%48 % % 10 1 a5k TR 2019 4 10 A
Vol.48 No.10 Infrared and Laser Engineering Oct.2019

ETEUNESRENBXTHESRELETE
5 R, ORE OISR AL, DRSS
(PEEAMKF PRRALE TAIFF R, XE 300300)

B OE.ANObPHTFIREEARCEAB IR PHMNETAERNE, RET A TAKXES
FRIGG G HAT 5 Heik AT b ik 4R G % LED SRR, 2 5 T AU 0 A AL R  SF 48 A AR R AT T
AR S RT AR *”i%ﬁ#%iﬁ%#‘%*i’ﬂfﬁfr’*é’aﬁdvﬁﬁlzJ‘Fﬂi’i BTy ik, R R M AR
AT Y T@éﬂ?ﬁﬁ%é’wﬁ%g T A% AT 4 B R T VAR SRR 45 RAT TT 46 AT AT A RS B 4 it
BPHEREAEDNE, BT — ﬁ%%“ﬂﬁé\é’aéiﬁﬁu LR A 0 &
1Z5 A ke iR B T AR IA T M A ZOE R T W ALk 3 I 5 5Tl 2 b 1 s 0 %
i, G ERFTERATAZ X FRGGRB RN, EAGEZr TR EFHNETT UdEo R
B RAFIE, MBLEREN  RBBH TR KT RS A LG EHER Y T 49.02%,
EER: kPR TIR;, FAKREERAMH;, ARRHERNE; HFRMARER
FESES: TH741.1 XHEFEERS: A DOI: 10.3783/IRLA201948.1013002

Fast white light interference signal processing method based

on effective signal extraction
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(Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Focusing on the measurement efficiency of white light interferometry in vertical large-scale
scanning process, a fast white light interference signal processing method based on effective signal extraction
was proposed. The bimodal spectrum distribution model of the white LED light source was established, and
the simulation experiments were carried out by using this model. From the simulation results, the minimum
sampling interval length required by different algorithms at a specific sampling step was given, which reduced
data volume without changing the measurement accuracy and allowed the calculation to start before the end
of sampling. To eliminate the fluctuation of background value in vertical large-scale scanning process, a
background value extraction method based on background set was introduced. By comparing with several
signal processing methods, it was proved that the extraction method can effectively eliminate the influence on
measurement accuracy. Finally, the proposed method was applied to the self-designed white light
interferometer and a U disk interface was tested in using Fourier transform method. The results show that the
total time from scanning to obtaining surface height information is reduced by 49.02%.

Key words: white light interferometry; vertical large-scale scanning; effective sampling interval;

background value extraction

I 75 H 89 :2019-05-05; &7 H #3:2019-06-15
EST A . HEH AR IS %04 5 E R M2 R34 % B (U1633101) 5 b s i B3 ABE R b 45 28 o [ RS A K 2 % 351 (3122018Z002)
TEE B A Dk (1983-), 9, fll P2, i A4 S 0, 4, 32 AR 2% Jo B A i 5 1fd 59 WF 5% . Email:longma@cauc.edu.cn

1013002-1



bk T2

% 10 # www.irla.cn % 48 %
R T W B AT R MM TR R B
05 5 VAR R B K ST A AR T W 1 5 R R K B

PR kG A D 8T B, PO TR
A AR R il oy B 00 SRR A, BTz 8 7E MEMS
(Micro-Electro-Mechanical System) 7 /i 6 I | 2 T Kl
i R R AR AR H AT B X EDOG
T AR W AHSC B 5T — BARH TE BR, 0 S sAS W
PP JE BT B B A

