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High precision frequency modulated continuous wave (FMCW )
laser ranging based on gas cells signal splicing

YI Ling-Ping, ZHANG Fu-Min', QU Xing-Hua, LI Ya-Ting
(State Key Laboratory of Precision Measuring Technology and Instruments,,

Tianjin University, Tianjin 300072, China)

Abstract: In the dual-path FMCW laser ranging system, the length calibration accuracy of the reference
optical fiber directly affects the ranging accuracy. In order to improve the ranging accuracy, a high pre-
cision reference optical fiber calibration method was proposed, which was based on hydrogen cyanide
(H"”C"N) gas cells signal splicing. In this paper, the principle of calibration method based on H*C"N
gas cells was deeply researched. Moreover, to reduce the burden of data acquisition, H”C"N signal
splicing was used to optimize the calibration method. The experiments show that the calibration meth-
od based on H”C"N signal splicing is more stable than that based on laser interferometer traditionally.
After calibrating the reference optical fiber by using H’C"*N. At the same time, within a measuring
range of 3. 8 m, the error between ranging value of FMCW system and measuring value of interferome-
ter is less than 14 um, and the standard deviation is less than 17 um.

Key words: FMCW laser ranging, optical fiber calibration, H”C'"N gas cells, resampling
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Table 1 Wavelength absorption peak

RIX P /mm PIX P /nm
26 1527.633 42 1 1543.114 23
25 1528.054 74 2 1543. 809 67
24 1528.485 74 3 1544.51503
23 1528.92643 4 1545.230 33
22 1529. 376 81 5 1 545.955 49
21 1529. 836 88 6 1 546. 690 55
20 1530. 306 66 7 1547.43558
19 1530.786 15 8 1548. 190 57
18 1531.27537 9 1 548.955 55
17 1531.774 30 10 1549.730 51
16 1532.28298 11 1550. 515 46
15 1532.801 39 12 1551.31045
14 1533.329 54 13 1552. 115 46
13 1533. 867 45 14 1552.930 51
12 1534.415 14 15 1 553.755 62
11 1534.972 58 16 1 554. 590 79
10 1535.539 81 17 1 555. 436 05
9 1536. 116 83 18 1556.291 41
8 1 536. 703 64 19 1557. 156 86
7 1 537. 300 29 20 1 558. 032 40
6 1 537. 906 75 21 1558.918 08
5 1 538.523 05 22 1559. 813 89
4 1539. 149 21 23 1560.719 83
3 1539.78523 24 1561.63593
2 1540. 431 20 25 1562.562 18
1 1541.087 03 26 1563. 498 59
0 1541.752 80 27 1564. 445 19
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K2 HPECHN A R0 W e 1 2
Fig. 2 Partial absorption peaks in H*C"N spectrum
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Table 2 Interferometer measured value and calibra-

tion length

(VA= W=N1 M {E S/mm AS/mm PR A L/im

1 0 / /

2 31.2617 31.2617 55. 050969
3 62.5123 31. 2506 55.042787
4 93.7442 31.2319 55. 065276
5 124. 9827 31.2385 55. 060870
6 156.2635 31.2808 55. 046554
7 187. 5090 31.2455 55. 059420
8 218.7327 31.2237 55. 053076
9 249.9534 31.2207 55.095570
10 281. 1820 31.2286 55. 027957
11 312. 4502 31.2682 55. 047647

3 &iE

I B G 2T R A 0 R R R ) U B 8] A
S OGN IR B R Z — . ERADF
FERUG 6 ] A3 252 IO R s B ) R b, AR5
T 6T BE A B s WG RE X I BREORG R B 2 W
by S B R R B A B OB AT bR g SR — R R T
HECHN SR i B G EF b i, 40 BT At 5 1
TR AR E JEE, O 25 1 AR SO AE 5 DR Y
ORI . AR SR 9 T R ORI D T R R
i AR T X R RGN EOR . X ZOGEr bR 7
¥ R M S B T 2007 VA I R AR G B U B 5 2
PEFTSER A3 0T, LI R W], T HECUN A MG 5
P19 07 2 BAR GEOE T AL R R B AT S
FaE M, SR FIZ bR € 5 2 Y SO B PR R G2 7E 3. 8
m I 50 BN 00 PR 22 AN 14 o, 00 A o 22
f£F 17 pm,

References

[1] YE Sheng-Hua, WANG Zhong, QU Xing—Hua. Prospect
of precision measurement technology [J]. China Mechani-
cal Engineering (MFpa4g , F A, 264, kG2 ML H R
. RENMIR), 2000, 11(3):262-263.

[2] ZHOU Na, AN Zhi—Yong, LI Yong—Hao. Large-sized
three—dimensional profile measurement technology based
on laser radar [J]. Infrared and Laser Engineering, 2011,
40(12):2465-2468.

[3] MA Li-Qun, WANG Li-Ding, JIN Shu-Yuan, et al.
Large—size industrial trace ability status quo and develop-
ment trend of measuring instruments [J]. Measurement
Technology (ZhSI#E, Tarsb, #rdioo, 2. Tk RS
AN B VR IR B R TR R . iR AR ), 2007, 26
(6):1-5.

