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Design and implementation of a high dynamic range low—level-light

camera based on tensor optimization

LI Xin, TANG Qi, ZHOU Haian, NAN Nuo, FENG Xingtai, YUAN Yuan
(Beijing Institute of Space Mechanics & Electricity , Beijing 100094, China)

Abstract: A low-light-level camera system is designed based on the scientific Complementary
Metal Oxide Semiconductor(CMOS) image sensor LTN4625 in order to meet the requirements of the high
resolution and high dynamic range low light imaging system. According to the readout structure
characteristics of pixel of LTN4625,the FPGA is taken as the control core of the camera system and an
image fusion algorithm based on tensor optimization is proposed. The dynamic range of the camera is
extended effectively and the image quality is improved. The imaging test results show that the camera can
output pictures at 50 fps and the resolution of image is 4 608 x 2 592. The dynamic range of image is
improved to 54.7 dB from 5.2 dB for low gain data and 11.4 dB for high gain data. This design is a kind of
low—light—level camera design method with high dynamic response range and good imaging effect under
weak light environment.
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Tablel LTN4625 basic performance indicators
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Fig.1 Diagram of camera system structure
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Fig.3 Flow chart of fusion algorithm based on tensor analysis
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Fig.6 Imaging test results of low light level camera
&1 6 TEAIBLIS G s S
&g

FESr BT LTN4625 (5 Z 32t FR S A Al b, 255 25 JB AR B A i v o RIS e R AR P B 25K, SR ik g
FPGA 1 ¥ il i 0, Wit IS8 7 B A KR &5 40 B ) i 8l 2830 B A RO BUR R 4 %?scmosiautﬂmﬂii*
fn AR P RE A, R T MLk BRI G R, Gl R CP A . A AN A, BT ALS &
G MRS RERY, AaJE M EMR S & fil%}}\ﬁigﬁié&%ﬁﬁﬁszdB%HmiﬁﬁégHEE’J114dB}5!:.E'J§IJTs47dB &}
BALEBCRAR T, W 2 o B s A RO A LT R R



868 AHZEMEERFERER 20 &

S % k-

(1] PN TS S0 R 55 . m sh 8BRS CMOS AHLE T 5 U&7 BT [J]. Wk 5 s, 2017,32(3):240-248. (SUN Honghai,
HE Shuwen,WU Pei,et al. Design and imaging analysis of high dynamic scientific CMOS camera system[J]. Chinese Journal of
Liquid Crystals and Displays, 2017,32(3):240-248.)

[2] GROSS E,GINAT R,NESHER O. Low light level CMOS sensor for night vision systems[J]. Proceedings of SPIE, 2015,26(2):156-162.

[3] A&7 30, FAEA FNE WG, S5 . S s BFRHEH CMOS HHPL R G T [J]. W5 R, 2015,30(4):729-735. (HE Shuwen, WANG
Yanjie,SUN Honghai,et al. Design of high dynamic scientific CMOS camera system[J]. Chinese Journal of Liquid Crystals and
Displays, 2015,30(4):729-735.)

[4] M XVF ARG . WOCER A I P 58 [J]. iR [ 5 & 2, 2018,39(2):63-72. (WANG Peng,LIU Qi,XU Lei. Study on
timing design of a low light sensor[J]. Spacecraft Recovery & Remote Sensing, 2018,39(2):63-72.)

[5] TEMXEET .55 —Fh 2L FPGA I F WS A 2 BIL ()], B 25 5 75 B 27441, 2017,15(6):1066-1070. (YU
Mengwei, LIU Yang, YIN Tao,et al. A multithread FPGA timing—driven routing algorithm[J]. Journal of Terahertz Science and
Electronic Information Technology, 2017,15(6):1066—1070.)

[6] SUNGHO S,SHINYA I,SATOSHI A, et al. Column—parallel correlated multiple sampling circuits for CMOS image sensors and
their noise reduction effects[J]. Sensors, 2010,10(12):9139-9154.

[7]1 B HCHRBESE . GORMOCTE( £5 Kol M i U L 7 Y5 (1], D624k, 2017,37(1):63-68. (XIA Guo,HUANG Chan,WU
Xiao,et al. Measurement method for gain and readout noise of micro spectrometer[J]. Acta Optica Sinica, 2017,37(1):63-68.)

[8] WAL BEE W, 2% [, 45 . BUF EHRRAG [M]. 79475 4 32 38 K27 At 2004. (QIN Zheng,BAO Fuming, LI Aiguo,et al.
Digital image fusion[M]. Xi'an,China:Xi'an Jlaotong University Press, 2004.)

[9] KOLDA T G,BADER B W. Tensor decompositions and applications[J]. SIAM review, 2009,51(3):455-500.

[10] DhA, Bk, 25K . F T ok &0 g i 1L 2 R G s AL ()] BHE 50151, 2018(22):43-47. (MA You, WANG Qiang,CAI
Changhai. Satellite remote sensing image enhancement algorithm based on tensor decomposition[J]. Science and Technology &
Innovation, 2018(22):43-47.)

[11] AL . R RS E% mﬂAﬂé%&ﬂiﬁﬁﬁ )ﬁ%ﬁ TR K2, 2019. (XU Lijuan. Research on key technology of
image fusion of different source sensor[D]. Chengdu, Chma University of Electronic Science and Technology of China, 2019.)

[12] REZ=H faf b, i DS, 55 . 5K 5 20 Ak S VR IR 90 5 W 2538 0], R AR 2838 R 272741k, 2018,35(2):120-128. (XIONG Liyan,HE
Xiong, HUANG Xiaohui,et al. A review of the research and application of tensor decomposition algorithms[J]. Journal of East
China Jiaotong University, 2018,35(2):120-128.)

[13] skBE3k . FE B A5 0 FH M), b5t 35 48 Rk 2% i at, 2013, (ZHANG Xianda. Matrix analysis and application[M]. Beijing:
Tsinghua University Press, 2013.)

[14] KESHAVAN R H,MONTANARI A. Matrix completion from noisy entries[J]. Journal of Machine Learning Research, 2010,11(3):2057-2078.

[15] GANDY S,RECHT B,ISAO Y. Tensor completion and low—n-rank tensor recovery via convex optimization[J]. Inverse Problem, 2011,27(2):25-43.

EEE T

&= B(1990-), %, M+, TARIW, FEAFRE I B 0991, &, Wi+, TREIm, FEWR N
3% AR .email:1ixin1990803@163.com. Sy 33 AR

E B984), L, Wit, MM TR, EER BMFEA992), B, i+, TEIM, FEWR
T[] Ay 3 SRR [i1] Ay 28 BRI

BEE0991-), %, Wit, TR, RZZEIEF ROm1984-), B, mit, TR, FEEIFFR M

Ti] Sy 328 SR R AR



