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Structured light 3D vision measurement technology using phase
shift gamma correction method

LU Jun', ZHANG Yijing', WANG Chengcheng®, SHAO Qiang'
(1.College of Automation, Harbhin Engineering University, Harbin 150001, China;
2.Nanjing Research and Development Center of ZTE Corporation, Nanjing 210000, China)

Abstract: To compensate for the nonlinear gamma error in the process of structured light 3D ( three-dimensional )
measurement, the gamma correction method based on the phase shift method is proposed in this paper. The
technologies of structured light measurement and the 3D reconstruction are studied. Firstly, introduce the basic
principles of structured light measurement and structured light measurement method based on sinusoidal fringe
image. Secondly, the gamma correction method based on the phase shift method is studied, and the validity of the
method is verified by experiments. Finally, the 3D reconstruction images before and after correction of the measured
object are obtained through reconstruct experiment, and the analysis and comparison are made. The experimental
results show that the correction algorithm designed in this paper can effectively reduce the RMS( root-mean-square )
value of the phase error caused by gamma distortion in three-dimensional measurement. This method improves the
measurement accuracy and has practical value.
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Fig.1 Schematic diagram of structured light measurement system
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Fig.2 The measurement system of structured light method based

on a triangular algorithm
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Fig.3 Sinusoidal fringe grating images
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Fig.4  Schematic diagrams of wrapped phase and unwrapped

phase
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Fig.5 The camera captured images
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Before and after the correction of wrapped phase

waveform and phase error
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Fig.7 3D reconstruction point cloud without gamma correction

R AR SCBETH I 5 T AR A 7% 15 1 gamma %t
WETPRXT gamma BFAR 18 B8 B9 A A 1% 25 HEA T BT IE
FHESAA T 4 AT IR AL IR AL 23 51 R 0° -45°
-67.5° .67.5° ) 1E 3% 2 SO EHR K 5 1E 5 /9 62
FEARBLRIBCH O, 75 3 1 A AL KT 8 (a)
N, S8 ORI S A Y = A EE AR A B0 = 4k
H Y L R 1A 8(b) TR,

(a) BLIEAANLIA (b) = EM R B
8 ETHAMIRE AN gamma FIER =4 EH

Fig.8 3D reconstruction with gamma correction based on phase
shift method



. 188 - MR O T M ok % % R

5 49 %

RYEFF R A E A LRl ad 5 18 7 AT XS Al
PASBR , 2Z BTN Sk AGREAR v 77 1 B B IR W AL 7
St BT AR A% 7L 1Y gamma B 1E J7 187 1E )5 W
ST WSRO0/, DT AT LA 36 IR 208 1F 7 ¥ Y A 8K
PE.

4 %2 @

1) R PO ARRS J5 i 6L AR 6 R A7 1158
XEARMLAIRE AN 7= A B gamma BT AR B9 52 M 2 18 T
FETF AW FL 51 gamma 287 1E 5 k.

2) B R 2 I g 1 IEsX SR80 Y
DB RE L AR ER AR IR D B 1 LA

3) il AT ARAL R ) gamma B 1E T Y
S AR U Y BT IR (R 8 T 5 1 R T R B
REBLAF T BRBIRIE R R B4, BA — & AT A Tk,

2% ik

[1] INVFE, B2, SRR Pk =455 B BoR R [ 1], bl
F - #0t, 2004, 15(2):248-254.DOI; 10.3321/j.issn: 1005—
0086.2004.02.031.

SUN Yuchen, GE Baozhen, ZHANG Yimo. Review for the 3D infor-
mation measuring technology[ J]. Journal of Optoelectronics « Laser,
2004, 15(2) :248-254. DOI;10.3321/j.issn; 1005-0086.2004.02.
031.

CHEN F, BROWN G M, SONG M. Overview of three-dimensional
shape measurement using optical methods [ J]. Optical Engineering,
2000, 39(1) :10-22.

BFEIETIHRNSIAR N = FTERRENR[D]. HFi5.F
RS K, 2009. DOT; 10.7666/d.y1456702.

FENG Yu. Study on the system of three-dimensional reconstruction

[2

[

—
W
[

based on computer stereo vision[ D]. Qingdao: Qingdao University of
Science & Technology, 2009.DOI; 10.7666/d.y1456702.

HENCHE T8 HL A A AR 114 D 2 = 4RI 5 N B R I I
[D]. LT AL TR A%, 2012. DOI; 10.7666/d.Y2233507

DONG Huan.3D shape measurement studies based on fourier trans-

—
~
i

form profilometry[ D ]. Liaoning: Liaoning Normal University,2012.
DOI: 10.7666/d.Y223350.

PRIGEB. 25 FL = eI R R ST R 2 W ] S oAb BB R A5
[D]. L. A8 K 2:,2009.

