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Analysis of Influences of Micro-Rough Surface Parameters on
Laser Speckle Field

Gao Weike, Du Xiaoping, Wang Yang ', Yang Buyi
Space Engineering University, Beijing 101416, China

Abstract In order to analyze the influences of rough surface parameters on the statistical characteristics of laser
speckles, it is necessary to study the mapping relationship between laser speckles and target materials. Random
rough surfaces with different combinations of root-mean-square roughness, correlation length, skewness, and
kurtosis are simulated by computer, and the laser speckle patterns generated by these random surfaces are analyzed
and processed based on the theoretical model of the laser speckle field. The results show that various surface
characteristic parameters will affect the statistical characteristics of the laser speckle field, and the laser speckle
fields formed under different combinations of surface parameters show great specificity. Therefore, the statistical
characteristics of laser speckles studied in this paper may be used as effective information to distinguish the surface
of materials in the future.
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Sample size /pm R, /pm R../pm B /mm
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Fig. 6 Setup of laser speckle experiment
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Table 2 Laser speckle contrast

Sample Simulation Experimental

. Error /%
size /pm result result
0.2 0. 4492 0.4926 9. 66
0.4 0.8657 0. 8867 2.10
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Fig. 8 Speckle autocorrelation function
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Fig. 10 Probability density distribution function of speckle
light intensity of 0.4 pm sample. (a) Experiment;

(b) simulation
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Fig. 11 Laser speckle patterns under different root mean square roughness. (a) 0.05 pm; (b) 0.5 pm
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Table 3 Parameter combinations of Gaussian rough surface

Group 1

2 3 4-9 10

Root mean square roughness R, /pm 0.05
Correlation length 8 /mm
Skewness 0
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Table 4 Parameter combinations of non-Gaussian rough surface

Group 1 2 3 ! 5

Root mean square roughness R,,, /pm 0.1 0.2 0.3 0.4 0.5

Correlation length 8 /mm 0.3 0.3 0.3 0.3 0.3
Skewness 0.5 0 0.5 0.5 0 0.505 0 0505 0 0505 0 0.5
Kurtosis 2 3 2 3 4 2 3 4 2 3 4 2 3 4
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Fig. 12 Influences of Gaussian surface parameters

on speckle contrast
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Fig. 13 Influences of Non-Gaussian surface parameters on speckle contrast. (a) R,,=0.1 pm; (b) R,,=0.2 ym;
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Fig. 15 Influence of correlation length on speckle
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Fig. 16 Two random rough surfaces with different correlation lengths. (a) 0.3 mm; (b) 3.0 mm

20.4' 20.4 i 80.4'
] = N\Y . = 3
> > >
o o =
£ L L
Z02F 302 302}
[} [ [}
g g =]
o 3 o
3 3 3
= = =
Z, . . Z, . . C . . ‘L
100 200 100 200 100 200
Ax /pixel Ax /pixel Ax /pixel
0.4
5} 5} <5}
= =] =]
.§ .§ .§ (f) ..... 4. ..... K=2
[} (] [}
g & =]
] ] o
Q Q Q
2 8 2
2 20 20
100 200 100 200
Ax /pixel Ax /pixel
2 0.4 2 0.4 2 0.4
g NF e g N e O bk
: : : K
£ 02 £02 £ 02 K=4
& g g
— 1 -t
- . .
= » = =
2 0 . A 5 0 . 5 2 0 A A
100 200 100 200 100 200
Ax /pixel Ax /pixel Ax /pixel

B 17 AR R S RO O H A S RN, () R,,,=0.1 pm, S, =—0.5; (b) R,,=0.1 pm, S, =0; (c) R, =
0.1 pm, S;,=0.5; (d R,,=0.3 pm, S,=—0.5; (e) R,,=0.3 pm, S, =0; (D R,.,=0.1 um, S, =0.5; (g) R,.=
0.5 pm, S,=—0.5; (h) R,,,=0.5 ym, S, =0; () R,,=0.5 pm, S, =0.5

Fig. 17 Influences of non-Gaussian surface parameters on autocorrelation function of speckle. (a) R,,=0.1 pm, S, =—0.5;
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Fig. 18 Influence of root mean square roughness on Fig. 19 Influence of correlation length on probability
probability distribution function of light intensity distribution function of light intensity

0.4

0.4

. 0:5 1:0 1.5 L 0..5 1..0 1.5 e 0?5 1?0 1.5
I I I
Pl 20 v 3 2 17 2 KO0 OB B ME R % I R B S I . () R, =0.1 pm, Sy =—0.5; (b) R,,=0.1 pm, S, =0;
(o) R,.=0.1pm, S,=0.5; (&) R,,=0.3 pm, S, =—0.5; (e) R,,=0.3 pm, S, =0; () R,,,=0.1 pm, S, =
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Fig. 20 Influences of non-Gaussian surface parameters on probability distribution function of speckle intensity. (a) R, =
0.1 pm, S,=—0.5; (b) R,.=0.1 pm, S, =0; (¢) R,.=0.1 pm, S, =0.5; (d) R,.=0.3 pm, S, = —0.5;
(e) R,,=0.3 pm, S, =0; () R,,=0.1 pm, S,=0.5; (g¢) R,,=0.5 pm, S,=—0.5; (h) R,,,=0.5 pm, S, =
0; (i) Rpo=0.5 pm, S, =0.5
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Table 5 Influences of rough surface parameters on statistical characteristics of speckles

Light intensity probability

Speckle statistics Contrast Autocorrelation function o i
distribution function
Root mean square roughness Increase Decrease Approaching negative exponential distribution
. ) ) ) Central peak is reduced, and changes on
Correlation length Increase Longer fluctuation period ) .
both sides are not obvious
When R, is small Decrease Increase
Kurtosis Peak increases
When R is large Increase Decrease
Increase first and ) ]
Skewness No effect Decrease first and then increase
then decrease
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