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Research on absolute distance measurement experiment of

double optical comb

WU Tengfei, HAN Jibo, BAI Yu, XING Shuai, ZHANG Lei
(Changcheng Institute of Metrology & Measurement, Beijing 10095, China)

Abstract: Length measurement, one of the key generic and basic technologies of geometric measurement, has important applica-
tions in scientific research, high—end equipment manufacturing and space exploration. The dual optical comb absolute distance mea-
surement technology makes the best of the characteristics of the optical frequency comb in time domain ultra—short pulse and frequency
domain high-resolution. Further it achieves absolute distance measurement with high measurement rate. Until now, the problems of lim-
ited measurement range and low measurement accuracy ail the community of double optical comb ranging. To relieve it, this work pres-
ents a novel technological solution, which combines the double optical comb ranging and phase ranging. The double optical comb rang-
ing technology is adopted to realize the high—precision measurement of the length within the non—fuzzy range. The phase ranging tech-
nology is used to measure and indicate the integer multiple of the non—fuzzy range, which is an effective complement to the high—
precision measurement of double optical comb ranging. An experimental system is built to verify the feasibility of the proposed techno-
logical solution, and the results show that the measurement error is less than 5 pm within the measurement range of 0~70 m.
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Fig.1 Principle of time domain scanning and ranging with
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Fig.2  Double optical comb ranging signal
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Fig.3  Double optical comb absolute ranging system

JEEF AT 1RG22 0 3R A 2 1 B 1 AR A
& 435 4 100. 097621 MHz £1 100. 095621 MHz, |
FA 2 Af=2 kHz.

¥ Af, At, n,, N, f, QA (5), HIATit
AT B L X S

3 XBRER

WA (5) A, XPARME RS, WA
B BER U . A5 S WHOLAR A WUR £, 5] AR A E
JEOM i RS EOL A S A O % 2 18] A S



iR

e, MLE5RHE - 53 -

AFBIARIRBRE S 534 28 AT 0, BIA B
B AN SR AT 22 A B AR
B I A BRI L O R4 B 2R 55 1 A o

AN E BT
2 aL 2.2 aL 2.2 aL 2.2 aL 2.2
uL:(Tng)u,,y"‘(a*fr)uf;"'(w)UA/'*‘(TAI)UA,
(6)

G (6) TR A & FE SR A U=
0.8 pm+2. 8x107L (k=2), HHr, LEYEALI K m,

Shy 65 A ) e A M R AN P 1Y
HERRPE, FHASE B 5 P E T B 80 m KA B2 I
I K S bR e B SR T I o L X SE g . R Ab
G R B E AR AR AL B, SEOET AR R
CE AR AR G, W& H AR E R
b B, IR RENEOR I IR R R SEOE R
M5 SIS . BOL T AR T, 2
JE ¥ R 6 R 3h 2 R ROG IR A & 5Ot
JGH, BCEIZALE NI A E, RN
IS BHOCT WA BB B iR 0. SR 3R
5, BRAImE K, HE ST,

A R G EOE D B A R 1,560 wm,
MRS H W20 °C (BRI 7=293. 15 K),
i p 4 1013. 25 hPa, CO, 75 & x4 0.0375%,
X R A 50% . KI5 & IE Y Tetens 28 23154
B, MWAAKKEE R 23.370, KKK e N
11. 685 hPa, iH5 AT 1345 fE KRB T Hr i on,
4 1.000289635, 5K bR KB T A 4 % 0, Ry
1. 000269426,

ST RCR A E PR K = P2 (TAG) 2
A 1) Rueger A R AH AT I . 7E48 & bnifE KA
B, BETH273.15K, KA KM A 1013.25
hPa, CO, & & x4 0.0375%, /Ki5JEe A 0.0 hPa,
KA R ALH

4.88660  0.06800

(n,, = 1) x 10" = 287.6155 + ——57= + == =(7)
e A BRI, pme BCEPRR TR  R
(n, = 1)x10° =
27315 P

2 _ 6| _ i
01325 T (n, - 1)x 10 1L277, (8)

