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Abstract  High ranging speed, wide measurement range, and high accuracy are the trends of modern satellite/lunar
laser ranging (SLR/LLR) .

system. The time interval timing principle of event timer is analyzed. A high-accuray event timer is realized and

High precision event timer is demanded as the timing unit in such a laser ranging

designed based on time-to-digital converter (TDC) and field programmable gate array (FPGA) technique, for which
the TDC chip is used to measure {ine time and the FPGA chip is used to measure coarse time and control the whole
timing system. Signal period measurement experiment is performed, showing the standard deviation better than 50

ps, the systematic error less than 11 ps, the measurement range of 24 h,the temperature drift below 100 fs/ C, and

temporal stability lower than+3 ps/h.
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Fig. 1 Measurement of event happening epoch
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Fig. 2 Block diagram of measuring a very short time interval
SRS B THAER £ BER T
Pl Ay W R . RS RE 5B LIRS
Ab X o7 1) EE AR (D il & 25D B Ol 2 R 1, G SR 3k
23t T on WHEIR L iy (2) AT S IR 15 5 T 45 S
5 22 [ f B i) 18] B Az,
Aty = Ny X Ty T Xy — ), (2)

Horpr, Towd HIFIRAGE S WA Ny ORI BRI 1
B, W R Rl AL RRR RO T R H R R
TDC-GPX & 14 iy £ A5 P AR A8 2 A ] 1 AS ] s 326
B AR R FEh 0~10 ps. JFUR{E 5 A4
A 5 2 1) 1y s I T ol el 10 A9 A 50k e s i Al
1B SEE 3R B ] Ty 4R P % T ZORE
— Y TF IR AE 5 RS (5 2 1) i 1) (] B el
TDC-GPX its Fr i 58 )5 i th 208 R o i i 2F 56 1
(FIFO) ZF 7 #% AL F P A

TDC-GPX ith F o % A K B ] IR =X A 324
L F A g A B A 3R (PLL) i % TDC-GPX it K i1
A0 LR S A I oy R B — o0 BOME WT LA
Wt E TDC E v 27 47 4 ok 3 & O 75 2 0E, X
TR ST R BN 4 ps. 1T HLZ8 5 B 3R
#, TDC-GPX it i HLAT e 1) 1 B e e 1
2.3 RFEiRITE5LM

RGBT S ARE R AN & 3 BT . A 4a s f] )
FRHUREL B ] 00 2 e (7] 21 i — K 5 % 1) = O A I 20
S PRI o AS AL [ v o 3000 2 91 11 i L 0 R
o B TDC-GPX Ok R I 5ok 40 B (8], [R) 25 ik o it
BRI ALEE A) RE B AR — A F R AT — RO
5 ) S 200 I R ROREL B [ 9 326 28142 ol 245 v 1A T 400
Wb B AR 5 4 R R A R

BT FPGA (RBUIN A R oy L 3 B P ] 5 4
MR EK(TER B A ERS &L N R
NIOS 4b P25 55 R AE , B 3 o fig 4R AE P 1 I A B2 T
#4H H ALTERA 72 w6 JF & () FPGA 2% 14 52 8.,

22
B¢



2024 i

i it 35 &

PLL BTG 250 4 i 1 B B 5 AH 30, T e i ks
JE A BE R AR EB 10 MHz %6 2 %2 5y AR (5 5
545 E) 100 MHz B 8055 /E 28 TDC-GPX it v
(T 4R 15 5 AT 8088 508 10 ns 43 3 5% 10 1T Bt
Bl B R T S T HE RS K eh i g S 24
h BG4 R ad g i B RE A 5] 24 h,
il 45 B oC B TF 7 NIOS Ab # 4% o, SC 8 L TDC-
GPXth i FIFO 25 47 & T 808 132 50 i 17 ik
HAR 5 i Hh R R A st 220 i s J] i) B ) T

