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An Investigation on Surface Morphology Measurement Based on Fourier
Transform and Phase Shifting Method

Bagherie, Siavash; Jafarfard, Mohammad Reza; Mahdieh Mohammad Hossein
Iran University of Science and Technology, Narmak, Tehran, Iran

Abstract- In this paper, two interferometric methods for surface morphology measurement has been investigated. The simulated
sample considered for this study was a diffraction grating with 600 lines per millimeter. A simulated interference pattern for this
sample was created and Fourier transform and phase shifting methods have been utilized for the extracting surface profile from
that of interference pattern. The code for each method has been written in MATLAB and by using numerical image processing,
the obtained surface profile for each method was analyzed. The results demonstrate that in the ideal systems with low percentage
of noise the morphological error in phase shifting method is less than Fourier transform method. However, sensitivity of Fourier
transform to noise variation is less than phase shifting method and it is recommended to use this method for the noisy systems.

Keywords: 3-D surface profiling, map of surface, phase shifting interferometry, Fourier transform interferometry

oYY

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1219-fa.html

[ Downloaded from opsi.ir on 2026-01-06 ]

VYA poge VEY

gl Gly sl zse g0 G BT PXY) 5
o s albrle alexl (it slaig, G(XY)
by, ol e 4 aslsl j0 a5 sls s>y 4,68

RSN
S8 el e a4l -Y-)

Glp oS ol s an )l s B ool mw Sl
30 0,8 oo L8 eolaiuls yee Sl 580 slas Skl
ook ae a Bl zee apx sl glp by
GB e bl Lo sglate oyl b snslas 5l
ol ey Alaly sty gedSl e 0 Sad

D o0

1(x,y) =a(x,y)[1+b(x,y) cos(4(X, y) + 6,)] 49)

(Y) ol )’l ¢(X, y) C‘;ﬁ:&m‘ LS‘)? (EOdxio 6me.'i..:.)5§.”
u.:‘ 6‘)‘.’ ‘) 6‘4.1; )LQ_> W.Z.:)}i” Lo a5 col o.\..;oLe,w..,

oslailay 5B Sluls o oSl cpl jo mlos ST bl LI
sl 2
11, y) = a(x, y)[1+b(x, y) cos(4(x, ¥))]
I2(x,y) =a(x, y)[1+b(x,y) cos(¢(x,y) + 7 / 2)]
13(x,y) = a(x, )[1+b(x,y)cos(4(x,y) + 7)]
I4(xy) = a(x, y)[1+b(x,y) cos(¢(x,y) + 37z / 2)]

\»)

Cawd & ) Dyp0ds Too e B dolae Jloz ol J> L

Hoxy) = tan L2 )
2714

[#]sg; waly> h(x,y) =477[¢(x,y) b wl

4598 b e aled -V-Y

GrSeilul slagiy, 51 S ag has (mie ale

S b G a hid as el (Sl wly goman

65l S0l 5l wiges e o,9] Cawsas sl
1398 Gl 2 ©)goh Sl oo (gugiow (29) LS
9(x,y) =a(x,y) +b(x,y) cos[27z fy (x+Y)

I\
oyl O

OYA

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

Olaobl 5 algi anwgs 4 (uedd Co e Glp (o o
gobe ale G pSojll 4 5l (Jpame oS
3 o5 L aaw gaman orw ala )l 0s>g
5 G3eSSem «Sidesl wile oy slaans
e Sl Vb (55918 b oy lie (sl S iSlgz|
Seil 5 SHe (g5g See ilie slahy, ol
ol o 5 el oadolyiin ek (g pSejlail sl
e abe oo JJo a4 (Sl sla g, da g,
axgidyge (05 Oyl 5 db) Sy g L8 (o (gwled
S VO WP SOV RO BPUE JX g JURN I £ RS vowe
Jolaie sl bs, aloxsl 6yl S92 g (5,50 Sl eo)be
.[\—\‘].\;’;,Lg@ ol i LS

S by G S &S eI gy 5l dlde Gl e
ghe Gomtn (rw aled @lp wiliee Sre (S
b 5 oo (Byme ln 025 (oo JLE swin 50
5 938 2lmlr me sy 99 i JEIS sl
5 srype e Gilwand alwgd @ jed Jos
POT-X 0 5,8 s lie

