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Simulation analysis and depth calibration of
a light field imaging system

YU Chengshuai, ZHOU Wu, CAI Xiaoshu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Light field imaging includes light field sampling and light field image processing. The light
field camera based on the micro lens array can be divided into three kinds of light field cameras
according to the distance between the micro lens array and the sensor: unfocused type(traditional type),
focused Kepler type and focused Galileo type light field camera. The optical simulation software Zemax
was used to simulate these three light field cameras. The whiteboard image obtained was calibrated with
the micro lens center and the original light field image was rendered to obtain the spatial resolution and
angular resolution of the system. The refocusing factor was used to derive the calculation formulas of
the depth of field and the depth of focus. Considering the actual conditions and measuring objects
comprehensively, the experimental system for the focused Galileo light field camera with b = 0.6f,, was
constructed, where b is the distance between the micro lens array and the sensor, and f;, is the focal
length of the microlens unit. Combinedly using the simulation system, the factors that affect the
accuracy of the depth calibration method were analyzed. From the simulation results, it is concluded that
the clarity of the original image, the sampling step, the refocusing step, the spatial resolution resampling
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multiple and the use of fitting are all relevant to the final depth calibration curve. The simulation

conclusion was verified through improved experiments.

Keywords: light field camera; Zemax software; depth calibration; refocusing
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Fig.1 Principle diagram of the light field camera depth
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Tab.1 Table of the system element parameters

FEHE 40.6 mm
1§ J7F# 1.6
PASTAER 5.5 mm
B BERES HITHRZ 0.15 mm
HOTEH 61x61
‘ BoTIiE 0.0053 mm
&I B

&ocsH 1280%1024
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Tab.2 Table of the simulation system parameters
bl alfy bla timm c/mm AR FRESY R SR FE 3 /mm

0.6 1.5 0.4 72.5 34 512x410 2.5 0.2020 0.2332
0.7 2.3 0.3 67.9 2.7 384x307 33 0.4201 0.2721
0.8 4.0 0.2 58.8 2.0 256%205 5 1.0873 0.3109
0.9 9.0 0.1 313 1.0 128%102 10 4.9615 0.3498
1.0 0 - 80.8 22 41x31 30.2 35 0.3846
1.1 11.0 0.1 141.3 3.5 128%102 10 8.9812 0.4275
1.2 6.0 0.2 113.8 2.6 256x205 5 1.7349 0.4664
13 43 0.3 104.6 2.2 384x307 33 0.8021 0.5053
1.4 3.5 0.4 100.0 2.0 512x410 2.5 0.4797 0.5441

S, BV, LRI AR/ mm
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Fig.2 Relationship between b and the system depth of field, focal depth and aperture size
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Fig.3 Outline of the simulation system

22 (HEHZR

Ui B 5 S g br g i 4 s o b d A g
RY¢, MR Zemax JLATAZIE AT i fE" 44 4(b)
PAAR [R) R /N EE A 5 Bk AR R B A 0 B, 445 2]
—5RAL T ARG BRI AROE I, dnlE s B
P — kB a5 2 — sk & B 5 O A AR
FEMEMRE, HTEE L.

(2)
(©)

4 FEESXBIRERE

Fig.4 Simulation and experimental calibration charts
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Fig.5 Simulation results by different systems
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Tab.3 Table of detail parameters of the self-built light field

camera
T B ) 5 PR e 22 i o 3.3 mm
GRS T B 5 P B S 44.9 mm
JGH RN 1.8 mm
TS R 5 R (B 32~84 mm
W05 S T 0 A B 8 91 43.9~57.6 mm
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Fig.6 Appearance and internal structure of the self-built light field camera
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Tab.4 Simulation board parameters and
experimental parameters

calibration

FRERES 4P Rob/mmxmm  GEMIE Zo6EU(prmm )
(a) 200x300 3x2 127.5 33
(b) 270%200 1.5%2 65.8
(c) 100x125 2.5%2 127.4 2

X8 (a), (¢), ()T, (a)Fi(e)
AU R EINAT & e A, Ul B B R A3 M =
FEEMPNRZ — o XF Haskir e 8 7 15 2] 59 05

4Bk

5. USBi#4k

x5 HEZHRSH

Tab.5 Simulation experiment parameters

LR R /mm % R RHOPR 2 W R IR AL

(a) 0.1 15 0.001 4
(b) 0.1 15 0.001 1
(c) 0.1 21 0.001 4
(d) 0.1 21 0.001 1
(e) 0.1 21 0.001 4
(f) 0.1 21 0.001 1
80
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Fig. 7 Relationship between the refocusing coefficient and the
clarity
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Fig.8 Depth calibration diagram of the simulation system
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Tab.6 Experimental calibration board parameters

FRERES A% Rob/mmxmm  EMIE Z6%0(p-mm )
(a) 124x155 2.5%2 127.5 4
(d) 0.2x0.2 2.5
() 124x155 2.5x2 127.5 2

x7T MEBEIHRSHR

Tab.7 Physical experiment parameters

LIRS R K /mm HE ERERBPRK =R E R

(a) 0.1 101 0.001 4
(b) 0.01 500 0.01 4
(c) 0.1 101 0.01 4
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Fig. 9 Depth calibration curve of the actual system
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