) I8 ¥ 48  Acta Phys. Sin.

Vol. 63, No. 18 (2014) 184209

S VT S M X BB 5

RO KBRS

g L 4L

XA EHM

(CREEREE, R PR AR S A s B oK T SR =6, R 300072)

(2014 4E 3 A 1 HYKHI; 2014 4E 4 A 17 HIBIMETR )

DR 2 () DN 2 B 2B 8 W) 36 o TR RH B« I I T S5 7 T A #  EEAE F J0G veiok 2 A0 00 K B2 0
R R 2 A DN AUk ) B S T VR IR A SO T R AT A SR O e 4 I B AT FE R AL, BT T
ik i B AR AN LR O U B A7 A 270 S SRASOR BE i R PR R o, A 2 U R P e R R . R
SCWTFE T AR SR BEROG TN BE A JEUBE, A S ELI R 2 R A 3 SR, R M) P A5 I A0 ] B SR R
PO A AR 2 PEXHI RS SR A T AT 1. %05 9E AT AR N BE 0 R, HAR G By B SE I Pk i, 15
H TG IE SR BCHOCIEE R G, JINN T A B T-HOC R I A5 5 BEAT S0 IR BRRAE. B % R St ik
AT TR B 20, RIS RR W], A R GE I & 2 WA T LK R 50 pm, JETEFIER] 7 10 m.

KUIA: EELHOCMAN, AEX T, TP

PACS: 42.79.Qx, 42.60.Fc, 42.62.Eh, 07.60.Ly

15 =

f A B A 0T PR N B R R B R B A
I =R T S0 B N A [R) R S5 A IR 3 A N
FA 00 T S ) B R R LA o B A 2 R
SO /N R B R SO e, — B DASK 2 # T 7 40
. kR RN AL O & WOBAT & 43 K R &
i B 7%, A 2 Rk a2 I BRI & 43 9 ) %
PR T HL - SR O, R AN =K E Y,
FA AT 30 0 P A7 7 270 2 S8 RO B 1) 7). i A
8 Y WO 248 6E I R AT DA A5 A e 270 2 S8 A5 R
P I R, ELRE FE AT DLIk BROK B 9. A% 2 %
IR R AT 4 I IR, 20 42 80 4R AKX C ik
ISR T R A A SRk R A B J SR B B WO BR
(R, v b FEE R A0 B2 5 IO W B R R T F 7
L 2009 4 Satyan &5 9] $4 2 T IR AT SR B0
MFESEg, Wit 72 FARBOLLIR R 6 R4,
PR #EZIAF] 7 1.5 mm. 2009 4F, Roos 2 [10] Fi
AT BRI AR XOGIR R G047 1 B0, F H

DOI: 10.7498/aps.63.184209

XTRE B 1.5 m i B AR g AT I &, MEE 5 HFEeis s 7
31 um. 2011 4E, Tiyama 25 1R F 8045 36 B J T
RGO RS T IR RS, A 8R4 P Rk
27 250 um, WEEVEE N1 m. 2013 4, Baumann
5 (120 5R) ) ol 2 430 26 A Xt B0 28 (0 6 A58 AT A2 1
B BE > R e ) 7 130 wm, ERKE LR T
6 nm. H F0 T U A0 I SR O I R ) AT 3
I S B FURY B, BT A AR R A S D U )
Bt X TR RS I R R (JLoK B+ LK e
Bl ) 15 23 % 26 ) 2 340 A 3E AT R N IR T 98 R0 48 1Y
S5

N TR R S O IR R 4 R R
DU ER Y, DA A2 R RS o R 8 00 0 75 3K, M)
78 25 58 1) AT OE 2%, AR SO T — Mok LR
KOG PAE L PBOCIEE RE. FIHSE W0
B AT 5 AE S B ot I & O B 1 TS S AT R
FE, AT EOE 88 B3 Z 1 2 AT M, KK
e TR e HH wrale il & o B ay DOk )|
10 m, A — PR S A ], R GUH AT 5