Vit 5 G % 0 BOR B R 2P, I G RO R
JE 1) 2 08 R BE 47 ¢ . Maniscalco 25 BFSY T G 4
T ARTE = 4E BOUE 4> B i 0 o AR SR SFE PITE A
) 5 W 1 BOUE = 4B T8 A0 0 R D e (S T T D A A
TWARFLE, BR TAEEEMMT BOGE# T
AN N 3 B B R SR, AE K [ 4 4
pE AR, R R AR Y B B 25 1 5T LA Ok 1Y A7 i
JE S5 BRCR N TR L Bk, Az
[F) R, R TV SR A 41 45 5 s N2 42 T 2R e bl 1 1 g AR
T PSS B MR U U7 28 o Bian™ R T 4 0K I AL R
T — AR R RS & B 25 A8 Y A8 A Ay i,
i R AR B R R S AR s A e HA K
758 SR SR A 4, (B3 R X £ 9 A DX sl ) 8
P, FUE T H A RR iR A 25 4 f R S . R
I Jmy B D300 £5 S bR E HEAT B B BT 2 A X AR A
A4 R, 5 B . Pavlicek 48 T 3T
SR A T PR o 0, BT R R U TE BRI
P4 TR) AL, LI SR A AN AT S B 1 A AIG T D0 3 45 2R 1 T
1 Pacholik %5 A\™ffF 5% T GPU(Graphics Processing
Units) 5 FPGA (Field Programmable Gate Arrays){f N
FPERE T T FOL T E S A B b s Y E
BT S B AT AL B R B 4R T B i
JE . $& i T GPU FPGA o4 1155 F o0 16 4 g Kl
il SR T AR G 1) B HOR BB . You J.
SRR GPU Sl | EOG T W F Sl g 5, 9122
P T A o R b AT [P BOE A PR O s, (HZ
T BRGS0 BT B HEAT AW, I T SRR T R
e, HAZ 7k L OR AIALI B0 i, 2 IR TR A
B Re i, TE AR R RE A 25 0 T, O o A B i

X BRI, SO R T — R R TR S A AL
SR A X E] K BE 43 B 1 G T B A R D S ik E G
MBI K A 9% LED (Light Emitting Diode) Y i 51 %Y

K8 T SR/ R AT X R BE B B A o IR B
Xof A LKV L A v R L O VR A S Dk Bh
R EOET WS & SR, #FmskET
WSS T N R )8, 5 T — R Ak B
AR FREE T B TR S 1 SRR RO .
EEHEWEMRET RN T ZEZLBEHAR @
ik FIFO(First In First Out)BA 51 45 BEAS [/ 4R & i 19 &
JE A PR AR, SE AL T X U 5 O3 05 B R
T 25 SR WY, DCHH OF i B R4 2 1l = BE AR B
S E]9E D T 49.02%

1 BXTHESHN

11 WU 5 AR

T 198 5 4 B {29 38 5% JF £ LED O B8
TR BT 5 o 7% 1 R OB A T8 155 10
W, 545 5 12 B3R A

1(2)=C, J J: { k*xcos[2k(z—z,)cos0+d]x

sinfcos0d6} F(k)dk (1)
A C W BGA P sk=2m/X Sy PRz R
FEAL'E 520 55 58 BB 2 I 5 0 o £k 5 0 il 1] 9 Sk
i, BUE L A2 NA=nsinOy;¢ N FC5E 51 A B9 B n A A ;
F(k)>y LED St #8433 53 4 & % o 10 LED 1 XU 4t
43 A L F OO T LA
Fk=Ae +Aﬁ7&;j) 2)
KA LA BB Rk ks SO IS 00, 00
oy 55T 8 R DG Y B
AT BT 7 folE 00 B0 5 o A A5 B o 52 56 3

1.0F —— Experimental result -

Eo Fitting result y
= 0.8k

en

o

2

2 0.6F

2

g 0.4f

<

o]

~ 0.2+

] L L L .
400 450 500 550 600 650
Wavelength/nm

P 1 S2 08 O Ul 3% 5 00 41 3% 43 A A A
Fig.1 Spectrum of experimental light source and bimodal spectrum

distribution model

1013002-2



bk T2

% 10 #

www.irla.cn

% 48 %

AR B F 6 LED 6% o3 A il £ 8 47 d5 /) — 3
A, WA S5 AJA=1.5601,k=11.197 rad/pm , k=
13.861 rad/pm, o=1.425 rad/pm , 0,=0.617 rad/pm,,

