B=511.04115p—277.1529p” — 291 02599p" + 280.97228p" 0.99722

B =239.95995xp" 16 0.97271
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Fig3 Polynomial fitting for red channel
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Fig.6 yexponential fitting for green channel
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Fig4 yexponential fitting for red channel
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Fig.7 Polynomial fitting for blue channel
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Fig.5 Polynomial fitting for green channel
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Fig.8 yexponential fitting for blue channel
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