B0k 00k 45 R R A AN R L N T —
B, RIS UE TS AS [R) 00 25 50 2 a] ) SR
FN AT

ly - yu| < JU+ U (9)
oAy A RCREEOE I e B A s Ry v
T BEdr e B I 255 s U R RCREMOGI R
BE M EAER; U i B bn e & )
N E
o E T BEEE N 80 m R E RO K E S bR
HERE B AHEE U = (0.1+40. 1XL) pwm, k=2,
1 RO L X EE R 485 v T B RO
PR A e B HE X S0 45 TR S #r

k1 MELERE>MH

Tab.1  Analysis of measurement results
W |y -yl U, U JUP U AT
Mo jpm em pm am |y -yl < JURPH U
30 1.8 025 1.6 1.6 2
120 15 13 42 4.4 it 2
21,0 03 22 67 7.1 it 2
300 07 3.1 92 9.7 2
390 47 40 117 124 2
480 40 49 142 150 T 2
570 02 58 168 178 T 2
69.0 36 7.0 201 213 it 2

2 1R RO X0 i 2 00 245 2 DAy ) o I
6] 100 ms FAFEIME . o1 1 SHOCH R ER S
B 25 AT, 7R 0~70 m (I S B, 00 R
22/NT 5 wm; SR UETZ AR G I R R AT 3k
130 m LA L, BE 1 RTR DT S A R L S
ARG

4 Zig

XOCHL A X MR, BA IR, 3
JEPR, T SEIX AL AL, S BUEHE R 4 TRk
Pt T G S SR SR, mT LA B A SR O TN R
7 %5 AN E (7] I 52 B e A T -5 4 X B 0 4 7
J&, AERNFIH R ROE | i g I 2 b R R o5
e A5 U R T R S RS . AR SOR 3R TR
DAL I B 52 A 5 A 2 00 B 52 AR AR 45 5 B9 7 SR 4 A
TROCH A ML RS, FHIZRLE SRR
PRV B AT I B X S, A5 RIEW] T &
AR 5 A R o A SCRTIUIE S AR S BOL R



- 54 -

HE., WiK5KHE

2022 5% 42 % % 3

S XN ARG g R E ] SEBRR B E T
—EAEA s (BE R TR /NS TT I, W
BIF R — LRI, RS N R B AT
At

(1]

(3]

[7]

S £ Bk
BEE, B, XB, 4. SUCHINEE 2 S0l ok
T AL 2050 5 #O6 T /R, 2020, 49(S2) -
72-79.
CHENG CY, YANGF, LIU Z, et al. Simulation of rang-
ing precision based on dual comb ranging system[J]. In-
frared and laser engineering, 2020, 49 (S2) : 72-79.
(in Chinese)
KT . BT AR IE B9 RRP KOG X FE R B R
fFFE[D]. Kt KHERSE, 2013.
ZHANG T. Research of phase-shift absolute distance
measurement by use of femtosecond laser [D]. Tianjin:
Tianjin University, 2013. (in Chinese)
RS, BT, BlsE, S5 SOGKHRE K& HN
L] EBEOE, 2021, 48(15): 250-267.
WU G H, ZHOU S Y, YANG Y T, et al. Dual-comb
ranging and its applications [J]. Chinese journal of la-
sers, 2021, 48(15): 250-267. (in Chinese)
RRT, M, AR, 5. BT HEBCRAER OR
WO KRS 7 2 WF 52 (0], Jeig % 5 6ig 0 #r
2019, 39(9): 2708-2712.
ZHANG T Y, QU X H, ZHANG F M, et al. Study on
the large—scale distance measurement method for femto-
second laser based on frequency scanning and optical
sampling[J]. Spectroscopy and spectral analysis, 2019,
39(9): 2708-2712. (in Chinese)
ZEMS, TR BETOLAr A A v A I i
gLt e Chesh) [1]. Je EOR AT, 2021, 36(5) -
42-48.
QIN P, WANG S J. Progress in high—precision dis-
tance measurement based on optical frequency combs
(Invited) [J].
2021, 36(5): 42-48. (in Chinese )
ARG . e T A i CRCET O 1 BUE A 48 X iR
B RS (D ] K KHRY:, 2019.

LI'Y P. Dual-comb absolute distance measurement sys-

Electro—optic technology application ,

tem based on all polarization—maintaining femtosecond fi-
ber lasers [D]. Tianjin: Tianjin University, 2019. (in
Chinese)

B2, w1, FHR. SIS REORER PG

(8]

(9]

[10]

(1]

[12]

[13]

[14]

BERRELT]. TR, 2021, 41(2): 8-21.

