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Fig. 1. Computational imaging system based on DMD: (a) Optical principle; (b) hardware prototype.
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Fig. 2. The processing of adaptive high dynamic range
imaging based on DMD.
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Fig. 3. Result of matching between the DMD and the
CMOS detector: (a) Matching mask taken by DMD

camera; (b) not matched; (c) matched.
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Fig. 4. Equivalent schematic diagram of coordinate
mapping between DMD and CMOS detector.

HL b RIEA MG RGES 5, DMD s 5
CMOS G R WbRE LW F.

$E1 DMD SR tr e EE. N T
S, Bt — N 5 (a) B4 x 6 LR
BEF, JEAPAE 15 N, FLZBLELRS &5 A Ak b

Py(u, v) &F1.
$SEE2 CMOS HHLK 4 DMD 4 M i K%,
WK 5 (b) Fiw.

S 183 1z H Harris H %46 M CMOS A #L
P K S 1 B R AR AE B A8 RARAS P (2, y), fa il 2
Rl 5 (c) Fiows.
$4 RHDLTHZE, P RIADEIN
ol v+ SRR 45 2] DMD ALY N AR FE R:
1.0359 —0.0754 73.2999

R = {-0.0020 1.0534 46.6156
0 0 1

PR FN R RS, MR Y CMOS & i -
HIAT B ARFAE 5 P (2, y) #AT HZRaE 5 (11) g
HXF BT DMD 4 1 H BT Py (u, v):

11 12

—x+—-y+1
u= -3 713
31 . 32 Y+ 337
13 13 T13
21 22
—x+—-y+1
_ T3 23 11
U= T3 x+7“32 y+T33' ( )
23 23 23

5 DMD 5 CMOS KBk & (a) DMD #55E BIZ%;
(b) CMOS MNURERIEA IR, (o) A mkillZh

Fig. 5. Mapping relationship between DMD and
the CMOS detector: (a) DMD calibration pattern;
(b) the calibration pattern captured by CMOS detec-

tor; (c) the result of corner detection.
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Fig. 6. Principle of per-pixel coded exposure based on DMD.
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Fig. 7. Experimental results: (a) Different images captured by the DMD camera without DMD modulation;
(b) DMD masks; (c) different images captured by the DMD camera with DMD modulation.
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Fig. 8. Comparison results of gray histogram: (a) Gray histogram of the image in Fig.7 (a); (b) gray histogram of

the image in Fig. 7 (c).
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application based on digital micromirror device”

Feng Wei Zhang Fu-Min' Wang Wei-Jing Qu Xing-Hua

(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

( Received 1 January 2017; revised manuscript received 5 June 2017 )

Abstract

In the three-dimensional (3D) scanning measurement based on structured light techniques, the strong reflection
surface is easy to produce local specular reflection due to the illumination of the structured light, which will cause the
camera to be over-exposed, and therefore the geometry information of strong reflection surface cannot be detected. Since
the digital micromirror device (DMD) has the modulating characteristics of the spatial information of incident light, an
adaptive high-dynamic-range imaging method based on DMD is proposed to solve the problem of visual imaging of strong
reflection surface. Firstly, a novel and computational imaging system is designed and built, and its optical model is also
established. Then, the matching and mapping methods between DMD micromirrors and CMOS pixels are described
in detail and realized. Meanwhile, we analyze the theory of the high-dynamic-range imaging based on per-pixel coded
exposure, and design a coding control algorithm of light intensity to achieve the adaptive precision modulation of the
intensity of incident light, so that the incident light in the imaging system is always in appropriate exposure intensity.
The experiments show that the method can break through the limited dynamic range of the ordinary digital camera,
and accurately control the intensity of incident light in each region of the measured strong reflection surfaces, and thus
it can obtain the high-quality images of the local over-exposure area of the strong reflection surface. More importantly,
the research will provide a new solution to the problem of 3D point cloud loss caused by local over-exposure of the strong

reflection surface.

Keywords: computational imaging, high dynamic range, coded exposure, digital micromirror device
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