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Abstract: This paper presents a novel laser Doppler shift measurement method. The propoed method uses
the amplitude and phase of the phase-modulated beat signal as independent variables to define a new
function and uses the function as a Doppler-shifted frequency-discriminating parameter. The purpose of
the proposed method is to combine the two phase-modulated laser Doppler frequency shift measurement
methods. In theory, the frequency-discriminating curve, the sensitivity curve and the error curve of the
proposed method are respectively compared with the corresponding curves of the two types of phase-
modulated methods. It is found that the propoed method not only inherits the working mode of the phase-
modulated beat frequency signal amplitude method to measure the small frequency shift amount, but also
absorbs the measurement ability of the phase-modulated beat frequency signal phase method to obtain
higher measurement sensitivity and dynamic range. The hard-target reflected frequency-shifted
controllable signal light is measured. The experimental results not only prove the correctness of the
theory, but also prove that by adjusting the translation parameters, the dynamic range of the new method
can be improved by about 26.8% , which is more suitable for measuring the high Doppler frequency shift.
Key words: Lidar; Doppler shift; Phase modulation; Beat frequency; Fabry-Perot interferometer

OCIS Codes: 120.1880; 280.3340;120.5060

BT . Bl 8RB 4 (No. F2016030) ¥ 8l
FE—1EE 1980 —) , L, PRI 1+, FEERFSE J5 Il A6 F A A HOE F 7K. Email: yanna9865@126.com
BIAESE ALF(1980—) , 5, PRIN , 1 4, 2 SR 55 07 18] S £ 3% #1806 & 35 . Email: dujunl26@126.com
KRB 2017-10-22; XA BEH.2017-12- 29
http : // www .photon .ac .cn

0412003-1



P/ R S 4

0 5

220 WO TR I8 AT A R A I RORG BRI 2 B R R H AR AL L D iR 3 A A R A A
O3 TR A% T RE S 2 IO T TSR 22 3 RS I D7 TR B OE 45 B LAOG O 22 8 4 R D)
T3 i B 5E o #E 3l 22 3 i T A PR RE 2D R B S i

He T AR B SO 22 0 RS AR T 3k AT O LR R AR AR R AU R (P 22 48D
BIRX PR TT 1545 B BAT 35 A 3 LA e i LA v IR A AN A2 AR T PR D2 RIS 5Ot 5 AR OE 1
J7 ARG A% L7 A W FA IR 20 15 5 #EAT 225 R8I i o T AR RO X5 5 00 i 5 09 25 A L DA SR A AR
D65 2 BOEAS HAT RH 10T 7 A= 0 I8 I A T R TAT AR R0 5 3 00 e o RE v B i AR RO S (SOt
T AN DR T G IR TR] — Pk 22 64 1 5O T L BT 28 1 AR AN TR B LA T PR AIE B AT S T AR ESE JE]AH P X Ol A
R GV B O f A5 A BRI 2 0 T 4T TR A,

T H PRI T2 R A5 506 5 e S O 38 ok 30 25 1B 8 R X B e 0 8 Ak ok BE AT 22 SRS I
1 T3 T Fabry-Poret (F-P)+#{CH) XUH Sk HEAR S5 K fif 5 22 42 W] &8 5 8 5RT%  J2 di 6 5R T A BB 4R 0 O
PRI R 223 RS I A 7 vk A SR X IR AL AR M R EARMS 2 FEEOR IR S S HE
PRI 5 i 1015 5 0 BE AR 5, R G0 TAR A SR (IE A R G i P R0 o HLAS B AT 6 W 7 410 1k ) 4 B BTL A1
Jit LA 2 KG E AAIE

TE S 5 T R ISP A 981 O 22 5 Sl 0 R I 7 9 R L RO B T R R O i e R
FIOE A ZOR A B TR 78 o S B D0 3 s SCHIA A 48300 75 32k i 000 e 6 R 80 0 3% D7 326 R AR A2 980 il 25
45 5 D6 I AR A o3 (R B AL b 7 A TE B — B I, SRS M F-P A 5 A0 o A8 A i T A 4R R
FIAH AL A A7 A 11 5 303 IR ATUUAR 5 )T I A0 05045 5 14 3 8 sl A 6 1B A7 22 3 B 0 B ) 1)y
7L AR 5 B DR 6] — 15 5 e B A ) A3 B2y 28 173 A ) ) B [ 122 18] 7 LA HE 22 (i) 60 i) A 1 1
FI SR BEAE DR AIE L XoF D' 27 45 R R 2SR AR AR P AR S AGE I 25 T3k 41 JBURA (37 941 1 4 315 = 1) 4R Wt -5 A2 4 S
Z W WSS, T LU B R B AR S A A8 i R S AT R A ) 0 EER BEL BIT L AR X
T AR AR TR 7 35 AL 90 225 8 0 R I e 7 3 A AR BB 1 B AN AT ALY e R A

