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Abstract

Single pixel imaging (SPI) is a novel imaging method that needs only one pixel accompanied with
spatial light modulator to achieve image. Recent years have witnessed the SPI developments in
modulation methodologies, reconstruction algorithms and applications. However, the fundamen-
tal framework of the SPI inevitably requires a series of pre-set sensing matrixes that obtain the
detections on a one-to-one basis, limiting the flexibility of the SPI, hindering the extent of its func-
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tionality. In this paper, we propose a SPI-based correlated manipulation that realizes object mul-
tiplication via indirectly multiplication of the sensing matrix. Our method implements an indirect
manipulation over the object, not only effectively extending the SPI functionalities, but also pro-
viding a valuable solution for correlated manipulation with the SPI.
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Figure 1. Configuration of single pixel imaging system
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Table 1. Relationship between measurement matrix, detection value and reconstruction
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Figure 2. Object to be imaged
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Figure 3. New masks obtained by original masks multiplying a coefficient a
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Figure 4. Reconstructions under different multiplicative coefficients «
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Figure 7. Left figure is configuration of single pixel imaging system, the right one is the ob-
ject to be imaged
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Figure 8. Reconstructions under different multiplicative coefficients a

E 8. TEFERY o WERLER

a=1.2

GURRY], AFRIEREL o W AR T R A R LR 5, o KT 1R, HES,
RISRELSZ BN 2 o /NT LI, SR GR A RIHE 58 . 4% R RY/R, A o IR AR WR K 9 FR,
HAR WA HREHAeHE, BRI RBHER o (5RSRIERTE, B8 SRR A RINME Moz, &
AR LT T Vo FEE VR UEW] T RESERN 7, BER QB R, SCalalmazm B v

ASSCHREH (R 3RVA R IR A%, A F el TR mp s P R A 5 AR INME R I 55, o ASHIE DMD |
IR IR AR PR HEAT G544 IR (R) » 5 — AN R K P AR R TS BETHAS R IS, SR 5 e
DMD L, SANKEEFEZREN, JF2xEE, HEL R 10,

JEAE DMD B AN R L RO HEASOR U 1) ' [RI A e S Dafedd 9%, (HZ LR R R REIT vy T A SR
IR IR T 1%, H PRI EOR T vy, S AR RN [R) SEA, BRSSOt 1A 5 92 A A PR — 1k
BRT o 1y HARE EE TR 1, (AR AR R R, 1S sRiR e R 9 B TovA i I S i Ak

DOI: 10.12677/m0s.2024.132142 1507 e RSE TR


https://doi.org/10.12677/mos.2024.132142

&
At
Zo

PR R B S HE LRI KR

WHELLER /R,

0.8

0.6

04r

0.2

0 ; | . : . . , . | : ;
0 02 04 06 038 1 1.2 14 1.6 1.8 2 2.2
ek R ¥a

Figure 9. Relation of operation rate Ry/R, and o

B 9. BITEE R/R, SFEARK o« FIXF

DMD &7 A [B] 2K B ) A5 ) B i 45 2R

KERN: 0.1 KERN: 0.2 KERN: 03 KERN: 04 KERN: 0.5

KEN: 0.6 KEHR: 0.7 KEHN: 0.8 KEEHN: 0.9 KEN: 1

Figure 10. Reconstruction results via displaying grayscale masks on DMD
10. DMD R EIREHIRNERLER

4, 5ig
ASCHRH T — B B RAL RGBT, 0 I AT SRk TS, TS T 2 2
PRSIl RS, FAHEBIR LA — AN TR R R RUE BT OB, RN 5 3 MR S B B 31 [ 2B e 4

SR R 22 3k TR 42 f) A 2 T IR AN 2 AR B B0 . AN ST 3 P 017 R SR 36 1) D5 VR B 1% 05 1%
A RERI e . X RN OCHEE T, AT EAE DMD _bANSUK EERERL, 12 E AR g R o

DOI: 10.12677/m0s.2024.132142 1508 e RSE TR


https://doi.org/10.12677/mos.2024.132142

%K

=
HH

St

Befofik s, BESCIL 70 SR SR RA %, S % T DMD s K I [ A ORERE .
BRI XM I IEA G S IR AR FHEORIE R, TR R AL s, RN T
A PRINE S A O AR T ORE R T, XA E VTR AR SRR R R R RIS
TR —— XN A RE, BEVSIE AR B I R P R R R R GHAT I RETE IR S, VARG R
BAGRIRIESRAE 7R, NER T RE IR DL 2 RO BUE T kA

Sk

[11 &9, ks, Xkl & Ot THiHEotE R BIR ). Bot 506 741, 2021, 58(10): 306-313.