CHEN Xiaobo. Error analysis, control and compensation for a struc-

[5

[

tured light measurement system [ D ]. Shanghai ; Shanghai Jiao Tong
University ,2009.

[6] FBASE, 15 M. 32 M BT B 1t RGERS LB gamma HF IE

HAR[J] %4, 2011,5(31):116-121. DOI; 10.3788/
A0S201131.0512003.
ZHENG Dongliang, DA Feipeng. Gamma correction method for ac-
curacy enhancement in grating projection profilometry [ J]. Acta Op-
tica Sinica,2011,5(31):116-121. DOI; 10.3788/A0S201131.
0512003.

(7] BTLH T RGBS i Pt = 40 27 T G BER R WY
[D]. A KRB, 2015.

LU Jiangzhao. Research on some key technologies in high-speed

three-dimensional measurement based on defocused fringe projection

[D]. Nanjing: Southeast University,2015.

(81 BT, W, 524 M, 55— Pl D 28 i 5 88 109 AR oL 9k 52 326 AR 12
[J]. % #E, 2010, 5(37): 1218 - 1221. DOI: 10. 3788/
CJL20103705.1218.

HUANG Lixin, YAO Xin, CAI Dongmei, et al. A high accuracy and
fast iterative algorithm for phase retrieval[ J]. Chinese Journal of La-
sers, 2010, 5(37): 1218-1221. DOI. 10.3788/CJL20103705.
1218.

RhZE , ZERUL, SR A5 M SN S5 G R AL [ 1] 62K %
T#, 2013, 21(4) :1069-1078. DOI. 10.3788/0PE.20132104.
1069.

LU Jun, LI Jijiang, HUANG Chunming. Decoding of structred light

—
=)
[

based on symbol M-array [ J]. Optics and Precision Engineering,
2013, 21(4) :1069-1078. DOI: 10.3788/0PE.20132104.1069.

[ 1O T4t 7 SR TR 14 38 T 4 %) 2R G AR R AR ST [ D ] IR IR I - iy
IREETAE R ,2010.

FU Qiang.Property research on wavefront coding imaging systems for
extanding the depth of field[ D]. Harbin:Journal of Harbin Institute
of technology, 2010.

[11]JHUANG P S, HU Q J, CHIANG F P. Double three-step phase-
shifting algorithm [ J]. Applied Optics, 2002, 41 (22). 4503 -
4509. DOI:; 10.1364/A0.41.004503.

[12]LEITGEB R A, HITZENBERGER C K, FERCHER A F, et al. No-
vel phase-shifting algorithm to achieve high-speed long-depth range
probing by frequency domain optical coherence tomography[ J]. Op-
tics Letters, 2003, 28(22) :2201-2203.

[ 13]HESHMAT S, TOMIOKA S, NISHIYAMA S. Phase unwrapping al-
gorithm based on singularity compensation for three-dimensional
shape measurement[ J ]. Optical Review, 2012, 19 ( 6) ; 444 —450.
DOI: 10.1007/510043-012-0076-9.

[ 14]LI Yang, CAOYiping, HUANG Zhenfen ,et al. A three dimensional
on-line measurement method based on five unequal steps phase shift-
ing[ J].Optics Communications, 2012, 285(21/22) ;4285-4289.
DOI:; 10.1016/j.0ptcom.2012.06.062.

[15]CHEN K, XI J, YU Y, et al. Fast quality-guided flood-fill phase
unwrapping algorithm for three-dimensional fringe pattern profilome-
try[ C]// Photonics Asia 2010 International Society for Optics and
Photonics. Beijing: SPIE, 2010: 78550X~-1-78550X-9.

[16]SONG Z, PEISEN H. Phase error compensation for a 3—D shape
measurement system based on the phase-shifting method[ J].Optical
Engineering ,2007,46(6) ; 063601-1-063601-9. DOI; 10.1117/
1.2746814.

(17 ]HRZR 5, 36 RIS SUBARRS el 3 e fE B A [ 1] D224,
2012,5(32) :86-92.DOI: 10.3788/A05201232.0512004.

ZHENG Dongliang, DA Feipeng. Double-step phase-shifting algo-
rithm for fringe-projection measurement [ J]. Acta Optica Sinica,
2012,5(32) :86-92.DOI; 10.3788/A0S201232.0512004.

[18] HUO Jincheng, WU Qingyang, ZENG Xiangjun. A technique of
phase-shifting for 3 - D measurement using spectral-transform [ J |.
Optics and Lasers in Engineering, 2013,51(10) :1133-1137.DOI.
10.1016/j.optlaseng.2013.04.014.

[19] YE Xu, CHENG Haobo, WU Hengyu, et al. Gamma correction for
three-dimensional object measurement by phase measuring profilome-
try[ J]. Optik-International Journal for Light and Electron Optics,
2015,126(24) ; 5534-5538. DOIL; 10.1016/].1jle0.2015.09.028.

(HE i)