K 4005 15 B B0 R B % o A BT F () AUA A
QDL LS U2 A VA S )i RV R DR LIN Tog 1 O
K 2 7R T SCB R AR EDOE T #HE 5 5 BIS B A 1 1
AR . AR TEAH TR, PR VR R AR % AT il
W ELBR AR, B T ORI T P AR ) IE A

1.op — Sampled signal
------ Simulation signal

0 1000 2000 3000 4000 5000 6000 7000

Scanning position/nm

Relative strength

2 SLH TS S 5 U T A S
Fig.2 Experimental interference signal and bimodal spectrum

distribution model interference signal

1.2 JFPMRBERESH

e T W5 5 1 B R R o B TR
Bl , EEITIEA (FOEM A KA R AL 8
BRI AR G RO 2 R R R T A o ATl XL T
GO BRI R T B, B M Tk A AR A
TEAE AN ) SR B 20 R 46 1F T AR A A o 2 9T 6 1) e/

WnE 3 s 8 LT AR 5 d R B L
X R 73 A 1) SR A JEE G DR SR A XTI JEE 1, K A ]
WL 3 9 45 5 50 55 22 1k 10y DX I RE AR O A I
Lo A3 8RR DX (0] € 0 ml o o Ak 0 4 6 v 2 1) IXC

1.0k e Sampling point
0.5¢
=
B
e
o —0.5}
=
= -1.0} :
~ [: Sampling interval length
~Lap L,: Coherence length
=2.0

0 1000 2000 3000 4000 5000 6000 7000

Scanning position/nm

P 3 A T I A SR R X )

Fig.3 Interference length and sampling interval

], 2 X o) f % 2 A A F DO TS AT B el
i A5 FC 53 A R e de /ME Lo

K 0 FL G5 K v BB E Dl 6 370 nm, {f F 4 Lt
AR 50 AT SR AR A2 K O 25,50 .75 nm A 45 A
R IR TR R X AT T 2GR, 2
R R A A i T R A R S R A X AR B A OR R
B a4 fros o AR X T AR IR AE A K, 2R A
DX T B 3 R I T A R B TR R s R
BEDK IR B 1>3.5 um Ji5 |, SRAF A 2 3 o X 245 2R v g
PRI 2 3R T .

6380
1 «= Step length 25 nm
63751 ’)\M «= Step length 50 nm
wa Step length 75 nm
6370—-\t<~-5¢ poty R gl oGz
E 6365f 05} i
E 6360f g o V. \/\
‘D = -05+ v V
T 6355 5 '
2 10 i
6350 -5t 22 im
=3 pm
“20F L (FAum L
63451 000 5000 5000 7000 5000 9000
Sampling interval length/nm
6340 ; . v N

0 1000 2000 3000 4000 5000 6000 7000 8000
Sampling interval length/nm

P 4 A [a] SR A DX TR] R L I B 3 3 B 445 20
Fig.4 Computing result of Fourier algorithm under different

sampling intervals

Xt 53 50 =Bl AT, TR R T B0 F 9 A
5T X i B 6 370 nm [ 45 K HEAT T FLELE
FUfif 45 R 5 R A 2D K BRI ] K EE Y 56 &R
BS B Sl E0 3 RAEIX K >3 pm
Ja TEE A5 R ARG E 5 A KA1 R 2 3 R A XA K

— Step length 25 nm
— Step length 50 nm
— Step length 75 nm

Height/nm
[=))
w
~
(=)

Space
frequency
domain
method

Hilbert

transform  Centroid 0

Sampling interval
method  41gorithm

length/nm

Pl 5 AN [ fifp S G20 3 AR SR DX ) T 0 B 5 2R
Fig.5 Simulation results of different algorithms and sampling

intervals

1013002-3



bk T2

% 10 #

www.irla.cn

%48 %

JE >4 pm J5 TR AR AR E 5 X s [k, J
A >6pm G RERA BA —EREN.
1.3 BXTHESREXEER
XTI E DI BT, TWESH
R AR — 2 1 o X BT 5 Bk SRR D K
T 5, 5 T 452 I 3 5% RS B2 7 28, M40 0 5 3
S5 TR S/ RAE DX JE] L, J2 T LUR E 1 o 7 S5 PR
FHIS o 2007% AR Bl B LB 4% i 82 55 DR ok
F% W 7 i) AL, T 30 A A SR R IXC I 07 >4 3 TR T 9
XPRAEL K Az 9 N s EDOE T W5 [(z) T
o AE T RE SRR X TE] L, b R R BOH

b _: L
2Az <N 2Az (3)

