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Laser beat-frequency phase-shift ranging
based on undersampling spectrum analysis

XIE Wen-feng'* LI Meng-lin' ,ZHOU Wei-hu',LI Feng' ,REN Jian-feng'
(1. Academy of Opto-electronics, Chinese Academy of Sciences,Beijing 100094 , China;
2. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract: A high accuracy phase-shift ranging method is introduced. Carrier wave is realized by 1. 08 GHz intensity
modulation beat frequency signal produced by a dual frequency He-Ne laser and a polarizer,and it overcomes the modu-
lation bandwidth limitation of the semiconductor laser for improving the accuracy of ranging. In order to reduce the diffi-
culty of high speed ADC implement , undersampling method was used to collect waveform data according to the band-pass
sampling theory and the theoretical basis was analyzed. The phase-shift of the sampled data was discriminated by all
phase spectrum analysis method and the interception problem of phase discrimination data was strictly analyzed. In the
system experiment ,the accuracy of ranging could be about 0. I mm when sampling rate was 50 MSa/s and the number of
undersampling data was 157. Experiment results show that high accuracy ranging can be realized with the sampling rate
far lower than measuring tape frequency when the undersampling all phase spectrum analysis method is used.
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Fig. 2 The rotating polarization state effect of polarizer

2.2 ORI EE LI R G

WP 3 Bz BSOS 7 HE P RO 14 3
O AL TS M A RS 1 T 1, AR S PR
JeIRARTT AR [, 7 A SR T ARAT R R R
AFABOE SR, 38 i o3 et B 0 IS 25 e i A 8
B, 275 6NN B G AR SR, 28R 5 )
MmERZD AD RFE S HE S SMRE ST
A, AR R AT matlab SEELRY SEAR S IE EAT 42
AL ARIRI R (5 R o O T S B AS SCR A il
DGR 9 G FRL R MACH 14 75 2 A T AR B g )0

Measurin,

Polarizer optical pal%

Splitting prism
M

Dual ] S <—2L
frequency g APD&
He- Ne laser 7 J LNA
2 Referlenceh @
optical pat]
C{) ADC
Sampling

Matlab
Data process

K3 DRSO LSS B S 6 i 2 ]

Fig. 3 Experimental principle of dual

—r
APD&LNA

frequency laser beat frequency ranging
LHEEWE 4 PR, LR EERLEL,
I SE BRI T AR B, &5 e 2 )5 B AR



1196 5 RS AN

45 %

— B S e AL PRI e 0, SRR AR s At S B
1o R AR, SR AR O K P ] matlab BEAT R0 4
AASEE , 6 UEAS T BE 7534 i B8 12 2 0 I RS 2, O )i
e PR IS % o ARSI XU A 22
2973 1. 08 GHz, HI RUBIAR 250 1. 08 GHz, 2% {5
S RIS S 7R P s aniEl S s o

Dual frequency
He-Ne laser

B 4

P4 SRR

Fig. 4 Experimental setup

B
g

irol Setup Trigger Measure Analyze Uliities Help

AT

O3 womv  @2]0 o @)Y [0

EREEERN |

B

9 k-3
GiE

S BB RMETSI0Y
Fig.5 Waveforms of reference signal and measurement signal

3 RERBTEST
3.1 KRR RN A 2R

AR B 1) B £ 5 Al R 5 — RE R
PR DU TR B ITRERAE AT R A 2
KRR RAE A RS RETC R FLR 5, 1l
RAEIT RPN JTORAE o JORAE AT LU AR ADC 1)

R RE R SO S AR 5 P, IR BEHT T £ 5 1
B E TR Sy AR f, A G B =fy — /i B
R SCHRI3 ], MRS RE AR e, BT AL «

/E\:qjamj‘:’IE%ﬁ,E:
Osms% (7)

