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Fig. 2. Multi-pulse spectral interferometry and time delay:

(a) Frequency domain; (b) pseudo-time domain.

Hr (3) ST L, ke T4 5 0 & 1
SURSEHPI S, 3 LU T 20
PRI, TSI SRR 70 F 7. D

070601-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 7 (2025)

070601

TUAE T AT B A T AR B O I G, KRRy
I(t) = F*(w) ® [20816(t — 71) + 2aB20(t — T2)
+2B1820(t — A7) + (a® + B + B3)4(t)
+2aB16(t + 1) + 2aB25(t + 72)
+ 261 820(t + AT)], (4)

i (4) AT, PRI A A (BD ¢ > 0 BY)
LA 3 AMkeh, R 7, o FTAT, FHEREEK
WH 2081, 2aB F12B81 8y, RFFRIE o # B1 # Ba,
RA] 8 S RN 7, o, AT B RN R
mE 2(b) Bz,

IS B m AR A (2) KBNS 2P EE B L,
{HR B T CHURRAE B A Ay FE S ok o, 4 B 25
(AR A0 T 30T 2% Jik i R0 8 Jok o %) 17 J AFDGHASE
AR, KA RS TR, el e L5
AV ] Lnar Z IR 2 HHEAR M, W& 3
FIE7R. i I B A A AR A

l c
L = _ , 5
NAR 9 Srgfs (5)

S, Ly RBKHILEE, £, A TSR,

C

B

Ln 4
Lnar

Target distance

Measurement distance

P 3 Rl O R O
Fig. 3. Target distance and non-ambiguous range.
MR B8/, BV L < Lnar B, 20Kl 3
1) A &, SRR RS, BaUBEEN Ly = cro/ng .
Bt BN BE RS LG K, anEl 3 h Ay B AR
C 5, W& AR S, (HGE T W5 X N 1
TR 22 5 PREZ A A EH R, A9l iR
B LA RN
. (N - Lnar + Lim)/2,
- { [(N+1) Luar — Ln] /2, N =2k +1,

Hor, LIRS, Ly, OB ORISR N
R RIS AL, BeMEE Lalsd N, Laar
M Ly =~ J0 9030 M AR R 4 X B S . i
(6) AT DL, W FE S L A0 & /N ECRT B EOP AR 4

N = 2k,
(6)

IINEGR ST M L 8 Lyar — Lun , BEGRIT N N - Lyar
o LW NAE, AT LI fom DGR 1Y 3 52 40 %R
W f 282 f, S/NEBGR 3 AE TR 3 rh i G B B
I, BR8] LLRoR

1 1 c c
L=-(N-L Le)==(N- -5+ %
2( NAR + Lim) 2( e, +ng72>

1 1 c c
== (NI +L1/.ﬂ)<N'+T/).
2 NAR 2 2ngf! ' mg *

()
T2 R TR N BN
fif!
A ®)

[F)BE, 2 /NECRR o0 Ak T 8] 3 H Y 3 D B
RO N BRI

N =2(ry — 75)

N =2(15 — 1)

frfrl _
=t
FHN, AR FHPTROI O'G[R]N5 228 SGTE AR
BT T, HARSTE T PO &3 A R — A
D EEG i, % T BRI R UG, 78 200 I &G PR AN
IR 0T AT A A T S S G e AR AR [ A
5 A i ) HC A O e ) A2 e R e — 3K
[, X6 I A R A AT SR 238 . 5 BRI 45
ZIRIBEES d VS BRI iR, RIAT RS
L o A ke 22 [ B 225 I TR SE SR A =
2d/c, XfH Ao Fl AT A LB S B i
FERIREIT S A ng , HI

1. (9)

_ AT

= A
25 LTI, A I BT A R 0, , BB VAN

AN SESR 7, BIRTE (6) A8 e 2 L.

g (10)

3 AR

s AL AE B 25 H R oL K R 1560 nm,
ik 5E 90 fs, X I Y 3 AR = B Ot 3 19 2 = A
4.9 THz, EREMF N 5 GHz, WA RIWEE N 0,
SRAESECh 100, SRR H MR, IR R 20 <C,
HE R 50%, KAEHN 101.325 kPa, %A fLBR )
RBUECH 4.5x104

