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Abstract Imaging based on speckle autocorrelation is a research hotspot in the field of scattering imaging, but the
statistical noise in the imaging process will affect the imaging results. In this paper, by utilizing the response of
point spread function (PSF) to wavelength, we propose a method to improve the imaging quality of binary target.
Since the PSF is sensitive to the wavelength, and the PSF corresponding to different wavelengths is different or even
completely uncorrelated with each other. The autocorrelation superposition of different speckle patterns with
uncorrelated PSFs can effectively suppress the statistical noise in the autocorrelation, and thus improve the quality of
reconstructions. Simulation and experimental results show that, at the same detection distance and sampling area,
compared to the single wavelength sampling failed in reconstruction, the proposed method can reconstruct the target
completely and accurately.

Key words scattering imaging; speckle autocorrelation; point spread {unction; phase retrieval

OCIS codes 110.0113; 110.0115; 100.4550

PRl A SR AF AR L S R H *TE’J?FB{\‘ It

E1

MRS % 5 S HU A T BB 2 4
AT W B TR W
[F1] 't 9 7] g 4D £ A Ao
AR s E

Bage RE0, ) sykTE ER MR S B
2% RN [R] IR X 28 S8 10 R R P SR A

A 2R GE L[] B X 4 3l [

KiE B H . 2020-03-12; & HEF: 2020-04-12; A BHE: 2020-05-06
BE£WBA. EXAARB%IESE(61971146)

* E-mail; hlliu4@hotmail.com

1611002-1

PO

UL AR 3 FHLA TR R ™ B HUBE A A 56 T
P TG HOR T BB b AL R AN R
W 5 A R4 1 38
Rk, 2012 4F, Bertolotti 4™ ) FH 44 I 5 J3£ 1) £y
JEAR S ELT 2 H AR Y 5 i 8O A IR . 2014



% {5

A, Katz 557 ] FH B WUHORE 9 19 AH OGS B0 T B R
Gih R HARIE R, 2017 4F, Cua 21 18 5 O BE
ZEEM A ARSI 1 e s iz 3 H iR iy iR .
2018 4F-, Guo %57 3 o BB AH 56 L HE T 38 3 B An
F 38 BE RS . AERLCBE [ AH G 7 7k 35 BEARIE 2 48 1Y)
SRAE S LA B A G 3 R i Ge R BT DL R S
50 AR G-I i 3 HUR A BT B ) A X CH
s B A 0T B ) B2/ o M LA T AR 8 43 3 5 b vt
I8 B AR A T oK o R AR RT3 e R I T
TR ALAR 325 58 52 B KAR BE AR, {HFE 2 2 1] F K
AR, [] Bt A 3R B0 i P8 B8 BRI L 3 23 52 31 BT 37 56 5
ARZEFG I BRI

SR PR (PSE) X I 1 B50R%, Bl 5 DK 22 1
B8R A [ P K X I Y PSE 22 18] (4 AH 6 1 & T
B, HEAH T . AR SO 3 B 0 AS ] 9 K s R Y
H AR IR ge e A L SE R AR R I B e R (i H
PR E O B AUR S0 R AT T R IE , 45 R
T %Ik — R LAY T R AESZ B ) D
TG UE ) 2R DL K SR A TR AR, B T B R
FH I

2 RIS E

21 FHERE
I ACRON S B P O TR 28 U A RS
JE S PSF BAT F R AR M i B N 19 H A% O B
P R A 78 HF AR AE T 0 BESR AF, 000 2% b 00 HBE
A3 AL LA R R
I=0,+*S,. @))
K ,0y HVEH AR T KR T AR Y 8 &, A
SFHBR O KT M=uv/uCu Jg H 53 A B
PRS0 S BRI B B A BT BB A%, S, Rk K
KA B RGN PSF, » A& BELF. RIEEBE
ROV CHOBE TR A A E W] ROR O Oy B B AH G A
S, M HMEHER
IkI=(0y*S)%(0y *8,) =
(0 k0y) * (S, %S,), 2
K AN KLERF, HT S, kS, B—1TRIER
BOESLUM U Oy B AL S S, BT LI Bl —
Ao pRA PR rT g (2) Al
I%I=0,%0, +N, 3
K, N A AR ST
T — RN X AR B R A, a0 A AT W K
BRI S H PSF &AM T, H S, %S, #HxXFF
01k O IR 2 g YR U ok K, W) 32 40 BIOBE I 58 /9 A A

FeZ N
Dkl = >0, %0, +N,) =

70y kO, + DN, . 4)
k=1

S W O BOIE (DL 1 6 2 A R N, 0
WA T B B X () AT I A 75 51

DLk, < 0, k0. (5)

k=1
K o HIE TS, 454 Wiener-Khinchin & #,
) ELR B0

| 70, |* =70, %0, oc :ﬂih*h )=
k=1

n

DI KL =D, [T, (6)
k=1

b, 7 Sy il L A B A

52 85 ok H ¢ Fienup-type” 3 AU A0 2 R &2 5
Pt Ty AR o F g H Ar BRIk R
WE 1 PR . 46— A BE LIk 5 A H bR S
Oy k=1 TP, — R Ry X (O AT

g | S A [P B0, B

i, EAIFW [ D) |7 | expli0,) (0, K
k=1

(O, BAIETE) A7 30048 L 2R B A5 3] (0D s
O ), AT LERAE A RGN (O )t o

2D Fourier
transform P ar: n

©,), FUo)1 | 2B Tg] | KlF e
constraints

(realness and
non-negativity)

0 ’ n Vo 2 .
O inverse 2D Fourier transform \ kgll F @)Fexp(i6)

