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Abstract Super resolution (SR) is considered as one of the “holy grails” of optical imaging and image
processing. The introduction of compressive sensing theory presents a novel super-resolution
reconstruction method from a single low-resolution image, which can avoid the requirements for the
multiple sub-pixel images of traditional superresolution method. Analyzing the requirements of the
similarities and differences between compressed sensing measurement matrices and optical imaging
systems, a binary phase encoding compressive imaging method based on the 4-f optical architecture is
presented, with the phase in the frequency domain randomly modulated, which can achieve super-
resolution reconstruction from single low-resolution measurement images obtained with single
exposure conditions, no other additional information collected. Binary phase mask is much easier to
implement than random phase mask with uniform distribution, which is a more viable scheme for
physical realization of compressive imaging. Simulation experiments demonstrate that the proposed
method can effectively capture compressive measurements and implement super-resolution
reconstruction in a single shot condition. Furthermore, another experiments show that this method is
also more applicable to large-scale image reconstruction compared with random demodulation (RD)
proposed by Romberg in the reconstruction time, and more practical in the sampling scheme than
RecPC method proposed by Yin.
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Fig. 2 4-f Fourier optics imaging architecture implementing random convolution followed by random phase modulation.
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Fig. 3 PSF comparison of uniform random phase and binary phase mask.

3
2
-% 0.01
<
§ 0.00
g
LD
iz -0.01 :
- 600
o - 600
s e
Oorq;- 00 20(,) ootd‘“a
17‘9, X_a’as
(e) PSF of (a) shown in 3D view
& 3
2.4 ZHAMEERIHAGE

AN A AL IR B S BT R 2 — . LU
TR R AE S B RAR b A OROR B A < AR P
R M P R 0 B A [ e 9 AN [ 5k AN () 114
AL B B 2505 LA B D R ) P ' i B R 2 R
H R T E A [+ R 3k B S I CR L H B A S T

(g —D A, =kA:REQ, A&2r,
Horpong JEAT A 5 HE IR B A AR OC . 3 =B Y
Pk A ZE A BOLRE 25 KR 22 2 B AR 00 S I
ST AR S g L R — Y SR

kA
n—1)° kEQ.

G4 20 BERLAR 7 4 B s JL P-4 1L i)
— i R T EEAN [ A JE L 3 BICHE R T e E AR
BRI TR H v T A 7 R T

Ad; = (10)

4920 BEATLAE A2 A TR A7 8 M B S ek KO0 L

fRI AL SR AR S BE X L IRATT AT LA R 2% 8 o F1 27 (1Y)

AL SE IS Xk 107 9 DGR 22 4301 g Af2 &L B (10) v

fR k=1/2 F1 1, phy s A 5t P 1 ) 7 AR SR 22 R
AS2x<>exp(j27) =1,

X L F) JE Sy

Adl - A

ny—1’

%<:>7r<—>exp(jrr): —1,

Xt IV J5 JEE

A
2(n,— 1)

H, MR E R Ad, fAd, X508 B
AT SEPE T B AR A7 SE AL TT LR R R AR A AR A i T
AR

Ad,



gk R A 0 Al AR A 2 A 45 R AR 2075

e TR 0 A Ak K R R AR E O 32 i

3 RIS Windows7 #:4FE £ 4t . &b P 8% J& Intel® Core™ i5-
2320,4 ¥, £k 3.00 GHz, LN FE N 3. 0GB,

TEFRATT S R S 5 R A SO Y B WA 2 Matlab2010a. [&] 4 v i 852 400552 56 130 B

(a) Lenaimage (b) Phantom image

(c) Captured measurements of Lena (d) Reconstruction from measurements (c) (e) Captured measurements of Lena
image with uniform phase mask using GPSR algorithm image with binary phase mask

(f) Reconstruction from measurements (¢) (g) Captured measurements of Phantom  (h) Reconstruction from measurements (g)
using GPSR algorithm image with uniform phase mask using GPSR algorithm

(i) Captured measurements of Phantom  (j) Reconstruction from measurements (i)
image with binary phase mask using GPSR algorithm

Fig. 4 Super-resolution imaging tests using random phase modulation.
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Table 1 Reconstruction Performance Comparison of Uniform Random Phase with Binary Random Phase