« [E EARRRE RS (HEHES: 51327006, 51105274) FIE A 0 LRk 4 TURMIF A 6 (HEHES: 20120032130002) ¥ B AL

T BEHSEE. E-mail: zhangfumin@tju.edu.cn
© 2014 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

184209-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.184209
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 18 (2014) 184209

2 | pE 3

B 8 RO I BE 2R 495 1A e A A BTG B
HINFH00, HOGE VTR B0, 2%
GBI H AR 73 5l 6L 5 XUE T3G04
B 1R, B0 R ST R HIEOE S o etk 8 o
NP, o3 5B 22 B Rl H AR O S, ATt
IR E T, FEO6 LRI A8 R T R AT

\

2N A

Y
it
Y O
B E b
o] SR
B R

AL

AT 2
RO

Y
F 3
A\ 4

K1 B S BOL I R R A

W R RS H B S N H RS E A
B, X R SFEOCHEAT IR, 2 HOG I IR I =
B HIRRAR AL, dnlEl 2 B, AR g, A Ak
b IS (8], 2 2% R 0N 6 1) A o O AR A0 R
FHIF], AR IS eI 18] B3 IS 7, f A B0
ZIBE. fRIRE R RAR T OO0, AT BLA DG
I g0 FWE S AT, F3ES faT Bl
(1) Xt A5 3

B-OPD _ 4 n-B-z

f=2 Ty - c T -c (1)
Hrbn N #, B ABOLRAKIIEE, OPD M
FOGHDGREZE, 2 AR B AR IR, T NBOLEE
T 1 BA, ¢ MRS HR R,
B (1) 2nT PAAS e 5 AR EE S 2

- g o

Z:ﬂ.OPD: 4-n-B

M (2) AT EUE Hh, 30T a8 0 ) 18325 1 0
PRI 6, IR RS f RE:
Ty c
iIn B of. 3)

FESEFR AR 8 H R RAEE 5 AT PR
{i B - A5t (fast Fourier transformation, FFT) ¥
I 45 A5 = e e B ek, PR BEAT PR, 145 2

0, =

HARHIEE . a4 S mT LURA 5 155
c

=55 (4)
1 (4) XA PUF Y, 78 FRARE 350 R 00 2R 23 # R A
WO ARG B g . BAESLERRH A, 48
55 AIEFFT G, FMWH)FE AT (full width at
half maximum, FWHM) X 1 WEE R 73 H8 3. 1
Z K= #2 4 FWHM K58 EE R0, ando's i 4] £
PERE PR B il T AR A A, X 6 PR 3K Hh O B0 1
L T SO W B O P L WSRO0 I T ) e A
HAR, SBUS B KR HUE SR AR E, A4
FWHM 4258, BEARNEE 7 # .

d-

A

o
It N
/ N / d B
/ N\
N g \ 4
/
T i

A
%
M
g

N,

i)

K2 EBUESER oL T AR R

3 "B L HEE 77 %

HH T RE T R L AT A, R
i BN A5 5 AT S PRI (H i T ROB RO
AR, T EL R ) BEARAR, TEVR RO IR e St AT
BRI, O 7 X ) L BE AT M, A SCAE I
BT T BT RS, MR
BRIRAT B TP 5 AT S LA R AE, AT P2
TR
N T T EHRCIR K R AR L, F Rz
XHHOGREAT fifi ik
E(t) = Eoexpljo(t)], ()

Horb Eg NHIRIE, o(t) F9RE E) 220 HIARAL.
AL B BLRIR N

o(t) = 27t/o v(u)du + ¢o, (6)

184209-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 18 (2014) 184209

Horb go FOGIRIBIEAARAL (£ = 0), v(u) NEOLLE u
inpllih] g Tk

PR 28 1 AN R ) e B 62 22 9 OP D RO,
FTE e A PRI 28 I 8] 22 7

T:OfD. (M)

PR B O B () A Eo(t + ) 40 SR A 3% 77 7] AH
[, DR ' B R 28 3 T R AR T80, By MLES 73l
ROARPIRBOCHI R, TS ST DARR N
I(t) = n|Ex(t) + Ba(t +7) ]2, (8)
I(t) = nllE1 (t)]” + |Eo(t + 7))
+ |E1(t) - Ex(t+71)%]
+[EL ()" - Ea(t + 7))l (9)
I(t) = nEY + nE3
+ 2nE 1 Ey cos[p(t + 1) — ¢(t)], (10)