S Y AW R VA /=R RPN
Fig. 1 Block diagram of the iterative phase retrieval

algorithm

22 WIEXWEN

Pl 2 ARSI L A R AL, $OLE L
VRV RS R — A~ 3% S AU R BE SR 350 pm (9 °F I
57 45 B AR5 B 6 JUH A B e R
fr i, O R T FR AR HCBRE /N b BE L B 1
PG R E P 0 =6 cm,v=15 cm.,

U5 B RO 2 i OGN A
L5 Al R H AT S DAL i R B UOR AR 2

1611002-2



ot 2 X i
1.01
filter wheel
o
il c
wig i ds" 0.8
#*UY— — £
i/ 506
thermal light u \ detector :
source object 5 o4
g 0.
scattering layer %
- 502
Bl 2 B 3
Fig. 2 Schematic diagram of the optical structure 0 =
0 10 20 30 40 50

XFHBRHEAT 2000 Y Bl B HCRE B BT i 22 R Y 4500 1D
PRI 22 . 5 3 35 R AR R B0 1) A S 5 VR S 1
SEAT, eR AR SR T SRS 152 BURCE 3 H AR
J16 pm FURLEKTE N 0.5 pm™ P E SR
PR ELAESN 1 mm s BR300 T8 Y B 51 ROST 2l 160 pixel X
160 pixel £ FE R 13 pumX 13 pm,

S5 e B AT AR ORI R FE bR A A
A 10 nm, 0 K 4350 R 450,500,550,600,650,
700 nm MIUEDE - (Thorlabs) , ¥ B I & T 5 29 4T
HHERZE ., HUR A B — P BB (Thorlabs -
O1" N-BK7-DG10-600) , Y& ¥ I SE Jr e I — il . 4
PEERFEAT MR L O PR AR KA 2 mm. R
w5 h Apogee Alta U47, HEM H BY B4 51 R ~F R
1024 pixel X 1024 pixel, % £ K 5F B 13 pm X
13 pm, SRAE I i % U8 i 46 AT 3k PR (6] A9 rp o
oo SRFE N L % 28 R SR AR 2 CREFETR KT
155 B R AR 2 %) o I 38 0 A1) HTH 0 45 1) it B 25
aE DL MR Rk HRCER IR A o RO R
512 pixel X 512 pixel 1E A R M 180 # 47 %5 95 4b
B, DAk /D B BB i AP ERORE & B R

3 RS0

3.1 EMERESH

BRI S %K A, 730028 450,550,650 nm
F, %P B PSE 5 A, 4+ Ax %R PSF B 56 2 507
b g 3 s, Hib, ad Rk K2, T LR B, U
K 2/NTF 10 nm B, AR 6 1 PSE 2Z [0l B A
BRI M 5 P 22 K F 50 nm B, AS [ 3 4 X)
RL ) PSF LT AT . HBEH S 50K 8K, 3K
M T PSF M K 22 2 Wi K.

MG R 25 5, i — B T HAn g — i K
% RO B R 45 000 T A HBRE 0 A L FROBE 1 AH G
SSRGS AL RS B A A O R A g AL,
B AT R o B4 Ca) Ry JE O 3 4 S 450 nm B 48

AL /mm

Bl 3 KRR PSFHERZRS A LR

Fig. 3 Relationship between the correlation coefficient of

PSF at different wavelengths and A

AERAE T L BB 3 A, AT LR R, st H AR AE S A
B B TCIE P B 4(b) L& 4 (o) 43 R R A
MM BEREER, N TXH.AHET O HMX
B AnE 4D TR ;4 (e i ORI K 450, 500,
550,600,650,700 nm A A= K5 A HOCEE ] 2 19 AH o6
BB ACH KB ACe) MR EHELS R, TRA
B, Z2 ok PR RAE R A AR OC & hn AT DL [ A OC #
VErR R SE T e s, SR A DGR E Oy K Oy s
PR 45 ST U . RUAE A7 K R T S N — A~ B HIL A )
TRE T IR 78 A — 8 WS 2k, B LR R &2
e RN T ML B 4o B 4D A AR
WECT BRI CRAE Dy ik i S 25 2R
32 XWRERESH

SRt E e B - NN B2 4P U NS SE
(Y375 4o 3 LRI T Y BOBRE R N B S RS SR TE
450~700 nm BB L LA 50 nm A 6] B SEAT SR FE L 45
RUNE S Frs . S5 rp A o 1) PR A I 7S 2 T BUBUORE
P28 09 4% F R OC B ™ J B AR T 40, A Utk ik

n

A SRR D) | FU) | REEAR L
AT, 5Ca) Mg A H LK S 450 nm A
T b A ECBE R 6L 5 (b L B/ Co) 43 B vt i 1 H:
W 33 A0 o ORI 5 (o) B K A o 450,
500,550,600,650,700 nm s X% 7 1Y 5 K 2 1) S
YIEE RS 5 () BE 5(e) M EHEL R, AT X
Fo. g5t 1 H bR R E 3, & 5 () s, iT L&
B, 225K RAE - 49 )5 A (8L B 4 0 L S R (B, o
AL DA A . SCI R IR A TR IR — I LR
Polsf b SR E SRR U8 B A TR A — 0 2
TAFA AR R ABRL WD BB M

1611002-3



a3
3

{5

i

600 pm

&4 Bigl

Normalized intensity

o (KK 450 nm BFEBEEE; (W) B (DB B (OB (WD MEEZ R (D Oy B HE ML

() Z A A A A TBOIRE P 58 AR O B8 2% I 5 (D) 81 (o) ) o g 495 2R
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