3.1 FHTSRNENHESH

i (6) AT LIE H, BMEEES L il N, Lyar 1
Lo 80, HHF Lar 1 L #85 FEHT S 26 ng A,

070601-3


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

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 070601

A LRI 8 g HHESE I S PENEE 25 L 09I 5k
JE, A XS AR ST R AT S 4 g BRI A
HEATAIHT. B (10) AT, BEST SR ng 5P
RSN d A, PR R IR
T, DL 0.01 m Y E PR S R d RN,
Xof FEAIT 5 248 mg 1A 55 2 SR AT RRALL . RSB {5
HE SR f. =5 GHz, XTI A AR 5 Bl Laar ¥T
LAETF 0.03 m, SO A 3ol 3 A5l o 7 14 e M
H1/(2x5x10%) = 1070 s, FESH I d K TR
BINE FE] Lnar B, O o da 35 5K A5 100 5 Jk e
Z I RBRAER A7 23 R AR S, H 5 90PR Y B ]
SR 22 ) [ R A TE AR AR, S PR (B SE 3R Fr) 5
N

1
m— + Ar,

57, m =2k
AT = 1
(m—&-l)Q—fr—AT, m=2k+1
m = floor (Qd/LNAR) s (11)

o, A F AT 5350 3R B A ik o 22 ] S B
F14) B[] S22 3R R ZE PR B35 P A B[R] S 3R e R F 4R
B, HZSH PR d A Lyar/2 09 HGAE ] F HUEE RIA]
AT, B2, B AT AR (10) 2Uak AT LA S
DU SR T AR S g

SR ME 4 FiR, BEE S RIEE 4R, B
PR A R 25 B WS, 2 d=0.1 m B, BEYT
S RN Y 4 %o 1R 22 TT ARREFE £0.21x 1076 DA,
M d = 0.12 m BF, FEYT IR G ) 4 % R 2 ek
] 021106, 24 d = 0.17 m W, BESTSFF00 &Y
At iR 225NN 0.02x10°, 24 d = 0.1 m B, #ET
SRR R 4 %R 228 0.12x10°6. 78 PR AR {5 EL 1%
BUT, SRS 0 A B 1) F2 B PR B R A A

x 200

=

—~

~

o0

< 100

o

o o o

o

2

3 0 o o ° a %g e

-

S| o

5]

=} o

¢ —100}

7]

@

o

= —200 L L L
0 0.05 0.10 0.15 0.20

d/m

Kl 4 ZEIEE dSTHTHR ng ZIHKER

Fig. 4. Measurement errors of ng by different d.

B AESFEREEE d = 0.1 m BT, 2 RFES N
4100 B, BT 5T 30 I0 5 R 25 AT LAGRE] 0.5x 1075,
PR, 5T Z2 DK o i 0 S AT 5 38 00 VR A
P FHA S ARE B, R PRAEAE T 52y H —
J7 TN I A A BB R R =, AR IR B R AR
FEFRDGIE T AR S, S — i g T
ST B TR AR B, BN T AR AL B Y A 2 A
e ikl

3.2 BXEENENHESH

T 2 XoF 0 v ORGSR —,
& 58 WG T B0 I B A S 6 28 AT nl SN oK
SEGGINER B, R A 2 AN R B I 1 10 T 45
TS S LAV D A, TG DR E S 2% 1) I R A
. ARSCAERRE RSN TR 276 0—200 m
DAL ) BEORS B R AT T BB, (5 LA AT B S
FZAFE d = 0.1 m, RAE S 100, W0 BE (A BE 4
10 m, XF 20 @I BE B R AT T IEE D B, AL
K& 5 PR, gl EE A 0—200 m N, R R
ZRFFIE-33—29 nm Z [H], MR 2ZH) PV HN
62 nm, PpUERZE N 18 nm. g5 KK, FEHES
SYTE R B AR ER R R, S L =
120 m B, SRR R 2Z (R 33 nm, £k Holtik
FPMEELE 0—200 m AL P AN RS B2 AT LA
F 0.1 pm LI,

60

40 +
g
£ s s 0
> 20 F A N
o a a
- A A
5]
3 0 NN o
a N

=] A A
% —20 A R N
@] A

40 F

—60 . . . .

0 50 100 150 200

Target distance/m

P 5 IR R S B 2
Fig. 5. Range errors by different target distances.