S Sl =¥

el Ceonnd 93 4y (99,8 H98 (i JSNS N, 50
6520 5 W0 39,8 diged (55, » L] 5l (o a5 25 o0
D9 Dy gz 48 Dogedr wsged b el e
FSE e S S5y BN b 0sbise
ouiloy 5l eslatul b diged g az e BN 0gd o
5ol GBS Wl e Caws a4 SB35 z)b gl
gedsb b zse 99 o S [0lasl e gl ol s

e oo a1y p5 Bad @8 LSS

1 (x,y) = a(x, y)[1+b(x, y) cos(¢(x, )] M)

8 (S ) shled DX, Y) canj s ol a(X,y) a5

Photogrammetry

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1219-fa.html

[ Downloaded from opsi.ir on 2026-01-06 ]

VYA poge VEY

blis )98 o 0gd o0 ops (V) JS2 51 &5 joblen
b 0 Jy oS gilesl Wig s o 1) 55 sl
Lo fued (V) IS5 )0 uizmen )l Sl glas bl

Lol oaBig bl 5B ol s, L
s e e Jlade mhe las)lgenl glas)l s L
o sl ) o o olw ] &8 0SS

260 | Main Profile ===== Reconstructed Profile |

N I A I 1] A ;] it

00b 4 U8 nh AR
oo o o nhon h

= A I I I A A A A O A A
Ead iy ! LI t R 1 ] i
St R PE IV L T
e [ L [ 1 I [
i A T UL T O A A AR O R I
oo YE v MV v v b v v

A - (O A I O R T O A AN AN A T A A

(A T T T T O O S A T S A O N O R A B |

T O I A O S A N I A O S A O A A O

50 L e R N O A S I N O N S Y B |

IR S S AN N ¥ N A ¥ A N 1 A WA |

Yoy oy oy ooy Yy

100 200 300 400 500 600 700
o Height(nm)

9 ( ;i‘....o k-i’))‘b)}s LJ"M L owd)lﬂ)b ‘bL‘” (Y) JS
G S3)) ol asles

Main Profile ==sw=se Reconstructed Profile |

Error{%)
]
(=}

100
50§
ot S L N . i, ! .
0 100 200 300 400 500 600 700
[ Height(nm)
wle g (i S5y 5B abel> L oeadgilol als (MY

G S)) ko

ay JiSs ool o (gl3l 4 SYYAM 5 OYY NM 240 sk
el oalools lid 4y 98 Jsaud g, b adgs

@) J5es 50 58 abmlr (b @lp Sl Gl Grizeen
e B) Ui g (F) S auslie b el 00l 00
318 sla)lgeal b (pladiges lp oS 285 s
el Ghyy 4 Cand a8 Jald (g, sl Ve enm
s,lgenl las)] l8l L izman 5 ol S 5B
P9 0 S Iy wboe (RalS B ol ) sl
s o s o fsanls £l il b 4,55 s
sy 50 095 e s 4 Uns aladi S j0 g 0,00

AR

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

() ©ad aAX,y) (Jsb oledbl Jols 56 p(x,y) o5

o83 fy g gwgS b als B(X,Y) cdiso)

el ol

B2 38,5 b e 5 (O) Jgo 2 4 5hgl Jgerd Jlocl b
G(fy . fy)=A(fy f, )+C(fy -fo.fy o)

> *)
+C (fx +f0 vfy +f0)

lax o2 5l plad (S )8 059>, (F) dlayl, calem 4w
o e gl el il S
O 5 oiT b s 09000 Jlesl C(f—Tp, fy—Tfp)

wo(xy) B C(f—To,fy—Tp) LwsSae 498 oo

sloads

=L -y

2l P 65 Sy alie (ol )0 gy 0090 Wiged

sl 00U 00l )‘)3 Sy

&00

400
200 X (pixel)

500 4mg

Vipiell 20 qmm g

oad >y e e o bz £ Bl 605 (V)

