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Extreme luminance measurement method based on high dynamic range imaging
QIN Yan, LIU Ruixing, KANG Zhen, LI Hongguang, GONG Jingzhu, SUN Yu'nan, ZHAO Juncheng
(Xi'an Institute of Applied Optics, Xi'an 710065, China)

Abstract: In order to solve the problem of extreme luminance contrast in light pollution, an extreme luminance
measurement method based on high dynamic range imaging technology was proposed for complex lighting
environment. The 24 color standard color card and CS-2000 spectrophotometer were used to calibrate D5300
digital camera, the fitting relationship between the luminance distribution image with high dynamic range and
the stimulus value of CIE 1931-XYZ surface color system was obtained, and the accurate measurement of
luminance distribution in extreme Iuminance contrast environment was realized. Through the field
measurement in urban roads, it was verified that the dynamic range of luminance measurement of extreme
luminance measurement method based on high dynamic range imaging technology could reach 10, and the
relative errors between measured value and standard luminance value measured by CS-2000 spectrophotometer
were —2.2% and —2.5% respectively. It shows that this method has good applicability, which can provide
metrology support for efficient and high-accuracy measurement of road lighting quality, and also provide the
solution for effective prevention and control of complex light environment problems such as light pollution.

Key words: luminance; high dynamic range imaging; CIE1931-XYZ surface color system; metrology
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Table 1 Main performance parameters of camera and lens
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Fig. 1 Luminance calibration experiment
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Fig.2 Low dynamic range images by camera
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Table3 (R, Gg, B,,) gray value of selected color blocks

Rgv va Bgv
e 0.00177 0.00152 0.00118
{uR2\9) 0.00021 0.00021 0.00009
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s 0.00153 0.000 64 0.000 69
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ahe7 0.00036 0.00074 0.00019
s 0.003 09 0.00298 0.00002
k9 0.00049 0.00306 0.00306
@10 0.00306 0.00306 0.003 06
11 0.000 54 0.00052 0.00050
B2 0.00008 0.00007 0.00007
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in road environment

0 MR ZEEEE/(cd/m®)  FHRXTRIE/%
T
ﬁpﬂ%gﬁxgﬂu D5300 CS-2000 10189 10423 22
MONJGE R D5300 CS-2000 513 5.26 25

4 g

A SCHRE T AR T Bl A AR R Y
e i 5 B DN i 7 3%, R b A 1 ERCRD AR AILAE S DU
WA, 1 I BT G AL B AR I A A Rk
1o BN A R B, ISR ICRE FE AR B . A 7E 1A
IRBE v S ) i, B IE T 3 T o A R 1A
R 5 R ity A ) I 1 L T 3K 10%, il A2 T I A
355 HECBH Tt A PPN T oK o R B DU B s R
B, % 1 7 VAR B R DU AE /T CS-2000 4356
A BT DA A 2 AL, 2 A It A
55 CS-2000 53 58 5 5 BE TH I A 5 B (B A0 AH X 1R
=22 % F1-2.5 %, F W13 T 1 3h 457 Fl Al
A8 A 1 W i 2 P I it EL A A e 1) T R
T

Wil 5 v A RBH | PR BRBH D B 4% 238 1 A
KT BT 32 N, 1205 35 AT LA o T I 2 45 A A o
St GRS BRI AL, Ay B RO O A A 4R
FHE RO R, BA T2 i A E .

&3 3 ik:

(1] fuf&Fse, FAEAR, PNEEIE, 45, S TDMDI R shAs i Fl
SEHEOAR [T]. 67741, 2015, 44(8): 99-105.
HE Shuwen, WANG Yanjie, SUN Honghai, et al. High
dynamic range imaging based on DMD[J]. Acta Photon-

[2]

[3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

ica Sinica, 2015, 44(8): 99-105.
YENJ, HUO Y Q, LIU S C, et al. Single exposure high
dynamic range image reconstruction based on deep dual-
branch network [J]. IEEE Access, 2021, 9: 9610-9624.
PAN ZY, YU M, JIANG G Y, et al. Multi-exposure high
dynamic range imaging with informative content en-
hanced network[J]. Neurocomputing, 2020, 386: 147-
164.
MOECK M, ANAOKAR S. Illuminance analysis from
high dynamic range image [J]. Journal of the Illuminating
Engineering Institute of North America, 2013, 2(3): 211-
228.
XM, AR, 4 . BTN ) Y e Sh A O
1O SR it B, 2022, 59(5): 173-180.
ZHAO Peng, YU Xin, YANG Yatao. High dynamic range
laser display based on light steering[J]. Laser and Opto-
electronics Progress, 2022, 59(5): 173-180.
MUKHERIJEE R, BESSA M, MELO-PINTO P, et al. Ob-
ject detection under challenging lighting conditions using
high dynamic range imagery[J]. IEEE Access, 2021, 9:
77771-77783.
TYUKHOVA 'Y, WATERS C. An assessment of high dy-
namic luminance measurements with LED
lighting [J]. LEUKOS, 2014, 10(2): 87-99.
TESRAL, 2 ik, X0 5. o Sl FE SR T 3 I 2R 2
FMRTTIE [I]. 224, 2021, 41(19): 145-154.
WANG Jinhang, LU Rongsheng, LIU Duanmao. Adapt-

range

ive fringe projection measurement method for high dy-
namic range surface[J]. Acta Optica Sinica, 2021,
41(19): 145-154.

