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Fig. 1. Spectrum of optical frequency comb.
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Fig. 2. (a) Principle of frequency domain interference method; (b) the experimental setup of the measurement system.

3.1 MEEHETR

R T V0 I BE AR SE A T o0 B, il i ik
OB EA AW &, AR T RETTEAX
Le = c/ndf , Of AIRFRIPISRITL TE, YLer it
H AR 5e 29 JL+ kHz, 5T BS54 6 HTE
kHz 2247, Tie AR RO LI AL s Ch ik
FEReIsE] 1 Hz 247, 7EAH B B i A2 0t
5 5 PR R R BE s, AR | PR AR s SRR/
AR EET IR L.

IR R PR i 1 9545 5 O e 3l YR 2 P i o
M L BU/NF B IE AT BE o i, ¥ RS S
FOELLM R BER Lo, = c70/2n..

3.2 S HHRmEZE

WA 1) R 25 A 07 R R 1 9 S FFT 22 48k,
HIP P12 SRR S B TP A Rk
BE R SRR 1B, AR 5 R W A 56 B2 Bl
IR N

W = 1 ’

1 K
Acen + §Aw Acen — §Aw

cAw

b= 1 1 o @
cen *A cen *A
()\ 5 w) (/\ + 5 w)

Horr, Aw FIERKTEFIZ 22, Acen AHOBR. B3
IX BT Av SRR fORERAE 80 N Al ) 3
NN

Av = f,/N,N = Aw/A\, f,=N/B, (5
(5) 2, AN PR RAEIFE, 153 FFT 288
FEES ) AL A

Av xc c
AL = 2  2xB
<)\cen — ;Aw> (/\Cen + ;A'w>
- 2Aw (0

(6) XASEI AT HOGEM S 8. LTI, ALY
5 WHX, BUE N, fEREWAL. B&ESHE
Bl o~ W = 15001600 nm, AX = 0.02 nm, Ay =
1560 nm, X{h N = 5000, fRAR# AL 294 12 pm.

FH DA _E 45 AT 04 R AR g A R A2 O

IR 5 1 S .

3.3 IREMSEER R INER
AT Pk AR BORITE ] Laar 55 06T {1 45
AP df MOCHTAR OGS SR O, FARE A
T Lnaro U5 frop £ K
Lnaro = ¢/2 (frep - 1) (7)
i (3) DR 5 S I (v) 2R A

190602-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 19 (2019)

190602

I(v) = Ip(v) [1 + cos(2nTv)]. (8)
T 732 L, w7 LBKRE i KTt
T d f THEATEIX, df SN dA FIOCERA:

df B
dj )\2 ) df - . (9)

fs E%ﬁlﬁjﬁﬁjﬂﬂﬁﬂé%, 254 Nyquist &
i, 7 (EI00 [0, 1/2d f], P Lnars 6 A2
LNAngl'E'i: A .
2 % 2df  dn-dx

H (10) AT, Dyar A5 A FIAAH DG, [RA
TS Lyary < 28 mm; 5540, i T O Bl
FEAEIR, L AT NP3 1/2 DARAH 4 % I B
$ETt Lar AT R PIRN 7 20 A SR o B
TIRDCIEAL, B2 R R frep ROEHRIAT, 40 P AT
SEHR frep = 40 GHz Je U 1 e B AR iR s S 122,
A0 2 BEAIG, B ARAR K vp [ FE T 3K 7.5 mm,
AI1S fiep 5 Lnar KR, WA 3 FR.

A :
L\IARI A;k
Frep =250 M
Lnar2 l

Frep —40G
——  GEOEX %\

PEMEEES /mm

(10)

SEIMFEES /mm

3 SR B 5 P BE YOG R
Fig. 3. Relationship between actual distance and measured
distance.

55 Lnara < Inart < Lnaro s 0 frep YO HRAE
HICIRIY, L ARIKF] Lyars B BR RIVHEAR SRR
LR, BEGOEIEAL d f oM ABEIX, HIEH 8

¥& BSOS, R frep B OCHURR A S
TR AR B A T e %o B 2 T 5

3:611(a) 0.8

2.4 H 0.4 j\
0

1.2 H
0.16 0.32 0.48

HE/10-6 W

i /1011 Hz

Kl 4 A£5 FFT 2k ob (o 2 J 5E 4

34 XEAXMEMN

ARG A DR S B T A R G R 2. O
T SCRAE 7 XA PR SRR AT BR A fRAE A AE I
KRN BE ANRAE, A R o3 R T XN 5 % B
A SN IR R A AR AT A F A B P A
(11) =K

c c cAN
A vl very s Wl wo v S VAR )
Hodr a R B, (1) AT, AL A B

E, HONARRMEE Rt (4)—(6) 200, FANZER] b
L% BRI A fk, IR FET ARt T 44
a_;%;, A FH 45 () B A s, A BN AR A f 5
EEIZI 47%[1 M2 A fARE BT, QI
L BE T KM R SE, 5/ AR &, 7 4
FHF AfAHRIG K, 22 FFT AbFRAT AL M iR
22 2R, T RRE L A8k ELXE DL AMEAY R 58, S 25
TH{EEERS | (5 L N R R A
1245 FET B MARNL R N H FET A8
SEATAb IR, LA PR MER 5 A BB 5 2 T 14
B 15257 28 A e W (BT A B, R S A4
WA AR T R ER G, S EUE M 2R TR R85
FHEINE, e NS, 5 RIRESZ R
i PR AR S O D8 D R R i s A 1)) w2 o R
GiRZs.
Zi L, BT FRT 28 i AH B 2 E e B
IUPE R GER 22, M SRR D 2O R e Sids
B AT

