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Influence of modulation function on precision of laser ranging

based on polarization modulation
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Abstract: In order to reduce the ranging error caused by the pulse timing or phase comparison of the
complex circuit system in the traditional laser ranging method, the laser ranging based on polarization
modulation was demonstrated. Using the characteristic that the crystal refractive index of the electro-
optical modulator changed with the linear change of the applied electric field, the laser pulse reflected by
the object to be measured was made into a function of time, and the distance was solved by the ratio of
the light intensity in the two vertical directions. Based on the principle of distance measurement, distance
equation and error analysis, the accuracy expression of theory ranging that was obtained by the ranging
method in the paper, the influence of three kinds of modulation functions of sine, sawtooth and
exponential on the accuracy of ranging was analyzed by simulation. In the same distance range, the
sawtooth function had better applicability, and the combination of sine and exponential had higher

accuracy of ranging. By analyzing the influence of different modulation bands of sine function on the
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accuracy of ranging, the applicability and the accuracy were greatly improved by using —m/6—m/6 band.

The results will be helpful to improve the accuracy of laser ranging based on polarization modulation.

Key words: laser ranging based on polarization modulation;

modulation function;
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Fig.1 Principle of laser ranging based on polarization modulation
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Tab.1 Main parameters of laser ranging system

based on polarization modulation

Parameter Value
Wavelength/nm 532
Pulse width/ps 900
Repetition frequency/Hz 100
Energy per pulse/mJ 0.35
Polarization modulator diameter/mm 20
Target reflectivity 0.2

MIE 2 RRT LA Y, IE 5% ek ORI i B ek 7 3
il L R, A B 1 AR S5 A i B0
RZECRIERMBLE, RN EZA (1) E5%REHE
AT L P FL T A o i v RSB BN 0, Bl
A - 30 8] 1 0 Pl e R R A0 1 B3R 22 S R 4

7 B 5 76 K0 e B 8] 1) I A ik 220 A 30 2 R G R, 1 H:
iR 5 22 ORI/ o (2) AR A e 22 R o 25
Wf 20, 22 id B G R i 4 Y ) S D REAS AL T2k i 4R D't
R, 2 FEHPA CCD HM A8 Z [FDE T HEA L

3000 1
=+ —Saw tooth :
2 500r — —Sine |
g Exponent :
E 2 000r '
= 1
S 15000 i
oh 1
k= 1
% 1000 H
<
= H
500 ’
..-r‘.’:..
0 995 1005

Range/m

Pl 2 = Fofr i) ] R B0 22 B8 I K 2 R 0
Fig.2 Influence of three kinds of modulation functions

on system ranging error

HR A L 2 e 7 799 90 o] mRd 50000 B 15 2 2 R A5 Ak 1
PG, T E T LS B T E [ 5~45 m W5 =
Fr Z AL EEORS BE B G R, QnlEl 3 Frow B U eR I iR
DR 7 B FR BE B AR G O I 5K eR B0 I 5% 22 B
PR B W O L R T O, AR R 3 D B S
FEL AT 000 P A v 0 1A e 8 50 R B0 B R 22 B
H s 5 8 2 el /), HL RS e

900
800)
s\g 700}
£ 600t
8 so0t
£ 400t
£ 3000
200L.,
100

Range/m

& 3 ST 5~45 m =i i ok A0 FERS B

Fig.3 Ranging error of three kinds of modulation functions in 5-45m

HI T 3 RN, 4R HTIE 5% pR B0 45 KR KR &5
B RIS O S, RGN A B R R BEIERX
PRIBSCRII 50 o A R 52 28 3K 2 S A 1) A B
N Ry, WRAL —FH KGR IKA 15

Ro=R+\/ - R (32)
o w+16 ~ ™

F I H AR IR B TE 0~R, Z 18] 5 1F 5% 14 i PR
B, Rio~Ro+R e Z 18] BEFE 5 0 1] 055, 2248 014 00 B

1006004-5



TGk TAE

% 10 21

www.irla.cn

% AT %

R s, MIPHIR 22 e K242 0.145m,

I3 — 7 L, R R 1R /0N BRIV Y F T 9 il
() 7, RS D080/ DAy SO 18— | = Fofr 8 ] i 0
FEORS REGNI 4 Bz, 51E 3 HeBn] R, = b i ek &
R0 B 58 2 R KR [ Ry — B MBI R, BE BT
/N, RGN BER 2E 8

240r =+ =Saw tooth
220F — —Sine
200 Exponent
£ 180F
3 160}
© 140F s
o0 4
£ 120F P
0 ’
£ 100 e i
# g0 -
60f mmmmmm—m——TT
40 L . L L

Range/m

P 4 R IT 0 2R 48 I R AR 25 B S W

Fig.4 Effect of distance door on ranging error of laser ranging system

3.2 IEZFHIE iR B BE A R Eh 3R

H, ' ] o o SR TR — R ) R RS, 0 A7 R B T
0 PR FE R AZBE B 1T E AR AR B e, i B
BLOLE, AR AR A 43 BE 2 10 ] RS BE /N T 1E
5% PR, A5 R IE 5% pR AR i, 25 1838 e 200 R
DA i i 15 25 2 R B R ) B g, AT LA 5 % AN (]
il ) D B ) SRS EE AT BIF 9 SR v 1E 5 pR B B
(USERHEE .