2(6) (7)) IV 38 R AL L 2 19 45, m 1T X
Wk 6 B 7 PR B m BRI, A Al il R A

SE B R AR R I] AAE — RO 1 RAE R 1 Rk $%
Y m=f/B R

f.=2B (8)
A (8) 2 fHYIARIR, 1 TERETE , /. 1 e (IR, R
FEARAREARSZ 2 T AT 8 Bt A PR o Xk AR
POGIHL, FEA B SCRR B — 5 5 B0, O RIE
PSR B, ZORME A IR ZEH 58 B LI DR
PR SRAE R T3 3R R I XU e An 4 th 1 B iy ) 22
A

N FET AR 40 25 S0 0 2ol SRAF AL o 1 5%
IO ~ [ X BEFT N 2557, BT AR 5 A -

Af = f/N (9)

BRI BN Ty = (1/f,) - N, s
() 15:

Af = 1/T, (10)

LS IR ) B2 A A HE AR A
RIS TR BB, AR PR i
P/Tﬁ’i%-mm

Dimmmm
- ~ 7

e, -7

P 6 m i Rom BT RS 5 ol

Fig. 6 Spectrum moving when m is an even

IR (1) IR
'/ /K Jﬂﬂé’-(mﬂ)/ﬁ’/({‘-] / f\ww’(m'l)/ 2 j\
N Pt N

=,

7 m A B SR A A
Fig. 7 Spectrum moving when m is an odd
m BN, W 6 fis, 5 0 ~ £ Z [E5F 53
LALEN R(ELO ~N - 1) AESHE, b THiE
WAL 0 ~ N/2 2 by il

Af vk =f=5 1, (11)
k:(%_%)N(kEzO~N/2) (12)
m BN, QN T s N2~ N O B
A k=" (13)

=~

_(f m-1 B
= (Z_T)N(MXN/Z N)  (14)
MR O ~ N2 WA, i



% 5 40 4h No.10 2015

WISCHESE ST ORI AT O AR 7 5K B D 1197

m+1

Af ~k=-f+ 5 - f. (15
_(m+1 f B
k_(T_ﬁ)NwExo N/2) (16)
DU VR B A 3k 2 A A i 2 S5 B i 1) A
&%&O
2 m=0/f, Hal(6)f5:
fo =24y (17)

Y1 AR AR A4S 4 W R A e B, U el
A (12)75:

k :fiN<ka0~N/2> (18)

A] WA 4k RE 8 B B AR EHAE m =0
B AR A8, A 0T 30 SRR ) 40 B 3 FH 4 48 R
KA
3.2 HMBEEHEM

WUSTE A A A 2 RRFAAA B05 BRI RS 3E 28
TR UEER VI A 1,08 GHz 247, R SR i b iR A5S
oA AR R S50 R SR () BE 6T FET AR 3
FESIS 4y BT A5 5 10 HP oD 08 S e . X
(9) FNHE BT AT PER N PR RAE R I K FFT 55
B, I BEBCRAE R Ky 50 MSa/s, KT N =104
SRR A3 B Af =50 Hz, (1 (6) 1% m =43,k
B FFT J5 B N2 ~ N 1 _Faiaig 17408, in &l
8 FIi7 o

= x104

) = e e e e e e e
z : : : : : : : :
ENI .
£, et el [ -
< 6.4542 6.4544 6.4546 6.4548 (6.455 6.4552 6.4554 6.4556

LS 103

[#18  FFT Ji5 (i 2 1%
Fig. 8 Amplitude spectrum after FFT

(Z 54848 | AF 645420 ~645560 2 [a], f1 2 (13)
5 FAE 1.082271 ~ 1. 082278 GHz 2 [a], K It 2k )%
DSRZAERF 1. 082275 GHz, #7554y 7 kHz,
3.3 REMRBEFH A

Y £=1. 082275 GHz, JE 284595 B 5,10,
15.20 .25 MHz I, = (6) (7) 152040 & 9 PR i
ARG 1, WA A T3S K, SRFER A DU,
BETFHER, RIS AR S, RO ATE
(6) (7)IHEFAFH G 9 FUR)RAE R 1 ik
o BNk 50 MSa/s B, AR IR FE7F 10 MHz
AN o X} ADC A 52 BME BE 1T 5, SRR 30 BIG Bk
U (EUE SR R A AR ] st AR ARG T 00 ke 3 i L.