A SR A g E KA
oS-I

AR ESCR B2

{8 B B

B3 1] BRI AR A 45

3.6 11 (b) 0.6

2.4 H 0.3

/N

6.9 7.2 7.5

I /10-6 W

1.2 H

oA
o 2 4 6 &8 10

$i% /10~ 11 Hz

(a) 7=33x10"12;(b) 7=7.5x 10711

Fig. 4. Broadening of the pulse envelope using original FFT: (a) 7 = 3.3 x 107'2; (b) 7 = 7.5 x 10711,
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FEWFS  L/mm G FF T2 /um SEATR ] B B R AR R 22/ um WA AR 22 /um
1 0.5250 9.1031 2.8944 0.161990
2 0.8250 21.1607 2.8344 0.165549
3 0.9000 24.1751 -0.1799 0.010804
4 1.0005 28.6943 -4.6991 -0.166222
5 1.2000 36.2327 -0.239 0.000102
6 1.5000 36.2927 -0.2999 -0.008146
7 1.9950 51.3887 -3.3983 -0.183495
8 3.0000 84.5830 -0.5998 -0.038114
9 4.9950 135.9718 -3.998 -0.177303
10 7.0050 190.3629 1.5986 0.114618
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Fig. 9. Simulation error of three methods.
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Fig. 10. Effect contrast of peak position fitting. Original FFT: (a) L = 5.8600 mm, (b) L = 16.9850 mm, (¢) L = 27.9100 mm.
Equal frequency interval resampling and peak position fitting: (d) L = 5.8600 mm, (e) L = 16.9850 mm, (f) L = 27.9100 mm.
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Table 2. Measurement results of different distance.

SIS L/mm EHFFTIRZE /um SEATT AR ] B E A DR 22 /um WAL A1 22 /um
1 0.0023 -2.3015 1.6570 0.0218
2 0.0037 3.6001 3.0337 0.7335
3 0.1000 3.2167 0.1031 0.8437
4 0.4997 1.8309 0.4975 0.2267
5 0.9998 2.0097 1.0011 —0.9828
6 3.1307 4.2793 3.1336 1.1003
7 4.9980 —13.2375 4.9995 —0.1739
8 6.2364 157.3300 6.2308 1.9198
9 6.2511 Tok e 6.2551 -2.9791
10 9.3629 TeENL 1.5705 -2.1087

0.5002 i (a) —&— fREFFT# | (b) —— fEGFFT:
I —o— ERFE 1.005 | —o- R
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Fig. 11. Correction of repetition result by three methods: (a) 0.4997 mm; (b) 0.9998 mm; (c) 4.9980 mm.
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Analysis of main parameters of spectral interferometry
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Abstract

With the rapid development of modern technology, high-precision absolute distance measurement is playing
an important role in many applications, such as scientific research, aviation and industry measurement. Among
the above various measurement methods, how to realize higher-accuracy, larger-scale, and faster-speed
measurement is particularly important. In the traditional technique for long-distance measurement, the
emergence of optical frequency comb (OFC) provides a breakthrough technology for accurately measuring the
absolute value of distance. The OFC can be considered as a multi-wavelength source,whose phase and repetition
rate are locked. The OFC is a very useful light source that can provide phase-coherent link between microwave
and optical domain, which has been used as a source in various distance measurement schemes that can reach
an extraordinary measurement precision and accuracy. A variety of laser ranging methods such as dual-comb
interferometry and dispersive interferometer based on femtosecond laser have been applied to the measuring of
absolute distance.

In this paper, the factors affecting the resolution and the non-ambiguous range of spectral interferometry
ranging using OFC are particularly discussed. We also analyze the systematic errors and the limitations of
traditional transform methods based on Fourier transform, which can conduce to the subsequent research.

To address the problem caused by low resolution and unequal frequency interval, we propose a data
processing method referred to as equal frequency interval resampling. The proposed method is based on cubic
spline interpolation and can solve the error caused by the frequency spectrum broadening with the increase of
distance. Moreover, we propose a new method based on least square fitting to calibrate the error introduced by
the low resolution of interferometry spectrum obtained with fast Fourier transform (FFT). With the proposed
method, the simulation results show that the systematic error is less than 0.2 pm in the non-ambiguity range
and the system resolution is greatly improved. Finally, anabsolute distance measurement system based on
Michelson interferometer is built to verify theproposed method. The measurement results compared with those
obtained by using a high-precision commercial He-Ne laser interferometer show that the distance measurement
accuracy is lower than 3 pm at any distancewithin the non-ambiguity range. The experimental results
demonstrate that our data processing algorithm is able to increase the accuracy of dispersive interferometry

ranging with OFC.

Keywords: optical frequency comb, frequency domain interferometer, spectral interferometry, absolute

distance measurement
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