PRL FEL s 08 ) R 50 1) 00 BRSO o ke B R
B RPRA &, FERFFIEE T —EMEH T, ik
B —m/A~m/4 5 Bt —m/6~m/6 P BE 0~m/2 P BL 4T
Fei, i 5 BT o —aw/de~r/4 o 107 98 i BEEE 0~mr/2

B A

160 ——=0-n/2
155 -n/4-n/4
......... -1/6-1/6
= 150F

E 145F

—

g 1401

©135F

1]

£ 130F

&0 -,

5125-
120f
115F
110

9I65 9I75 9é5 9I95
Range/m
[l 5 1E 5% PR =g B R R 22 L A
Fig.5 Ranging error comparison of sine function for three different

modulation intervals

P B I BERS BEGr | Bk S T PRSI R o ) 58 25 R
B8 R sty (LI I8 BE 0 H RIS 2 Vs,
M R S I AE RS 0L, T LAAE O AR A i
JE R V. BT, B —m/6~m/6 P BEIEAT I, A
LU T 55 470 0 e e B SRR A R ey LR 25 AR Ak
LI = W (KIS Wl s o B A NS e e =
G

4 & it

=A

SCHR A i i 8] O D B Y R A b RS
TESZ A A5 B b R i e O 0 RS A 2 i m]
SR, 20 R FH B — ek EO ) R B A7 bR B8O RS AN 32
SRS T PN R AR R B 52 00, B A O e Aol P
EPNE N EoF S G e SR e L K IR
P, IR JRE B O L AR ST B A e B — RE
S 1/, AR GRS BE B g i — 2P0 I 5% R AR
Kﬁﬁ&%ﬁ%ﬁﬁﬁﬂ%fﬁﬁmﬂw%%ﬁﬁ
P P A A G I B AR i 1% 2 A 8 R ) i v, 301
E%EE%,@EWWE%%%%@@¢ﬁE%%
SN T AR ARG SR IR, AT AR LA O e
AN TR] B8 1 e 8 A I A SR

S 2 3k

[1] Mcmanamon P F, Banks P, Beck J, et al. A comparison
flash lidar detector options[C]//SPIE Defense+Security, 2016,
9832: 983202.

[2] Laurenzis M, Christnacher F, Monnin D. Long-range three-
dimensional active imaging with superresolution depth
mapping[J]. Optics Letters, 2007, 32(21): 3146-3148.

[3] Molebny V, McManamon P, Steinvall O, et al. Laser radar:
historical prospective—from the East to the West [J]. Optical
Engineering, 2017, 56(3): 031220.

[4] Schmidt B,Tuvey S, Banks P S. 3D sensor development to
support EDL (entry, descent, and landing) for autonomous
missions to Mars[C]// Proceedings of SPIE, 2012, 8519: 851905.

[5] Mcmanamon P. Review of ladar: a historic, yet emerging,
sensor technology with rich phenomenology [J]. Optical
Engineering, 2012, 51(6): 0901.

[6] Jo S, Kong H J, Bang H. High definition 3D imaging lidar
system using CCD [C]//SPIE Sensors, Systems, and Next—
Generation Satellites XX, 2016, 10000: 100001Y.

[7] Jo S, Kong H J, Bang H, et al. High range precision laser

1006004—-6



5 10 A

TGk TAE

www.irla.cn

% AT %

[8]

[9]

[10]

radar system using a Pockels cell and a quadrant photodiode
[J1. Applied Physics B, 2016, 122(5): 1-5.

Dussault D, Hoess P. Noise performance comparison of ICCD
with CCD and EMCCD cameras [C]//SPIE International
Symposium on Optical Science and Technology-International
Society for Optics and Photonics, 2004, 5563: 195-204.

Bai Caixun, Li Jianxin, Zhou Jiangiang, et al. Interferometric
hyperspectral polarization imaging method based on micro-
polarization array[J]. Infrared and Laser Engineering, 2017,
46(1): 0136003. (in Chinese)

ROV, 2 fiie, Ja ik, 45 e T fin 4 B ) 1 T R v
G T PR R O D). £0A0 5 WOk TR, 2017, 46(1):
0136003.

Zhang Haifeng, Cheng Zhien, Li Pu, et al. Design of lidar
cooperative target and its application to space rendezvous

and docking [J]. Infrared and Laser Engineering, 2015, 44

[11]

[12]

[13]

1006004-7

(9): 2556-2561.
sk, FEARIE, ZEAh, AF. BORE B AR B AR BT KL AE
25 [A) 32 2 6 # B AR (). 2040 530 T2, 2015, 44(9):
2556-2561.

(in Chinese)

Li Kewu, Wang Zhibin, Zhang Rui, et al. LiNbO; transverse
electro-optical modulation characteristics for light pass along
optical axis [J]. Optics and Precision Engineering, 2015, 23
(5): 1227-1232. (in Chinese)

R, K, ok, S WLhhE B LiNbO, HYAR [l B
JCIRHIREET]. 6% K% AR, 2015, 23(5): 1227-1232.
Zhang P, Du X, Zhao J, et al. High resolution flash three-
dimensional LIDAR systems based on polarization modulation
[J1. Applied Optics, 2017, 56(13): 3889—-3894.

Chen Z, Liu B, Liu E, et al. Adaptive polarization-modulated
Method for high-resolution 3D imaging [J]. IEEE Photonics
Technology Letters, 2016, 28(3): 295—298.