YANG J, ZHANG L, LI X L. Several primary problems
in the development of dynamic metrology [J]. Metrology
and measurement technology, 2021, 41(2): 8-21. (in
Chinese)

VR . SOBHZ P K TN A 5 R 42 -5 AR i 3 45
ARBFFELD]. BRI IR/RE TR, 2021

XU J. Research on the signal acquisition and phase solu-
tion for dual-comb multi-wavelength interferometric la-
ser ranging[ D ]. Heilongjiang: Harbin Institute of Tech-
nology, 2021. (in Chinese)

HOCEE, RIE, BRI, AE . SUBRARL MR Oty
SRR B R OGS S RO BB BT L), W B A AR,
2021, 70(18): 180601.

XIAWZ, LIUY, HAOM Z, et al. Numerical analyses
of key parameters of nonlinear asynchronous optical sam-
pling using dual-comb system[J]. Acta physica sinica,
2021, 70(18): 180601. (in Chinese)

AR, RIEK, ki, 5. BSREL 2%
DA IR P B[], AR, 2021, 41
(2): 64-72.

LVLJ, WUTF, HAN J B, et al. Research status and
prospect of transient high speed photon doppler velocim-
etry[J]. Metrology and measurement technology, 2021,
41(2): 64=72. (in Chinese)

MOERE, WS, /N, SF L BREARXTR S RO
R Xt e RG] T ERE S AR, 2021(2) .
44-48.

LINBK, CAOSY, YUAN X D, et al. Dual-comb abso-
lute distance measurement system with Hz relative line-
width[J]. Metrology science and technology, 2021(2) :
44-48. (in Chinese)

B BT AL SEHOE S IUE M XOGIE 5 48 S =
BERIARFSEID]. K. RHERA:, 2019

CUI J H. Research on dual comb system based on lock-
ing to narrow linewidth lasers and their ranging applica-
tion[ D]. Tianjin: Tianjin University, 2019. (in Chinese)
L, WOTtE, skidz, . SO A
Jr ik B ARZEAME R[] AR, 2021, 41
(5): 34-41.

LOUZF, GENG W J, ZHANG J Y, et al. Passive laser
tracking measurement method and error compensation
technology [ J]. Metrology and measurement technology,
2021, 41(5): 34-41. (in Chinese)

T8 SOEHARGAE A bR i s B AT (D ].



RIS

e, MdE5KE - 55 -

[15]

[16]

[17]

Kt KHERSF, 2019.

WU Z L. Research on the absolute distance measurement
of a non—cooperative target by dual-comb[D]. Tianjin:
Tianjin University, 2019. (in Chinese)

SEIE, phestg, AERE, SF L BT RO L
BRI AT AR A SR R G ] I EOR
2021, 41(6): 41-47.

XIA Q Y, ZHONG X M, REN P W, et al. Automatic
calibration system for the target board of aircraft landing
taxi light based on laser ranging[J]. Metrology and mea-
surement technology, 2021, 41 (6) : 41-47. (in Chi-
nese)

o, RSATG . UL ARZME S Al R 2 0
BEELT]. THEEAAR, 2014, 35(S1): 6-10.

LI Y, ZHANG H Y. Absolute distance measurement by
dual-comb nonlinear asynchronous optical sampling
[J]. Acta metrological sinica, 2014, 35 (S1) : 6-10.
(in Chinese)

AR, Z A 80 m KA RO H K [ K b v Y
WHRID ] KA KHECRY:, 2017,

LI J S . Development of indoor 80 m large—scale laser
comparator national standard [D]. Tianjin: Tianjin Uni-

versity, 2017. (in Chinese)

[18] VFArBH . T FPGA [ KA AT H 1) R4 b 5

WA FRBIFEID]. KRH: RHKE, 2015,

XU L M. The research of high—speed signal processing
in the time—of—flight rangefinder of femtosecond laser
based on FPGA [D]. Tianjin: Tianjin University,
2015. (in Chinese)

(19] 2252 25 T BIUREJOL &% 59 20 Ol 2 SR A 446 o i

7LD K. KHRS:, 2019

LI W L. Absolute ranging of asynchronous optical sam-
pling based on mode—locked laser[D]. Tianjin: Tianjin
University, 2019. (in Chinese)

(Ao # X FR)

BE—1EE B ©(1983—) , B, iR
B NG CEMEOEAR A K
BRSO TUAT S0 2 O % I i 4



