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Comparison of laser speckle suppression due to angle diversity
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Abstract: Angle variation formula of illumination, which is induced by moving lens, or moving
retroreflecting right-angle prism, or rotating mirror, was derived according to imaging principle. The
extent of the angle change of illumination depends on three parameters, such as focal length of the lens,
object distance, and divergence angle of light source. The three methods introducing angle diversity were
compared. The experimental results are consistent with the theoretical analysis. The results demonstrate
that 20 wm displacement for the retro-reflecting right-angle prism and 0.02° of rotating angle for the
mirror can easily achieve two completely independent speckle patterns under the same conditions, which
provides a basis to design a motion scheme introducing angle diversity to suppress laser speckle.

Key words: laser speckle; speckle suppression; angle diversity; speckle contrast

W B #1:2016-12-05;  {£iT H #3:2017-01-03
ESTHE . FHEK A AR 4 (61471325, 61405127) 5 111 75 45 R4 2% 06 51 H (20140321002-02)
P A SRR 25 2 42 (2014021023 -1)
EFE BN R EI7(1974-) , Lo, @I W, 3 NSO B3R 2 50 RNMOG TBORE 30 ) 55 05 167 49 F 5T . Email:xmf0129@nuc.edu.cn

0806004-1



bk TR

% 8 i www.irla.cn % 46 B
PR 25 TS 1 7 A A RS O b(a, B)=gh(a, B) . T THI
05 5 s 75 5 4 R AR L 0

WO R S R Ty I A S s
b B O] FEA R A e SR, SO AR P
L2 MRS 2 T B A OB B 2 e 2 8 RUHORE O
8 A7 A 7 B R A R R R B, LS LS
B IO TR B o PRI, A 20 0T il = 0t
7R B GURAF 5T 1 BT

R ] P A SCRR AR R 2 T A AR G A gE it
N7 FCRRE VTR 4 HICBE 0 A DR, O SR b AT S ) B
P i) B 73 - 4% 5 B BB A0 A G AR 2 AR AR 2
FEPEFIB A Z A1 0 25 SCIR[2-313 W1, a5 i 4k
ZHE P i 22 RE K HORE NS LU R o 2 RO Y 1/2 4% 5 %
OGS R PR, SR B 2 Pk FURE RS 1O X
H B 0/ B JEOK 19 N/ SAAN i, b, S0 S 9 41
TEA P 2Z AN SR FOE AR B TE, X PRl DL AR
AR 2 B 58 ey 1) HBCRRE A1 ) o TR 3 A 4% ol WL B )
e 5% OG5 DR 52 B A L 20 R 2 4 ICBRE A A O 3k
18 T AR A e e B R B BN AR R 2 2
JEEF PR3 BT PR S AT BTG AR Sn A Ik B iE B
oI B AN B 45° B M B BT R Bl 4 Al
B AE o A S BT IR ROR AR HE AT 2
i 3 A NI B B R R T 1 HIOBE A
A=A, 7 5 RE LAl b B i I L BB [ RE AT 52 BE
TS S AP ORE Y R AT

SCH AT i R A A 1 S RN R A S A R R
R RE T, HIE Lo 1Ol iz ghE
B B BT R A5 A BE 51 A 2 AR A S BLEOE
BLBEAM ] A9 RCR I 05 BT TR WA A 2 A
P D BT A 5GBS

1 1 &R a0 ) R 32

B PR R B 1 7 1 B e T B I A A T
VLK FE 27 08 1O J7 ) 1975 4 . 24 IR T £ B E AG
B, e LEEIR T A A P OB PR 1 3 B B 22
HF 5L 2 12,

a(qy , 42)P=IML(Ag) Plys( Ag,) 1 (1)
S M(Aq) g 3 T 5 JE BETE b 19— B 5 AF B8, B
Ve T 2 1T 25 B BT RO 2 7R 5 0K 2 e s w(Ag) R
I B W 7 Al i OB P RE 7B . H: o R 5