[2] Meyers, R.E., Deacon, K.S. and Shih, Y. (2011) Turbulence-Free Ghost Imaging. Applied Physics Letters, 98, Article
ID: 111115. https://doi.org/10.1063/1.3567931

[3] Sun, B., Edgar, M.P., Bowman, R, et al. (2013) 3D Computational Imaging with Single-Pixel Detectors. Science, 340,
844-847. https://doi.org/10.1126/science.1234454

[4] Shrekenhamer, D., Watts, C.M. and Padilla, W.J. (2013) Terahertz Single Pixel Imaging with an Optically Controlled
Dynamic Spatial Light Modulator. Optics Express, 21, 12507-12518. https://doi.org/10.1364/0OE.21.012507

[5] Zhang, A.X., He, Y.H., Wu, L.A, et al. (2018) Tabletop X-Ray Ghost Imaging with Ultra-Low Radiation. Optica, 5,
374-377. https://doi.org/10.1364/OPTICA.5.000374

[6] Edgar, M.P., Gibson, G.M., Bowman, R.W., et al. (2015) Simultaneous Real-Time Visible and Infrared Video with
Single-Pixel Detectors. Scientific Reports, 5, Article No. 10669. https://doi.org/10.1038/srep10669

[7] Studer, V., Bobin, J., Chahid, M., et al. (2012) Compressive Fluorescence Microscopy for Biological and Hyperspec-
tral Imaging. Proceedings of the National Academy of Sciences, 109, E1679-E1687.
https://doi.org/10.1073/pnas.1119511109

[8] Duarte, M.F., Davenport, M.A., Takhar, D., et al. (2008) Single-Pixel Imaging via Compressive Sampling. IEEE Sig-
nal Processing Magazine, 25, 83-91. https://doi.org/10.1109/MSP.2007.914730

[9] Higham, C.F., Murray-Smith, R., Padgett, M.J., et al. (2018) Deep Learning for Real-Time Single-Pixel Video. Scien-
tific Reports, 8, Article No. 2369. https://doi.org/10.1038/s41598-018-20521-y

[10] Radwell, N., Johnson, S.D., Edgar, M.P., et al. (2019) Deep Learning Optimized Single-Pixel LiDAR. Applied Physics
Letters, 115, Article ID: 231101. https://doi.org/10.1063/1.5128621

[11] Li, Z., Qu, G., Suo, J., et al. (2023) Deep-Learning Enables Single-Pixel Spectral Imaging. Optoelectronic Imaging
and Multimedia Technology IX, Volume 12317, 123170A. https://doi.org/10.1117/12.2641840

[12] Zhang, L.H., et al. (2021) Restoration of Single Pixel Imaging in Atmospheric Turbulence by Fourier Filter and CGAN.
Applied Physics B, 127, Article No. 45. https://doi.org/10.1007/s00340-021-07596-8

[13] Li, Z. and Huang, J. (2023) Autoencoder for Single-Pixel Imaging. 2023 3rd International Symposium on Computer
Technology and Information Science (ISCTIS), Chengdu, 16-18 June 2023, 687-691.
https://doi.org/10.1109/1SCT1S58954.2023.10213026

[14] Jiang, X., Tong, Z., Yu, Z., et al. (2023) Fourier Single-Pixel Imaging Based on Online Modulation Pattern Binariza-
tion. Photonics, 10, Article No. 963. https://doi.org/10.3390/photonics10090963

[15] Sun, R., Kuang, J., Ding, Y., et al. (2023) High-Efficiency Differential Single-Pixel Imaging Based on Discrete Cosine
Transform. IEEE Photonics Technology Letters, 35, 955-958. https://doi.org/10.1109/LPT.2023.3286105

[16] Sun, M.J., et al. (2017) A Russian Dolls Ordering of the Hadamard Basis for Compressive Single-Pixel Imaging.
Scientific Reports, 7, Article No. 3464. https://doi.org/10.1038/s41598-017-03725-6

[17] Qiu, Z,, Guo, X., Lu, T., et al. (2021) Efficient Fourier Single-Pixel Imaging with Gaussian Random Sampling. Pho-
tonics, 8, Article No. 319. https://doi.org/10.3390/photonics8080319

[18] Yu, W.K. and Liu, Y.M. (2019) Single-Pixel Imaging with Origami Pattern Construction. Sensors, 19, Article No.
5135. https://doi.org/10.3390/s19235135

