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Design and analysis of echo receiving system in non-cooperative target ranging

Pei Bing' ,Zhang Fumin',Qu Xinghua',Zhang Tong' , Wang Junlong’

(1. State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin 300072, China;
2. Hebei Electric Power Company, State Grid Corporation, Shijiazhuang 050000, China)

Abstract ; Echo receiving system is an important part in the optical system of frequency modulated continuous wave non-cooperative target
ranging; and its receiving characteristics have certain influence on the ranging precision of the system. In order to conduct the design and
analysis of the system, optical design software was used to conduct the modeling of the receiving system with Cassegrain telescope and
multimode fiber as the main body, and the parameters of the Cassegrain telescope were determined through analyzing and optimizing the
aberration and optical receiving efficiency. The Gaussian scattering model for the backscattering of the target was established; a complete
receiving optical path was built to conduct the experiment; the received power of the system was analyzed quantitatively under different
conditions, and the rules between receiving efficiency, focusing position and target distance, surface scattering were investigated. The
research results show that for the sample blocks processed with the same method, the system receiving power is negatively correlated with
the roughness and target distance, while the system focusing distance is positively correlated with the roughness and target distance.
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Fig.1 The receiving optical path system structure
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Fig.2 Schematic diagram of the Cassegrain system structure
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Table 1 The optimized lens data of Cassegrain system

% g/

mo %f;im Jﬂz i éim GEES
Yy + o0 Je5 K - 0.000 0.000
1 +o 25.000 - 30. 000 0.000
2 -114.098 58.000 - 13.000 0.000

JeH -193.333  -58.000 JZ 44k 29.000 ~1.000
4 -114.098 58.000 JiH4E 13.000 -3.806
5 -193.333  62.000 - 6.226 0.000
6 +o 0.000 - 8.064x10°'2  0.000
14 + o0 - - 8.064 x10~'2  0.000

#£” Wavelength” ¥ 3 < i 1% # R S I K - 450 nm
11 550 nm, {£” General” BET K Hi% & REAME HE N
60 mm, HHr 3 F14 53R EEEMEISE,2 .5 Wik -
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Table 2 Final parameters of the Cassegrain system

[l Y — JERE,  HRR/ e/
mm mm mm mm

Fehg 200 -1 10. 34 58
59.57

Rl 120 -4 8.00 26
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Table 3 Receiving efficiency of the Cassegrain system

with aspheric mirrors for different fiber diameters

HEF 42/ pm 8 50 62.5 100 200
WA (% )

65.046 74.276 74.825 75.085 75.265
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Table 4 The optimized lens data of receiving system

POE S XKML 7 E/mm PR e KALFE/mm

1 SR 0.000 - 1( Beam Size)

2 ST -1000.000 JZHFE  30.000 x20.000
3 T v T 0. 000 A 100.000 x 70. 000
4 FRAET  -246.270  RGTEE 29.000

5 FRAET - 187.000 S 13.000

6 EiE] -177.000 30. 000

7 f3s -353.819 K5 0.100

8 5441 -353.819  FK3 0.110

9 FEMAE 1 -353.819 10. 000

10 Wilge2  -853.819 WK 0.100
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Fig.3 The Zemax modeling diagram of the

receiving system

3.3 REHUL
PR RO X — e RGN B — AL 5 € H AR
MRUESR o Zemax flFH— SRR IR R LA
I RO B F b BAR RS B bR 91 0 il £ i £
B OSSR AN 5 7R o
®5 RAEH

Table 5 Optimization function

ErRs? i H H b H b E
1 NSDD 0 0.000 0.000
2 NSTR 0 0.000 0. 000
3 BLINK - JCEFRE AT -
4 NSDD 12 3.500 x 10 ? 1..000
5 BLINK - LA -
6 NSDD 13 3.500 x 10 73 1.000
7 BLINK - AR A -
8 NPZG 10 -600 1.000
9 NPZL 10 -280 1.000

TEAR R GEH IR PEAN s, 25 1 47 NSDD [ Det
#ICH 0, FRTE 25 A BRI AR 5 26 2 17 NSTR RI#EAT AR/
BT , Sre#ist 0, KX T A LRI TIE L, Scat? dE 0,

TP BB ER ;25 3 4 4 /> NSDD 2351 7R SR 45 40
AR G i, B i) NPZG FI NPZL 25501 E2F R
XA

KRGAACIG , AT LR B CLF R 1 e He AL, Bt
PEAT LA IE , AT LAAH 2 A GET 19 3 5 64T H 5 3L
N — AT RGP 73 A i o

4 REEWZEBEED T

4.1 REFWEHE
4.1 IR B AR

B A 118 s 2 s BE 114 2 ) AR A AR 74 s Y
RO (B A RCEUE UG ) , HAEAN R £ BE 4
ST L AR TR N Ak, A O 58 L s o B A K
SRS TR B A A S RS At ) T, D B D Y
JLPFR AR

7 FCH TR AR TR 1) 22 T R AR D BB R, A
Bl 3 73 5E Z G LT B G iR B BRI A, 8 O
IRESR AL B 153 BIA R 42 AR

FERRIE] 4 B 5 S0 B AT S0 R 7R SR Al
JIT Spectralon $RifE{E 2 5 A H (2459 SRS - 99-010) ,
SRR AR 18 S 2 , AT LLIR B 99% , KR 5 PR 4T b
HERMARC o AEANTR] B B R 15 21— 4L o &
s, 5 R B AN S B o

HTE S BE

O HER I

el H b

K4 SLHiRE

Fig.4 Schematic diagram of the experimental setup
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Fig.5 The curves of receiving optical power versus

target position
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Fig.6 X axis optical spot analysis
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Table 6 System receiving power P/W for the sample blocks with different roughness ( before coupling)

AREE 0.1 wm MRS 4 0.05 wm HMUREE 4 0.025 um
PE B/ mm - N R
i oy i i e Lhip=A oy
800 1.2309 x10 3 7.433 x10 74 1.5774x1073 1.072x10 3 1.8624 %1073 1.417 x10 73
1 000 1.0413x1073 6.065 x 10 ~* 1.324 6 x10 73 1.042 x10 73 1.6251x1073 1.403 x 1073
1 500 5.850 6 x10* 3.978 x10* 1.100 7 x 10 73 1.067 x10 73 1.395 4 x10 73 1.362 x10 73
2 000 3.200 0 x10~* 2.435x10~* 9.241 0 x10~* 8.320 x10* 1.156 4 x10 73 1.028 x10~*
2 500 1.798 1 x10~* 1.155 x10~* 8.488 0 x 1074 8.047 x 1074 9.088 0 x10~* 8.277 x10 74
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