[4] ZHOU Sen, GUO Yong—Cai, GAO Chao. Dynamic length

measuring system for large scale work pieces [J]. Optics
and Precision Engineering (J81 £k , 584K , =i I FRR
TR S RIS R R REEETRE), 2012, 20
(11):2472-2478.

[5] CHEN Qian-Song, ZHAO Da-Long, YANG Cheng-Wei,
et al. Study on self—triggering pulsed time-of—flight laser
range finding [J]. Chinese Journal ofLasers( BT, Xk
Je, MR, A8 A il A bk AT B[R] IO I B A B
5% REHE) , 2004, 31(6):745-748.

[6] TAN Shuo, GUO Wei. Research of short—distance target
range detection system [J]. Ship Electronic Engineering (1%
W, ST RUE S PRI EE R GEHESY . AAREEF T
), 2007, 27(4):95-99.

[7] DU Yu-Ming, ZHANG Rong—Quan, YANG Jian—Yu. De-
tection in millimeter LFMCW radar target echo and acceler-
ation—velocity estimation [J]. J.Infrared Millim. Waves (¥t
W, KRR, T K LFMCW RN 2 5 H bx
V] 352 G 00 5 o R EE A 3. AN SR IRF ),
2005, 24(5):348-351.

[8] YUKSEL K, WUILPART M, MUGRET P. Analysis and
suppression of nonlinear frequency modulation in an optical
frequency—domain reflectometer [J]. Optics Express, 2009,
17(7):5845-5851.

[9] Satyan N, Vasilyev A, Rakuljic G, et al. Precise control of
broadband frequency chirps using optoelectronic feedback
(1] Optical Express, 2009, 17(18),15991 - 15999.

[10] Satyan N, Liang W, Yariv A. Coherence cloning using
semiconductor laser optical phase=lock loops [J). IEEE J.
Quantum Electron, 2009,45(7):755 - 761.

[11] WANG Lin-Chun, JIANG Yue—Song, XIN Yao, et al.
Analysis of nonlinear error in reference interferometer of
frequency—sweeping interferometry [J]. Journal of Opto-
electronics - Laser( AR, TLAFY, F1E, 45 MR
TWHSH T WAL ARSI 20T . R F - B,
2010, 21(9) :1355-1358.

[12] LIU Zhe, LIU Zhi-Gang, DENG Zhong—Wen, et al. Sup-
pression of nonlinear frequency sweep in frequency sweep-
ing interferometer based on order tracking technique [J].
Acta Optica Sinica (XVHT, XIRERI, XB 83, &5 40T
DN R AR SR AR 2R M B R BRER I A T s R F R,
2016, 36(01):140-148.

[13] Yiiksel K, Wuilpart M, Mégret P. Analysis and suppres-
sion of nonlinear frequency modulation in an optical fre-
quency—domain reflectometer [J]. Optics Express, 2009,
17(7):5845-5851.

[14] Liu Guo—Dong, Xu Xin—Ke, Liu Bing-Guo, et al. Disper-
sion compensation method based on focus definition evalu-
ation functions for high-resolution laser frequency scan-
ning interference measurement [1]. Optics Communica-
tions, 2017, 386:57-64.

[15] SHI Guang, Zhang Fu-Min, Qu Xing—Hua, et al. Abso-
lute distance measurement by high resolution frequency
modulated continuous wave laser [J]. Acia Physica Sinica
(R, sitm B, H%Ae, 55 . o3 WA R 0% 22 I
JeAE BRI TS . IR ) , 2014, 63(18):184209.

[16] QU Xing—-Hua, ZHI Guang-Tao, ZHANG Fu—Min, et al.
Improvement of resolution of frequency modulated continu-
ous wave laser ranging system by signal splicing [J]. Op-
tics and Precision Engineering ( f 2448, W ¥ , 5k



338 g hh 5 2 oKk I e 39 4

R, A RIS S BEZ 3 04 22RO I IR R 4
W33 )] . EEREBEIAR), 2015, 23(1):40-47.

[17] SHI Chun—-Zhao, ZHANG Fu—Min, PAN Hao, et al. Dis-
persion correction in large—length range finding of frequen-
cy modulation continuous wave (FMCW ) based on phase
compensation [J 1. J.Infrared Millim. Waves (2 4], 5K45
B, W, A5 SETAE A A0 IR A S R K I R
HR @R IR . SN S Z ORI ) L 2018, 37(5)
642-648.

[18] YUAN Guo-Liang. Principle of optical fiber communica-
tion [M]. Beijing: Tsinghua University Press (32 [E K . )¢

LRIBAF U . IRt AR ), 2004,

[19] Stone J A, Stejskal A, Howard L. Absolute interferometry
with a 670-nm external cavity diode laser [J]. Applied Op-
tics, 1999, 38(28):5981-5994.

[20] Baumann E, Giorgetta F' R, Coddington I, et al. Comb—
Calibrated Frequency—Modulated Continuous—Wave ladar
for absolute distance measurements [J]. Optics Letters,
2013, 38(12):2026-2028.

[21] Thomas D, George N. Large—volume, low—cost, high—pre-
cision FMCW tomography using stitched DFBs [J]. Optics
Express, 2018, 26(3) :2891-2904.