event 1
event 2

TDC-GPX

epoch
’ time interval

At

B3 vt SE B P
Fig. 3 Event timer design block scheme

PR 1 3t ) & 0 s A4 e, B i b ik
STRATIX II f{§ EP2S30F484C3 %%44. 90 nm &5
AefI A 45 STRATIX 11 ff ALTERA FPGA # {4
HEE IR 500 MHz 1) P FB I B85 28, — M i) 1T 1
et 250 MHz, EP2S30F484C3 %8 {4, {1 & 484
ABI 4,6 4~ PLL 1 1. 37X 10° bits ) RAM %5 Ja]
TR B B R A 3K B 29 500 MHz, TAEREE R 0~ 85
CH ., FPGA #F N 14 A% 1T 78 ALTERA 2 ]
5% K SOPC Builder &4t A & 1. 2, Quartus 11 %
FHEE N Nios 11 IDE 48 BT & 3885 o 5E Bl A A
SOPC Builder fil Quartus II 7] PLZE JL 4 %0 N #%¢ 31
— R G, 8 8 Nios 11 IDE i 4 44 19 91 &
Bt i SOPC Builder 48 & T H A4 1

[ BT AL HE - Nios T A FEZS (RI 4K CPU £, i Lk
PLAERE 5 (OCM) , Avalon =245, F A & X410
(IUL) . RS-232 H: [T (UART) P} 5 I 88 25 TP 4%,
RGN TAERSF S o [R5 kbt 20gs X 100 MHz fif
PR T U6 AT £, 100 MHz I8 {5 5 4% 3] TDC-
GPX it B 9 I I i A i » — FUA 5040 3] 3K 57 R A7
THECES 1 T BOfE, TR B 3% {5 5 g% & TDC-
GPX 25 i A, 98 5 TDC-GPX ith Fofe i) =5
55 5% G5 RE M £ —4 100 MHz B 4 {5
5 Wk b T 22 T B T R B . A A R AR I
AN I ) B L e (D R R A
Z| S8R5 @t RS-232 8 1126 8 Sl oG . Bt

S8 — IR S A I 2

3 L 5
Bt 10 MHz {555, i & J& 11 4 8 @ (6 15 5 4
B, HARDE Ry B A B E S B TR 2 S P
PR 408 £ 000 2 50 A0 A B AR A1 5 1 SR L T AE 1
TFEFAE B 28 R BB TR R A I B 2
1525 J5 H 4 H e [v) a) B 04 T RE Qe Ak (8
A YRR AL e PR O EE O R D
I 55 5000 3 ok R T 6 B SR B T ML R A% i e
JER 1.15X10° bits/s, 38 & 55 5 & BUET 5 W 1 9
4 22 T g B D) PR B /N 1 s B 00 55 SR AN A
SE o UL I AR B DU X R 1 s, B
DU R A 30 1 MHz, Bl 2 5 4% 19 8 o 5 00 %
DU BE o 000 Eof DX /0N o S e 2 1 000 A g
7T U683 00 B X 1 O B A /L R R R AEGR
FESZI A5 5 B Rl 89 ps. 5 I H A
PS5 B S X I e A0 AR AT AL BEE L B 200 S0
B BROR T 2. 6 A5 bR o I 25 A BR kAR TR
P ME AR w22 . A Xl

Xis (3)
38

\/n 1:—(21,))

_ i=1 i=1

°= n(n—1) ° (4
36

&34 \

g 324

= 30_&0_ Apeflrod: 07)\o f\ o
£ 28 ] Wl ¢

W

(=]
k=]
@
0

g
& 26
24 4 &
22 : . . . . T
0 10 20 30 40 50
Sample size

&l 4 b e 22
Fig. 4 Standard deviation

vl fin 22 K A0 1 4 B . AT LUR L bR
HEfin 22 fH7E 24 ~36 ps XN H FE =0 A T 26 ~32
ps Z[A],

FHSRAT A A~ 1 249 fEL DK 25 i 00 12 S 30 89 s 25
RUEE 5 . ANIE S AT LU S S 0 Bl
{ELAY 52 A 22 /0 T 11 ps. HHIBEA 10" A4S0 i 440
fF- S (E Ik 89 s ML IR LY 4. 08 ps. K% &
AR RFIR BN .



=
H
=
5
&

o RS JE AR T I 2 Y BET 5 S B 2025

2
53
£3
< £ 5o
5 T \
L QO
X W
g g /\ ?
a s ©

i ol . 0 LMY

40 50

Sample size

5 E 2
Fig. 5 Drift of average value

P O 2 52 B 1 5% i 15 50 40 L 6 T o AL

Ja SEEDIF UG & 89 s A5 = 19 JA . I 43 S AE IF AL

JG 1,2,6.5 F1 7.5 h S HCAT G >R & 1000 Eds £i .

