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Abstract: Frequency Scanning Interferometry (FSI) absolute distance measurement technology exhibits significant
potential for applications in advanced manufacturing and aerospace technology. To address the issue of significant mea-
surement errors in traditional FSI systems under high-dynamic conditions, this paper proposes an FSI distance measure-
ment method based on electro-optical intensity-phase cascade modulation. Based on the theoretical derivation of the am-
plification effect of optical path difference variation in traditional FSI systems, a double-sideband FSI distance measure-
ment system with electro-optical intensity-phase cascade modulation was designed. The system employs a single photode-
tector for photoelectric detection of the frequency-scanning interference signal, and uses all-phase fast Fourier transform
(APFFT) to extract the phase information of the interference signal with high precision, enabling the simultaneous high-ac-
curacy measurement of both absolute distance and relative displacement of the target. Simulation results show that the

standard deviation of the absolute distance measurement of this method can reach below 10 pm, and the standard devia-
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tion of the relative displacement measurement can reach below 10 nm, which effectively verifies the feasibility and accu-

racy of the proposed method.

Key words: frequency scanning interferometry; electro-optical sideband modulation; absolute ranging; all-phase fast

Fourier transform; high-dynamic measurement
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Fig.1  Structure of conventional FSI ranging system
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Fig.2 Schematic diagram of an FSI distance measurement system based on electro-optical intensity-phase cascade modulation
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Fig.3 Absolute distance and relative displacement measurement scheme
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31 HEXEENEHRE

SR TR 3 T O A AR 57 SR TR 1 Ot
U 95 0 5 7 325 7 o % B s ) b i o S
XPAZ T VR A AN TR BE B T 1 46 % BE 2 I o 32 A7
TUiEMHT. 7E40 dBEMELLRME T, & E W
SR G SR S8 5 GHz, 05 4
HM1ms, FASER =M. REFREEN
30 MHz, fii A ZIAH AL I8 il 5 w00 98 5 5 05 %
3 MHz, JHHIEREE m R 2. 63, W& EAT KR
0.40s, ZaXFHHEES M 100 m, 753 Y24 % #E 25 4
P EEE R NE S s o %0709 100 m BE 25 A 551
MR ZEAE 1S pm AP, FRAEZE/NT 10 pm.

T IR i 4 ) RS I i IR A R R BE R R
R ErE, B4R A 10, 50, 200, 300,
400, 500 m I #EAT 05 H A0, HAdLA B 25 R A
PRFEANAS , THIR Y B A 48 X0 PR B bR o 25 Ik 1
Fim o

k1 REIESH FeLsTe By Am B4z k £
Tab.1

simulation measurements at different distances

Standard deviation of absolute distance

BEES /m 2 RS ARIEZE / um
10 3.79

50 4.14

100 3.59

200 4.76

300 5.09

400 3.76

500 4.57

N 1AL Y, 3% ) B s 0 Dy 2 A A TR B
BN B R AR SRR A 10 pm A, B
BRSNS, I HAE AR T,
o ol I I R R SRR B TE G

T B 2 4 ) R N iy A H bR A AR T
ok o T BOCRE 22 A0 0T (194G %01 AN &
K, WEGEMKN0.50s, 4% 200 m,
A3 BAR LA 1 mm/ s (95) 352 8l F1 10 Hz 38 sl 4

R 10 pm PR B RAE A 1IE 5% PR sh AT &, H
B RFEARAS, Z5 R E 6 R .

KT G4 AT R R B R R MRS DL R
IR IR AR IR A 52, A] oA ok 4 R 2K A 45 XF
TV T R 2R AR o 2 5032 46 % BB 2
RIS L 20, 30, 40, 50, 60 dB AT
REEAT O B b, HM Ay B 2R AR R RE R R A AE
THA R 08 T 246 XTI B AR 22 e 2 T
k2 REMERICT 694538 & 45 LM F A £

Tab.2 Standard deviation of absolute distance simula-

tion measurements at different signal-to-noise ratios

f5WE L /dB P B A SR 2 / um
20 34.32
30 11.76
40 3.59
50 1.21
60 0.39

32 HECBNERE

R T BTy AR AR X B I e A A R
EREPE, Jext B ARTE ST A A) s AR AT B AR
XA I AT O Lo AT o RSB (%) BE AR
S SRTR R, EGTENKN0.10s, H
FRLA 10 wm /s (R S) G2 8l A A 0 2 1) L
gEIRANE 7 PR o

AL A B A A X AR S B AR —
FFETUNEE . A T SR A 7 RS I i AR
ARV BE R RS R, A 0.5, 1. 10,
50, 100, 200 pm /s BF#EFTO5 ELAHT, LAl FL 4%
PFRIFERFEAAE , TR AT bR 22 IR 3 i .

