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Research Progress of Active Guided Ranging Based on Multi-Channel
Optical Frequency Scanning Interferometry
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[ Abstract] As a critical core technology supporting the development of aerospace, industrial measurement, and large
scientific facilities, advanced equipment manufacturing relies heavily on high-precision, large-scale absolute distance
measurement as a fundamental technical requirement. Optical frequency scanning interferometry technology, known for its
large measurement range, high precision, and the ability to measure uncooperative targets, effectively meets the
measurement and monitoring needs of large-scale advanced equipment manufacturing. However, achieving high-precision
optical frequency scanning interferometry necessitates a large bandwidth frequency modulation capability at the nanometer
level, which requires resolving key issues such as frequency modulation nonlinearity and traceability references for optical
frequency scanning. Starting with an overview of optical frequency scanning interferometry technology, this paper
systematically reviews the research status of frequency modulation nonlinearity correction methods and optical frequency
scanning traceability reference technologies, both domestically and internationally. It also summarizes the research progress
made by the National Institute of Metrology of China in the area of multi-channel optical frequency scanning interferometry
active guiding ranging technology. This includes studies on the underlying principles and methods, the development of
ranging systems, and the testing of technical performance metrics. The paper provides a robust theoretical foundation and
practical guidance for the further application of this technology in large-scale metrology.

[Key words] metrology, large-scale metrology, absolute distance measurement, optical frequency scanning

interferometry, active guiding, multi-channel measurement

s B #A: 2025-01-15; 1€ H#5:2025-03-30

E&WmH: B R EHE A0 &0 (2023YFF0612702) ;5 El K A SRR = 5 4 5 AR R 2 400 H (52305591) 5 1 B i B2 0 5% Be 2 B L 55 2%
(AKYJJ2409, AKYZD2212),

FEZ B X (1991-), H TR ERFIT BE BB FE 51, BFFE 7 12 R RS Xo 5 K 17 A, B34 : liuyang | @nim.ac.cn.,


https://doi.org/10.12338/j.issn.2096-9015.2025.0011
https://doi.org/10.12338/j.issn.2096-9015.2025.0011
https://doi.org/10.12338/j.issn.2096-9015.2025.0011

i 2 [ o i 20 % o 2 ol Mok 8, R IR AR
Wrzs A RN~ 20 Tl B~ R KR 2 B - O 4%
QUK A B i RS Y AN DRI R R R, B T
PREYE 24 B s 38, X A sl . R R A Jk
HIRE T4 T 5N A LR, L AR RS S B
A HESE B i, A KRS ARt 7 AN
AR R, HEifE iR aeh, — SRk Ak LA
S R, BRI A (B HSE . SCH AR ) |
WOGBRER X, OB AL CIRER TR0 . O H
IO HEREL . TR ORI . BN
6] 5 (AL 2% (IGPS . wMPS 28) 4531 13z i F s — 10,
(LS A TR) 0 SRS D) ) e L L 0 3 L A0
K BE L AEAE 2250, T 58 IR 2% i i 20 4% 1 s R
Gy AT 55, e a0 A S ) 2R AT 55 f L D )
BT A, PR 58 B AT 55, %0 A 2 R K B
il XL XS 228 2 R 4y R AN ) T g U RS R 1 52
%[11]O

R s ] O 2 3 o A 2 () Th 2 A i 2 40
TR K 2 B, 9 A e T 0 b SR OB R
AN 22 il T ) 8 ol e il 1) 2012, HE 4 ey i
o il PO i 11 ) A5 e S R RS A b S
LB T BB T AR AR 3 - 1, A2
Bt 1o i 2 2 T A X R B 2R L AT EE A Y%K
AR T SR, DO SR A SR R A ] DK T
e 40 TR e, O IR AR i A B O T
VI a (3 s U RE | 2 6k B ) A0 o G A 0 e
B AR AR AR I B 2R GE 8 A AR A B AR B L, B
SR BB 5 3 2o PR B4 G FEL 7 B A 0 S R R B E B
S, A E L R] A W 23 (8] 2 A s A7 1 AR bR L, IF
HFEBEANTSE, K TIERCR; 7556, DIBoGRE:
A 2 3 B ) 1 ) T =X R AR BB SR AT 55 00 AT
R AR AR b LA, DU R 4 5 DR v
TUAY, I HATRIR TG AZ e B LR v (1 I A =X, Ak
Dt () W IRAREXE LA — . HETBR T Leica. FARO,
API Y o B S5 A= 7= H OB ER R XS, 75 Etalon
O3 FIA AR AR 7 T A LA 3 e B Dt A O R
1 LaserTRACER-NGI!S, AH 45 i 6 B {37 I i 2R
g L HEAT T RMREE B R Ak, BEAS ZE I B A 115 5]
il R 2 LR A ) 38 SO T 05430 R
5 % B WG RZ A, (A5 X LA 2 Tk B A B A
TR LA AR B AR