NS
W(z)=‘

0 otherwise
A 27 O SR AE R 805 No=argmax (1(z) 4 A+ U6 1)
B RFEALE s 1(2) A5 | ORI T 55 3 .
14 FHESERERERN

B R I W ¢ R E NS IR S KT P ORI
5 o DX TE) 1 4 08 A 1 58 B ORI R B, A kg
THTBATHE . Hi TOLIEATE R RO A
BaBalFRE, TWESHEANEO6 FxiHE &
EHM SRR FAEL T EHAREE RENRNA
JG TR T R SRR 2 R e B A I R 25 OR L (H
o E P sh G R AF TR W) 1 A 5 45 SR A o o

N URAZ R L, SO R T — R O TS
TSRO % .

1.0F

?o 0.5 Background value
g
% 0.1
g -0.1f
T“; -0.5F Background
M value

-1.0t ) ) ! .

0 20%10°  40x10°  60x10° 80x10° 100x10°

Scanning position/nm
[ 6 a5 KU BT ES

Fig.6 Interference signal in wide range of vertical scanning

N R BEFF RO 0, 58 B O I(z) B R AR R ST
n ANITCE AR SO0 A MG) N
M@H={v, v, v} (4)
M i=1 B, v=I(z),ke[1,n],
e M) F- ¥ {H average (M (i) 1(z) 193 50

S, DU B IR T A S R T RN R
1..(z))=I(z;))—average(M(i)) (5)
5 MONBITTREE TG 9 L0 B2k
AE2 BB, BB R A 2 1 AR A9 = A A

card(M(i) N [I(z)-D ,1(z)+D])>U (6)
card(M(i) N [I(z)+D ,+»])>U (7)
card(M(i) N [ ,1(z)-D])>U (8)

WD W5 BE I, BT R A A AR

1(z)=D F 1(z)+D; B U 9 # 5% Lo 4R 45 SR B 4
JE—A/INT n W IR R B K i RS R SR B
BN IE R card ORGSR

FCR R B 7 U T

(1) A FX LS MOPART UADITCRLE
X [1(z) =D, I(z)+D]H , B A2 22 3K(6) , M M ()
YA ke [1,n=111 LR ARIC AR k+1 DI v=l(z)
—E A M(i+1);

(2) TWAGE T8 B g e, e 2
KOO EECH p, i 22 X@BIREN q. #7Ip-qI>K
WP M@ A ke [1,n=111 D0 R AR I N5 k+1 4>
I v=1(z)—E A WA M(i+1);

) A LR LY REHHRES,
M@t M@i+1).

BEX AR BV B AR, ] BT kIR
TEANSTYHESHERERE, IF5F MNP HEIE
B FIE UE B L I U T R AT TR, anlEl 7 P
TN o RSB R WX T ik A R s A R B
T ) AR A 75 50 (R E

W F K

160

1551 — Median filtering (a)
o 150F — Mean ﬁlter.
= 145} i | — Gauss filtering
Z 140k A\ A I\ ‘\Proposed method
g 135} )\
O 130+ ‘
125¢ |
120 v,

63000 64000 650600 66000 67000
Scanning position/nm

— Median filtering — Gauss filtering
— Mean filter —Proposed method

3 170E (b)
g 150}

z 130}

3 110k . .