WEDGEMNKHN0.10s, HFRLLT pm/s %)
B 50 pm /2RI EEZ S, AR RS I 0
R MK 8 PR,

R 95 UEAZORE S A I 5 5 AN [R) R B F AR
ETE, AR EE 0.5, 1, 10, 100, 500 wm/s?
B AT 07 BT, A7 B AR IR R e A AR
A TR 3 3 AT B AR X A7 A T s o 22 5
PR 4 PR .

X H AR AEAS [ 9% 3 450 25 R0 (T 09 AR A A%
D AT B0 o (5 LR IR AN S, () LI
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Fig.5 Simulation results of absolute distance measurement at a distance of 100 m
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2000006 [, prm e e A3 RERE T 04324y Anl 47k £
2000005 | JERRME Tab.3 Standard deviation of relative displacement
200.000 4 - simulation measurements at different speeds
5 2000003 | B/ (wm /s) FREZE /nm
o
% 200.000 2 0.5 10.05
200.000 1 1 6.47
200.000 0 10 9.39
199.999 9 : : : * '
0.00 0.10 0.20 0.30 0.40 0.50 50 8.41
A / s
(a) 1 mm / s5JH3E 5] 100 5.33
(a) I mm /s uniform motion
200 9.85
200.000 015 r —e— PREGMFIE —— PERSE(E
200.000 010 5001 R Bl
—— AR LR A
200.000 005 g 400 |
E ]
4 200.000 000 E 3001
E ~
199999 995 % 200}
:E
199.999 990 100 |
199.999 985 . . L . ) 0
0.00 0.10 0.20 0.30 0.40 0.50
i) /s 100 . ‘ . . ‘
(b) 10 HZARSHZ A0 pmiRZIIE(E 10 E 327 R IR 2 0.00 002 004 006 008 010
(b) Sinusoidal vibration with a frequency of 10 Hz IEINA
and an amplitude of 10 um 18 50 m /s 32 5 AT X B0 RS W0 7 2045 S

F 6 BEES 200 m 42 %0 FE 25 S 284 17 B4

Fig.6  Simulation results of dynamic measurement of absolute

Fig.8 Simulation results of relative displacement measurement

for 50 wm/s? accelerated motion
distance at a distance of 200 m
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Tab.4 Standard deviation of relative displacement
= 8007 simulation measurements at different accelerations
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~ 600+ —p
fe JIGEBE / (um /%) P2 /nm
£ 400}
=
= 0.5 8.94

200
1 8.02
0
10 9.66
2000 00z o0r 006 008 00
W /s 100 9.08
BT 10 wm /s 235802 B ARS8 ) ik (7 045 500 8.91
Fig.7 Simulation results of relative displacement measurement
for 10 wm/s uniform motion . . NN .
. B AR XS (RS 5 B BT, UEW T WU A IE

K40.05s, HFRLREIAR A 200 Hao RN PEe PO NMRIREI, AN OIB M5 D22 1
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Fig.9 Simulation results of relative displacement measurement

— R E - FrifEZE: 7.81 nm

1 F8i% 75 / nm

with vibration frequency of 200 Hz and vibration amplitude
of 500 nm

K5 ARRERFIAF AR M@
Fe By Ao AR £
Tab.5 Standard deviation of vibration simulation
measurements for different vibration frequencies

and vibration amplitudes

PB4 / He PRBNIEAE /nm FRfEZE /nm
50 500 8.20
50 1000 9.11
200 500 7.81
200 1000 6.58
500 500 8.48
500 1000 7.60
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U5 ECAE LT . TR A0 7 Tk e e A A v e Xt
PR (AR TR, A A TR IR B0 00 5 R i (i 2% A
TR R R R E T . % I A H bR AY 4 X
PR B S ARMEZETE 10 om AR, XFHEZh B AR
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EIARSE P AT AT RS ). 28 Bk, TR
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