rE®E I RKFFR
FEaE FH2 J. University of Shanghai for Science and Technology Vol.42 No.2 2020

CEHE:1007 - 6735(2020)02 — 0131 — 07 DOI: 10.13255/j.cnki.jusst.20190218003

i

TEHMRENREREREHHENKENZIRE

BRX&, B %, DR, XEF, R

C R TR BBUR 530 7 TR, il 200093)

HE: ARERZHEEIEATLEZ LA RO E LT, 3477 AT EREGREN S
W, AAEATEHHAFEIAGBGHRA, fFHEMREL FRRERGRIEX LR, REiL
FE—AEWNARER, ERRREARERITION; ZALSESAREZ T EZA MG, MARELKR
E A IERGE B B A T m A AR BRI B kit S ARARE AR S TR B e R AL,
5 EFRRE ——3T R ITHE A, REMSLER, 2T ARRARELET, ZAIREEZA
RN TR, BJE, BRI A IR EAAR R A, SEATR N 5T R
E, EEBAIEESFES LT @ 2mm (10 4&7K) LERN, MEiEEDT 5.35%.

K VAR, RERISHEGAAI; REMNE; % B AN w; BT E
FESES: TK31 XikFRERD: A

Calibration for depth estimation by a focused micro light-field camera
based on virtual depth

QIAN Tianlei, ZHOU Wu, MA Yuanchi, LIU Huifang, CAl Xiaoshu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Without knowing the intrinsic light-field parameters, a calibration process was conducted for
depth estimation by a focused micro light-field camera based on virtual depth. In order to derive the
functional relation between virtual depth and real depth, a light-field imaging model was established
according to the Gaussian optics. A single corner calibration board was imaged at various depth
distances. The corner point was multi-imaged in several macro-pixels, and the distance between adjacent
redundant image points varied according to the depth value. By using an image matching algorithm, the
distance between adjacent redundant image points as well as the virtual depth was calculated. After that,
the curve for the relation between the virtual depth and corresponding real depth was fitted. Based on
this fitted function, the resolution of depth estimation at different depths was analyzed. By capturing a
slanted chessboard target, the depth estimation error was obtained. When the working distance toward

the lens is within the range of 2 mm (10 times DOF), the error of depth estimation is lower than 5.35%.
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Fig.1 Two focused light-field cameras with different structures
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Fig.2 Light-field images at different depths from the same object
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Principle of depth estimation by the focused light-field camera
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Fig.4 Schematic of the calibration system for the focused micro light-field camera
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55 2 3 BRRA, 5 HET IR AR A AR RO AR LR BE I it AR 137
250 camera[C]//Proceedings of 2009 IEEE International
2004 ’\ —e— DRI 15 2 Conference on Computational Photography. San Francisco:

<ol A /N A o ARSI IEEE, 2009: 1-8.
]ﬂg | [V ™ \ [5] GEORGIEV T G, LUMSDAINE A. Focused plenoptic
]@ 100 v!' \*-. camera and rendering[J]. Journal of Electronic Imaging,
= sl | "';,.\ /"‘-_ 2010, 19(2): 021106.
,'I ) \_\-\3‘\
0 - | beees N teetetoq [6] OSKIPER T, ZHU Z W, SAMARASEKERA S, et al.
95 96 97 98 99 100 Visual odometry system using multiple stereo cameras and
//mm

9 FRAREMETHRENERE
Fig. 9 Depth measurement error at different depth positions

TR 25 W /N F Rl A B R 25 . MWE N T
97.4 mm B, TREEM G BB T RE, X AR
JEE I P TR 25 R RS R, N IE A AT R B
% JEFITE 98~100 mm KL FE N IR ZE/NT 5.35%,
HA BRI R R, A i By R4
4900 2 5 L

