A ER-INC)

Chinese Optics B

B A ] RER B CMOS B IBRARLBh A5 15 B AT

BRICE EPE BRI st SRR E R

Dynamic MTF modeling and analysis of digital domain TDI CMOS remote sensing camera
TAO Shu-ping, FENG Qin-ping, CHEN Xiao-long, ZHENG Liang-liang, ZHANG Zi-yu, GAO Tan

FUHASL:

BB, I ARVY, BRI, e, SRR, MR, BT St (] 2 3R AR5 CMOSIE BARNL 8 5 A% pR A5 73 BT [)]. Hh EDIE7, 2022,
15(5): 983-991. doi: 10.37188/C0.2022-0111

TAO Shu-ping, FENG Qin-ping, CHEN Xiao-long, ZHENG Liang-liang, ZHANG Zi-yu, GAO Tan. Dynamic MTF modeling
and analysis of digital domain TDI CMOS remote sensing camera[J]. Chinese Optics, 2022, 15(5): 983-991. doi:
10.37188/C0.2022-0111

TELR R View online: https:/doi.org/10.37188/C0.2022-0111

FEAT ARG HoA S EE

Articles you may be interested in

A O E B LS AT 4 7 ik
Dynamic range extending method for push—broom multispectral remote sensing cameras

FREDEE (FRZESC) 2019, 12(4): 905 hitps:/doi.org/10.3788/C0.20191204.0905
SRHM TR A B (R 25 3

Silicon—based ultraviolet photodetection: progress and prospects

T EDEE (RHEC) 2019, 12(1): 19 https://doi.org/10.3788/C0.20191201.0019
SIS P o D G TR A A

Hyperspectral image compression sensing based on dynamic measurement

FREDEY (FRIESC) L2018, 11(4): 550 hitps://doi.org/10.3788/C0.20181104.0550
2 = A G A% 28 R AR I 5 RN 1

Measurement and calibration of the intensity transform function of the optical 3D profilometry system

HEDEE (FhPESC) 2018, 11(1): 123 hitps:/doi.org/10.3788/C0.20181101.0123

O RAL B BRIV INED - RGBT

Design of micro—optical system for laser displacement sensor sensing probe

FREDEY (FR3ESC) L2018, 11(6): 1001 hitps:/doi.org/10.3788/C0.20181106.1001

T HERIE R R STFTRISURFRL L VE AL REBIF

Research on matching performance of SIFT and SURF algorithms for high resolution remote sensing image

rREDE (FR3E3C) L2017, 10(3): 331 hitps:/doi.org/10.3788/C0.20171003.0331



H15% 455 rhEDGE: (Hrsesg) Vol. 15 No. 5
202249 H Chinese Optics Sept. 2022

NEHS  2097-1842(2022)05-0983-09

= 9 B (8] ZE IR #R 43 CMOS iE BB H1
SRR ERS T

BpCE”, DY, B A HR R, KEEL g KD
(1. P ERZERKELERE TG WEF KB, T4 K& 130033;
2. FEBFRAF, L 100049 )

THE L6 R (MTF) 2@ BAR DL 2 PR F8 b, (E2: B A% F40E38 TDI CMOS #HAL3hZ MTF FRPEWFSE 14
FBR, N T IRAWFFHAR T T LI, 4555071, TDI CMOS Jlif 53, 27 TH27T. B 7Hel ], BRG] JR3h51#AY
75 TDI R MTF N RRECARR, 255 SRR T BV /BT AN S g gaiiE . 45 R0 B8R A AU OTIX 3843
e B MTF, HIF 3/ NE IR, CMOS AL BRER B A5 P14 308073k TDI AL MTF T RE, 447 5 i
2 M ", LA AT DA 6 s AESN 10 ps B, XERZ A EIS MTF M 0.191 FREN 0.177; BEGHT RIERA W] MTF #5,
JCHY ARG A AR BE A B B S, BRG] 180 ws Jk/NA 100 ps B, 15 MTF M 0.126 $2/&°4 0.155, {H[R] A,
SR UG AE I LL, PR S By FE v A BB R 1]

kiR e RER ARG BRAE RS B W T A RIE B S A

FE4 22 TP394.1;TH691.9 XEKFRESE: A doi: 10.37188/C0.2022-0111

Dynamic MTF modeling and analysis of digital domain TDI CMOS

remote sensing camera

TAO Shu-ping'*, FENG Qin-ping', CHEN Xiao-long'?, ZHENG Liang-liang',
ZHANG Zi-yu'?, GAO Tan'"?
(1. Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)
* Corresponding author, E-mail: taoshuping-163@163.com

Abstract: The modulation Transfer Function (MTF) is an important evaluation index for remote sensing
cameras, but at present, the research on the dynamic MTF characteristics of digital domain TDI CMOS cam-
eras is very limited. In order to deeply research its image quality degradation mechanism, combined with the
principle of digital domain Time Delay Integration Complementary Metal Oxide Semiconductor (TDI
CMOS) imaging, a mathematical model of digital domain TDI imaging MTF degradation caused by pixel,
electronic shutters, exposure time and vibration is established. Combined with the derived model, the predic-

tion analysis and experimental verification are carried out. The results show that the regional distribution of
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effective pixels of the sensor will affect the image MTF with a greater intluence from smaller opening rates,
and the rolling shutter of the CMOS sensor will lead to the decrease of the digital domain TDI imaging MTF
with a more serious impact for slower rolling shutter speeds. When the rolling shutter speed changes from
6 ps to 10 ps, the corresponding image MTF decreases from 0.191 to 0.177. As the exposure time shortens,
the MTF grows higher, especially when there is low-frequency image shift mismatch. When the exposure
time is reduced from 180 ps to 100 ps, the MTF increases from 0.126 to 0.155 with some influence on the

image signal-to-noise ratio. Therefore, the exposure time should be reasonably controlled in practical applica-

tions.

Key words: TDI; image sensor; rolling shutter; MTF; image motion
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