Ferb o NIREROG IR AR R AL
Xt p(t-+r) HEAT R T ¢ (K8 B JE T, AT L 453

ot +7) — o(t)

n

= 2mu(t)T + 2712 %N—l)(t), (11)
5 2
o dv(t)
L < 1, (12)

2mg (11) 2 R BRI R, I (11) AR
(8) AT LA 21

I(t) = nE} +nE3 + 2nE, By cos(2mv(t)1).  (13)

M(13) AR LR Y, dn R ) 22 7 5 e, T
WSS I(t) 08w (¢) f e . HIBRAE I 2tk A5
XL AT P ) (R AR (1) = de(r)/dt
fEEAA), W HE S NBEAER R X R HE
B 7 00 T, B0 25 R I 1) T Ry (¢) FFAS AR E {E,
FET FPE SR LA T, PRGN EE 7 P
MBS R G, 13 H1H0 & R E R 2
S I 3 R B BRI 7 3 (BRI AR K S15
PR RGBONE S, R PRSI K. 75
R OTE A BT e A R AN BT
Jai, HOGREZE B NE T HO R Z I 2 1%
A, SXof B2 FR) IS TR SE R A 7o H S BT8O B 40
WU SN BE S, IS 521k

FE, MIRAEE BE N Av = (27,) 7L BHIERFEE
FH
In(v) = nE? + nE2 4+ 2nE 1 Esy

N
X Z cos(2mryv)6(v — nAv),  (14)

n=k
Horb Iy (v) NI EICERIOE 5 BRI, o AR
JCEROGRE ZE AT RN (8] 22, k = 2v(to)7a, to NITER
KAERINE], N = 20(tn)7q, tx NEEACKAE I TE],
8(v — nAv) JEAL KM R EL
1 v=nAv
0 v#nAv .

i (14) AT LU, SRBURRE(S 5 N EAR AR £
S, M T AR M T (S B
B, SERE T MRS R

SO0 s B 318 5 i 4 e W B 2R 5 G S B
B3R, %R S0P DR R T
B U0 2R, E kWA TR T e B, Tk
5 AR T B, HOO R 2% H e A B
EBBIEK 2 (5L b T B ARG, W
B B R OB, R AT R R R
P 6 £ K A 0 B R b 7 W et A
AJ A B YT B KB R A, 75 0 2 4
S A AR RO, R B AR B 45 B
{55 R D 0 LR e, B ORR
WO SR AT TRAE, P BRI T (5 5
IR 3 5, kU O B B T 6 £5 5 47 A,
EE RSN RS S, NTTHME T
e B LR FE 2

(v —nAv) = { (15)

4 % %

N T SR E A B O B T 1 1) A e P P M R,
I B8 UE XU 1% Y A0 45 5 01 I B8 2R 3¢ 11 0 7
e, B2 T WA 3 PR E RS, JFEEAT T
PR FER I SE . WOLA AR TR HRE T /K
MEFEE, 72 KRR ER, EHL%EN
200 kHz (¥R OB EAE 9 EIR. 2 58 4 Bl
HCH I 2 5 K 9 40 m, BN H B D # HE
B MR, BOLR KR EIEZ N 8 nm-s™!,
U ) YL R 5 D 28 . SIS [1) [ R SR AE 0
¢ K T P45 5 R S AR B (0 905 5 i 1 4 B

184209-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 18 (2014) 184209

ZN G L STV R sl N Sl i O e S L |24
(IAEAE, S 8] 8] bR R RS SR ANRRE, 45
PRIRI RS T MR R IRZ . T EW B
TS 5 AR, 20 0% AL 5 384T FET
A, & 5 A6 fros. W BLE ), fEAUR A5G
) B8 R RAE AR 5 11 2 98 2 B3 i /N - 25 I [h)
ARG RS S, FLI R I8 2] T RWOK RS A
B 00 L 9 Dl B 0 A 5 R AT S5 0l 0 A] B R
B, FTRAROR S e I 3 R

