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Single pixel complex amplitude imaging
and experimental analysis

ZHANG Yuehua, SUI Guorong
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China )

Abstract: The imaging of light intensity information and phase information of the light field is
very important for medical, optical measurement, three-dimensional imaging etc. We have designed
a single-pixel imaging system that can achieve complex amplitude imaging of the light field
without a reference beam. The imaging system modulates the light field information through a
phase-type optical mask, uses a non-resolution photodetector to detect the modulated light intensity
information, and uses the Phaselift algorithm to recover the light intensity and phase information of
the light field. We utilized the single-pixel imaging system to perform imaging experiments on
diffracted light fields and transparent PDMS thin film objects. From the imaging results, light
intensity information and phase difference information of the diffraction ring can be clearly
observed. The phase difference is 0.053 and the width of the groove is 220 pm of the object film in
the experiment, and the phase difference is 0.046 and the width of the groove is 256 um of the
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image obtained by the experiment, which indicates that the imaging system is very close to the

image information obtained by the traditional detection method. The imaging optical path of the

system does not require a reference beam, and the system is simple and easy to integrate, which has

promoted the development of portable imaging systems. It can be applied to wide-spectrum

imaging and has great development potential in light field complex amplitude imaging.
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Fig. 1 Schematic diagram of the system



%55 3]

KERAE, 2. R IRIR G SIS ©59 .

D, = bexp(—iby) 2)

Kb b, N @, WIRIE; 0,8 @, KA. 4
Yot T we s m sk ARG, LI EE R
Vm:{Vm 1» Vm25 Vm REEEERE) VmN}’ /I\,f%%Egjlﬁj%
FEN

Vin = X Py = Pppay exp(—i%) (3)

DOz B R, FERET IR ER R
SR N

ym=|<~X,§Z§m>|2 “4)

SRR 5 AT AN £ S A KA N (163
SRy, FTLUAAALYKE R @Ry, A1 D,
sRAgA AR X, ARYE Candés 25" $ B G AR
PETHR RO (4) PEA TSR A o AR 3T (K A
FEABRUENG X (4) rh R R g 9 &2 1) i X ] REAR
i Z=XX $2TF o — DRk 1 SR E Z BRIl
L, A AR — A A Y A AR R B TR R A A
TR BN R, SRS A F) ) A Y
SRARE I X FAmt, TR AR A5
SN L =P

2 SKIEERMSH

21 LHFARTE

LI ENCER RN S UEA v d R )
PR, SRR E Y R ARGE, H RS ST
RGN, He—Ne #OLA & H K 632.9 nm 1Y
ERZHY RAGY K, T HRAG MR 425 mm

Yisi Pl L1 b/

Woluss

o ——

W, EFFL P1FIARRE /<125 mm A& L1 #
W, XFEAR R 0.5 mm 224 FIEOE S E R T 5 4%
Pl RIENRMET WK, WiRK KN N
2 emx2 em, H A RR X Bh 2.048 mmx
2.048 mm. 3 AR YIRS PR 2 i
4f ZRGE (<100 mm) , 4f RG-S ) fE B AY
AR L2 M L3 544l P2 M9, P2 BIMEH &£
BRGSO, SEEDCR IS i, S
16 vh R A Y J2& Jasper Display /23 7] A JD8554N %5
[E] G H 2 SLM, 4f RGEE M IERERE RS
AL B TEZS B GIR SIS S BE T |, 1%
[ ) il 2o A A 28 Ak S B R 4R AR S
FIVEH . GRS 208 50 R 8% BS gk AR
fLiE L4, ZRMEEFER 200 mm, K
R/ K/ d=2//D=10 um, Ho D Rl
WHAE . ZBRNERERERERKN, DMER K
RER, FTEfL P3 8 R AR KAE .
AT F R EFLR /N R 10 pm,  BRZE BRI ER
(PDA10A-EC, THORLABS) fii T4 fLJ5 77, &
UEZEuRa W R A AE N e et

AR X TR R R 2O E
— NG A R EFEE T DA R R R R RS
RS B 1145 2 5 e A MG B e . BEAIL S A
P S P AR e U BH S X637 i R il Y Bk
T NMogN K (N NRHREZ R ), wit
Al LA phaselift 3K 2 Y617 0 tse S A0S
BT R S SR P B HIL 5 30T R I A S O 2
B, LI R IR R A E R 32%32, Hh A
BRMRT R 64 um, B SEMTER/NR 32x32 (1)
il @, HiFF @ hig— ook s ik A H{E

