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Abstract  Digital cameras usually build a colorimetric characterization model through target samples, which,
however, will affect the mapping between the cameras’ response values and the colorimetric values. The existing
selection methods for target samples ignore the generality of target samples, namely that the colorimetric
characterization model built based on the optimized target samples should be applicable to any color samples.
Therefore, we proposed an optimization method of colorimetric characterization targets for the digital cameras based
on uniform color samples. First, uniform color samples were selected from the spectral reflectance of extensive real
objects. Then, the colorimetric characterization model was combined to optimize the target samples among the
uniform color samples. The results show that the optimization of target samples is subject to the data type and the

colorimetric characterization model. Consequently, different optimized target samples are obtained, and the
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optimized target samples outperform the typical target samples in terms of colorimetric characterization. In

addition, for the RAW data, an increase in the number of target samples does not necessarily improve the accuracy

of a linear colorimetric characterization model, while for the sSRGB data, more target samples will be beneficial for

enhancing the performance of a polynomial colorimetric characterization model.

Key words color; digital camera; colorimetric characterization; target optimization; uniform color samples; RAW

data; sRGB data
OCIS codes 330.1710; 330.1690; 330.1730
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Fig. 1 Flowchart of optimizing target samples. (a) Selection of uniform color samples; (b) optimization of target samples
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Fig. 4 Optimized target samples with RAW data.

(a) Optimized target samples based on linear characterization model;

(b)—(f) optimized target samples based on polynomial colorimetric characterization model with different terms, and

the number of terms is 5, 6, 8, 9,

and 11, respectively
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Table 1 Number of optimized target samples with RAW data

Parameter L P5 P6 P8 P9 P11
Color samples 72 30 168 504 336 168
Hue 6 6 6 9 6 6
Samples in each hue 12 5 28 56 56 28
Neutral samples 6 6 6 9 6 6
Total 78 36 174 513 342 174
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Table 2 Accuracy of colorimetric characterization for different target samples with RAW data

Linear model

Polynomial model

AEO“ < ) ~ ~ ~

DSG DC CL L DSG CL P5 P6 P8 P9 P11
Mean 1. 02 1.03 1. 00 0.97 0.91 1.01 0.93 1. 14 1. 00 1.13 0. 89 0.99
Max. 2.71 2.54 2.69 2.42 2.04 2.00 1.83 2.60 2.32 2.30 1. 89 2.00
Std. 0.55 0.57 0.58 0.48 0. 47 0.52 0. 47 0.47 0. 36 0. 34 0.38 0. 40
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Fig. 5 Optimized target samples based on sRGB values and polynomial colorimetric characterization models. (a)—(e)

Optimized target samples based on polynomial colorimetric characterization model with different terms, and the

number of terms is 5, 6, 8, 9, and 11, respectively
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Table 3 Number of optimized target samples with sRGB data
Parameter P5 P6 P8 P9 P11
Color samples 126 72 168 1008 504
Hue 18 18 12 18 9
Samples in each hue 7 4 14 56 56
Neutral samples 18 18 12 18 9
Total 144 90 180 1026 513
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Table 4 Accuracy of colorimetric characterization for different target samples based on sRGB data

Polynomial model

AE, - N -

DSG DC CL P5 P6 P8 P9 P11
Mean 1.77 1. 64 1. 88 8.98 7.95 8. 19 2.05 1. 64
Max. 5. 49 4.06 6.30 13. 49 11.28 13.03 4. 44 3.82
Std. 1. 37 1.02 1. 45 2.29 1.77 2.05 0.99 0.88
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Fig. 6 Color difference maps of the recovered colorimetric images with two targets respectively.

(a) Original image

represented by sRGB image; (b) color difference map of the recovered colorimetric image with DC target; (c) color

difference map of the recovered colorimetric image with P11 target

1133001-7



EILL
R PR — MR R FERIEGRN XYZ H5H
F B AR BEA RN Z2 10 20 0 B AR AR AL ASE R 1T AR 1Y XY Z
fH 2 [ #Y CIE DE2000 a2, FH DC 1 P11 k&
) 8 B AR 1 7 4 68 22 43 51 R 3. 64 Al 2. 14, AIA
HaA Rl LA EL R PR R B (0% R R A
2/MF DC.