(1) 76 B th 2 015 46 35 50O6 B L wi(Ag) i F %
iy

®

| | K@ Brexp(-jag- a)dadp
WAG== (2)

| [i(a, prdadp

—®

A (e, B) 4 BN DL BE b 9 58 E 73 A 5 av=(ex, B)

B 2 T b B A 4 5 Aq, 9 IO B 9% 19 B 1 43
3 Ag, WA —REZWN LSRN RN, BEFEE
o MEMEN T, TS
Ag=k[sin(0+A0)—sinb,] 3)
Aq=kIN/ P =sin?(0+A0) —\/n*—sin0; | (4)
K ck=2m/N Fom BB R A S 35 3 8 K
A S sn A 38 S 2 TR AT R
X — A 1 BE Sk Ve b ok s T 43 AT RS 2R
IM,(Ag,)P=exp(-0, Aqg. ) (5)
s oy O 3R B K VR A R 22 o
EHDCRE R AR N D W E A R, 84
R FE AR
(g = 2R (©)
ARG~ AL F, &I — b B
I 2% a2 T P A HOBE AR 1778 R gl
(2) 75 1% 9 M AZOE B L % T T (x,y) b OB
A 56 B 1) T8 R T2 B T AR R G O i eR R
P&, m) I A — b 48 5L A8 J 1) R /NI SF- T o

| [ipce. myrexp |~ (eavenay) | agin
PAx,Ay)== (7)

TIM&mM@n

Xt e LA D B o) R BRI 2, 2
KO TN -

11( kzDZr )

kDr @)
2z

KA =V ACHAY 5z 9 A I 5 4 F- 7 A 2
e KGR K@ MRARXM) P, KB —

l(Ax, Ay)lP= |2

0806004—-2



bk TR

% 8 i www.irla.cn % 46 B
A5 2 P 7 28 a2 SR TR R T T VR A01=I0’—6|=2Iarctan( dl_fé‘i_l tan(a/Z))—

T Mi(Aq.) , WA= AT A B AR A 51 R A R T '
T B B T BAR T T BA B 0 — {3 b arctan | 4= tan(as2) | (13)

Ti 28w R AERAR T B AT SR T R R K v N B
14 68 1) 5 J5E B A I R o

2 HENNHSINAESHFE

21 BARWMHAEETBAMIEZERE

W Y N, S AREE N f B R Gs B AT, K
N o WBOLEIE O 2B FH NG THRFmA Lo
SRR 0l dids, B IT LR N 05 B B
WORE Dy 1 A B SRR d JE, SRR O &0E B R
TRV B | O" i, MWW AR B 5 5 Oy dy
d' B ITALARF D 07, ML A O T A G R B
AEAE g AGy, e BT FR AL ALy AS, e i Sk B 45 J5 )
s By J5 1), M- T AP I

B . 1S

P13 BT Ot s sl ot i

Fig.1 Schematic of moving a lens along the optical axis
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Fig.2 Schematic of moving a lens perpendicular to the optical axis
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prism along the optical axis
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Fig.7 Experimental setup for moving lens case
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Tab.1 Correlation coefficients between the first speckle image and the others for four cases

Correlation coefficient Joon M2 Mz M s Mo
Moving a lens along the optical axis 1.0 0.987 0.975  0.965  0.953 0.915
Moving a lens along perpendicular to the optical axis 1.0 0.896  0.656  0.397  0.167  0.075
Moving a retroreflecting right-angle prism along perpendicular to the optical axis 1.0 0.639  0.133  0.050  0.068  0.044
Rotating the mirror 1.0 0.376  0.126  0.065  0.058  0.074
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Tab.2 Contrast of the first speckle image and adjacent multi-frame speckle images superimposed for four cases

Contrast of speckle images C, C, C; C, Cs Cs
Moving a lens along the optical axis 0.985 0.972 0.982 0976 0.985  0.970
Moving a lens along perpendicular to the optical axis 0.985 0.824 0.783 0.722 0.704 0.689
Moving a retroreflecting right-angle prism along perpendicular to the optical axis  0.974 0.736  0.701 0.643  0.518  0.488
Rotating the mirror 0982 0.725 0.706  0.628  0.501  0.471
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