N T BAEZ RGN > F R, AT T2
HITBE 7> HE RS20 B ks A AR B [ e AE AL A
il A RFEL 10 m, HEATHE KR, AR5
PR AL RS P 6 3) 50 pm, BEAT 58 k&, JF
S R B o B HEAT FRT A8 4. F&1 7 SR 6 IR &

gE RS AR, I AT CAAR 25 5 4 3 H R
AR T, UE T IZ RGO EE R 10 m 6 H AR
(I PR 53 e 0] LLIA$ 50 pum.

TR (4) 3R, o SRR 0 Y B AT RLIA F
B R B ER D Se G B 4k S
WA B R IR R R, X T IR AR,
A J 1 78 Bh AR B AR S BOL AR K B R A2 AR
b, ABh R R A KB iR K, 2 B A AR BE K,
P EUAE I )R] 7 7R DU R R R AR AR A I S L
SXoF I ' I SR I S AR S AT AT B, A AU ) =
B9 %%, AR TR PR, T i mil
BOTHER, TEIDGE AT B, W RS
TR R, JERHRE BT, DURIE RGO K E
FEAAL.

DN .
. HEFLERS BB
i sm%ﬁ7:$ I&m
Waes 0% "
ST i o 80 %
i eins ———Hh 20 %
HERPIET
SEHIARM TR
SEHEEF D
o Bk
*%D%E 50% *%uzu l?l | ﬁ'%m
50% R
e
B3 WU A SR ik oG BE & 4t 5 3 E]
0.6 F
0.5
Fo
=
0.4
03 [ () . . . . .
0.520 0.525 0.530 0.535 0.540
1] /s
0.5 F
i
1= 0.4
0.3 F(b), ) ) X ) )
7.25 7.30 7.35 7.45 7.50 7.55 7.60
HOEIEH /1010 He

K4 RGNS

5 (a) BRI S (b) %

TR B KA 5

184209-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 18 (2014) 184209

o
i
~
o
=
=
il A i,
3000 4000 5000 6000
B /mm
K5 S ) ) B R S s 5
3.0
2.5
T 20
=
~
o 15
Lg
1.0
0.5
4938 4939 4940 4941
PEE /mm
K6 SLm iR 5
15000
10000
o
E
5000
i
|y .
0 YA ,
1.0152  1.0153 1.0153 1.0154 1.0154
B8 /104 mm
E7  RFEWMESHE
iR \
5 é;:[ V{’}

ASCWETT T B SR O I FE A SRR, 23 Hr
T A Y BTG B R I R R A BB, FIE
W 7O ER AT IR, WOHE T — MOXOLES B LT

VIR SR WOE I EE R4, R 4B 6+
VS 5 0N I B G RE (A5 5 04T S5 6 AR TR B R A, 19
)7 AR MEEZE R, FIHZ RGEAT T W5 7
R R, ARG EE 4 3R a] LK 3
50 wm, W& 76 B A PLA E] 10 m. %7 ER H A

WG SCIL T B e xt M BE, HAS R &
DEEYE K, 76K RS %M & 7 i B A T 2R H
AT 5%, Qe 25 K &% s | [ B oMl 2 T R 45
THI 2 .

SE 3

[1] Liu Z X, Zhu J G, Yang L H, Liu H Q, Wu J, Xue B
2013 Meas. Sci. Technol. 24 105004

[2] Swinkels B L, Bhattacharya N, Braat J J M 2005 Opt.
Lett. 30 2242

[3] Cabral A, Reborddo J 2007 Opt. Eng. 46 073602

[4] Xing S J, Zhang F M, Cao S Y, Wang G W, Qu X H
2013 Acta Phys. Sin. 62 170603 (in Chinese) [Jii4381, 3k
MR, Wb, s, Mite 2013 PB4 62 170603]

[5] Qin P, Chen W, Song Y J, Hu M L, Chai L, Wang Q Y
2012 Acta Phys. Sin. 61 240601 (in Chinese) [0, BRfE,
KA, HWIFI, 588k, £75H 2012 YEE2E4R 61 240601]

