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Abstract: Accurate measurement of laser spot parameters after transmission in the atmosphere is a key technical
means for studying the effects of laser atmospheric propagation and analyzing the performance of laser emission
systems. The methods of measuring laser far-field parameters mainly include array detection method and camera
imaging method. However, the current measurement and analysis of laser atmospheric transmission effect
basically use array detection method. Because the detector array target detectors cannot be arranged uniformly
and tightly due to the limitations of space physics and R&D costs, this will cause the distortion of the sampling

spot and the far-field spot parameters cannot be accurately measured. Aiming at this problem, a set of laser

Wris H#A: 2022-02-20;  1&iT HHB: 2022-03-25

EEWH: FEARFIAHS (41875033)

fEEBMN R, 5, WA, EEASROES BN .

SRR GERLL, 5, A, T, FENFREOE A SO IS0 & % 7 T A 9T

20210921-1



ISk A2

%94

www.irla.cn % 51 %

parameter measurement system based on diffuse reflection imaging method is designed in combination with the

high resolution of the camera. The minimum measurement resolution of the system is less than 0.39 mm, and the

average deviation of the centroid position is 0.05mm, the uncertainty of the power from the measurement spot to

the target is better than 10%. The system can effectively measure the tracking accuracy and target power of the

laser emission system, and has accumulated a certain theoretical basis and experimental data for analyzing the

laser atmospheric transmission effect and analyzing the performance of the laser emission system.
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Fig.] Measurement system structure diagram
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Fig.2 Schematic diagram of diffuse reflection target surface

A TE - BR 7 7] )3 HE (Directional Hemispherical
Reflectance, DHR) 7£ 1064 nm F) 77 .0 3 B 35 3 92%,
BB Y Ut 8, 1 W I AT AR 52 45 v D) 56 9 i
HIOEHE IR, BA B HTBOCIR R B . 1 20°0)
T BN, R In] [ 5 4 A R 4R (Bidirectional Reflectance
Distribution Function, BRDF) H-F /N 0.5%, 3 1 1]
VI, TR e M A8 4 A HIL S BB 2 R GE T THR7 K .

() =WAE

o T R G A2 AT WOGAHAIL, S 1 3k 5 AT ULt

20210921-3



ISk A2

% 94 www.irla.cn %51 A%
® 12 RETEE KR G L EiE {jww:hx”ﬂkhx 3)
Tab.1 Diffuse target surface hemispherical reflectance i(x,y) = kY +ks¥ + koY
data {ﬂnw=h+hX+hY+mW+@XY+&W @
Wavelength/nm Directional hemispherical reflectance i(x,y) =k + ke X + koY + kioX2 + ki XY + k1, Y2
1030 0.918
040 0ol A1 PR QI 25 L 2455 45 R B, 0 2 i —
1050 0.919 VU 31T 0 T00 85 AR A 240 SROXS N7 g, E 330 oo 2T g AR A
1060 0.919 AUAT LU — X A A 2Ok R, HRak =N
1064 0920 J(x5y) = kX + koY + ko XY + k4
1070 0.920 { (5)

T Bt 1) 2 1O 0T 22 40 DN e 5 2 3 s ), 6 AR ML Sk
IR 0 38 98 AT 28 BOE BB . E AT
FATHUL I BEA 1050 nm, 274 5 8 20 nm A, 3513 %
H85% AT, AR ZEN 1.46%. HA R 2]
PE, BEWE A RGBT K
22 RGEHHZEN

I 55 28 8 00 4 vy B SR 4R A5 BRI AIE Ak 3
ST I, B R R SR E SR I
PG 1) W A8 A5 A LA KA A7 55 D) RE s 2008 b B350 Br 53
SR UG EE 1 b 343 BT g, A5 BHOE HGE 6 BE
UG BRBRORG B2 L DR B p IR, BB LB
HE, FEYFRLE —RIDLBESEL

(1) Zdi R AR

FEEE R T, S5 T B0 2 R A W A
RIEAL B, p F AH AL 5 80 1 A7 AE — 5 1 5 AR B O
22 , FHBLAE XS 8 AT B A o 23 T B B PR 1) L AT i 2
FIRE IS0 R AR, T DL TE EUSCR A iy 2 A7 R 1Y)
JUAT IR R A o MR UAT MR B 7 125 e 2 i 4 14
G AR T A R IR R 7 AR A S, ST AR 2
TEASE Y, FLYCR I 0 4 R0 8 RS IE RS R S0, I
i A AR W 7 I S ) BRSO R T NS RS R AT A
18 15 W5 A2 B R fley), A8 A I Ak B S 9 AR R
FXY), A8 2 W 722 i Ji AR AR bR £ (o) AT (XGY) B G
RARIRN:

