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Abstract; Compared to traditional scientific CCD cameras in which the exposure of each pixel starts
and ends synchronously, rolling shutter sCMOS cameras have recently emerged and operate based on

an asynchronous start and end time, but with the same exposure period. For space debris observation,
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it is necessary to evaluate the effect on the measurement accuracy due to the asynchronous exposure a-
mong the sCOMS pixels. Firstly, the working sequence and max delay of certain sCMOS cameras
were tested, and a correction formula was obtained. Subsequently, several laser satellites were select-
ed as observation targets to test the astronomic positioning accuracy of space debris under two typical
observation modes. The differences before and after exposure with non-synchronization correction
were then compared. The experimental results indicate that the working sequence of a rolling shutter
sCMOS camera is consistent with a theoretical device, and the maximum delay in the border row is 10
ms. The results also indicate that the internal accord accuracy of the staller position is better than 2
arcsec, and better than 3 arcsec for the precision of object astronomic positioning. Rolling shutter sC-

MOS cameras can be used for space debris observation with high-precision position measurements.
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Fig.1 Technical parameters of FLASH 4.0 sCMOS camera™®’
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Fig. 6  Imaging results when camera synchronizing with

light source(exposure time: 20 ms, delay:0 ms,

lighting time: 200/4 000/9 999 ps)

ARBLS TADGAT [ 28 AR B s 61 ] 7 B s
R & LS T H, 7 jiD) v R HE 3R s 19 2 TN DG
KT Frgk i se iRl . HA DT A5 BLAR A A1
7 [X 35 T U R ' A RE 7 X 0L IX 38 AR 1% . B P A 2R
fOHE 5 8 (0 OGBS 3 0 A & H BOE A .
TN DGAT A5 I TR] R 8K A B 55 21 4% 2% 8% PR 0 1Y)
IS BT T Ui W ' L AH R DX 8k B T B A 2 O
B BB NDGAT s 52 B A GA 2 10 ms B B A~ 5E
T A g 2 0 AR AT A B 320 9 04 AR B T o s g
BT Z e A IESR 20 10 ms,
2.3.2 WRITHR T

TN DG AT $5 B2 2558 B 8] [ 22 24 1 mis , AHAIL B
s Bsf R 35 B [ 22 A 2 ms o 2R TN G KT T Ui 05 5 Y
FEF I SEAH LR 45 %, Wl 8 s . X MR E
TR TAERFEWE 9 frs CE K- W F /BT
WO« R TRDGKT 5 BARAILAE R X 5 46 B8 56 A

Global exposure timing output 1 [
Trigger ready output 1 i i
(Camera Link) :
Trigger ready output || 1
(USB 3.0)

*Delay-87 8 us Jitter:9.74 us .
*Delay:292.33 ps Jitter:32.48 ps{Slow scan mode)

B 7 FHLS INYGEAT [R5 AR B 7 A
Fig. 7 Timing sequence of exposure and readout

when camera synchronizing with light source

RETE X IV DX 8RB A5, BRIV &T v 2R (A 5 B (5 I D X
S A AR A A ORISR . SN IT S S AR R
R FHALIR G I 8] i, £ e B O A9 rhoo K E 22
B LA N AT AT A A 2 o PR 0 X3 T 125
BOERE

Ims 4ms § g

B8 NG IE IR TAE BUS45 3 (B .2 ms, JEIR .2/
4/5 ms, NJEAT RUSERF ] - 1 ms)
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Fig. 10 Imaging results when light source defer work
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Tab.1 Telescope parameters in experiment

Parameters Value

15 cm

30 cm
4. 475 arcsec (1 X1BIN)
8. 950 arcsec (2X2BIN)
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exposure non-synchronization correction
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