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Abstract: To solve the problem of the reduction in the position accuracy of the laser spot centroid caused
by laser random speckle in the high-precision visual positioning measurement system, the speckle mecha-
nism and suppression methods were studied. First, the causes of laser random speckle in the laser spot im-
aging process were analyzed, and the expression for the total wave disturbance at any point in space was
derived. Then, a model for the relationships among the light absorption, roughness of the imaging medi-
um, surface outgoing light signal-to-noise ratio, and random speckle intensity was established. It is con-

cluded that increasing the roughness and light absorption of the imaging medium can increase the signal-to-
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noise ratio of the outgoing light and thus reduce the random speckle intensity. Finally, comparison experi-

ments were performed to obtain the trend chart of the stability of the spot centroid position with changes in

the physical characteristics of the imaging medium, and the results validated the relationship model. The

experimental results indicate that when the laser power is 50 mW, the imaging medium had strong light ab-

sorption, and the imaging target surface had moderate roughness and thickness, the stability of laser spot

centroid extraction is within 0. 04 pixels. Laser speckle is suppressed, the stability of imaging spot coordi-

nate extraction is improved, and the accuracy of spot centroid positioning is increased.
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Fig.3 Schematic diagram of pure reflected light, mixed

light and pure scattered light
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Fig.5 Light spot images of target with three densities

MNFE 1 AT A, T FLBR K, B IR R R G BE
JBT o A s 8 R 225 1 R A 1 2 8N DG B BORRUE &
2 mmWNC $ % BE 570 A BR i B 22 18 F AR
WE 22 Fe /N, 6 BE O A bR 4R Y AR U 22 7



o513 3

T R, S RS O E 7 HOREALER 2 A B 4 1905

0. 009 pixel N . 1% & 5 56 BEASE T U 1,
5B AT 45 R — B0, A U LR AN S H TS

PR, O K 2 B9 30 AE 206 IR IR BT T BT,
T 5022 5 R A0 1 D'E B S

x1 ZHEEEEACEROLENHE, REENREE

Tab.1 Mean, range, and STD of laser centroid pixel coordinates on three kinds of density target surfaces

Mean Range STD
Target surface type
X Y X Y X Y
0.1 mm WNC 895. 627 644. 556 0.121 0.098 0.094 0. 090
1 mm WNC 887. 694 634. 385 0. 055 0.093 0.047 0.061
2mm WNC 891. 228 658. 119 0.012 0.009 0.009 0.007
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Fig. 6 Spot images of target with three roughness levels
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Tab.2 Mean, Range, and STD of laser centroid pixel

coordinates on three kinds of roughness target sur-

faces
Target
Mean Range STD
surface
type X Y X Y X Y

BCC 625.256 345.185 0.087 0.071 0.084 0.073
BFC 624.328 346.726 0.301 0.276 0.281 0.260
BAS 627.871 347.443 0.671 0.588 0.392 0.496
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Fig.7 Images of light spot on target surface of three light

absorbing materials

HR A5 0 (16) AT 1, 3 Ff 88 1o W O 1 A2 B A
T B 5, BT AN PR AR R 6 S5 g8 A B Y O B
ek HOGBESE B AR, SC 00 B0 in & 3 i .

i 2% 3 A, TBCC #0  #Y % BE o a2 1
1R, G EE T O AR bR B AR 7 25 7€ 0. 031 pixel P, 3%
AGER S5 BT g R — 2



1906 b=

K TR

%031 %

F3 =MEEMEMREEMROSRNSE, REE
MirEZE
Tab.3 Mean, Range, and STD of laser centroid pixel co-

ordinates on three light absorbing target surfaces

Target
Mean Range STD
surface
type X Y X Y X Y

WCC 624.413 344.166 0.512 0.404 0.297 0.312
BCC 625.256 345.185 0.087 0.071 0.084 0.073
TBCC 625.513 345.416 0.032 0.044 0.023 0.031
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Fig. 8 Enlarged images of target spot under eight kinds of

powers
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Tab.4 Mean, range, and STD of laser centroid pixel co-

ordinates on eight kinds of power lasers

Laser Mean Range STD
power/
Y X Y X Y
mW
10 684.339 516.197 0.031 0.027 0.021 0.011
50 683.946 516.556 0.037 0.072 0.029 0.026
70 684.778 515.727 0.061 0.067 0.049 0.037
90 683. 315 516.831 0.394 0.411 0.197 0. 201
110 686.324 517.960 0.667 0.842 0.373 0.433
130 686.871 514.713 1.330 1.522 0.811 0.861
170 683.556 513.177 1.897 2.131 1.426 1.821
200 687.334 518.463 2.529 2.614 1.756 1.937
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Fig.9 Variation curves of spot STD at eight power levels
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