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Abstract The PMP 3D shape measurement technique projects a grating pattern onto an object to be
measured. The pattern undergoes phase shifting at regular intervals, and a camera captures images to
determine the 3D shape. The phase values can be determined from the acquired image's pixel intensity
variations. However, when projecting the grating pattern onto highly reflective glossy objects, specular
reflection often appears saturated in one direction. The regions affected by this have extremely bright
or dark values on the camera's image sensor. The pixel intensity variation becomes minimal and take
the form of a non-sinusoidal wave, leading to significant noise in the phase values. This study classified
the noise generated by specular reflection during PMP shape measurement of glossy objects into two
types. The two types of noise were reduced by adjusting the camera's exposure time. Upon
implementing the proposed method, it was observed that the noise across all pixels of the image was
reduced from 1.827% to 0.201%.
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Fig. 1. Optical system of PMP 3D measurement
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Fig. 2. Intensity variation at the single pixel
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(a) Reference phase value(®, , 1., encc) Saturation noise mask(z,y) =0

(b) Object(coin) phase value(®,;;..,) Where, (z,y) denotes pixel coordinates
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Fig. 5. Images obtained by measuring object(coin)
(a) Fringe pattern - exposure time 48 ms
(b) Fringe pattern - exposure time 72 ms
(c) Phase value - exposure time 48 ms
(d) Phase value - exposure time 72 ms

(0

Fig. 5(2)} Fig. 5(b)= 71¥et =EA7HS 72t 48
ms, 72 msE St 509 &4l A7 g FAFoto]

53t oJu]A|o|t}. Fig. 5(C)9]r Fig. 5(d)= 5#A 4
ol&stHA E53L ou|XES Eq. QF Bl 3t
o), omA= #HASH| {3 0~2558 Afstota
o] x|&}gt Zoltt.

Zhilet eEA|7ko] Z4Z 48 ms, 72 ms$l Fig. 6(a)
3 Fig. 6(b)2 50 &40 73;‘} S 58 Y4 o]
55 ot =3 O]“]X] & Eq. (3)°f 9Jsf w=oin
FZ A5 viadolnh ojnf 279 BE el oA
AA| HH9] 1.689 %, 0.063 %S ARt et 71|
2} & A|7to] ZZ}F 48 ms, 72 msQl Fig. 6(c)¥} Fig.
6(d)2 Eq. (Dol 9Jsf vrEolxl E3-2-9] wpAF ol
ojef Z-7+9] HIF-S-2 o|u]A] HA| HH9 0.138 %,
0.423 %9 &A&& A5k qich

753

b

(o) @

Fig. 6. Noise masks of Coin
(a) Light-shortage - exposure time 48 ms
(b) Light-shortage - exposure time 72 ms
(c) Saturation - exposure time 48 ms
(d) Saturation - exposure time 72 ms
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Fig. 7. 3D shape images of object(coin)
(a) Exposure time 48 ms
(b) Exposure time 72 ms
() Noise reduced value



FAte7|&atel= Al A24W A9F, 2023

Fig. 73 Fig. 702 72t kel 242 48
ms, 72 ms? W Y Eoh e BE Lo
ol g AR AR A olmlKlolct,

Fig. 72 Fig. 7@9) Hol8 71202, 712 1
olEjo] & S BEL Fig 7)o A 4t d]
o[EiE 7hA% B A B4 olmlKlolct. A
o2 712 dlolE|o] A 18-S 1.827 %°lAl 0.201 %
& g

D
rhu

Al o

o= AT 0, %_‘—73‘* tol AOH H““HL é]r HE
A SRR, ZhEt lcgf\l %
7] 2 stod 7415‘5 t SAREETEH T2 Hst
ol 7Wdske WS Abstth. AlRbd WS ol8st
o} oju|A] A HAoA o F2S 1.827 %A 0.201
%2 fachs AL GRASIAH. & AFE SEA 71
2Ql AXpE gold glo] 72t kB Ak o189
Rl o3t e AR ol Y

o Bg + gt

SHAIRE eEATRE SRR =EolA= 48 ms) &
of EAoi 23} FZo] YAsk= Aol dolvh=,
S &2 ANkAb] o3t o8 LEAIZT HATES
2 A7 Q1o A9 A7 B st

FF AHbA] ot 22 whARge] FhH|Et ofw|A]
Ao mEEofR= Aol wet, Zhdet & A 3
FHSE WEsto] P22 AaAl7ls Tl tisiA
TE AP ofFoltt.

References

[1] G. S. Kim, Y. C. Park. “A Study on the Compensation
of Thermal Errors for Phase Measuring Profilometry.”,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.20, No.6, pp.598-603, Jun. 2019.

DOI: https://doi.org/10.5762/KAIS.2019.20.6.598

[2] Y. C. Park, S. J. Ahn, M. H. Kang, Y. K. Won, S. J.
Ahn, “Phase error compensation for three-dimensional
shape measurement based on a phase-shifting method,”
Journal of the Korea Academia-Industrial cooperation
Society, Vol.10, No. 11, pp.3023-3030, Nov. 2009.
DOI: https://doi.org/10.5762/KAI1S.2009.10.11.3023

[3] H. J. Kim, J. S. Kim, and H. Joo, “3-Dimensional
Shape Measurement System for BGA Balls Using PMP
Method,” Journal of Institute of Control, Robotics and
Systems, Vol.22, No.1, pp.59-65, Jan. 2016.

DOI: https://doi.org/10.5302/].ICR0S.2016.15.0128

[4] J. H. Wang, Y. Zhou, Y. Yang, “A novel and fast
three-dimensional measurement technology for the
objects surface with non-uniform reflection”, Results
in Physics, Vol.16, Mar. 2020.

DOI: https://doi.org/10.1016/j.rinp.2019.102878

[5] J. H. Wang, "A novel 3D measurement technique for
rigid moving objects with a determined movement
trajectory and constant movement speed’, AP
Advances, Vol.9, No.5, May. 2019.

DOI: https://doi.org/10.1063/1.5098368

[6] Y. C. Park, "The Principle and Applications of Moire
Phenomenon"', Journal of the Korean Society for
Precision Engineering, Vol.17, No.6, pp.25-31, Jun.
2000.

[71 Y. C. Park, H. Y. Kim, "The measurement for micro
shape by Phase Shift method 1", Journal of the Korean
Society of Manufacturing Technology Engineers,
pp.335-341, May. 2005.

[8] A. Penttild, "Quasi-specular reflection from particulate
media", Journal of Quantitative Spectroscopy and
Radiative Transfer, Vol. 131, pp.130-137, Dec. 2013.
DOI: https://doi.org/10.1016/j.igsrt.2013.03.007

2 Ef £(Tae-Su Moon)

- 202149 29 ARSI AHE
ABSI (F8HA

- 20219 39 ~ WA ARLEL
HREATS} (443H4)

@AEop
3D 274, AR



1338 B4 3D 33 FHA TAHE FSAMA

e

A7

e

&(Gi-Seung Kim) [H3l

+ 20204 2€ : AEdgy JHE
QBT (@A

< 2020¢ 3¢ ~ @A @ AEdstn
AEFAEst (HAk)

TAEoP
3D &%, AFEEA

o
4t 8

Z(Yoon-Chang Park) [M3]2]

+ 19884 2¥ : g=Islr|&d
ARt (FeHAIAD

- 19944 29 : A&
AuFsh} (FehEkAp

+ 19974 3¢ ~ @A : AEoRstw

HREAZO} 5

TP
42714, 3D &4

755