ik n] BEZ FIMRIE ADC g Al SE AR, IRt R G5
B SR AL AR L 25 45 S PR A 7 SRR 4%

o L
2 I 1 1 L
3 2+ ] [ -
1] J
2
£ 0 lm=¢ 45 43 42 4 40 J
= L | ) | 1 L . | . |
En 45 46 47 48 49 50 51 52 53 54 55
[72]

Sampling rate fs/(Sa-s™) x107

B9 REERIEPRE 1 S m Al T8 B BIER
Fig. 9 Sampling rate selection window and its

relationship withm value and B value
4 RELEHWESW

B SRR T 1k A B ARG B R D i
R 1B G e £ A e o/ K VAT s T i R
155 PG R 1 A b, e S 25 TR A DG 27 10 L 2 1 e
P EMRRHE S W HER S o AR 3 A S A
LA SRR B 3 v, PO R AR R 0 A HEE T
FEORE AR G o AR B RS R TR, AL AL
PR A FEIE B DU T 1 A B 15 S Y AR A S
BR07 J Xt b Se s, ot (FEIE 8 ) A A0S 43 B i
SEHAVERBIRUF o A SCR T AR 1S 7 ik i AT
HHH
4.1 2AEM LA

AT N g FET A8 30 AR Ak 3 22 i 0 5cai
SECH (2N -1) o AN AL RN E 10 Frs .

*, +e +4 *. *, e 4+ +
N Re™ +*e C S5 ol Py
e TN s e,
.
AR Tt +* PR LX)
——————m—— ppm— *,
r e  a at e L T
e gre e “oet et |

|

______________ + o e
[ soaset®*e, ’@ ", o 00 .. !

@ | b vt S )

|

!t___.'.‘__,n;__‘.v‘.__.g

. @ * *
. ¢ +
: LR AR
0 + A4 A4

= FFT

I 2 T T T T T T T

2 3 ! ;

o

‘_éo y 1 1 i 4 1

< 0 5 10 15 20 25 30 35 40
k

= 5 T T T T T T

Solltret ittt t t ifed It

g 1171 [ b Ll I3

T 5 i i I i i i i

0 5 10 15 20 25 30 35 40

Kk

B0 RARRLIE BTk BEAE AR (= S HAR A )
Fig. 10 Basic process of all phase spectrum

analysis( ¢ * ’ istarget point for phase discrimination)
BBl N =37, T o0 R A T AR R R
FEo N GBRIEE (REHE) ERURZE AN (2N - 1) 4
R = AR R B HE (2N - 1) A5 A
e IO AT R, Sk AT /N R ds (23R 1) 5
SRJEF AR H AR i CRIARG 2 ZBTAY (N = 1) A5
PR EI L RZE (PR 2) 57055 b A 1



1198 WOt 5 4 sk

45 %

(N =1)A xR A M (B3R 3) , Sz S —ie sk
15 N A BdE (EBR4) o SRIEXHZ AN B B
ZIGW N A ST FRT 2546 (2P BR 5 ), FRaEAT 4
BRI A L R SR RE N B 4 R AL B 43 A A
HE 10 FHTRKXH, HAEREE m EHAF, G5
RN E S5

N g FET 85580008 N A5, 4 rpss 1 a5
FROEH(N+1) gk fo @ (12) (14) ((16)
o (18) BU k{7 B A5 Sl LR AR AL, iR S %15
5 A S A 22, 4k 2
4arf
TR LM, K Ad ASFFS 5 EF S5 M
f72% ¢ OB f il R
4.2 JEHBAE A IK B T

X (12) ((14) . (16) ((18) 1 k 5 N Ay HUE AP
R AB T f=1. 082275 GHz,f 5 f A — & 1)
A5 2R, R PESE & JLF AR Al RE N EL, TR 2
REXEPE A IEM N o BB M £ kR i,
NI 5 35 £k BB it V& A2 FFT 5 RE 27 1 3 2k
b SRR RS RN L T m g s AR g R
PRIt L LRIE -