B ebelr g s has by 90 L gl als
oty 5 IS 58 Sl (ead sl ol oadislasl
Sl 4 ey mie8 b (Solal ady (g)lade adgs o
4 oadsilosl ales (V) IS5 ol sasadlal | J51as
ol mhaw ol alai b aslio joly a4 )s8 has o,
Yo SNR) abg 4y JiSw Coms b a5 am s

ol o]y

Signal to Noise Ratio

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1219-fa.html

[ Downloaded from opsi.ir on 2026-01-06 ]

VYA poge VEY

25 ;
: : i | —— HiLambda=1/4
P) . N bl b .| — HiLambda=2/4
: ; i | —— HiLambda=3/4
TS . N boeeieeeeoood| = HiLambda=1

Error{%)

SNR
3B bl 59, LSNR s s Uas ol s (V) JSo

SrSams -f

JRle s b zshe (i aled me B, 99 e cnl o
Uas lyee ol 48 513 (o) 20550 5 (Sl e
slaads ol 4 5B olulr g 4,98 o gy 9 sl
Saie a5 aes el mls cwl sadainlxe il
2B el (s 00 pshe als g pSejlul glas
RS (hg) 4 S 05 Lo 4895 b Jlos! (slapia

Slade Ol o aS al eols lis uiores ol yieS 4,68
S oo b ys8 oo gy p0 by Ol 4 Uas

D9 s

&=l o

[1] Chen, F., G.M. Brown, and M. Song, Overview of three-
dimensional shape measurement using optical methods.
Optical Engineering, 2000. 39(1): p. 10-22.

[21 cChoi, Y.-B. and S.-W. Kim, Phase-shifting grating projection
moiré topography. Optical Engineering ,1998. 37(3): p.
1005-1010.

[3] Keferstein, C.P. and M. Marxer, Testing bench for laser
triangulation sensors. Sensor Review, 1998. 18(3): p. 183-
187.

[4] Wang, L.-S. and S. Krishnaswamy, Shape measurement using
additive-subtractive phase shifting speckle interferometry.
Measurement Science and Technology, 1996. 7(12): p. 1748.

[5] Sirohi, R., Optical methods of measurement: wholefield
techniques. 2009: CRC Press.

[6] Malacara, D., Optical shop testing. Vol. 59. 2007: John Wiley
& Sons.

[7] Su, X. and W. Chen ,Fourier transform profilometry:a
review. Optics and lasers in Engineering, 2001. 35(5): p. 263-
284.

oy -

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

2 T T T
15 Lambda=532 nm
AT T T T Lambda=632 nm ||
16-----\4- Fooonenes L EEEEEEE oo [ [ e E
= :
E’ L R R e R AREDE EEEEEEE q
i NI
12f-------- R Foseesne- Bosoeee- R Rt L PE L B
e R N ]
0.8 H H H H
0 100 200 300 400 500 600 700
[ Height(nm)

4,8 s (g, b lags)lgeal gl )| cons s ol s (F) J

3 T T
Lambda=532 nm
Lambda=632 nm ||
g
o] S s SEECUORT SERRREE EEPMEEE SECEEE i
i}
0 I I I I I !
0 100 200 300 400 500 600 700
L Height(nm)

5B obole g, b o lgenl $lis )] ooy las &l i (0)

eyl e Gl SNR cas Loz Ol posd imen
9 498 b gy sle FYYIM zoeJsb L alie
b el o0 03,91 (V) 9 (F) IS 10 o @ 56 ol
03gaze ;o AS g oo odwline (V) 5 (F) S 90 anslis
P9y 0> SI9lshree s rSeslul sl oS adst 4 LS
Olgisn &5 Ll yiaS 5B plral> g, 4 Cad 498
S @895 Dlyasd 4 4558 hood by, a5 28,5 asis

g oslaiwl 4,98 gy 3l 0d o dnogi oL

2 . .
| —— HiLambda=1/4
| = HiLambda=2/4
| = H/Lambda=3/4 ||
ey | ——— H/Lambda=1
5 ;
i}
05 H H H H
0 10 20 30 40 50
(& SNR

4,98 houws by b SNR ey s ol poss (7)

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1219-fa.html
http://www.tcpdf.org