R T IR A SC O R I B 4 7, A A
B L = 100 m i}, BRI K 0.1 pm, $3) 100 X,
Xof 0 B 2 S AT 0 B, O A R A E 6 TR, 7E
0—10 pm 78 FBl P, U EE R 25 R FE7E—12—6 nm 2
[B], MR PV AER 18 nm, #fEIRZE A 7 nm.
SR, Z PR PG T P A A SRR N I B
IR IRE] 0.1 pm DA,

070601-4


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

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 7 (2025) 070601

20

10 +

0000
0000000000
nnonnnnaonnnncnnooannncuoou

00000000

Distance error/nm
=

oonnnonuUUDDnnnncoonnonnnunonnnnanoucnonnucouuncnn
0

—20
100.0000000 100.0000100

Target distance/m

6 DNBES> B S E

Fig. 6. Experimental results of ranging resolution.

3.3 RRFHUTHIRI

i (5) ZUF0 (6) AT, WM EEES Ll AEASOR
0 BBl Loar AP R 330 00 5 25 SR L, 2H AR, I Hoax
PE AR ST IR A G, FES S B i R AT DLk
NH
@
of’
Xp, fo LB, n(fo) AHORR A S
SR
TESCBbR R g serh, IREE IR EE L AU Ak
T O TR A AR R AR U RS M AR A5 U R 1Y

ng = n(fe) + f (12)

60 |(a) ® Standard atmospheric condition
e Temperature increase by 1°C

g 40
a b4 ° n
~ = M a®
é 20 + ° o - - L [ °
=~ ° o °
5} 0 s °
() -
Q » -1 e ® °
i —20te " = toe
.3 ° ° =
A —40f "

—60+

0 50 100 150 200

Target distance/m

60 |-(c) = Standard atmospheric condition
v Air pressure increase by 100 Pa

g 40
=] - v []
5 20t v __
= v v ¥ = v
=
5] 0 v v
@ v - v
(5] v
=1 » ¥ o= v
s —20tw o . v
/A —40t 7 "

—60 +

0 50 100 150 200

Target distance/m

Bl7 RAERBE A F BOAE I BE R 22

2SS YTH R, SRS BT R R AR AR, TR
SRR )0k Bl R e R RO I RS 1 DG B R R =2
—, PRI WA B A SO Y I 5 A KRR A
T I B AT AT

7E 0—200 m JEE P, LA 10 m )0 5 a) 5 1
TR, A3 R B 5 1 °C R 15% ., <
JEHER 100 Pa, A LR RT3 = 10 4 B,
REHDL I 25 SR S AR R SRR T B B 4
HEFTXF G, S AE 7 Fs.

AT LAE Y, SRR L = 0—200 m I}, #5
YHE PR B B () 00 HE 158 22 F - 33—29 nm 22 [, I HE 5%
Zi) PV {H A 62 nm, trdEMZE N 18 nm; 7 JF#
B 1 C AR 25 7E-34—32 nm 2Z [A], iR
Z1) PVAEN 66 nm, brifEli 254 19 nm; ¥ B
K 15% il % 22 7 - 31—36 nm 2 [a], &%
Z0 PV EN 67 nm, prERZE0 21 nm; S ETF+
15 100 Pa B I FE 1R 22 7F-38—32 nm Z[i1], =
WRZEM PV AEN 70 nm, fMEMMZEN 19 nm; — 45
AT B A FR 2 B 1074 i B 0 B 5% 24 7 - 35—
32 nm Z 8], MR 220 PV (R 67 nm, b5 il
250 18 nm. XFHLL L 5 FiEdL, £ bkt
IS P T LA Eh A ) O
HR BT IR ng , FEXTHIEE B L S HEIE, FrlA

60 |(b) = Standard atmospheric condition
4 Humidity increase by 15%

g 40 A N
ii = n -
5 20r = . 1
s ]
B A A a A A
[ [ ]
[} 0 | ] A
L:) A : - " A A A
5 —20f. " "
- -
R7) A A A A -
A —40f "
—60 +
0 50 100 150 200

Target distance/m

60 [(d) = Standard atmospheric condition
¢ CO; content increase by 104

40 +

g .o .
T 20 ¢ g .t
S . . -
~ *
¢ 0 s o -
g * P ] ™ " * *
5 —20f3% " * N
b7 ¢ . "
A _40F * [ ]

_60 L

0 50 100 150 200

Target distance/m

(a) WHEETFE 1 °C; (b) EEHE K 15%; (c) LR 100 Pa; (d) CO, MMARER S E0E K 10

Fig. 7. Range errors by different atmosphere conditions: (a) Temperature increase by 1 °C; (b) humidity increase by 15%; (c) air

pressure increase by 100 Pa; (d) CO, content increase by 104

070601-5


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

¥ 12 Z R Acta Phys. Sin. Vol.