0 20x10° 40x10° 60x10°  80x10°  100x10°

Scanning position/nm

BT T A5 5 1 5 Ok I 2 2R
Fig.7 Test results of interference signal background extraction

algorithm

1013002-4



LMok T AR
% 10 # www.irla.cn % 48 %

CCD

2 MES5HH .
21 LWES White light fone

1 8y Hy £ f Michelson % & BT ¥ 5 5 9 45 | e
R B . R4 h EOk LED S e HE 8 4 ol
e i Michelson {2 f# T 95 ) i . CCD MIHLIY B 6 lens vz
VB B T 96 28 Ly Ly Ly o 115 A5 40 b Michelson |
B 1553 0 e B B T A T B 15
SR S L RIS S A 6 28 3 1% _._L
W I S 0 T B e, BB sample
162 % 45 42 T ST G RVRE T00 300 40 06 6, 93 B3 Il 8 FOE B BT R IR A s
T AR B T T T £ 2 JF W 6 0 5 Fig.8 Schematic of white light microscopic interferometer system
43 6 B R Ly B 28 B CCD [ 91 4 7K B O % Z S5 HE P, H o Sk %6 4% 3 40 5 Basler

___________________________________________________________________________________________________

1
! :
i |
i CCD camera = . . i
1
i i 1. CCD signal line 1
= —_— Host PC
H AU 190 g i 2. Camera power et(l)lsernet i
T > . 1
[ T 3. Ware of light AC 220V ihteiface !
! e 4. PZT |
| - e 1T
1 1! 1
1 Pl 1
1 [ 1
1 1! 1
| | |
i i E Industry computer E
1 (i 1
i I E Power supply system E
i . i
i Vl\(h;lte & Tube lens - i E T i
1 light : ’ ight
E source Mk G205 i E source RS232 IMB-Q770 mainboard i
! i control > with CentOS !
1 Frame | 1! !
i i i
! i i
i n Piezo TILEncore-Gx36 1
! PZT scanner | | E controller RS232 PCle i
I _ ! E-709
i PI P-725.2CD : E i
’ o L) :
i Interference 150>§( i CCD camera !
objective 1! Ethernet interface !
| ! 20X il |
1 L i
1 : H |

9 W fF R GHE
Fig.9 Block diagram of the hardware system

N FE ) AVA1000-100gm 7 Tolk AHHL, 439 R 1 024%
1024, JKJE %98 K 8bit, B4z 0 TIELLKKM
NIKON 72 fy) CM—-30A #9% 5t i s . P12 Wl 1) P—
721 BB S A, P 2 SRS 0.7 nm,
172 100 pm, NIKON A & 1Y 5 £ Michelson % i {3
TV W 8% o 1T I i R 4 el 45 B K Bl 2% | H R RN 4

Linux 2 % (9 T ¥ HL41 AL, %4 D0 #% 3.1 GHz /b 3 48 ) .
I 8GB 17, A% 4 Ol Al 182 nm i i & B 3k £7 ]
T, EEEMEIRELENT 1%, /& 10 X AT B 10 B B 1

> Fig.10 White light profiler
AL S & g p

1013002-5



Gk T2

% 10 #

www.irla.cn

% 48 %

RAGR T 22 AR HOR W R G817 1 (8]
TFA, B ARE O« RIBOR SR AR R AR 58 B 1k 1
LRRE R AR Y AR . RGESI AT FIFO A T4
BB R N0 R SR, R G R O
i 6] A o5 R i CPU B8, JE T 22 iy H b 4k A s A7
M. 1L A T S0 B2 KRR S B TS

Time

LA2AL
t+At

L

Image acquisition thread Sampling integrity

judgment threads

r\ . ““ | x_ -

Ao BGRELTRE LR ARG Ar 47 3 B B R
8 IR BRI T W R DR AT AE o X T o SRR 5E B
P ) U 2 A SR A 1] B P 5 I 1R R A AR 5 B b
R SE BT, B HE N e BT W E SR
A FIFO BAFI o o JBE fifp B 2 A% A FIFO BA 5] Hh 4 Ji
AT RAE T S8 R O R AT i A

5
y

FIFO High computing threads

B 11 RG22 2 e S BRI

Fig.11 Multi-core and multi-thread strategy in system

22 UEENOME

SE T T LA R AR G AN SO iR oL
G A BT xR 12 s i U B 0 RDR AT T
05, JFG e S 0 0 o DX 8 2 A B A AT AR .

