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Abstract: Due to the problem of hardware architecture, the range gating module of the existing mobile satellite
laser ranging system has some shortcomings, such as low stability and low reliability. Since it is incompatible
with the equipment of the fixed station, it is necessary to develop a new range gating module to improve the
operation stability while giving consideration to high integration. Based on the realization principle of range
gating and backscattering avoidance, the new range gating module is designed with ARM and FPGA embedded
dual core architecture. The module used the ephemeris of lageos1, ajisai and geosynchronous compassi3 satellites
to fit the range gating parameters. The test results show that the parameter fitting error of the range gating module
is less than 0.01%, and the calculation time of a single expected echo epoch is 34.365 us at repetition rate of

2 kHz. The average firing frequency loss rate due to the backscattering avoidance is less than 1%. The resolution
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of range gating is lower than 5 ns at repetition rate of 2 kHz. The output of high frequency gating signal is stable

and the module can meet the requirements of repetition frequency applications over 20 kHz. It conforms to the

expected results and has practical application value.
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Fig.1 Application of range gating in satellite laser ranging field
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Fig.3 Schematic diagram of ajisai satellite backscattering avoidance
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Fig.7 Experimental chart of fitting precision analysis
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F 1 lageosl L&, ajisai TE2F0 compassi3 TEMSERTLE
Tab.1 Comparison of fitting results of lageos1, ajisai and compassi3 satellites
lageosl ajisai compassi3
Group Fitting : : . . : .
parameters Theoretical Actual fitting Theoretical Actual fitting Theoretical Actual fitting
fitting value value fitting value value fitting value value

Po 12246910.77 12246910.77 7866493.98 7866493.98 42388583.21 42388583.21

1 D1 —23.797102532 —23.797123 —4.807358 846 —4.807383 —2.133913994 —2.133917
)23 0.002 695052 0.002655 —0.000652222 —0.000652 —0.000601398 —0.000601

Do 12242715.62 12242715.62 7866056.24 7866056.24 42386175.97 42386175.97

2 D1 —22.801517445 —22.801567 —4.914551171 —4.914567 —3.214461718 —3.214467
)23 0.003110283 0.003111 —0.000310122 —0.000310 —0.000593678 —0.000594

Do 12238713.09 12238713.09 7865611.63 7865611.63 42382802.64 42382802.64

3 Di —21.657421675 —21.657433 —4.959844197 —4.959833 —4.28035888 —4.280350
)23 0.003508974 0.003508 0.0000378668 0.000038 —0.000583463 —0.000584

Do 12234929.37 12234929.37 7865165.76 7865165.76 42378478.42 42378478.42

4 D1 —20.370883 13 —20.370850 —4.942574962 —4.942633 —5.327123541 —5.327133
)23 0.003888814 0.003828 0.000383503 0.000384 —0.000570796 —0.000571

Do 12231389.49 12231389.49 7864724.24 7864724.24 42373222.52 42373222.52

5 D1 —18.948802236 —18.948832 —4.863308719 —4.863317 —6.350358818 —6.350400
)23 0.004248 104 0.004250 0.000720587 0.000721 —0.000555738 —0.000556

Do 12228117.17 12228117.17 7864292.57 7864292.57 42367058.04 42367058.04

6 D1 —17.39867698 —17.398653 —4.723 849386 —4.723 800 —7.345782716 —7.345750
)23 0.004 584425 0.004 585 0.001 041787 0.001 041 —0.000538352 —0.000538

Do 12225134.71 12225134.71 7863876.05 7863876.05 42360011.91 42360011.91

7 D1 —15.728883909 —15.728876 —4.527048447 —4.527033 —8.309222925 —8.309267
)23 0.004 89588 0.004 897 0.001340325 0.001340 —0.000518728 —0.000519

Do 12222462.84 12222462.84 7863479.64 7863479.64 42352114.7 42352114.70

8 D1 —13.948542867 —13.948517 —4.277132092 —4.277150 —9.236671378 —9.236650
)23 0.005180277 0.005179 0.001613631 0.001614 —0.000496 926 —0.000497

Do 12220120.58 12220120.58 7863107.93 7863107.93 42343400.58 42343400.58

9 Di —12.067513153 —12.067517 —3.97890934 —3.978917 —10.12425534 —10.124233
)23 0.005435328 0.005435 0.001858081 0.001858 —0.000473 061 —0.000473

Do 12218125.1 12218125.10 7862765.01 7862765.01 42333907.08 42333907.08

10 D1 —10.096478712 —10.096483 —3.637756603 —3.637767 —10.96827452 —10.968250
)2 0.005658921 0.005 660 0.002 068 647 0.002069 —0.000447229 -0.000447
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FE PR R S T OGS T B T AR, I
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— YK 56 TR a3 B 20 3 e (R] 2 R R 8
FiR

A LU e BEAERFZITT 5T 8C49h, 453 T A722h,
S ILEESE 6874 A4 E ], 490 34.365 ps. A

20220200-7



i E ok A2

128

www.irla.cn

LB S 50 2 2 kHz, FEHE R4 %l 200 MHz,
RIVEE 7 A S S B A R S — U bk e, BT AN 22 55
— ORGSR h e, Lt THE, BOLR BT 5 35

51 R ARk ) E 7 AN E L, BT L% R
Al PLSEER 2 kHz SR DL 1 Ao e e, B el LA
JE 20 kHz DA b AW A %

e Im} Name™ [1024 -512 0 1024 2048 3072 4096 5120 6144 6656
@ +accuarte time low|
6 +accuarte time hig 0144h
» test
gmrt time End time