FEASE I8 ] £ 22 38 0058 N0 k53 L AT o DAy R A 218 2R« B g AR P AR 57 98 S 04 5 B9 4R i kAT 22 3 )
0 0 R Bt R PR S VR TR S R AT 2 3 SR L e BRI R LT
25 HAR AU I A SCHE I AR 57 8 1l 380 22 38 B 050 RS DN B Oy 12 AT 45 L B AT RE 8 IRUIC A, T RESE
JO7 SR SR

1 EHRSWEHAR

Xof A4 o T 52CRH A7 18 ) O 22 38 A RS T e D7 1 ) B LB AT IR 0 7R M B B B X P AR T 2545 A
B PLRAFNA L s SR 5, 52 O F P Rl 19 07 1 5 I J NS B A9 il I 1 3 2 7 T i R 450 32 ) 285 0
5 THT FR ARG 3.
1.1 ESZME A H R

E BZARA P ) B B3 {5 506 Tl LR Oy

E=FE exp [i(wt+Bsin )] (D

P E, Flw 53 52 A5 5 00 0 4R 08 A A4 5.0 F0 B 43 3] S TE 520RH A7 941 1 75 A5 5 R 8 i B2

AT LA FH DU 28 R pR HCHs 2K (D) e IT 1 sl OB il — &R 470 3070 & g 2 =X, 11

i

E:EO{ZJ” (B) exp [i(w +n2)t]+ Z} (— 1)1 (B) exp [i(w—n2)]} (2)
KT, A B W IZEIR SR B 0 =0 NIE TR 0 BY3LAT.
B 28 (2) AT TEAR S OIRIE E o o (B B . 2800 A& B il i JR i 0 4 X9 {8 E,J, (B) 32 22 B Tl il B2 B
B R /N A R BE =<<0.9 , AT LA — B i1 45 5 48000 O 4R i b /N T 1.4 %6 5 DT 28 — By S LA b3l 4 =X (2) A
%[15717]
E=E,{J, (B)exp (iwt) +J, (B)exp [i(w+02)r] ], (B)exp [i(w—2)t]} (3)
0412003- 2



Wl , 45 - — Tl 45 5 W 2 AR o0 38 O 2 38 S 35 R T & Y 7 1R

M T IE A — Bl o =0 B PRIEAH S LA S B AT — & B9 BRI, B AT S B AR iR S S R
SR EARI A TG R R b A A AR A0SR AT F-P T A0 45 00 5 i o ) U i A0 AR 7 28 A 98
R IR BRAE S 50 AT LA AT ik 5 20l B4 s =, B

A =2], i Im [T ()T (w+2)—T(w— )T (w)]
X, T o8 F-P by 5005 0 R A
1.2 EWMSERMAE
H1 T AR AL A ) A AR 0 C R AT AR 5 7 Ak 5 — A R A E 5 10 () RIBR A IEZ S %
SR

igCE} A, |cos (Qt—¢,) (4)
A
{Ao:«/m 5)
¢, =arctan (Ai/Ax)
{ARZJOJ]Re[T(w)T*(wTHQ)T(w())T‘(w)] %)

s =sin ({2
{1;(1?) sin ((t) )
1,.(t)=cos ({2t)
HG P S 5 @ () TR G B S
Te
R ()(T) J (T) l,.(c) (f+f)dt (8

0

R IEE] T O IEZ ARSI HFABE 5 o JiH TQZ%E"J%%I%W’EH T.=nTa(n=1,2,3-), 4

Wi AR () BB I CEL DA e A% IR DR AR5 5 B A 518 B AR B O L B LA ()
22N

(T)OC \Ao | cos (Qr—¢,)

9
(T)OC ‘A | sin (2t—¢0)
F 5 R 4H (9) Af DLAE 5]
E2[A, |2/ [Re.(0) ]+ [Rue (D] (10)
(0
¢oarctan{ (O)} 1D

PR AR SO eE E5 p (i LA R X (10) Ay &5 5 o T LA SRAR AR AL R S 300005 5 10 13— R AR iR 19 45
SHE | Ao | g0 R A | BES KA ZE W 1O R () B, B R A R FH LA F-P F #5485 R e {4
AL EAE NS H (RS B AR R A A5, I B F-P T 84 A %1% 78 Bl (Free Spectral Range, FSR)
HEAT T A — L Ab 3.