4 4 1w

AR SCHEF 5] B RE A P AR 2 T AS [R] 9 B
FEBL G RRAE AL B b o B8 25 800 (0 32 R AIE b 4SS 7Y
Bix HARFEAR DAL A . X T RAW Bdi, B T
2R 1 10 B RRAE AL SO AL A5 2] 1Y B AR FE AR TT LR AR
BRI ) € B R AE ARG BB L 1T 9 391 22 T 2 5 B R AE Ak
R TR PR R g . U6 P 9 00 22 00 X 3 R AE A A TR
A DL ERA H A0S RGB RAW i 3 {5 5 CIE XYZ
b A N3 S N EN SR TN =N SRR D
HAR—E PO L RS . X T sRGB
Bt 11 122 3 (0 B R AR AR A R O Ak A5 2] 1 H bR
FEAS B €5 B R AE ARG B2 e e o X T 11 30 22 30 5 48 i
FRAE ALY FEAR B 3 2 1 H bR BE AR A R F
JERRAEfL M BE R 4R T, I, 2T b RGP
B® WXl A sRGB $45 5 CIE XYZ = Hl3# i = 7]
MR 2k Pk W 5 56 R A E B, Ak, AT
RAW %4, 223751 X (0 5 47 AF 10 A5 Y R B8 RS 1fE Hh
PG sRGB $ll 5 () (2 1A A AR R M g K &

s £ X #t

[1] Gaurav S. Digital color imaging handbook[M]. Boca
Raton: CRC Press, 2003.

[2] Cheung V, Westland S. Methods for optimal color
selection [ ] ].
Technology, 2006, 50(5): 481-488.

[3] FangJ] Y, XuH S, Wang Z H, et al. Homogeneous

polynomial model for colorimetric characterization of

Journal of Imaging Science and

camera with variable settings[J]. Acta Optica Sinica,
2016, 36(8): 0833002.

TET, AR, WL, L ORPLS BT AR 1 5F IR
Z Ui B R AE LR AL [J]. S 2= 4Rk, 2016, 36

[4]

(5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

1133001-8

413 5 11H/2021 F 6 B/kFER
(8): 0833002.
Chou Y F, Luo M R, Li C ], et al. Methods for
designing characterisation targets for digital cameras
[J]. Coloration Technology, 2013, 129 (3): 203-
213.
Eckhard T, Valero E M, Andrés J H,

Adaptive global training set selection for spectral

et al.

estimation of printed inks using reflectance modeling
[J]. Applied Optics, 2014, 53(4): 709-719.

Hong G W, Luo M R, Rhodes P A, et al. A study
of digital camera colorimetric characterization based
on polynomial modeling [J]. Color Research &
Application, 2001, 26(1): 76-84.

Mokrzycki W S, Tatol M. Colour difference SE: a
survey[J]. Machine Graphics and Vision, 2011, 20
(4): 383-411.

Qin J.
hyperspectral images EB/OL]. (2016-12-10) [2020-
11-16]. https: //ridiqulous. com/spectral-reflectance-
database/ .

Jiang J, LiuD Y, Gu ] W, et al. What is the space
of spectral sensitivity functions for digital color
cameras?[C]//2013 IEEE Workshop on Applications
of Computer Vision (WACV), January 15-17, 2013,
Clearwater Beach, FL, USA. New York: IEEE
Press, 2013: 168-179.

Monno Y, Kikuchi S, Tanaka M, et al. A practical

one-shot multispectral imaging system using a single

Spectral  reflectance  database  from

image sensor [ J]. IEEE Transactions on Image
Processing, 2015, 24(10): 3048-3059.

I.E. Commission. Multimedia  systems  and
equipment-colour measurement and management-part
2-1: colour management-default RGB colour space-
sRGB: IEC 61966-2-1 [ S]. Geneva: 1. E.
Commission, 1999.

Xu P, Zhang K Q, Zhang H J, et al. Colorimetric
characterization of digital reflection microscope based
on non-RAW data []].
Progress, 2021, 58(1): 0133001.

WS, ke, FMdEAE, . AT HE RAW H0iE 19 41
i S 5 B B AR AR AL LT WOt 5ot 7R it
J&, 2021, 58(1): 0133001.

Laser &. Optoelectronics



