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Fig. 1. (a) Optical configuration design of pixel-wise coded exposure; (b) experimental device; (¢) mapping relationship between

DMD micro-mirrors and the CCD pixels.
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Fig. 2. (a) Single frame encoded image; (b) principle of synchronous control between DMD and CCD; (c¢) reconstructed image in-

formation at different times.

EEES N SR E )
k

I(x,y): Z [S(l'vya N) : IO(*’L:U’N)} * h(xvy)v (1)
N=1

A, kAR EBRANEG « A ERBE; b ik
PSR EE S Y HPREL (point spread function,

ISR | 2+
PSF), SRl RO,

omo? P\ T T 952
PrifE2E o g 1 ihakE Y o BER . AR (1) AT
VI, B o 350, MR 10> B2 g i T b,
2P BOE M EUR I E BAS DR, B T iR — s,
AR SO B REAVK 23 B B “on RS 9 DMD

9~

A CCD LR R A1, G55 WA 3 k.
% CCD SR R 6.9 pm, 5525605 1A
HIZB—5 4 PSF o = 2.1 pm, 25 0.3 CCD
pixelsize, 5% KT 915 5 ) 42 38 R LA X B 1
CCD 18 & L, WA X HHABH) CCD & & /= A= 5,
WE 3(a) Fin. BEE P ABB PR, o2
Bz 36, I L CCD _E A SR A EBER T AR K
B AR AR ZR JE I R BEAR ™ A= 5, nlE] 3(D)
FE 3(c) Bras. WA 3(b) 1 E 3(c) 7T LLFE 1,
2 k55 B A R BN, AN TE Y R E B
S(x,y,N)- E(z,y, N) &1t CCD MR E Z 0] /=4

024201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024201

2D image

2D image 2D image

3 (a) o = 0.3 pixelsize I} B BUZ AR ; (b) o = 0.6 pixelsize I} B AR R ; () o = 0.9 pixelsize I #5501

Fig. 3. (a) Imaging effect of image I when o = 0.3 pixelsize; (b) imaging effect of image I when o = 0.6 pixelsize; (c) imaging ef-

fect of image I when o = 0.9 pixelsize.
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Fig. 4. (a) Single frame fringe encoded image; (b) numerical simulation of PSF; (c) reconstructed fringe image information; (d) cal-

culated phase diagram; (e) section phase value at dotted line of yellow line in Figure (d).
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Fig. 5. Single frame encoded image.
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4

Fig. 6. (a)—(c) Coded images of different o; (e)—(g) the reconstructed image obtained by directly extracting the coded image;
(h)—(k) the reconstructed image after deconvolution of the coded image.
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Fig. 7. (a) Coded images; (b) reconstructed fringe image information; (¢) phase diagram; (d) linear fitting results of phase values of

the yellow line position in Figure (c).
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Fig. 8. (a) Coded images and reconstruction results at low resolution; (b) results of deconvolution and reconstruction of coded i-

mage (a); (c) coded images and reconstruction results at high resolution; (d) results of deconvolution and reconstruction of coded

image (c).
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Abstract

Pixel-wise coded exposure (PCE) imaging based on digital micromirror device (DMD) is an advanced high-
speed imaging technology, which can realize the high-speed imaging by using a low-frame-rate camera. During
exposure time, the multi-frame image information of a dynamic object can be integrated into one encoded
image, and then the multi-frame sub-exposure images can be extracted by the post-processing algorithm.
Therefore, the accurate pixel-to-pixel alignment between the DMD and the camera is the key step to realize
PCE imaging, which has drawn much attention from researchers. So their studies mainly focused on how to
achieve accurate pixel matching. However, the resolution of the relay imaging lens, as another important
influence factor of PCE imaging, also has a significant influence on the imaging results, but few people have
studied and analyzed it. To solve this problem, in this work, we theoretically analyze the influence of the
resolution of the relay imaging system on the reconstructed decoded images, and verifies the theoretical analysis
through simulation and imaging experiments. On this basis, a PCE imaging system is built, and a point spread
function (PSF) estimation method of relay lens based on the fringe phase is proposed. Furthermore, a Richard-
Lucy deconvolution algorithm is introduced into the reconstruction process of coded image to effectively

improve the quality of PCE imaging, which is of great significance in developing the PCE imaging technology.
Keywords: high-speed imaging, pixel-wise coded exposure imaging, relay lens, digital micromirror device
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