F1@H . HT ¢ (o) MERTELARIFE A — AN © BB B A, B 5 780%05 & A4 17 28 k. Jj

N + ‘AO‘ ¢0>O
B A, = SUETRAAR B A BESTERAR R I TR 1(b).
— A, <0

WL LT PAR I, b0 () FTA, (o) 1A D 5P 00 #5047 7 B A0 23 B8 A8 Ak (4 38 43, 2 1T 12 o 1) 75 b A
7 ] 1 22 385 AR 0 7 VR R A R @0 (o) HTZRT Y BR A (o) MR iE AT 238 AR T L B - T AE
FE M, y=¢0(0) (B y=A, () NPT RBLHFER B 0o=9¢,"' () (@ o=A" (y)) - WRFEFK o,
149 H 555 5 2 3k HE A 3R ) S AR B HAORAE 5 AE A SR IR v IR R w0 o W AE S 64 I S 15
B AR s IR AT AE A v, S Z LN 0= (0o tw) —0o=A0 (v1) —AT (o) (H=¢, " (v1)—
@0 (yo))H R TR IE B K I 22 38 5 RS DN A 3 TR SO w0 W BEE B A (w) fTZR 8 AL B
1 Ca) A Ch) H A JE S 8 L 32 s Bk Ry 2235 48 I 1) T4 A TR L Ca) T (o) TP A B AR AR AS I R BRI B,

0412003~ 3



o FoE M
3 .
02} o —4, |
2 L ||||||||1‘A0‘
0.1f ’
R <
0r 1 <
0.1
,l L 4
021
,2 L 1
-0.05 0 0.05 -0.05 0 0.05
Relative frequency/FSR Relative frequency/FSR
(a) ¢o(w) curves (b) |[4(w)| and A,(w) curves
H1 HERA#EREs4&5EmMMELT /LG4
Fig.1 The curves of phase modulation beat signal parameters changing with frequency
R T e LA R A A A ] 22 AR I 35
7% N e R R B A L B AT B A X R 30
. d dA,
ﬂj]éf@sy(a))d (w)T s 2
$ 2
B2 g g ——,;Emau B0 HEFTIH 1k JERRE
AR AR I 2 WL R BT A, (o) Lk % 0
RS I B 7% B SR A ik % A 7 . (L :
TP A S A1 45190 B 8 e/ o O LU RS T ik B So0s 0 0.05
AR BN BT ¢ (o) MR 235 ) 550 B W it Relative frequency/FSR
I HLAE TR A5 B 3 ) i R A% 208 T2, T DL ek Fig.2 The Doppler shift measurement sensitivity @, and
/N ARG A5k SEA T I B curves of 4 and A,
1.3 ﬁﬁéﬁééﬁgibﬁﬁiz Usg??:f_n:qﬁﬁ77:£ 1.0
S T 9 53 0 0 55 R A £ ) 2 3 .
RS W i 5 AR AN 58 38, Horh —FE A XT/J k2 0s =
HEHEATI A, 5 — b U 4 3 1 RS kAT 0 =
LI T1 L A ST i 4 2
© =
$o M A, WIS HE AT 238 W) 000 RS DU 4= 1 5 i, BRI 0t S
1 ML A PR A (32 22 2 R 0 B 7 v AR 5 4 O
HC B RE e B 4, SCRE v IRAS A2 s
I -0.05 0 0.05
LRy o ¢’ +1 ¢ <O;E”é”;% $ () I Relative frequency/FSR
LAE AR G0 B BRAS . ¢, Bl A A2 Ak 22 B3k U b A A
:%ﬁ}g}ﬁﬂ';[“iﬁ A, b W& — X s E A, Fig.3 No transition phase curve
LR EWIE W
Jp— (12)
o8B
VNI RS A S

HTHE XS R A, &AM ¢, BB UFIA A,

PEAT 22 WAL D i A Y T R R AT A

F g, PIAS SR 2tk R AT 2238 S0 R% TN B, S 1P S AL 67 98 ) 22 38 S 31 % 00 1y ik il 4 4 — iy =X
M B=0 B H S A, BRI AIE 4 ) W T IR S 2 i A 3328 A

0412003~ 4



Wl , 45 - — Tl 45 5 W 2 AR o0 38 O 2 38 S 35 R T & Y 7 1R

LAAE R 4Ca) P2 B A AT 4 (O] DUR B BB A, () 5 Ao () TZTEARFRAL #RAE A [F] 135 5
A7 B 3 R A AE L WS AR, O LU (R 22 18] R A A B RS SR A2 A Yt 2 i — PR DR AT LR
FIHT Ay () TZIBEE FIT A, () -T2 HEAT 20385 S50RS I B B 56 121 v DA AR Dy A i, DL AR
24378 2 T F sl £ A S ST 2, il 2 R W (RO B DR E T 20 RS N Sl AR L IO AR T AL (w)
LW 2 RS I B 7 T AR R T A () #TZ 25 008 T 6 5 12 1Y) 32 SR ORI 3
T E B L BN R B RN B 3 L Ao B2 BRI 4 X RBE B4, () =

dAdw(‘“) 270 P 4 (b 2 HE L A (b 1, @0, ) () =0 BB 51 4G Aoy () 28 1 0 (37 554
S 7 S Pl 5 0 50 DB 2 P e R 4 o) T IR B A, (o) 8 0 25 25 0 550 0 5t 2 2
L, L, L,