_ Sy M) N TN
f 1/f T
DREREN AT o TR, T {55 A,
I (20) Wk, R T R = R A (F &,
S AR R XHE T TR R R &
dky =k, -k, L kN5 by SR A AR
B (5 S AR B R, B dke, | R BAS ] 220 B
JEE V) AR JR A S o T R A A A8 | 7 A Ay

B R B R AR T AR

S B )RR A HL 6 v, A FRT AR VAR FE
2 (WA BURE , DU AT LR BRMCAS £/ 73k lan , 24 N
by 32 B, B9 LR SRR AT A TR AR — 2R
RERAE, TS50 R o B E (0 RAE R 1158
SEIOFR A v] LATE S B A S B ) o, (R G 2 )
WA BB TR L, % A b ik 25 5 Ui
FEL, QORI 45 JUr 7 11 48. 709986 MSa/s, 1] L i i
#| 48.71 MSass, I B} 32 A4 &8 B T 711
(710.9998 ) M= JH A .

LRSI, ] DL el SRS R T — o
BB MR LS AR R, 5H H DDS
= f, AR L5 ST E MR KRR, ©
A — Py ORI TR AT R B S A 40 R AN PR AR

AL = Ad - (19)

k, (20)

T £ /N L5 A — R R R

ARSI M 7R AR EATSRAE , SRAE ARG 5
ARXE LATR] 2, BB I 2SO N R ARAT R 1B A
HIBIC. P40 /. =50 MSa/s I,200 LAPAT A 22
ldk, | <0.01 ) N HA5 79,127 158, % [ () k,
1710. 0024 ,2748. 9912 | 3420. 0048, B} 43 5 #K B T
17102749 3420 M5 A1, BEmF ) VAR 2 1Y
HRCR

T340, B (10 ) JACH A A E] - B2 240 3 7
ARV ER, IR [R] 4 B M R 23 B A
AE v M HE 5 , $1 oo AR L
5 KRS

ZHAG SR E AL, W55 5 L B AR
WAL RSB T2 20 mm, PR A8 S BRI A Y 2
FUAR RS D6, IR ix BLAE AL T2 8 17 10 mm,
HIFH 200 MSa/s SRAF 9 X00Hhs , 188 1k 18] B il B 5 i
315 100 MSa/s 50 MSa/s HYEUHE , K 5 43 51 i 4 45
[ P 32 B 400 A~ H AR S AR B PRAIE K L6037 B A X
= HRAE R XE I, 7 X L SR 0 AR S i
17 N 2579158 237 {4 ARG 70 B S0, ZRAT
PR X EE AT n sk 1 B

F 1 400 M BB 3 {8 A0 A o 2 AT
Tab. 1 Analysis of ranging mean

and standard deviation for 400 times

A el B g P
50 -0.0055 10. 1851 0. 1078
79 100 -0.0027 10. 1401 0. 1099
200 0. 4986 10. 1560 0.2419
50 -0.0110 10. 1810 0. 0753
158 100 -0.0055 10. 1391 0. 0790
200 -0.0027 10. 1450 0. 0731
50 -0.0165 10. 1798 0. 0627
237 100 -0.0082 10. 1388 0. 0649
200 0. 4959 10. 1485 0. 1422

ME1HPER,2 £, =200 MSa/s N =79 f 237
I, kA S U LT-GR 2 T 0.5, RIERIR et oAk
RORA TR, A B AR A 22 e H At afr 1 48 SR ST A
RE R 2, T UL, R 14 AR 5 S S A BORs 22 7

S A SR JEE

XFEEANTR] f; I 5 2R, B3k L 3k Al 8 R A
IR R 50 AR N AELISEAS ) £ A I A o 22 42 £l
FEAK, Al WAE R HEBR M7 T P R AR 1 & L
FRIAAET B[R] A SRAE AR BEAA 22 52 Wi )



e 5 4 4h No.10 2015

WISCHESE ST ORI AT O AR 7 5K B D

1199

KEEE . MIFEIE A Z NHR W (HY fAHE,
ORI A A — 2 1 22 7 300

N AESE I, R ARHEZE D8 )N , 3 P3G R T
BRI, $2 8 A3 0 R, TR Rk A A0 3 i
U, T EF A 9 /N 7 55 3 M S ) R I, R T R
i1

H2 1 R, B RCRFE A A 38 70 ik 647
BOCHARAL 2R, 157 (N =79) SRR FEERE
DU BEAE FE SERE A 0. 1 mm A2 45, T 473 (N =237)
AN RRFEEE L BEAS B K5 725 0.06 mm, T
I R i3k 1. 082275 GHz, e B3I R B H
138. 6 mm,