4 &

X5 A AL 1 SO S AHMLIEAT T T kR 4R i
(R B T B 2 MR 254007, MR BILL R 4518 Jk
TRt e, SRR R R RIS
SRR BE U L] R B R, T IE I — pRACR
FO OB BB B AL E . S TS A AL
Raytrix R12 Micro #5 # T RHOCHMA RS, #id
FATEA [F) VR B A6 B 9 B — ) s b e AR, W IR &R
GEEAT TR B AR AE o FE TR A5 B 2
W, X R R R GAE AR RN BE AL E R IR
JE Oy BERIEAT T A0 HT, TR I i 43 W R /N vl ik
57.8 um. Sl i A AR} AR RE Y AR AR AR
B, S AS TR B T O O R 2 AT A
Br, FEZ RS E 5k TAEM B RT1 2 mm( 10 £ 5%
OWEN, WERE/NT 5.35%, SIS ST
H P R 5 YRR (4 B S YR T AT AT &

BE WK

[1] GERSHUN A. The light field[J]. Journal of Mathematics
and Physics, 1939, 18(1/4): 51-151.

[2] ADELSON E H, WANG J Y A. Single lens stereo with a
plenoptic
Analysis and Machine Intelligence, 1992, 14(2): 99-106.

[3] NG R. Digital light field photography[D]. Stanford:
Stanford University, 2006: 38—39.

[4] LUMSDAINE A, GEORGIEV T. The focused plenoptic

camera[J]. IEEE Transactions on Pattern

inertial measurement unit[C]//Proceedings of 2007 IEEE
Conference on Computer Vision and Pattern Recognition.
Minneapolis: IEEE, 2007.

[7]1 PERWARB C, WIETZKE L. Single lens 3D-camera with
extended depth-of-field[C]//Proceedings of SPIE, Human
Vision and Electronic Imaging XVII. Burlingame: SPIE,
2012.

[8] BOK Y, JEON H G, KWEON I S. Geometric calibration of
micro-lens-based light-field cameras using line features[C]/
Proceedings of the 13th European Conference on Computer
Vision. Zurich, Switzerland: Springer, 2014: 287-300.

[9] JOHANNSEN O, HEINZE C, GOLDLUECKE B, et al. On
the calibration of focused plenoptic cameras|[M]/

GRZEGORZEK M, THEOBALT C, KOCH R, et al. Time-
of-Flight and Depth Imaging. Sensors, Algorithms, and
Applications. Berlin, Heidelberg: Springer, 2013: 302-317.

[10] SUN J, XU C L, ZHANG B, et al. Geometric calibration of
focused light field camera for 3-D flame temperature
measurement[C]//Proceedings of 2016 IEEE International
Instrumentation and Measurement Technology Conference.
Taipei, China: IEEE, 2016: 1-6.

[11] ZHANG Z. A flexible new technique for camera
calibration[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2000, 22(11): 1330-1334.

(12] 5K, 8%, LR, 55 RGO MNE R SR
ST R o B R AR T EL (D). 2040 508 TR,
2015, 44(11): 3384-3392.

[13] DANSEREAU D G, PIZARRO O, WILLIAMS S B.
Decoding, calibration and rectification for lenselet-based

of 2013 IEEE
Conference on Computer Vision and Pattern Recognition.
Portland: IEEE, 2013.

[14] ZELLER N, QUINT F, STILLA U. Narrow field-of-view

visual odometry based on a focused plenoptic camera[J].

plenoptic  cameras[C]//Proceedings

ISPRS Annals of Photogrammetry, Remote Sensing and
Spatial Information Sciences, 2015, 11-3/W4: 285-292.

[15] GONZALEZ R C, WOODS R E, EDDINS S L. 55 K%
A FE (MATLAB WO[M]. Bufk#as, 2. dtat: -+ Tl
JAE, 2005: 367-368.

(4. 1 BE)


http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1117/1.3442712
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.3969/j.issn.1007-2276.2015.11.037
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1117/1.3442712
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.3969/j.issn.1007-2276.2015.11.037
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1117/1.3442712
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.3969/j.issn.1007-2276.2015.11.037
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1109/34.121783
http://dx.doi.org/10.1117/1.3442712
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.3969/j.issn.1007-2276.2015.11.037
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.1117/1.3442712
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.3969/j.issn.1007-2276.2015.11.037
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015
http://dx.doi.org/10.5194/isprsannals-II-3-W4-285-2015