F1 HEHBEMELEEMEREIEER

Downsampling

Uniform Random Phase

Binary Random Phase

Image Name  Image Size/piexl

Factor Recovery SNR/dB Recovery Time/s Recovery SNR/dB Recovery Time/s

512 X512 2 26.03 10. 63 26.41 11. 88

768 X768 2 30. 69 17. 37 30. 85 19. 36

768 X768 3 26. 14 11. 71 26.10 12.52

1024X1024 2 32.90 26.78 33.04 35.69

Lena 1024X1024 4 25.44 16. 34 25. 34 20.91
1536X1536 2 35.38 57.42 35. 94 63.96

1536X1536 3 31.40 44. 89 31.56 63. 32

1536X1536 4 29. 84 69. 68 29.68 79.96

512X 512 2 25.29 10. 14 25.51 13.12

768 X768 2 32.96 18. 50 33.14 20.01

768X 768 4 25.92 16. 70 25.91 18. 49

1024X1024 2 35.71 26.49 36. 30 29.51

Cameraman

10241024 4 26.73 30.72 26.65 39.79

1536X1536 2 39.13 80. 81 39.29 73.41

1536X1536 3 35.07 49. 83 35.10 47. 64

1536X1536 4 32. 66 60. 47 32.22 54.54

512X512 2 25.14 12. 94 25. 84 15.19

768X 768 2 39. 60 23.18 39.82 20.50

768X 768 3 25. 80 27.47 25.13 27.03

1024X1024 2 43.41 24.63 43.40 23.71

Phantom

1024X1024 4 26. 64 44.13 25.62 35. 40

1536X1536 2 50. 18 90. 29 50. 22 96. 88

1536X1536 3 45.95 56.78 45.98 60. 00

1536X1536 4 39.87 94. 11 39. 62 96. 61
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Performance comparison of image reconstruction versus different noise using random phase encoding.
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RD Integral tvqc_logbarrier
RecPC Random locations RecPF_Circ i+ CCD BZE 5” ’ gﬁ &I\ E(J EEZ'KE r%} ’ M: A Hj }j__{éfﬁ EZ,{%
Our Method (IST) Integral IST 5 A2 AT RecPC J5 32k 1 5 1 52 SRR 1
Our Method (GPSR) Integral GPSR BR ﬁ%u .

MR 2 F3k 3 19 B 7T A, Romberg $2 1 1Y
RD J7 %4 i tvqe_logbarrier 3R fif 2% , BE K g 09 R
SR OREBERSS 5 G0 1280 X1 280 R K i TT ik
HATE 256 X 256 3% —fe /NI R B AR M 1L,

Li LPTIR ARSCHR B T7 35 5y T BLSC B, B
KRR BGOSR UL BA B B AE MR L 2 —F AT LAY
BB S T A AR R I EL A AR T A N
FHRGS. . R 3 A5 "B R AR TE X 24
BCE NP Lk IELT.

Table 3 Reconstruction Performance Tests of Three Compressive Imaging Methods Under Binary Phase Encoding in

Frequency Domain

x3

SHWEFAGFEESIB - TAMES THER ERENK

Reconstruction Algorithm

Image Name  Image Size/pixel RD RecPC Our Method(IST) Our Method(GPSR)
SNR/dB Time/s SNR/dB Time/s SNR/dB Time/s SNR/dB Time/s

256 X256 20.98 624.7 24,33 6. 86 23.57 1.35 23.51 2.73

512X512 26. 24 2838 32.35 19.43 32.00 3.17 32.02 5.72

768 X768 28. 33 6391 35.13 30. 31 34.93 5.04 34.77 10. 35

Lena 1024X1024 30. 38 13621 37.97 52.08 37.22 6. 20 37.02 18. 36

1280X1280 30. 86 23143 39. 25 72.85 37.69 9.45 37.32 35.21

1536X1536 — — 40. 62 111.8 38.33 14. 49 37.96 55. 69

1792X1792 — — 41. 25 142.0 38.59 18. 99 38.18 77.32

256 X256 20. 22 624.7 23.30 7.97 20. 74 1.52 20. 74 3.19

512X512 25.47 3033 32.12 20. 35 29.74 3.85 29.73 6.53

768 X768 26. 88 6732 34,18 33.49 32.96 6.28 32.98 12.18

Cameraman 10241024 28.93 13719 37.35 55.43 36.75 9.05 36.62 20. 64

1280X1280 29.58 24939 38. 37 77.87 37.50 10. 54 37.39 32.95

1536X1536 — — 39. 85 120. 6 38. 88 14. 04 38.59 40. 33

1792X1792 — — 40. 37 144.8 39.08 18. 50 38.76 56.22

256 X256 22.55 824 39.43 3.92 12.15 3.03 12.21 2.92

512X512 24. 85 2629 39. 90 11.99 23.38 8.78 23.41 10. 47

768 X768 26. 81 6788 41. 24 20. 83 25.98 14. 28 26.08 23.47

Phantom 1024X1024 27.38 12558 41. 44 38. 26 32.52 22.39 32.68 45,14

1280X1280 27.62 25507 41. 96 55. 27 34.00 27.41 34. 04 52.93

1536X1536 — — 42.10 87. 31 37. 46 30. 57 37.47 72.61

1792X1792 42. 36 111.4 37.53 33.13 37. 26 86. 49
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