Applied Physics [ F#3, 2022, 12(2), 75-82 Hans XMl
Published Online February 2022 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2022.122010

it

ETHEEMH TR =4 N ERARY

Rk, B R, FEIH
MO EAR SR, WL

Weks H . 20224F1H 170 FHBER: 202242 H16H; & A HI: 20224F2H23H

R

BB =ENERRKARRIRE, BB KT 4P iE 1T I B O & BONESE DOR BT R o
AXEEHAR T ETIAMMFLOAMBIT T, FHRARRE TERE, #IRTHEMSERDhRE
Z IR LTRSS R R o BB ZRHAEOR (FIP) AT 4B ERT, FHESERS, 7 ABEIREF KN
BYHR, HBETFIPRERHESR, FRANERTZRER . SPRDABTER R IR RS - EITHA, H
BN RRE, TRRESIERS, SEEASERNATE, WA RBHBUER Y&, B
B, ASCEE XHME G FTPE: LUK P A B BEFTPYA R I B8 BT 204, I L BOX B et J7 vk e I 72 R o
KR, vABENNESRENTRERENNESR, BEYAREREERE M, vRB%kKN
WESERZHN T RKEEENIESER,

X 5in

BEMNZRREA, SR, AR, =48

Research on Three-Dimensional
Topography Measurement Technology
Based on Fourier Transform

Youhong Xu, Yun Zhou, Jianping Li
Quzhou College of Technology, Quzhou Zhejiang

Received: Jan. 17”’, 2022; accepted: Feb. 16th, 2022; published: Feb. 23'd, 2022

Abstract

With the continuous development of 3D measurement technology, the measurement of 3D objects
by projecting and shooting structured optical stripes has become a hot research topic in recent
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years. This paper mainly studies the phase unfolding method based on grating stripes, elaborates
its implementation principle, and derives the geometric mapping relationship between the unfolded
phase and the actual object height. Fourier Transform Profilometry (FIP) for 3D surface shape meas-
urement, if no spectral overlap, can get good measurement results, but because FIP is a global trans-
form, the spatial information is lost in the frequency domain. When the measured object has a com-
plex shape or is seriously polluted by noise, the spectrum distribution in the frequency domain is
broadened and spectral overlap may occur, resulting in incomplete extraction of the fundamental
frequency components, and the measured object can not be recovered correctly. Therefore, in this
paper, a comparative study of the measurement range of the traditional FTP method and two im-
proved FTP methods is conducted by combining experimental methods, and the similarities and
differences between these two improved methods are analyzed by means of experiments. The ex-
periments show that the measurement results of the n-phase shift method are better than those of
the grayscale map method, and the measurement results of the n-phase shift method are gradually
better than those of the grayscale map method as the value of the object height gradient increases.
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AR SR R S ORI S N D 55 AU IE o5 A R B L AL A SRS = ) s AR 7 4
AR, W BB 2 SUHAT TR NUARS V2 A BN AR BRI 2R G VeS8 . B2 AR A2 2 = 450 R &
HRIFA R, N TR B M R RS 2Bk I 4044 2 1f1 (Fourier Transform Profilemetry, FTP), AHA7AH
IR 52 B P T v FE PR A e AHME R AR AR T, d e R T DA BB v A B A A AR, R AR =
P i B 5 A A AN v B R e e o ARAB ARG A I 7 VAN, BB SRR (Bt B A,
AR & 52 BE A (Phase Measurement Profilometry, PMP), < 81256 5t 2 K F JE T 4 800 Mt AR AL I 2 46 B AR,
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Figure 1. Optical path diagram of the Fourier transform profilometry technique

Bl 1 EEMTRLEARFTP)EE

A 4

B R G — IE5Z 0 A O B BN R 3, o T 52 B e P 7 A O R 1, SR SUR AT AR
H1 CCD $RBMLIRI AT 26 SURT Ko A
g(xy)=a(xy)+pB(x y)cos(27rf0x+¢(x,y)) 1)
Horbra(x,y) HFRBEDE T RERME R0 8, B(xy) ERFLUMRE,  f R8RS 11 oel
SREUIR, ML p(x, y) 2 B i 5 B SRR 22246, (D)3 A IR R
a(f.y)=a(xy)+c(x,y)exp(2zifyx)++c*(x,y)exp(-27ifyx) (2)

DOI: 10.12677/app.2022.122010 77 I EEY/BEH


https://doi.org/10.12677/app.2022.122010

A 5%

Xt c(xy)=058(xy)exp(ip(x,y))» A (Q)AMEAT — YL Rt AL He, W15
G(f,y)=A(f,y)+C(f—"f,y)+C*(f+fyy) 3
)i~ & B 2 fros.

lg(fy)l
Qo
Q. 4 Qq
Q.. Q;
Q. ; Qs
o Ll

f1minf0f1maxf2minf3minf2max f3min f

Figure 2. Spectrum diagram of Fourier transform technique
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Figure 3. Schematic diagram of the measured object
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Figure 5. Results of three-dimensional profile measurement
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Table 1. Comparison of the root mean square (RMS) error between the actual and measured values (mm)
%= 1. ERESNEEMHFRERMS)IRELR (mm)

A5 IR i LREREAER
1 0.0235 0.0143
2 0.0124 0.0188
3 0.0139 0.0117
4 0.0234 0.0182
5 0.0209 0.0163
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