7.5 h PN AR IR T K 22 C GFHLET Y

WHEER 21°C), mE 6 AT LLAE L F B (E 1 U 8 1

10 ps Z W, FEZEAE 6 ps WU, IR EER /DT
100 fs/C.

89000016

0

£

3 89000014 -

T 89000012 4

o

S

S 89000010 -

®

€ 89000008

<

89000006 -
01:00:00  02:00:00  06:30:00 07:30:00
Time from switch on (h:min:s)
P& 6 It - 24 I U B 19 28 Ak
Fig. 6 Temperature drift

89000012
@ ] 6 ps 9
£ 89000008 l
2 £ DO T AU I S I. OMDGZK _______
T 89000004 /IR | ol [l ex B / =
& 1 3 \ S\FOP N <3 l I3 0o
o NIETRS P o
o 89000000 J-- e &2 LS 110G S o2 B S
% - T °
T 88999996
< — o

88999992

13:02:00 13:15:00 13:30:00 13:45:00 14:00:00
Time (h:min:s)

W7 ) 24 s T A R AL
Fig. 7 Temporal stability
TEHLEETF 4600 5 89 s 15 5 M I, — Beif[a]
s TEARZE 1 h SR &5 . R 13:00 )
14,00 15 min K& —HEHRE, P E mE 7 B
o MW 7T HTLLE P EEBSITE 10 ps 2N,

BLLE 6 ps 1YY [, 3¢ B2 0 13048 19 e B A e 3
i, /NF+£3 ps/h,

4 45 ©

R i) ] B 0 B B o AL RO
PAVBCF R A Y TDC-GPX s F % F 28 3R 2k 5k
FARAE FE FPGA St R vl 52 39050 1 I R
T 5 o 4 2 0 B R ) BRSO T B R
R SR F TDC-GPX it 1 055K 20 6] 6] G 45
& FPGA 5 B bF T 75K 1 10 o5 2 1 i 2. %)
BRI 1] A3 4 ps I IR 1 s A3 1
MM T 50 ps. REIRE/NT 11 ps. 7 L 1
I 0 90 P2 24 b 3R RS N T 100 fs/°C L 4 1A
FEEAF T 43 ps/h. PERE 2 T b 2% I BE A BR i
S B A 7R3 P T 1 5 g TS SO B e L 0
5135 T 2 O K 4

& % x #

1 Karel Hamal, Ivan Prochazka, Josef Blazej. Contribution of the
pico event timer to satellite laser station performance
improvement [C]. SPIE ,2000,3865:38~42

2 Ye Shuhua, Huang Cheng. Astrogeodynamics[ M]. Shandong:
Shandong Science and Technology Publishing House ,2000. 91
~118.

MR B IR R SCHER S E ML IR I AR RR R
JE At .2000. 91~118

3 Zhang Yan, Huang Peicheng. High-precision time-interval

measurement techniques and methods [ J ].

Astronomy » 2006, 24(1): 1~15

5K E L BRI, SR R O] R BE N R 5 k)] R L

# & ,2006,24(1) ;1~15.

4 Huang Zhen, Liu Bin. New method to measure the time-of-

Progress in

flight in pulse laser ranging [J]. J. Optoelectronics + Laser ,
2006, 17(9):1153~1155
WL ML kot I B e i () B I 0 ik T ],
Kl F o gk ,2006, 17(9):1153~1155

5 http://www. acam. de/index. php? id=25& L=0

6 Lei Linjun, Yang Yan, Chen Weibao. High-accuracy time-
interval-unit for spaceborne laser range finder [J]. Chinese J.
Lasers , 2007, 34(10) :1422~1426
TR A PR TR, B OO I BE AN A e R B2 I 1] (8] B
BIGIT]. B #E 2007, 34(10):1422~1426.

7  http://www. acam. de/fileadmin/Download/pdf/English/DB _
GPX_e. pdf

8 http://www. altera. com. cn/literature/lit-stx2. jsp

9 Huo Yujing, Chen Qiansong, Pan Zhiwen. Review on time-of-
flight measurement of pulsed laser radar [ J]. Laser&

Infrared, 2001,31(3) :136~139

FEE A IR T80, 9% AR 30 Bk o O 7R 3k 00 B ] (R B O o 25 5

(J]. sk exsh, 2001 31(3):136—139