P12 30 1 5 X

Fig.12 Test sample and measurement area

I R A S EC R () AP K
50 nm; (2) RAFEWIA Y 10 Hz; (3) 1 B 9 4 15 [H
29100 wm ; (4) F45 X 88k 1024 pixelx1 024 pixel ,

AR A8 9 485 2 55, S 50 v A A5 BER 2 2 000 ot 5]
Fro AU BT 4 R S RO 28 T E S iR
B, 75 R 3] 52 P D00 o g R MR RS R AE T I U

JH B 4 B30 50 B0 MR E 7 119 18 L i 72 46 3% 58 JI0 R T 5E
A 5, SR A DX S BEE R L,=4 pm

B 13 o A i B AR R 2 R o8 B AR IR /)
) SR A DX 7 SR BRI, AAER 996 Wi 5 — MR
R SE R /N R XA RO SRR, B 1391 it £
F /N RAE XA T 355 B 2RI
1400
1200
1000

800

Y/pixel

600

400

200

100 300 500 700 900
X/pixel

P13 5453 5 11 4 1 2R B ITE
Fig.13 Necessary frames for each pixel

FEE S0 2 285 R AR 14 R o 22 AR
ARG AT R GE AL AR AH B R 50 5 19 f /)
(9 SR DX B AT T 46 5 B2 A 5, I 4 o 4 T A

FREGEE.

1013002-6



bk T2

% 10 4 www.irla.cn % 48 %
1000; Height/um 0 R R ), AR T — R T ARG S R IR

50.000

46.250

42.500

Y/pixel

38.750

Ing o, -
200 400 600 800 1000
X/pixel

35.000

Bl 14 U #3413 1w ) 5 25

Fig.14 Measurement result of the U disk interface

SCHr O B Ak T AL AR S ) CPU FI 3R B 1 4
18] 25 £k 1 il 22 an ) 15 TR o Hob top i 4> W AR 1Y)
241 CPU i FH 2%, 56k B F & A5 A A8 47 s ps fir 4
WAL A D7 s CPU i i 2%, %o 1y B v 22 0 4 4
W R top ARG Z AN R G
1 F KAB R AR LA 100% AR Ak B 40 ok 5 e i
fif ok AR AT HATIY, AR T B4 CPU IR
O, TP AR I 0 ) 26 450 4 R k3l 3k 75 43 R 77 SR AR i
B 1 25 PR CPU B, 5ok FHZ 7 1 Z A A 1L, S 0T
b B KA 2 1 = AR B B D T 49.02%

= ==TOP command result =——PS command: CPU 2
~==PS command: CPU 0 ~—PS command: CPU 3
g ~—PS command: CPU 1
};’ ; 70% (a) :.\;"»--\".“»-4.\,--\\;- 100%
8.2 H o,
S5 60% ! 180%
=P H
S E s0%} s 160%
E e U
5 40%F oV N W A ] 140%
S 0 10 20 30 40 50
Time/s
= ==TOP command result =——PS command: CPU 2
~PS command: CPU 0 ~——PS command: CPU 3
5 ~—— PS command: CPU 1
= g (b)
5.5 65%[
2.8 60% n e 1400%
ZE N NS e {300%
5 55%F . w4 200%
Sead 0,
2 50% . ] 100%
L 20 25
Time/s
& 15 ki e /9 CPU & A 2R 4% il
Fig.15 CPU utilization before and after the optimization
A
3 &5 it

SCH ) OGS T R A 1 R B

FIOGE S A B . Frig M FE T ES S
S 42 T 125 AR 0 AR G b T B (D B R 2R 45
Hem sz [ B i T O R RO ET R R AR S,
5 R G e L B o T LR AT A B, AN 5 fig
FABAT B s A R X R) N N TR Ak B
(0 R B, T A 46 B e B ST T R A R AT R 4G
A R TE T AR e 3 ) Ak B R LR 2 s
WAEE TR, ZRZEBERNYNHAKEET
WALy, (AR SR R A R R A AR Ao R A B O
o U 34 100 32 i I 5 5200 v, 3% 0 Kk Y I e A5
> T 49.02% , % W T % 5 I AE 1 E R
FH e A v L A% R ik B AE g RN 0 8 A 1.