X = j(x,y)
{Y=K%W

s ey i) 43 2 m R b x T 1) A A A
y 5 T AR AR 7 A L] W 725 s 14 B 28 PRI 3k e A8 ]
43Ry TRT BAL B 2 1 W AR AR LR AR AR, BAR I L M AR &R
A n] R 4

2

i(x,y) = ks X + ke Y + k7 XY + kg

TE 1% 7 B8 W R IE H AT e BOHE T O A B TR
E AR, FUSEARARIT IS SR A R I 5O 0 kAT — Ak
Ab PR T opency HH A SR AL A I [5O3 BBOCH: B
O LB AR o TG ARKT 0007 B E ML T b AL B
fIE U J7 I8, B LA O A5 AT B O R IR A
A T AR I ) 1 8 Sy 0 A I 0 T B AT 75 3]
PR b RRAE 00 BT A o 0 A A5 A 7 A
AT (5) Hv BIRT SR e A2 A 1 R AR, fe J AR A1 I
S5 G Z 00 JHE F R TR B AT 5 MR A I, PR B
KEHT A B & anTE 3 Bion .

Pl 3 WK IERTR YRR o (a) ML AL IERTCHERIR; (b) HARAL
EJRCBE G

Fig.3 Spot image before and after distortion correction. (a) Spot image
before distortion correction; (b) Spot image after distortion

correction
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Tab.2 Position coordinates of feature points after distortion correction

Actual coordinate in ¥ Actual coordinate in X Ideal coordinate in ¥ Ideal coordinate in X Y direction X direction
direction/pixel direction/pixel direction/pixel direction/pixel deviation/pixel deviation/pixel
132.92 167.39 132.54 167.39 0.38 0
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Fig.4 Schematic diagram of system tracking accuracy test
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Fig.5 Curve of spot centroid position under different powers
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Tab.3 Coordinate data of spot centroid position

First location

Second location coordinates

Third location coordinates

Laser output power/W C(.)ordi.nates (X-direction)/mm Deviation/mm (X-direction)/mm Deviation/mm
(X-direction)/mm
~3000 -19.03 —29.24 10.21 —39.28 10.04
=1500 —-18.93 —29.04 10.10 —=39.05 10.01
~1000 —-18.92 —29.01 10.09 —39.03 10.02
~560 —18.84 —28.90 10.06 —38.89 9.99

20210921-6



s Gk A2

% 9 www.irla.cn %51 %
HHEHEE ] 0.99, 2.20E+008
) N =/ ey 2.00E+008 + e ADU
1A 6 AT LU H, R GE0 573 5] ADU {5 %00 S0mr00s | y=3 141 1xX-8.08E6
ARG E i A IEA 5, 1T ADU {55 B G I ] 4K 1.60E+00g | U fosauare 0.99
I EE AR X M TT LA 30 2 R 5 28 14082008 |
A 1.20E+008 |
P ADU x| EXPOse T.imeo Transm.ittanceo <K (1) < 00E+008 |
Expose Timey /\ Transmittancey 8.00E+007 |
K. ADU A32BRiiRT 75 %] ADU {; Transmittance, jggiigg; I
A1 Expose Time, 4 7 477 A B A7 I 4600 R 60 20051007

B AN R GRS ] k bR DR T oG &R 5L PR
LT Y ADU ERY LR . SERRAE i 7 s i 2k
AR WG [] 25 9 85 2R 42 14 3 S Y I I 2 2 R SR
RN A Y AL 48, BT A 35 A B B OIG I 1) s 2 sl 2R
GEIE R R E N A IE, IBAROCEEIR AT A5 (12)
KA

P = ADU x ( Transmittance, )

Transmittancey

(12)
PUEOGAS 70% FHGCINEE . GRS 20000 ps.

0.000 10.000 20.000 30.000 40.000 50.000 60.000 7

Transmittance
6 ADU 5 EMASEIL R LR

Fig.6 Relationship between ADU and attenuation system transmittance
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Tab.4 Results of laser power measurement

Laser output power/W Attenuation system transmittance

Measured laser power/W Uncertainty of measurement

1870 1.66E-05 1870 0

1340 2.72E-05 1400 4.29%

1220 4.13411E-05 1120 8.93%

620 9.268 37E-05 584 6.20%
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