L s N e — s 3y N = = S
(—7~7‘)jﬂﬁ Ao () HTER IR G 2 A5 R (— =7~ =) JF HLARBE A 2 30 B 508 Tl ik 50 285 46 1R

A, (w) B Z 5 8085 TN 2 4 % RABE G4, (0) KT Ao (o) # 2RI 48 X5 RAIBUE @4, (w). AT LA
A, () M2 EAT B B0 R AR M Bl 25 Y LAY S R AR AR T A () 1T 28 22 35 0 03 B2 0 0 fiE 7 f) 2
filt b ST o, () HITER A 2235 S 050 RS DN E ) .

0.3 R E
e L, : — 4,
02t % -4, ]
_ ol -
~ @
o z H o
E of E
5 s
0.1}
02}
L é(—.)g L 0 L ) ¥ L
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
Relative frequency/FSR Relative frequency/FSR
(a) 4,(w) and 4,(w) curves (b) O.4,(w) and O,(w) curves

Ha SHE5EAQAHENEREE Or0 WAE LA

Fig.4 The frequency curves of parameters A,«, and measurement sensitivity @,,,

2 ZWHR

LHGHFIEIET A, (w) 1HI AL I i 22325 00008 T ity 2 % 45 01 R L O 5 22 1 1 1 2SR 67 98 7 3k A E
A E SE R S ke e N L R AT A 4
21 XWEESHEE

B 5 S AR I8 ) 22 5 s AL M it I R AR R (R BRSNS HAAER 1 P AT ik E
F ' 3% T L B8 O 5 4 A .

S B B A0 LR KR L HORTECR A (36 NP PHOTONICS 23 /] A2 77 ) RFLS B 2 2 4 Fa
WG HOtER , Ho e 2 B B B [ 2 B H AR L5 28 5 BA5 50 B s BRI AR T a 2 B0 EF 5] A F
AR P8 ) 2500 2R 55 5 AN RGNS 5 64 B S R IR Zad R 7 A (SE Bl New Focus 23 w25 7 1) 4003 )
23 ] FOG AR AL ] 1 2% 5 AR5 S R 43 R R A5 5 0 40 UM o, I Hh R B /N AR 5 6 28 i B T 2R B L AR
W21 TS eam I, b g8 B K ME St & i ¥ d B O<4 %) i B 5 1 5 A S 3 [ ¢ )8 % F-P
PR E b SRS B B 2 R BDE R ER I AS 2 FHEAT AR

S Y R PR 0 T R AR F R O H IR AS 1R 2 MR IS B R (INE K Alazar Tech 28 & 4 77
B ATS9350 ) E 4 R AR - 0 WA R AE I 8 5 ¥45 5 A 48 A% A2 LAY TR 5% 45 5 (30 MH2) 43 LW 8 43« — #K 4
IR Bl i K A 15k 285 A 8 T X645 5 SR AT AR A IR 5 55 — 358 4o 32 42 2 B0 H R 4 R 9 A1 ik % 3 T VR R
fik 2 VAL K AU A A R A P O e BN R B AR OGS R R L B b B AT RS232 AR H 4okt
TP SEET Ot R AR %

0412003-5



P/ R S 4

Laser
Single-mode fiber
Photoelectric
detector 2 Expansion Beam Phase Polarizer
'/ lens splitter modulator l
0 K Multi-mode fiber

A

Driver
/ ®

=
3
F-P etalon A = || B
' - =]
Photoelectric §  Signal l:l =l 2
detector 1 é generator '_ _________ - ?}_ g—
H < o 5
s =]
= N o,
-2 NV g
— &
HSs HLhikEAER
Fig.5 Experimental device block diagram
®1 XRERFESH
Table 1 Experimental equipment main parameters
Parameters Value
Wavelength 1 064 nm
Output power 50 mW
Laser Line width <50 kHz
Frequency tune Thermal: >20 GHz

Fast: 200 MHz

Operating frequency DC-100 MHz
Material MgO : LiNbO;
Aperture 2 mm
Phase modulator ) ) N
Maximum input power 4 W/mm’
Modulation depth 15 mrad/V
RF bandwidth 100 MHz
Thickness 2 cm
F-P etalon Surfaced reflectivity 90 %
Surface fineness 25
Sampling rate 500 MS/s to 1 kS/s
. Channels 2
Data acquisition card . .
Resolution 12 bit
Bandwidth 250 MHz
Resolution 16 bit
Output card _
Output voltage range —5V~+5V
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