Metrology Science and Technology, In press

G T 1) R H 32 3 K 7 % S AT 55t i ) 1A
SIOE T I, ARSI IN 1 ~ 50 m (I H S R, kS B
76 2 m 40 7] 3K 20 pm, 50 m 40 7] 3% 300 pm 1O, Ky
G AR R R I e 34 o) Do 2 L T3 7 JEL I

PRI Ry 1 7 % v it 2 5 i e AN BT 2, FE BN
[Fi) s 3 K RUST L o A B T 2 R A [l B, 7 e
e R . A shik., A AR L, HAARMRILYE LI TR L
ANy T :

1) TSR L R R A X v i 2 % i 3 Y
T RS e s B LA K B 1 E K, AT R B
A7 B R BEAS 1K 3131 22 K T Z8 (ORI HokS B, ELRY
L RBS I 7 W1 5 22 R G 1 D A R R 5

2) LA ZALSIATINE . 1550 sl Y
LT SRS 1L N AN M= 8 300 e 3 2 ol S SR e
K, FESL IR AS RIHESE T A s FE vl e . 24 AR
S PO B ) O L 28 B B A 3

3SR E ST Fo Ry T = it 2 2 o
TR ACR . E SR I R, T I A B
UL E 25 SR, M A T2 505 300
SRR A BRI

1 SEsifas i alea

EHR A P R — o s A B ) RS 4 %
BB Rk, BANERTER REE LR,
IR 4 e HLRE RS I JE 5 7 HARSF (i), A
JEHHA R TR R G, th TR 5250
S 2 AR X B B 18] A3, D' Fi SR 00 A0 14
AN TR 20 S A AR DR 22 B AN 22, 3 o el o
AARALIN i REAS o M S Rl B g . AR AF R
A DAEAHE 55 2EA T 18 1o 1 B AR e R
SR, T8 3 AT AR 5 I B 2 ) ) G 2R S A X
IR O 7 PRI A e 20 B8 7, T EE AT AR A
T 58 B0 R BE ST B, SR T H TG IR i 5
WP | OIS N TR BE AR AR A AR e A2 1l A5
PR BIAFTE, BEAF DI Fi AR Ze Pk i s g 18— 19,
PR e 5 BRI DR AR LM B R I, IR B X
PR RAR AT RAs B
L1 AL ERIETT A

S ARLNE R IE 7 4 2 oMzl
PSRk o oA B M SR AR 3 i 2
el i) 15 5 52 HE ST MR, B PE
ML 220 R RS 5, S X O f 4 i it e i %
BEAT P, G P P A S AR 22 B0 T, EBlb



THRERE SEOR ff R

(e ERETOE| 25 e

2009 4, EE 5 R E R 2E1 P A. Roos TE 40
FH#TW 2G5 AT T AP T ah Mz
LR E Tk, Hrh— D H TR RO EAR

High fidelity
ramp

Motor

: 2
Resen Differential
amplifier

Slow loop
filter

............

Jaom @” ...... L f”“i”'. In-loop
90/10 ; I measurements

e3e

LB, 5 —AS TR OB A8 R P S
128, 76 5 THz WG H e B N AR e iR 22400
170 kHz, {0 1 Fi7R, 78 1.5 m BUTE I SE3 T 31 pm
B2 T 42 TE A 1A 86 nm (I v 25200,

D Out-of-loop
""" *| measurements

Saononinp

Digital phase &
freq detector

B 1 WA B S AR E B iE

Fig.1 Dual phase-locked loop self-heterodyne nonlinear active compensation system

2010 4F, H AL K41 S. Kakuma 55 ) H
A IR T & SO G AR R SEA I B G,
T YU L AMER ARSI T 0.9 THz BTG TR
TG, 75 8 ~ 14 mm (10 & I Fl 9 SE 30 T 3 fOK
bR AE2E, E 2 R 2015 4, R

PLL |#[Ref. CLK ', >

120]

FHIZ 32 A ME AR I e & R TSR e 43 0
R, 3 T e/ N AU G I E T SR SOk B S B T 4
X EE I A, ANl 2 PR, 7E 8 mm Al 9 mm 1Y i
OSBRI EE 1 7 iR 2E 0L T 5 nml®,

WPLL
control \—
PD1 @@PW Computer
Ref. Posmon
v BS2
M2
. I\
A ! chf |
Current v Ref. BG
driver
M3
A o,
\ 4 PD3 éé)PD“- >
W,
lens BS1 BS3 Ref. Position
v H A
veseL () > >
Ml ‘ ELmziLBG
Y Test BG
Rb cell M4
Wi
PD5 >

2

E T EMERGE FAric MR RN EE R g™

Fig.2 Experimental setup of the FSI system using feedback correction based on phase-locked loop and a Rb-cell
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