FIAES, X TR sl A0 F G SR ER (1], 75221
LR 24240, 2020, 25(1): 63-67.

BAI Bendu, LIU Weihua. High dynamic range image pro-
cessing [J]. Journal of Xi'an University of Posts and Tele-
communications, 2020, 25(1): 63-67.

JEIMRER, TSR . — i T 2 3 258 (HDR) A B
i E SRR AL D). BURITEEAL, 2020(3): 63-68.
ZHOU Linying, XING Guanyu. An algorithm for recover-
ing outdoor illumination information from high dynamic
range (HDR) face
2020(3): 63-68.
Vi, PVHEHE, BRI, S T 25 (i) AR WL ) 5 S A
TR S A HLT]. WOt 506 H 722 3R, 2019, 56(4):
96-103.

ZENG Hairui, SUN Huayan, DU Lin, et al. High dynam-

images[J]. Modern Computer,


https://doi.org/10.1109/ACCESS.2021.3049480
https://doi.org/10.1016/j.neucom.2019.12.093
https://doi.org/10.1109/ACCESS.2021.3082293
https://doi.org/10.1080/15502724.2014.861279
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.3969/j.issn.1007-1423.2020.03.012
https://doi.org/10.3969/j.issn.1007-1423.2020.03.012
https://doi.org/10.1109/ACCESS.2021.3049480
https://doi.org/10.1016/j.neucom.2019.12.093
https://doi.org/10.1109/ACCESS.2021.3082293
https://doi.org/10.1080/15502724.2014.861279
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.13682/j.issn.2095-6533.2020.01.008
https://doi.org/10.3969/j.issn.1007-1423.2020.03.012
https://doi.org/10.3969/j.issn.1007-1423.2020.03.012

174 - ||

k¥

a4 1Y

[12]

[13]

[14]

ic range image synthesis for space target observation[J].
Laser and Optoelectronics Progress, 2019, 56(4): 96-103.
Bk, SRAR R, FMERE, 4. BT RCE RO AR B S R
5 30 25V AR O i B N (00, 4 B AE AT, 2017,
66(23): 127-135.

FENG Wei, ZHANG Fumin, WANG Weijing, et al. Ad-
aptive high-dynamic-range imaging method and its applic-
ation based on digital micromirror device[J]. Acta Phys-
ica Sinica, 2017, 66(23): 127-135.

BRI, SRR, A5 ORI AN R 0 6 D I bR
Bk RE (0], 632 563 /0T, 2018, 38(7): 2241-
2249.

HUANG Min, HE Ruili, SHI Chunjie, et al. Test the per-
formances of different color matching functions with the
method of comparison[J]. Spectroscopy and Spectral
Analysis, 2018, 38(7): 2241-2249.

X RS B RGN 4 R R R B n T 5
575 [D]. B IR, 2019.

LIU Minhang. Nanofabrication and coloration of metal
film via single-pulse femtosecond laser writing[D]. Shen-

zhen: Shenzhen University, 2019.

[15]

[16]

[17]

[18]

B, J7 SCU, BAML, 45, BL T oM ) B R o B 2
fle AR B I (D). Ot 50t R 727 BE R, 2020,
57(9): 55-61.

YANG Chaopu, FANG Wenqing, YANG Fan, et al.
Design and investigation on illumination sensors of pho-
topic vision based on spectral analysis[J]. Laser and Op-
toelectronics Progress, 2020, 57(9): 55-61.
NAVARRETE-DE G E, GAGO-CALDERON A, GAR-
CIA-CEBALLOS L, et al. Adjustment of lighting para-
meters from photopic to mesopic values in outdoor light-
ing installations strategy and associated evaluation of vari-
ation in energy needs[J]. Sustainability, 2021, 13(8):
4089.

ZANG X L, HUANG L Y, ZHU X N, et al. Influences of
luminance contrast and ambient lighting on visual context
learning and retrieval[J]. Attention, Perception and Psy-
chophysics, 2020, 82(8): 4007-4024.

LI M, WU P Y, DING J H, et al. The circadian effect
versus vision effect in road

mesopic lighting

applications[J]. Applied Sciences, 2020, 10(19): 6975.


https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.3390/su13084089
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3390/app10196975
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.3390/su13084089
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3390/app10196975
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.7498/aps.66.234201
https://doi.org/10.3390/su13084089
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3390/app10196975
https://doi.org/10.3390/su13084089
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3758/s13414-020-02106-y
https://doi.org/10.3390/app10196975

	引言
	1 高动态范围图像测量原理
	1.1 高动态范围图像
	1.2 测量原理

	2 高动态范围图像测量系统
	2.1 相机标定
	2.2 测量流程

	3 实验与分析
	4 结论
	参考文献

