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Modeling and Simulation Analysis for Crosstalk Effects and Secondary
Spots of Laser Irradiation on TDI-CCD Camera
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(School of Physics and Optolectronic Engineering » Xidian University » Xi'an 710071, China)

Abstract: Based on push broom linear TDI-CCD imaging system, the principle of charge storage and
signal transfer process was studied. According to the mechanism of saturation and crosstalk phenomenon
induced by different continuous laser conditions, the crosstalk effects model was established. The
modeling and simulation process for secondary spot was included. With an optical ray tracing model, the
irradiant distribution of the imaging result was simulated when continuous laser jamming the satellite-
borne infrared camera. Some general quality factors on imaging results were selected to qualitatively
evaluate output images with given laser irradiant angles. The research indicates that the laser jamming
result is different as the laser incident angle changes. At the given condition of 1.064 um off-axis laser,
when the laser incident angle differs from 2.86° to 2.89°, the secondary spot appears; When the laser
power density is increased by 1~4 times, the percent of the crosstalk areas after laser jamming raises to
some extent.
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Fig.3 Transfer process and mechanism of saturated charges

B2 50 3% 5 ER o 2 M6 QB Q. 0% M Ci ) (3 0 A 0 o 6 A 6 T 4 — B 1D B 9 9 £
QBF.Q., Z [ 36 R& JBHiE ,

1) % Q.. < QBF . W11 i1 8 e TR e A H i /R X0 i PRI BTE o 0 o A 7 A B

2) # Q.., > QBF . LOCHOE AR T R —SEHOT OR 5164 COD 3T R4 ILI 103 st 7 %
A 6 7 5 S B A0 T AT o 0 K 2 5 — S A 2 L 5

3) # Q. > QBF, HOEHOT IR T 15— FIDESOT C5 Fe 5 COD 3 T8 A 405 0 46 70136 14 4 77 26 £
CCD 58 | 22 %A U FE S , S BOI SR 4 OCD SLTCTE o i3 2, 42 1 5 — S0 o 3.

HRLAR L 45— TR 93 P ORI T 38 97 A e LD o L8038 U 7355 80 52 1 v e
SR 1R 3 HEHE I (5 51 A0 05 L0 3 R Bl e R 55 IO £ R G A £
s
2 HEFH TDI-CCD 8 #1850 5 4 30 B AR

Kl 4 SABOLHRE I TDI-CCD MR R G5 5 418  Fe it Fe. i e {5 B Tracpro Jb =@ B i 414 7 i AU 21
SMAPLIG S R GBI s LUK, 25 FE O TE L A0 A 26 8 T B M BE B AR L i 57 TDI-CCD Fff 3 5C 38 F 19 1
2RSS TR S G 2R i 1 A B 0 AR P R B O R I N TDI-CCD #3045 42 31 A9 A S O 5 84 23 18] 70 A1
I e FL I [ 26 J5 PP BF 422 5 5 % RS 5 TR AR 3 TDI-CCD 1% gk 245 B A0 2 5015 10 R 150 4 L 140 17 D' 8 45 i) 4
Ay H AR A S R I B BRI L A e e A/ D g e A A B D' i S (8] A X L 04 T SO EE A IR
AN 5 PR — [ e Qe 3 5 5 b, ELAR By BB i PP AR R 7 T R RCR 2E 47 1A

1214001- 3




Crosstalk effect imaging modeling

Set-up for camara parameters

I Mechanism analysis
laser modeling by TracePro

1

1

I

Imaging system modeling | | Secondary spot modeling | :

' I
laser incident angle adjustment |

TDI-CCD modeling

I
Circuit system modeling | :
T

Set-up for camara parameters

laser modeling by TracePro Photoelectric conversion

grey level quantization

I o’

Simulating the effect
by software

|

1

1

1

1

1

Output the :
simulated images |
1

1

1

1

|

1

1

v

|
:
[ Evaluate results by
|
I
|

evaluation quality factors

B 4 #ot#E B TDI-CCD AL 5 % # fn 4 3 0 2
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Table 1 Parameters of optical system
Parameters for imaging system Value
Focal length (') /mm 3300
Angle of view/(%) 2.12
F-number 10
Entrance Pupil Diameter/mm 330
Optical transmissivity 0.8
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Table 2 Parameters of TDI-CCD detector

Parameters Value
Type of detector Push broom linear TDI-CCD
Pixel size 10 pm <10 pm
Pixel number 1024X1 024
Integral series 96 levels
Charge transfer efficiency 0.98
B0 — 1&7‘6%% 2 LR 8 AR s 1A 8 < 10
Fi % TDI-CCD #5125 P 45 4% & B K — 13 —fk i 209
W 2% IR 454 TDI-CCD B {5 57 5 10 56 4 .
Sl TR AR O 1 0 28 285 S AR X A o 3 3 2 06
BN AR T g 0.5
HCAR £ 9 LIRS X 45 %0 IRy T 199 L £
BTS¢ A 20T 1 0 B £ 5 28 0 R B 202
i K 5 W s § 0.(1)
[P M.(A, TYA,; cos™(6,) 1012 1416 1.820 22 24 2628 3.0 32
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Topties (A) T o (A dA + D, [@D) H 8 WK-VI— b & dh &

