5 49 45 8 1] b R Vol.49 No.8
2020 4E 8 H ACTA PHOTONICA SINICA August 2020

5l A#% . GU Gao—fei, ZHAO Jun, KONG Ming, et a/. Tomographic Three —dimensional Particle Position Measurement
Based on Light Field Cameral J]. Acta Photonica Sinica, 2020, 49(8) :0812002
Ji e G L X ZE L LI, A L TR AL AT I I BURE = i 40 B [T ]G F 4R L 2020,49(8) : 0812002

TOC AN A% vy UL = 4 17 & I

RS AR R IUBR L3R K, FiE A%
(e TRl TR 22 B, B 310018)

B E A RLG IR B B, B BT RR Ak Fj‘y;(‘}&ii;{iffﬂitbi‘fiﬁ%ﬁiéﬁ?l‘ﬁﬂ{iﬁ.7%
T RIG A BAL R TR ek A s e Bt AR AR RAR R A R A R R AT R & ik

FRERREL TR ZTZ A g ue i, M B R EHEZ g B ey A #?«J}%#mﬁé’ﬂ‘ééfiﬁ»ﬁ%
MART B ELEE T i AN AN RERSPEEEALE W RIEHE ARE S Blob 2R |
HRERKGRE P SEEFEARRGBEZ T FREA ARG A MART xR Y T+ 5o
8 B BT E A, 1‘4&74&7&1%7{-7‘5 +0.16 mm, yfh £ 472 £ 4 +£0.18 mm,z 4 2 4732 £ 4 £ 1.8 mm, i#% 2

HEER, ImERN T I A REZRRGUG A, LA RFEREANE.
%ﬁ?ﬂ-j'ui%#ﬂ#fb-j’téki\ﬂ;)%#fr}iiﬁ;MART???%;%H’L?@_
FRESES . TP391 X FRIRAD A doi: 10.3788/g2xb20204908.0812002

Tomographic Three-dimensional Particle Position Measurement Based
on Light Field Camera

GU Gao-fei, ZHAO Jun, KONG Ming, GUO Tian-tai, WANG Dao-dang
(College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: A light field camera is used to collect particle images, and the tomographic inversion algorithm is
improved to obtain the three-dimensional spatial position of particles faster and more accurately. Based on
imaging principle of the light field camera, a forward tracing model of light emitted by particles is
established. On the basis of this model, a tomographic inversion model is constructed to reversely trace
rays emitted from non—zero pixels and realize the mapping between non—zero pixels and spatial voxels. A
descending dimension method is proposed to calculate the weighting matrix. The depth accuracy of MART
algorithm is improved by combined with the similar triangle principle. According to the Gaussian Blob
model, center position of voxel with the strongest intensity is taken as the three—dimensional position of
particles. Experiments indicate that the improved MART algorithm can significantly reduce calculation time
and memory size while meeting the accuracy requirement. The x—axis coordinate error is ==0.16 mm. The y—
axis coordinate error is +0.18 mm. The z-axis coordinate error is 1.8 mm. It is more suitable for
occasions that demand higher calculation speed and has better practical application value.
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Fig.1 Structure schematic of Lytro light field camera
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Fig.2 Schematic diagram of biplane parameter method
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Single particle Blob model =0 plane particle intensity distribution
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(a) Macro diagram (b) Sectional diagram

3 Blob# & 814 9 £ W & # 4 H
Fig.3 Blob model in macro and sectional view of particle intensity
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Fig.4 Schematic diagram of tomographic reverse light tracing
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Fig.6 Schematic of calculating particle depth position using similar triangle method
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Table 1 Physical parameters of Lytro camera

Element Physical parameter Value
Main lens Focal length(1.3X) 8.20 cm
Aperture 3.373 cm
Lens pitch 14 pm
Number in horizontal direction 328
Number in vertical direction 328
' Distance from the main lens 6.44 cm
Microlens array Rotation 0.000 570 190 &°
Horizontal direction 3.534 4 pm
Offset Vertical direction —4.532 7 um
Depth direction 25 pm
Sensor Pixel pitch 1.399 9 um
Number of pixels in horizontal direction 3280
Number of pixels in vertical direction 3 280
CCD length 4.59 mm
CCD width 4.59 mm

(a) Enlarged image (b) Detail image
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Fig.8 Enlarged and detail images of particle after demosaicing

(a) Enlarged image (b) Detail image
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Fig.9 Enlarged and detail images of particle after decoding
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(a) Overall image (b) Enlarged image (c) Detail image (d) Macro pixels
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Fig.10 Particle images after orthogonal resampling
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Table 2 3D position inversion results of random particles

Particle theoretical coordinates/mm Particle inversion coordinates/mm
Number
x y z x ! v z '

1 20.2 11.6 301.8 20.34 11.46 300.44
2 41.3 19.9 295.1 41.38 19.78 296.60
3 56.1 22.3 274.9 56.10 22.46 273.80
4 17.8 14.7 310.0 17.66 14.58 311.24
5 28.7 28.8 262.9 28.66 28.82 263.72
6 49.4 15.1 255.3 49.50 14.98 256.92
7 33.2 20.2 327.7 33.06 20.38 326.60
8 25.3 26.3 330.5 25.42 26.46 329.48
9 36.5 17.6 348.4 36.66 17.74 348.92
10 51.5 12.2 307.2 51.46 12.14 309.00
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Fig.14  Absolute error of 3D position inversion of random particles
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