4 / \/ \

Type M Name | Type | Alias Name
] + accuarte time low :' 8C48h 8L4)h 8C4Ah I ¥ accuarte time low AT722
8 + accuarte time high i Bt 6 4+ accuarte time high

l— et —J l’ test

Pl 8 BOLRK PSR (E] 24T

Fig.8 Analysis of laser pulse processing time
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THAS RN P ZI M 22 499990 ns. LA _E 5206 2% S 1
& 2 kHz 5 5 400 % 0 BE B3 145 [ B 500000 ns 1)
TR, R WIE B I B AR 68 7 AE i 2 FRE 1Y RGG
55
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FOERE S RE LB . R H ajisai T8 A T 7E
2 kHz 52 2 (AP e £ K 2 000 ) T By 42 40
IR, FEFE B 1A E W s A7l B b4 1 s Ry [ B o)
S A KRB AT 22 20 s SRR, TR RERD 5k
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BT F A K HE SR VA 1 ) OB 5 R X R G AR
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Tab.2 Test results of firing frequency of backscat-

tering avoidance

Second Actual firing times Number of firing loss Loss rate of firing

1 1984 16 0.80%
2 1986 14 0.70%
3 1985 15 0.75%
4 1986 14 0.70%
5 1984 16 0.80%
6 1986 14 0.70%
7 1985 15 0.75%
8 1986 14 0.70%
9 1985 15 0.75%
10 1986 14 0.70%
11 1984 16 0.80%
12 1 986 14 0.70%
13 1985 15 0.75%
14 1986 14 0.70%
15 1985 15 0.75%
16 1986 14 0.70%
17 1984 16 0.80%
18 1986 14 0.70%
19 1985 15 0.75%
20 1986 14 0.70%

55 BEBEINESHPHERNR
PR BG5S 20 BER IR JH AMS 23 R 19 GPX2
DA AR VR A 526 5, DAl AR 1 TDC-GPX2 it i 1
R U A Ly, TE XU I 5 23 BE R AR T, AT DAAE
5ns kP E]EE T 353 10 ps ¥ 7R (Root Mean Square,
RMS) B KA HER P GPX2 PRAb M55 i B 1 T 4%
5 A I 2 S R T A S L e 2 25 0, 250
A8 A LS e T B B 45 b s L B BE
BT SRR 1R 10 I S 5 R B 4y R

Range gating system

Generate range

GPS disciplined oscillator
;10 MHz

gating signal
Control

logic

FPGA Output

LVTTL
Y

Difference
Subtracter f————p

f 3

TDC-GPX2
standard board

LVTTL

P10 B pEim AR HA 2 ]

Fig.10 Experimental diagram of resolution measurement of range gating module
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M SERG P, SCH R ajisai TRHUETETHUR, 75 2 kHz
PR MRS RN 3 7R

B SR BE T IE 5 B ah 25 2R, X Tl Sy i B
A A, il A S 1D A5 i S e 220 5 7 A e 220 Y 2

. 2288 KAE N 37.84 ns, 22 {H it /ME N 35.36 ns,
ZAEMEIE(E R 2.48 nso K] 11 WoRIEES 103 H
P 5 ns, 8 BB A BE B % 30 AR B B R B T 2 T AT
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Tab.3 Test results of range-gate signal jitting

Points Range gating output epoch/s Range gate generation epoch/s Difference/s

1 20778.023 14267039 20778.023 14263426 0.000000036 13

2 20778.023 64278037 20778.023 64274427 0.000000036 10

3 20778.024 14289025 20778.024 14285416 0.00000003609

4 20778.024 64300007 20778.024 64296397 0.000000036 10

5 20778.025143 10989 20778.02514307378 0.00000003611

6 20778.02564322089 20778.025643 18477 0.000000036 12

5745 20780.89577451081 20780.895774474 33 0.00000003648

5746 20780.89627461940 20780.896274 58289 0.00000003651

5747 20780.896 77472837 20780.896774 691 87 0.000000036 50

5748 20780.897274 83847 20780.897274 801 85 0.000000036 62

5749 20780.897 774943 98 20780.897 77490776 0.000000 03622

5750 20780.898275054 15 20780.89827501757 0.000000036 58
38500 PERIPERE . SCHTEANA 28 1 IR B 145 S 30 B RN B
| TR B b, O AR A TLMOG B 3 1 R 3
2 37000 | o lageos1 T3 /2 | ajisai 12 M EK A 2 LA (compassi3)
5 30500 S uaAVOT B S LT B B0 DA TR RO . W45 SR 1,
2 iiggg [t I B S R AR B MO AR JE IR 5 /N T 0.01%, B
35000 | ROk i Ak BR8] 35 5] 34.365 s, Ji [ HCH T80
I e UOIRBU T 19 BTV ALT S s ]
AT AT T TS PSR, A PERER I B TR ORI
Pointsiumber B A S R, 7 A SC vt 0 B A T L
L BETIR SRR FHAE 378 3 10 2SO BE 28 495 1 7 76 4 091 %6 S W

Fig.11 Result of range-gate signal jitting %/ldf'o
6 & it SE

h T G A B A Bh TR OGN B AR 407 B R 3R
S5 T B S E AT TR RS E MR Y (], S s
T — R I St I G A I S kS S B ik, 7
FHEBT TROS1000 X 152 4 42 2% 5 [ Y ZE3K T, #2711 8k
B LR E M . X PR ) ARMAFPGA 42
F, FE43 R T ARM G R A0 332 11 95 VR A 28 s A B
AbFERE T . FPGA B9 IF47 g 1 e e ok, DAk 3 5
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