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ABSTRACT

As technologies evolve, 3D measurement techniques using cameras have been developed continuously. In 3D
measurement, high accuracy, fast speed, and easy implementation are very important factors. Recently, 3D
measurement using multi-frequency fringes has been widely used. This method is generally a method of
measuring the height of a image obtained by projecting a sine wave through the projector. The sine wave is
produced by software. However, this sine wave is not a perfect sine wave by gamma of projector. This is given
a bad influence on the height measurement, and can not measure the correct height. In this paper, we propose a
method for correcting the phase of the sine wave to avoid being affected gamma. Through this method it will be
able to make more accurate height measurement.

79 E

3D Measurement, Fringe projection, High accuracy, Fast speed, Phase correction

.M =2 FEE & Fol, ] %‘*Jﬂ Ad AEE T

EA9 ®olE ZA3E WHolth RE fringe

Fringe Projection Profilometry (FPP)&= 2 % pattern© @ A}Ql3Hsine Wave)E o] & A o

g &5, 52 Xéi‘f‘é, A =AY Ao QolE 2 Z24ag. 28A old ARIYE ZRAHE

xiﬂﬂ s A 5l oldol ol 3D ZAo o] &34 AQITIE W wjol FhuE o] &3 A]

wol 23 A& _i,_xﬂ o|th[l] FPP= S o gae de u, rkgamma)el oJs) gfFo] 5]
of s ®hEolXl fringe patterng =Alol ¥ of A AQIFs} HR 3o} o] K} %

- 389 -



o

N\
ol
2

Hir

2
X

fr
o
i
e

,ﬂ
2

)

o,
o

(e}
-0
)

£

o
2

ro u:Ejg

i
F
for

rit
o
it
L

HU

hin'/

o
2

ol
£
o e
&

o px =,

2

N

o

olf
il

[o o & ®

=

[

Moy

~

do o8 M

o pfz o Ir

22

I

14
o

(xvy) = ]1,(337?4) +Im(5€7y)COS [¢(%y) - (Tl_ 1)

< O] al, ]1, (%y)
modulation,

21 48 714 e SH ol

4P 7MY oY 2dE oY
9 olgAHel Slge Agold AYs
Agstel A (FoDE o

Hol&g e

Al

A

in)

rr

g F719] o (A-B)

a8 D& ARIgE 8y 42 wrapped
phase?] 4 o], A9} BAtolr}t 3 F7|E Uehd
of A¥ 714 oy SYHelELS Y 2 &
1 Fel oste vbE F Uk

A 3 Fr9 ARE@AZ EHB)E zolA
g F71el g4 NeE Foh o] AFE nolt
s, Aoz 7HA7 A 2 4 O 2ol
T F Ak

690 = % (27 /m), 3
e = ¢inp'u,t _ ¢;€(Ieul’ (4)

e dE 9, ¢E ol AR e
olmsty, ke 0~n7kAE ovdit} o]gA st
& F71o el oA AF AdES A Eoh
ol F 4 (W} #o] dY A A¥ e
apol eE FYH ol B A Frt

Aol AHES AA gl disto] wHESHA
EE dHE st SgH ol FAHAZ H
Z}zte] binell thste] P& et "ot

olFA e AR MY olgl FHHCIE] o
<9 2>} 2o

i

¢

015
01
008 |

2% % 0 0 %00 0 0

a9 2. A% 7H8 ol S{dElolEe d

22 29l e oe) Suol

el Y ole SeHolEe H4Y 71 of
REE P fA
oz Hgshe Ao

2l g st

Fols SdEcleS BHEE

el

e
fui)
o
i
r oo
do Fr

o
=

[*]
o
2 o o

o~
=
ot
£ o

o

o> (L #O M
fu
oy
O

[e]

ot i) tlo X
o

e oy EHoES 7=
714 ol FYHolES wt=x

T3tk & Holgt ¥, 4 ( AL

P E Ae dial, & F7] W 94 @E
least square line fitting& 3sle] A< W42
e FHoll, o]& ol gd ¢S AitstH
o|Fo= ¥ 714 oy SdEHlOES T
H47 FLsHA stH "Bk gl A" o

Blo] &9 o= <1y 3>3} 2ot

2

(i
&

At
@ rr

- 390 —



A

HZXS E5t Fringe Pattern Profilometry 3D £%0| &stAM JiAM

o8- 5 =

bl 1 5 00 150 700

a9 3. 2l Me o] Sl o
23 94 B
213 228 WHOE oY SUHIEE 44
Pom, oA olF ol gt AY AL A @

o 4 el Solew o A4k kel dia) o
g BqHolRe] Qe ag olA sdais o
e WEw B SqHol e dusg 2

= 42 4 O 2o

fv-)

Iy * ¢input

i=— )
2w

QZSOUt‘mn’ :Qﬁmmt_LUT[Z], (6)

i= FHEClEY dEz, n,, & FHEHOE

bine| A%E ouldth HFHOZ 94 nye

)\] O /\] (6)&]_ zzl.q_ ¢outputo EW% _?4
011?4 ??j glol &S ofm| 3

AS7HA T 7P119] oa# SdEolEd A%
AL she WA GotEka, oAl 74 4§
o g dF Ads afstaa o

b, LUT=

m. &

oo

21

A¥ e Windows 10(64bit), Microsoft Visual
74 2] B g o]
Z g2 o <238 9 21

1290x867 <] t}.