[19] Xiao, Y., Yu, X,, Stantchev, R.1., et al. (2020) Super Sub-Nyquist Single-Pixel Imaging by Total Variation Ascending
Ordering of the Hadamard Basis. Scientific Reports, 10, Article No. 9338. https://doi.org/10.1038/s41598-020-66371-5

[20] Yu, W.K. (2019) Super Sub-Nyquist Single-Pixel Imaging by Means of Cake-Cutting Hadamard Basis Sort. Sensors,
19, Article No. 4122. https://doi.org/10.3390/s19194122

[21] Edgar, M.P., Gibson, G.M. and Padgett, M.J. (2019) Principles and Prospects for Single-Pixel Imaging. Nature Pho-

tonics, 13, 13-20. https://doi.org/10.1038/s41566-018-0300-7

DOI: 10.12677/mos.2024.132142 1509 jé

[

S K


https://doi.org/10.12677/mos.2024.132142
https://doi.org/10.1063/1.3567931
https://doi.org/10.1126/science.1234454
https://doi.org/10.1364/OE.21.012507
https://doi.org/10.1364/OPTICA.5.000374
https://doi.org/10.1038/srep10669
https://doi.org/10.1073/pnas.1119511109
https://doi.org/10.1109/MSP.2007.914730
https://doi.org/10.1038/s41598-018-20521-y
https://doi.org/10.1063/1.5128621
https://doi.org/10.1117/12.2641840
https://doi.org/10.1007/s00340-021-07596-8
https://doi.org/10.1109/ISCTIS58954.2023.10213026
https://doi.org/10.3390/photonics10090963
https://doi.org/10.1109/LPT.2023.3286105
https://doi.org/10.1038/s41598-017-03725-6
https://doi.org/10.3390/photonics8080319
https://doi.org/10.3390/s19235135
https://doi.org/10.1038/s41598-020-66371-5
https://doi.org/10.3390/s19194122
https://doi.org/10.1038/s41566-018-0300-7

&
At
Zo

[22]
[23]
[24]
[25]
[26]
[27]

[28]

Ma, Y., Yin, Y., Jiang, S., et al. (2021) Single Pixel 3D Imaging with Phase-Shifting Fringe Projection. Optics and
Lasers in Engineering, 140, Article ID: 106532. https://doi.org/10.1016/j.optlaseng.2021.106532

Sun, M.J. and Zhang, J.M. (2019) Single-Pixel Imaging and Its Application in Three-Dimensional Reconstruction: A
Brief Review. Sensors, 19, Article No. 732. https://doi.org/10.3390/s19030732

Zhou, L., Xiao, Y. and Chen, W. (2023) High-Resolution Self-Corrected Single-Pixel Imaging Through Dynamic and
Complex Scattering Media. Optics Express, 31, 23027-23039. https://doi.org/10.1364/0E.489808

Jiao, S., Feng, J., Zhang, L., et al. (2023) Optical Logic Gate Operations with Single-Pixel Imaging. IEEE Journal of
Selected Topics in Quantum Electronics, 29, 1-8. https://doi.org/10.1109/JSTQE.2022.3200582

Zhang, W., Tao, Y., Wu, Y., et al. (2023) Vibration Measurement with Frequency Modulation Single-Pixel Imaging.
Chinese Optics Letters, 21, Article ID: 011102. https://doi.org/10.3788/COL202321.011102

Jauregui-Sanchez, Y., Clemente, P., Lancis, J., et al. (2019) Single-Pixel Imaging with Fourier Filtering: Application to
Vision through Scattering Media. Optics Letters, 44, Article No. 679. https://doi.org/10.1364/OL.44.000679

Ye, Z., Zheng, P., Hou, W, et al. (2022) Computationally Convolutional Ghost Imaging. Optics and Lasers in Engi-
neering, 159, Article 1D: 107191. https://doi.org/10.1016/j.optlaseng.2022.107191

DOI: 10.12677/m0s.2024.132142 1510 e RSE TR


https://doi.org/10.12677/mos.2024.132142
https://doi.org/10.1016/j.optlaseng.2021.106532
https://doi.org/10.3390/s19030732
https://doi.org/10.1364/OE.489808
https://doi.org/10.1109/JSTQE.2022.3200582
https://doi.org/10.3788/COL202321.011102
https://doi.org/10.1364/OL.44.000679
https://doi.org/10.1016/j.optlaseng.2022.107191

	单像素成像的乘法关联调控仿真与实验
	摘  要
	关键词
	Simulation and Experiment of Single Pixel Imaging Based Correlated Manipulation for Multiplication
	Abstract
	Keywords
	1. 引言
	2. 方法及原理
	3. 仿真与实验
	3.1. 仿真
	3.2. 实验

	4. 结论
	参考文献