S &3k

[1]  Spengen W M V. MEMS reliability from a failure mechanisms
perspective [J]. Microelectronics Reliability, 2003, 43 (7):
1049-1060.

[2]  Wu Junjie, Lei Lihua, Chen Xin, et al. A three-dimensional
microdisplacement sensing system based on MEMS bulk-
silicon technology [J]. Sensors, 2014, 14: 20533-20542.

[3] Bojan M, Apostol D, Iordache I, et al. R3 measurement by
white light interferometry [C]//Proceedings of SPIE, 2012,
8411(5): 1-24.

[4] Maniscalco B, Kaminski P M, Walls J M. Thin film
thickness ~ measurements  using

interferometry[J]. Thin Solid Films, 2014, 550: 10-16.

scanning ~ white  light

[5] Dubey V, Singh V, Ahmad A, et al. White light phase
shifting interferometry and color fringe analysis for the
detection of contaminants in water [C]//Quantitative Phase
Imaging II. International Society for Optics and Photonics,
2016.

[6] Xie Jin, Liu Xuran, Wu Keke, et al. Adaptive-orientation
measurement and micro-machining accuracy of micro-ground
pyramid-structured smooth surface [J]. Optics and Precision
Engineering, 2014, 22(2): 376—382. (in Chinese)

[71 Heikkinen V, Kassamakov I, Heggstrom E, et al. Scanning
white light interferometry, —A new 3D forensics tool [C]//
IEEE International Conference on Technologies for Homeland
Security. IEEE, 2011: 332-337.

[8] Zou Wendong, Huang Changhui, Zhen Qiang, et al.
Measurement of microscopic surface topography of alloy
dimple fracture by scanning white-light interferometry [J].

Optics and Precision Engineering, 2011, 19(7): 1612-1619.

1013002-7



bk T2

% 10 # www.irla.cn % 48 %
(in Chinese) wavelength low coherence light source in white light
[9] Bian Y, Guo T, Li F, et al. Large step structure measurement interferometry [J]. Optics & Lasers in Engineering, 2013,

[10]

[11]

[12]

[13]

by using white
scanning[C]//Proceedings of SPIE, 2013, 8759: 87594T.

light interferometry based on adaptive

Popiolek-Masajada A, Urbanczyk W, Pavli ¢ ek P, et al.
White-light interferometry with high measurement speed[C]//
Proceedings of SPIE, 2014, 9441: 944115.

Pacholik A, Muller M, Fengler W, et al. GPU vs FPGA:
example application on white light interferometry [C]//
International Conference on Reconfigurable Computing and
FPGAS. IEEE, 2011: 481-486.

You J, Kim Y J, Kim S W. GPU-accelerated white-light
scanning interferometer for large-area, high-speed surface
profile  measurements [J1. International Journal of
Nanomanufacturing, 2012, 8(1/2): 31-39.

Chong W K, Li X, Soh Y C. Spectral effects of dual

[14]

[15]

[16]

[17]

1013002-8

51(6): 651-655.

Ai C, Novak E L. Centroid approach for estimating
modulation peak in broad-bandwidth interferometry: US,
US5633715 [P]. 1997-05-27.

Chim S S C, Kino G S. Three-dimensional image realization
in interference microscopy [J]. Applied Optics, 1992, 31(14):
2550-2553.

Hart M, Vass D G, Begbie M L. Fast surface profiling by
spectral analysis of white-light interferograms with Fourier
transform spectroscopy [J]. Applied Optics, 1993, 37 (10):
1764.

Groot P D, Lega X C D. Signal modeling for low-coherence
height-scanning interference microscopy [J]. Applied Optics,

2004, 43(25): 4821-4830.