74, No. 7 (2025) 070601

T MR UK COy 5 i 85 AR S5 1 1 Bl
AR T AR SCIBE 73k 2 I AN K, AE 0—200 m
FI8 0 S 9 BT PN G B 23R 22 A8 i 40 mm, R AT
DAPE R AR 1 R A S BRI AROR R A R RS 32

4 % #

ARSCHE T — B3 TR Y 22 Bk ol i+
PHAKIN B 7, R T AR R A AR AR S A X
Z kMo TAE S i T — R B AR e, BVAT ]
AR I B TP R T S SRR B L s
P TR A2 015, PDRRI R RS Gt
TP ARV BB R AR B, e T K
TR R B I HE 22 18] () P )i

REFUZE B NI 4% =2 B9 2 2 (] %)
THRETS R0 A B A EEE I, Y S H R
0.1 m B, BEPTET RN LR ZE RN 0.12x
1076, 53 AN I RAR AT HT LAt — 2 4R S AT SR
(RN RS FE . 762 TR ST S 3R I e AN TR 5 | A
FRIR2Z S 00T, 76 0—200 m A4 I & 38 Bl g,
PR 5 22 0] DU 7E-33—29 nm Z ], 75 RAEM:
KA BRI S I SIS IR SR B s AR
PR R22, 78 0—200 m 11430 B 3 Rl A 00 B 158 22 AN
i +40 nm, FrLUREE B SR R ALk S
BRI A% 1 (0 i A o 0 SR JE 1 B i) A
K. BRI AT FEEAR UL 2 B, AR SCHE H 1 22 ik o
S P Bk AT DA S PR K R R PN Ok R
FSEER ORI Em

S 0k

[1] Jia L H, Zheng J H, Zhang F M, Qu X H 2023 J. Mech. Eng.
59 244 (in Chinese) [B{HAE, FR4RHE, kR R, il %4E 2023 #L
BTAR =R 59 244)

[2] Ahn C M, Na'Y J, Kim J 2023 Opt. Laser Eng. 162 107414

[10]
1]
[12]
[13]
[14]
[15]

(16]

17)
18]
[19]
[20]
21]
[22]
23]

(24]

070601-6

Yu D R, Chen Z Y, Yang X, Xu Y L, Jin Z Y, Ma P X,
Zhang Y F, Yu S, Lo B, Guo H 2023 Photon. Res. 11 2222
Ray P, Salido-Monzu D, Presl R, Butt J, Wieser A 2024 Opt.
Express 32 12667

Liang X, Wu T F, Lin J R, Yang L H, Zhu J G 2023
Nanomanuf. Metrol. 6 6

Cui M, Zeitouny M G, Bhattacharya N, Van Den Berg S A,
Urbach H P, Braat J J M 2009 Opt. Lett. 34 1982

Wei D, Takahashi S, Uehara K, Minoshima K, Hong F L,
Nakajima M, Nakamura K 2011 Opt. Express 19 4881

Zheng J, Wang Y, Wang X, Zhang F, Zhang W 2021 Appl.
Phys. Lett. 118 261106

Liang X, Lin J R, Wu T F, Zhao H, Zhu J G 2022 Acta Phys.
Sin. 71 090602 (in Chinese) [FJIH, ME%F, 2B K, BAHE, F2k
Bt 2022 PFFAR 71 090602]

Zhou S Y, Xiong S L, Zhu Z B, Wu G H 2019 Opt. Express
27 22868

Wright H, Sun J H, McKendrick D, Weston N, Reid D T
2021 Opt. Express 29 37037

Zhou S Y, Jiang R L, Zhang R X, Shi L. H, Zhang D, Wu G
H 2023 Opt. Lett. 48 1104

Han S M, Yang L H, Song Y J, Niu Q, Shi Y Q, Yu H'Y, Hu
XY, Zhu J G 2024 Rev. Sci. Instrum. 95 043703

Doloca N R, Meiners-Hagen K, Wedde M, Pollinger F, Abou-
Zeid A 2010 Meas. Sci. Technol. 21 115302