L3 BS
] SLM
L4

P3

RIS

B2 XBREEE

Fig.2 Experimental setup



. 60 o b=

% 2% R

K0, JFEN 132 A, B,

D ~ N(O, 31—2) &)
, _@®-min(P)
=@ > 255 (6)

SR 5 AR A =X (6) K AR B @ I EUE Y K
) 0~255, (6)" min( @) F/RFFE & PE K
INHIEE, max( @) FKnHFFE @ K IT
R, BB & H—1k, SRIEEBEITETEL
255 97 K% 0~255 Y5, It % MR E—1
T AV TR &,,0 R4 LR FRERA: B 102
4 TR, B2 B 2 DGR 6 a8
Z 5, SRR 0~255 5% T AR A7 1
0~2m. SCHH R A TESI X, et
Wt (E AT TR S, A0 (E Bt 2 R E i

%1073

N

W

A~

w2

'8
5 -7
10 ‘
15
20
25

2
30

1

5 10 15 20 25 30

(a) JGiR

1073

WS N B o o X

0
(c) Jtik3D &

e AR TR
22 SRBEHIERSN

HEFIDEH m LR 2 i B LR AR AT AT
i, AR R AR R GRS R 4 SR N 5] 3
s, B 30a) 5 (o) g o R A e LS
K 3(b) 5 (d) R s ATS R ARG, IR
HR] DL A 2 rh O B S5 — R R . T
il X/ 2 mm 2y, o W 3 5 e R
AIRTETER . &1 3(b) 5 (d) A3 2 A AH AL SR LRSS
THTHY RSN AT, (E R A IE AT LAVE WA
o ARSI P TR R B N il RAE AR I A R
RV B 1024 U0, AT KORFEFE AR,
PRV R T AN, X RS AT RERY S
PURSEPRSEER T, X B T A SR BOF A
i, JFEL i T EREE RO RS i i FC A

(d) #A023D A

B3 ITETMESG
Fig.3 The image of diffraction ring



%55 3]

KERAE, 2. R IRIR G SIS © 61

IR ZEIETCERE Y, AR R 1Y)
R RERR, MBI R R RS R 2.

2 HERY RSB IIET A5 5/ E IR e A
BAnE 4 Fis . BGET AR 5 B R AU
(PDMS) #ifl, IR A R B e, ZH
FARTEED . BOEZIH AR 15 000 1 745 s
JEREL R 1 mm, TEEE L —AEE R
FRRR, WE 4Ca) Fis o AR SEX AR
BT AT A%, AN 4(b) Fros, ARG Ll
2.048 mmx2.048 mm, FH TIZYIR A AR 2 B 4
M, B PAZIZR I A4 %4, F|H Phaseview
T T A AT O AR T i, IR 2k 2%
FiPEZ) R 220 um, 22k 5 AR 2L 43 0 AE A 22
2574 0.053.

I 4 W1 BRI RS 56 R aHrUS
BRI XT . TR 4(c) AIIE 4(d) KA
B4, WKE BRI 5 HE R 32x32, Al 4(c)

LIRSS 4 MER, R R
256 um, SOGH MG PTG 45 R AH 22 0 T
—MEHRARRTIE . TR R IR R
Jy32x32, MR 1AMEER, XA RAT
64 um, PrRASE R ER AR, R R
R B B OCH E . XA 4(d) BIARRY
FHALPE R B8 YA DA AR RE SR B S ME, A3 30 R
Baangk 1 s, MR 1 g zIZ 53R 214
IARRL 227242 0.046, 5 GHR AT AGI & i
SO . A RBRRZIRIFNE RGOS
RS PRI AR BRI T — Ry 255K, %07
KXETRSEICH, AEHEX TEBGR RS
Rt r =%,

3 4 i

SRR B ARIF S FR G n] T8 AR ED L3

(a) TEIPA

(OFZIL S RiHES

(b) AZBURAZ X Ik

(CVEZLEN AL

E 4 BirUEES
Fig.4 The image of object



¢ 62 o i #

% 2% 42 %

x1 BFXBHEMHFHEER

Tab.1 Average results for the regions

X3 FIH RR2LE VS
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