Studio 20109] el A <= o,
Ae A 29l
G| e

o -1

o] o

2 4 A BdolA =9l

AelBg ol Fdle] Eol= 0, 300, 600, ~
2700, 3000um =24 ZF 1170 =0l ZdHAdLS A+
&3t 7&1111-131]01 WHoZE Guool W
[6]& AH&siA AeByelds At = 2
E=EAA Xﬂ°Po}“ W 45 HZEE 9HA
AREAS kA Fe o] Ayrgold Az
o 7 7}X] wET«l = HHdHClES o8& A
gugold A3E HlustAoh ARIRe F7)=
83 72, F ME ARESIY e e, ols
43t e EAd A FU]o] ARIGE
o sjo] FHEHE A=Vt 28 do] I
E}_ {‘——“#[6 7]ol wetA Z F719 RS ol &

& F719] 94S unwrapsFoiok 317

7—} L./] true= Z%El‘ﬂﬁl old Fulde AA
Eo]E on|3la avg:E A3 Eolo HFL 9
vty T, sigmas TFAAE, rmse=  root
mean squared errorg  YEAT  (AE
ltrue —meanl+30cE  2ulstzz (b= =99
max—ming 9udg wxgoz 7+ $=X9
@4el= pmoltth

GE D2 A% BAS skA &2 Byl
AFRE, <FE 2D A% 7MA A ESHHolES
o] &3 A Hgold da, <F P 8 HH
o] SHolES o]8% ABdgold AxE

ERd T
2 1 94 2AE A &2 A

true | avg | sigma | rmse | (a) (b)
300 | 300.1 9.5 9.5 28.7 52.3
600 | 599.8 11.2 11.2 33.7 52.5
900 | 899.6 8.8 8.8 26.7 39.6
1200 | 1199.6 7.6 7.7 23.3 35.0
1500 | 1499.9 7.2 7.2 21.7 33.5
1800 | 1799.4 7.0 7.1 21.7 36.3
2100 | 2099.9 8.5 8.5 25.6 37.6
2400 | 2400.0 8.7 8.7 26.3 36.8
2700 | 2700.4 6.9 6.9 21.0 30.0
3000 | 2999.8 5.1 5.1 15.6 30.2

[&+91: ]

® 2. 4% 78 og S4gElolE A%

true avg | sigma | rmse (@ (b)
300 300.3 3.2 3.2 9.9 35.6
600 | 600.0 3.1 3.1 9.3 32.9
900 | 899.8 3.1 3.1 9.4 29.5
1200 | 1199.8 3.2 3.2 9.8 27.3
1500 | 1500.2 3.5 3.5 10.7 21.7
1800 | 1799.4 3.4 3.4 10.6 28.1
2100 | 2100.2 3.7 3.7 11.4 30.7
2400 | 2400.1 3.7 3.7 11.1 27.1
2700 | 2700.3 3.1 3.2 9.7 25.5
3000 | 2999.7 2.9 2.9 8.9 24.0

[&+91: um ]

- 391 -



¥ 3. 2 9d" o SHHolE A
true | avg | sigma | rmse (@ (b)
300 | 300.2 53 5.4 16.3 35.3
600 | 599.9 55 55 16.7 35.5
900 899.7 4.8 4.8 14.8 32.4
1200 | 1199.9 4.2 4.2 12.6 29.4
1500 | 1500.1 | 4.3 4.3 12.9 28.7
1800 | 1799.5 4.4 4.4 13.7 30.6
2100 | 2100.0 5.0 5.0 15.1 32.9
2400 | 2400.2 5.0 5.0 15.3 33.2
2700 | 27004 | 4.1 4.1 12.6 26.6
3000 | 2999.7 | 3.9 3.9 11.9 26.2

(9] pm]

slol Ashe Avnd, 94 nEL A @&

dol MM T shAe] ol
o] ozt o e e 3 o
A RN K WMe olgskel 3D

Ae od B o 5L ARHe 20T B
]

B By

v.Z2E

2 =%dAe FPPE T3l 3D A& & o,
Hopel] o3k @S sk, sid Weke=
AE 7H olE S4Eeled 2]l A" o 5
dElelES ol&ste WHE Atsigior 24
Axs vtk 43 2ddAs SA AL
T e How, of e F3k 3D
S4< i vs Ag5rt 58 2AH9E de F
A= Aol

t

3k
D
ot

[1] Zhaoyang Wang, Dung A. Nguyen and
John C. Barnes, “Some practical considerations
in fringe projection profilometry” , Optics and
Lasers in Engineering, vol. 48, no. 2, pp.
218-225, 2010.

[2] Yanjun Fu, Zhigang Wang, Guangyu Jiang,
Jie Yang, “A novel three-dimensional shape
measurement method based on a look-up
table” , Optik-International Journal for Light and
Electron  Optics, vol. 125, Issue. 6, pp.
1804-1808, 2014.

[3] Chen Xiong, Jun Yao, Jubing Chen, Hong
Miao, “A  convenient look-up-table based
method for the compensation of non-linear error
in digital fringe projection” , Theoretical and
Applied Mechanics Letters, vol. 6, Issue. 1, pp.

49-53, 2016.

[4] V. Srinivasan, H. C. Liu, M. Halioua,
“Automated phase measuring profilometry of 3-D
diffuse object,” Appl. Opt. 23, no. 18, pp.
3105-3108, 1984.

[5] Hongwei
Mingyi Chen,
for fringe projection profilometry” ,
Engineering, vol. 44, Issue. 3, 2005.

Guo, Haitao He, Yingjie Yu,
“Least-squares calibration method
Optical

[6] Hong Zhao, Wenyi Chen, Yushan Tan,
“Phase-unwrapping algorithm for the
measurement  of  three-dimensional  object
shapes,” Applied Optics, vol. 33, no. 20, pp.
4497-4500, 1994.

[7] Jielin Li, Laurence G Hassebrook, Chun
Guan, “Optimized two frequency phase
measuring profilometry light sensor temporal
noise sensitivity,” Journal of the Optical Society
of America A, vol. 20, no. 1, pp.106-115, 2003.

- 392 -