Zhao X Y, Qu X H, Zhang F M, Zhao Y H, Tang G Q 2018
Opt. Lett. 43 807

Wang G C, Li X H, Yan S H, Tan L L, Guan W L 2021 Acta
Phys. Sin. 70 040601 (in Chinese) [E[E#, 25 B, BiRE, 8
SR, ESCR 2021 PR 70 040601)

Wu H Z, Zhang F M, Meng F, Liu T Y, Li J S, Pan L, Qu X
H 2016 Meas. Sci. Technol. 27 015202

Gao H R, Huang L, Xu X, Wang D G, Ge P X, Zhao H N
2024 Meas. Sci. Technol. 35 105009

Wang J D, Huang J S, Liu Q H, Du W, Zhang F M, Zhu T
2024 Photon. Res. 12 313

Niu Q, Zheng J H, Cheng X R, Liu J C, Jia L H, Ni L M,
Nian J, Zhang F M, Qu X H 2022 Opt. Ezpress 30 35029

Xia HY, Zhang C X 2010 Opt. Ezpress 18 4118

Wang J D, Lu Z Z, Wang W Q, Zhang F M, Chen J W,
Wang Y, Zheng J H, Chu S T, Zhao W, Brent E, Qu X H,
Zhang W F 2020 Photon. Res. 8 1964

Jang Y S, Liu H, Yang J H, Yu M B, Kwong D L, Wong C
W 2021 Phys. Rev. Lett. 126 023903

Xu X Y, Zhao H H, Qian Z W, Liu C, Zhai J S, Wu H Z
2021 Acta Phys. Sin. 70 220601 (in Chinese) [#XUTFH, XM,
BIR S, X, FatA, REEh 2021 YRR 70 220601


https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.3901/JME.2023.20.244
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1016/j.optlaseng.2022.107414
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/PRJ.498810
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1364/OE.514997
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1007/s41871-023-00185-7
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OL.34.001982
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1364/OE.19.004881
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.1063/5.0054065
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.7498/aps.71.20212073
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.27.022868
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OE.434351
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1364/OL.479328
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1063/5.0198468
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1088/0957-0233/21/11/115302
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.1364/OL.43.000807
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.7498/aps.70.20201225
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/0957-0233/27/1/015202
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1088/1361-6501/ad5ddb
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/PRJ.506474
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.469774
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/OE.18.004118
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1364/PRJ.408923
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.1103/PhysRevLett.126.023903
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
https://doi.org/10.7498/aps.70.20202149
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 070601

Theoretical analysis of absolute distance measurement
based on multi-pulse spectral interferometry by
using optical frequency comb”

XING Shujiant WANG Furong WANG Yizhao = CHANG Mengfei

(College of Electronic Information and Automation, Ciwil Aviation University of China, Tianjin 300300, China)

( Received 7 January 2025; revised manuscript received 6 February 2025 )

Abstract

In industrial sites and outdoor long-distance measurements, the difficulty in accurately measuring and
correcting the refractive index of air is a critical factor affecting precise distance measurement. In order to
develop a simple, long-range, and high-precision absolute distance measurement technique, in this work an
absolute distance measurement method is presented based on multi-pulse spectral interferometry by using an
optical frequency comb. This method can dynamically correct the measurement errors introduced by group
refractive index fluctuations. Firstly, a mathematical model for multi-pulse spectral interferometry is
established. By performing a single Fourier transform on the multi-pulse spectral interference signal, the time
delay measured in the pseudo-time domain can be used to simultaneously determine the group refractive index
of the measurement path and the measured distance. Secondly, by fine-tuning the repetition frequency and
using difference computation, the measurement range can be extended from the non-ambiguity range of
traditional spectral interferometry to arbitrary lengths. Finally, extensive numerical simulations and analyses
are conducted to validate the performance of the proposed method. The simulation results demonstrate that
with a reference distance of 0.1 m, the maximum absolute error in group refractive index measurement is
0.12x10°%, and the maximum distance measurement error is 33 nm in a range of 0—200 m. In order to measure
the group refractive index in real time under changing atmospheric conditions and compensate for ranging
errors caused by changes in air refractive index, even under changing atmospheric conditions, the maximum
distance measurement error is 38 nm, ensuring sub-micron-level measurement accuracy over long distances. The
research results indicate that this method can be applied to large-scale and high-precision absolute distance

measurement.

Keywords: optical frequency comb, multi-pulse spectral interferometry, absolute distance measurement, air

refractive index
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