6 % &

ARSI F W FFBUBSO A 1) 77, W LA
AT L SO A R T IR TR 7 A T e B RO
DR IEERS BE o RIS, A RCRAE A7 1 0
BT AT A DAGZE ARG T 0 RUSSE 238 18 SR AE S 4R A 45 e 1y
PEORGRE , 157 A SR AR Hc 4l I BE RS B2 5 B 35 3
0.1 mm ZeA7 (P RACEE 138.6 mm) , 763 & HEFR
MRS TR ARAE T, JRORFEIT R R 22 7 LT A
SRS A E o S50 H ) RUBAE 5 SR A A A A [
AT BOUE A S ST AP 1) AT, 7 i f2 S B, PTG
ok A1 8 45025 T 9450 40 9 A 9 1 2 o
k.

SE 0k :

[1] JIANG Chenghao, YANG Jinhua, et al. High-precision
phase-shift laser range finder system based on laser beat-
frquency [ J ]. Acta Photonica Sinica, 2014, 43 (9 ).
0912006. (in Chinese)

LM e, A BT OGN e A R A s
P )], 624k ,2014,43(9) :0912006.

[2] ZHANG Shulian, LI Yan. Dual frequency laser and related
measurement science technology for 21st century[ J]. Chi-
na Mechanical Engineering,2000,11(3) :266 —269. (in
Chinese)

(5]

[6]

(8]

SKRATGR, 2. T 21 T4 A SUBROE KR S & A
SHORLT]. A EBUCCAR ,2000,11(3) :266 —269.
FAN Changxin, CAO Lina.
[M]. 6th ed. Beijing: National Defense Industry Press,
2006 :478 —480. (in Chinese)

AR B0 . G AE IS M. 6 R A st By Tl
HRHL 2006 :478 - 480.

WANG Xinyao,ZHANG Keshu. Digital phase-shift meas-
uring methods based on sub-sampling in laser range finder
[J]. Infrared and Laser Engineering, 2013, 42 (5):
1330 —1337. (in Chinese)

oL, SRR T R A A SO DN T S AR
L] DM HOG TR 2013 ,42(5) 11330 - 1337.
SUN Maoheng,ZHAO Wen. Precision improvement of un-

Communication principle

dersampling theory using phasic laser rangefinder[ J]. In-
frared and Laser Engineering,2009,38 (1) :70 —73. (in
Chinese )

FNERHT X 5. IO FH O SR Ao Dt B4R v A 2 5030 ) B
REREL]. 205050 T8 ,2009,38 (1) :70 - 73.
GOU Ningyi, ZHANG Keshu. High speed digital phase-
difference measuring methods simulation and implementa-
tion in phase-shift laser range finder[ J]. Infrared and La-
ser Engineering,2012,41(9) ;2358 —2363. (in Chinese)
WA RITER. g AR O I B ECT S AR T 15
PRSI T]. L0485 BOE TR, 2012,41 (9)
2358 -2363.

WANG Xuangang, GOU Ningyi, ZHANG Keshu. ApFFT
phase discrimination in phase-shift laser range finder[ J].
Information and Electronic Engineering, 2012, 10 (06) .
725 —729. (in Chinese)

EREW, A TR SRITER. AL O R 42 A7 1 23
Prog s (1] 5 R 57 T, 2012,10 (06)
725 -729.

CHENG Peiqing. Digital signal processing tutorial [ M ].
3rd ed. Beijing: Tsinghua University Press, 2007129 -
138. (in Chinese)

PRI . BCFE S AL BHAE M. 3 Ji. LAt i He R
R, 2007 1129 - 138.