Fig.8 Wavelength vs normalized response rates
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Table 3 Variables in detector response model

Parameters Definition
G; System gain of detector unit :
R; (A) Response rate of detector unit 7
[A1s A5 Wavelength of the range of optical system
M. G TS Spectral radiantexitance of a blackbody, absolute temperature of T,
A wavelength of A, calculated by Planck Formula
0, Offset angle with the central axis of the optical system of detector i
F f-number of optical system
N Rolling index 2<CN <4
M o piies Magnification of optical system
Topties () Spectraltransmissivity of optical system
A, Photosensitive area of detector ¢
T, (1) Atmospheric spectral transmissivity
D; Output voltage by all kinds of noise during the integral time of detector i
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Fig.9 Simulated results of different laser power density
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Table 4 Evaluation results of different laser power density

Power density/(mWecm %) Percentage of the saturated area/ % Degree of image correlation NMSE
5.427 5 0.47 0.981 8 0.669 5
10.855 2.36 0.594 7 0.738 7
32.565 3.91 0.547 4 0.740 3

3.1.2 RPF A ke FHAR
WEBOLIE KN 1.064 pm, PJZ% BN 10.855 mW/em” , B HO6 A ST M 58 iU 07 BLHOG A B S 8000 3%
5CAEFR AL :mm).
x5 AAANHAETHHELSHIEE

Table 5 Parameters of different laser incident angles

Position X-coordinate Y-coordinate Z-coordinate Angle with the X axis Angle with the Y axis Angle with the Z axis
1 0 100 8 000 0° —0.05° 0°
2 0 100 8 000 0° —0.05° 0°
M2 5 T SE SRS 5 A 10Ca) A4 205 HA AN 10(h) (o). fiy AT 38 o o5 728 80T 9 4 7T 74
SIS [ A7 B %) 460 0 ER B 45 L, AH L 1Y) G 5 f I A 25 2 L 3% 6.

{9
A
&l
-

(a) Original scene map (b) Position 1 simulation results (c¢) Position 2 simulation results
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Fig.10  Simulated results of different laser positions
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Table 6 Evaluation results of different laser angles

Position Percentage of the crosstalk area/ % Degree of image correlation NMSE
1 1.980 0.603 3 0.736 9
2 2.170 0.601 4 0.741 0

FH 2 6 B0 PTJ0, SO A S B R RO B P SR — A R R A e S B L R RTAR 4 S B
R 3 A R RO A AR R X R AR R 7 B AT AT
3.2 BN EAEHERFES SN
3.2.1 FREKBATHAG ELL 54

BB BOCTIREE R 217.5 mW/cm® G A S E 4 (0,230,8 000) ABAREAL N . mm) . H 5 Z 4k
£ 2.86°  WOLH KA 91K 1.064 pm,1.315 pm.2.8 pm W, 05 EEERAE 11(h) | (o), (D) FinR.

F 0 L 45 SR T SO D 2 5 ma O T P 2 SR L e R R 1 I RORE O L R AR T O R B T
Yo L, 76 52 BRI FH o T DAAR 4 7 B R A 3 OB B K
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(a) Original scene map (b) The wavelength is 1.064 um (c) The wavelength is 1.315 um (d) The wavelength is 2.8 pm
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Fig.11 Simulated results of different laser wavelengths
x7 AREKFEFHREANEGRREITFMG

Table 7 Evaluation results of different laser wavelengths

Wavelength/um  Normalized response rates Percentage of the saturated area/% Degree of image correlation NMSE
1.064 0.470 5.98 0.580 1 0.724 5
1.315 0.478 6.42 0.528 0 0.739 7

2.8 0.105 2.56 0.930 4 0.472 1
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X TR A0 BSOS 0 38 OAE A AR B OGS B CCD BRI 2% 1 AT RE 23 3000 B 1% 3OO
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40 mW/cm?® .80 mW/cm?.158.275 mW /cm? , fi EL45 5 WL 12(b) . (o) . (d).

(a) Original scene map (b) 40 mW/cm? (c) 80 mW/cm? (d) 158.275 mW/cm?
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Fig.12 Simulated results of different laser incident angles
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Table 8 Evaluation results of multi-spots

Power density/(mWecm ™ ?) Percentage of the saturated area/ % Degree of image correlation NMSE
40 5.23 0.920 4 0.576 2

80 6.22 0.611 0 0.726 2

158.275 9.32 0.522 5 0.827 3

H1E 8 FIAN : 2530 D) 5 5 B A W 39 R R — Al 3% T 1R 2 T A R AR A L 5 T B 3 0O D) A A 08 5 L A
FC T IR 8 SR L TEIAR A5 15 2R A 9 0K 52 7 A i o W S o DRI T LR el 30 o8 O A 0 38 30 A )
HOE T H Y.
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Fig.13 Simulated results of different laser power density with changed laser angle
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