[6] Wang G C, Yan S H, Yang J, Lin C B, Yang D X, Zou
P F 2013 Acta Phys. Sin. 62 070601 (in Chinese) [T
i, GURAE, MR, WAESE, BARDS, ARG K 2013 PR AEIR
62 070601]

[7] LiZ D, Jiang Y S, Sang F, Wang L. C, Deng S G, Xin Y,
Guo J P 2011 Acta Opt. Sin. 31 0314001 (in Chinese)
[FEMR, AR, R0, EWE, Nk, F8, it 2011
JeF4R 31 0314001]

[8] Zheng J 2004 Appl. Opt. 43 4189

[9] Satyan N, Vasilyev A, Rakuljic G, Leyva V, Yariv A
2009 Opt. Ezpress 17 15991

[10] Roos P A, Reibel R R, Berg T, Kaylor B, Barber Z W,
Babbitt W R 2010 Opt. Lett. 34 3692

[11] Iiyama K, Matsui S, Kobayashi T, Maruyama T 2011
IEEE Photon. Technol. Lett. 23 703

[12] Baumann E, Giorgetta F R, Coddington I, Sinclair L C,
Knabe K, Swann W C, Newbury N R 2013 Opt. Lett.
38 2026

[13] Lin B, Liang S, Zhang C X, Lin W T, Li Q, Zhong X,
Li L J 2010 Chin. Phys. B 19 124217

[14] Hu'Y M, Yang W L, Xiao X, Feng M, Li C H 2014 Chin.
Phys. B 23 034205

184209-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/0957-0233/24/10/105004
http://dx.doi.org/10.1364/OL.30.002242
http://dx.doi.org/10.1364/OL.30.002242
http://dx.doi.org/10.1117/1.2754308
http://wulixb.iphy.ac.cn/CN/abstract/abstract55648.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract51382.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract53129.shtml
http://dx.doi.org/10.1364/AO.43.004189
http://dx.doi.org/10.1364/OE.17.015991
http://www.ncbi.nlm.nih.gov/pubmed/19953164
http://dx.doi.org/10.1109/LPT.2011.2131124
http://dx.doi.org/10.1109/LPT.2011.2131124
http://dx.doi.org/10.1364/OL.38.002026
http://dx.doi.org/10.1364/OL.38.002026
http://dx.doi.org/10.1088/1674-1056/19/12/124217
http://dx.doi.org/10.1088/1674-1056/23/3/034205
http://dx.doi.org/10.1088/1674-1056/23/3/034205

) I8 % 4 Acta Phys. Sin. Vol. 63, No. 18 (2014) 184209

Absolute distance measurement by high resolution
frequency modulated continuous wave laser”

Shi Guang Zhang Fu-Min'  Qu Xing-Hua Meng Xiang-Song

(State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

( Received 1 March 2014; revised manuscript received 17 April 2014 )

Abstract

Large-scale high-accuracy measurement plays an important role in many applications, such as large-scale equipment
manufacturing, space technology and national defense industry. High-accuracy absolute distance measurement by laser is
an important research topic in the field of large-scale high-accuracy measurement. And frequency modulated continuous
wave (FMCW) laser ranging is a hot point of research nowadays. Because this method is better than pulsed time-of-flight
method in measurement resolution, and the problem of ambiguity in measurement, which is the main disadvantage of
phase-related method, does not exist. In this paper, the principle of FMCW laser ranging and the main factors reducing
the measurement resolution are analyzed. In order to improve the ranging resolution, the method using an auxiliary
interferometer to sample the signal in equal intervals of optical frequency is employed. A dual interferometer FMCW laser
ranging system is designed and the experiments are carried out. The experimental results show that the measurement

resolution is 50 um at a distance of 10 m.

Keywords: lasers frequency modulated, absolute distance measurement, interferometry

PACS: 42.79.Qx, 42.60.Fc, 42.62.Eh, 07.60.Ly DOI: 10.7498 /aps.63.184209
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