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Abstract A high speed optical communication system based on field-programmable-gates-array (FPGA) is designed,
which can be used in ground to satellite communication. FPGA is used as central process, and pulse position
modulation (PPM) is selected. A new frame structure is designed to solve frame synchronizing problem, and four
separating phase clocks are used to synchronize PPM slots. FPGA's working clock is decreased and structure of the
system is simplified in the new design, and Gray code is used to decrease bit error. The data rates can reach up to
20 Mbit/s, and bit-error-ratio (BER) is 8.9X107Y. The system provides experimental supports for follow-up image
data transforming between ground and satellite.
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Fig. 3 Block diagram of receiving module

E 2] v 3845 D' 122 MACS 73 25 2 58 FGIRO Il 4 i
TIRE » R U A B0 B3 2 ARG 41 4 e R AL AR L
a7 U8 A A A P R D R A 0 BE A 2 BOL s APD £
HL I 2 B BOLAR 5 B LS 5 1O 58 s TR AR
S R o S T LB O AP s Fi 4 T i B 88 1 0
(1 5L 38 2 o 15 T 5 7B COK R B R APD SR
i A5 5 BEAT BE— 22 OR O R B 5 Al i

i P T A R AT R B R Y . i ) RO T g
AR R A FR I A 1 B W (L7 A T 7™ A 19 5
1 L B A VL R 0 A 4 A ROR L B R A S S
SE 1Y BB (EAR LE AN TS BB 5 5 . %8 CF (S
SRR 15 5% A FPGA i 478 . f#%
PSSR A LVDS 4 1 & % 2 R8I RL.
JEHEMCHILXT D B H MR v R U 19 APD 48

0905002-3



H |

# ot

T, MR ROk 20 nV/ /Hz. B 200 MHz 785 58 I
M R Ve = 20 nV/V/Hz X /2X10° Hz=
28.28 mV., APD fF 1060 nm ¢ EX Wy R E N
200 kV/ W, 5 BOGAE 5 7= A 5 i i 5 0 RS (R AR
S UL CAE AR IR AR H2 M5 5 1 i OIS o
FF 6T IO 4 AT 5 ) 6 A Ay RN g A % 0 AR B o e ot
TH IR B X FOR A B R A B R 1. 414 nW L 4
Bk dBm K2k —58. 496 dBm,
3.3 WHRBEZBEIFGHBEER

XFF PPM {5 % 1 ff 5% 1% e ik &R — 4
AT {5y T A ] I A 0 SR A I B e PPM{F S 4T
b RAE L i SRAEAE 5 FEL I b 22 1] Y R L
M TEA & 48 B . PPM 5 ) B 4 oy 100 MHz, 78
A BL T A0 SRR 5 #E AT  R AL 75 FPGA T
YE7E 400 MHz B4 | (i 4 £ R A AR i
8 i i RAE) . X AALAE FPGA 18 AR KR
M T FPGA 32 %5 S50 I 0 I 5 20 0 DL M Sh ke 4
il RS A PR T R AR R A PR HE LSS R

B 3E {5 o —Fher TS = 620 0y 02 58
i A IR R AR i X T PPM G fF . A OA

0°90° 180° 270° 360°

PPM {555 48/~ ok v isf 8] [ fid %52 4 (20 A B it A
A ATk o BT B BR R AT I A R B
T HEAT S AL 3 A OB B O B A wAM
B L % RE TR A%

BEXS LA B3 BIRR G AL LA R S8 20 Mbit/s (15
A A Bt R T R B R AP
PPM {55 1 J7 i 4 PPM JE A7 i i, 3 A% i B2
PPM e 18 S A48 W5 3 SR FH [7) A 1)t 41 A7 g 16k i DA
1t ] AASCE S A5 XU S A AR ] o (ERE PR A A
R b 22 ] A [ R B4 A AL O AR L A0 2R B A
o AT [R] 25 AR A R BE & A2 PPM {5 5 19 B T+
BRI A iy B T3 () S A 1 0 (I 4 iy 0
I b X IV B SR A D0 5 X B FPGA A2 K 3 —
MAFE NG S CERERR) %G 5 S B HaLA
E M (e L AR R P L A AT RE 7 AR — A Mk b B Y
BV o T B A R . O R SR R OO 17 AR L BT
HOR A 4 AN AL TR 25 12 W R 30 5 e %+ A0 i R A
IR %k W d 0 9 45 SR A O i A 45 2R T sE AR
FPGA 77 Az WA 245 1 B A0 5 R 11 ) AL

PPM pulse
0° clock —| | : | | | I |
90° clock _l | ' : | | | | |_
180° clock J I | | I
270° clock J _,_‘ | | | | |_

360° clock |

B 4 PPM AR A 7 R 3
Fig. 4 Different sample positions of PPM pulse

F SOty SR FH A b b HE AT [ 25 ), A b B o 5
S 1% ity B A A 23R 25 SRR 437 22 S S A TR A6 i 0 R
G5 v g o A — 8 43 o AL IR A o T A R Al g AR %
22 5% Uh BOAS TRV AR AN A B8 14 5 i 3647 1 05 B3 A . 76
PR A E 4 BT 7R, 0° M B AR 2 R BE A NI 7 T
PPM ik th I 46 B9 B, 360°HH A% 48 2 SR AE s W 47
T PPM Jik oh &5 i 4o &, O B 45 R 5 iR,
NZEIR AT LE PR [ 0 B R 2 S i
KWK A %5 278k, 3F B IE 5085 5% /Y 6 il 45 10 %)
KWK A % 58 MR . A YA 22 R
180° CRAF st W A7 F ik o oot ) BsF I 670 531 564l
R $5 MU A3 1T DA 30 Ll 45 7 1) PR IE A A 45 SR
W F FRAE Y . 7 [RVRE I A AL T o B 5 01 5 i 25 394
K B R S T B8 PR I 30 R R 25 (R % L

AU WL s IR A0 3 22 53 B0/ |9 & 4R 2 )X Ff PPM

fiff T P G B IR 2R
20000 -
Tw _._phase shift 0°
| 14| . phase shift 90°
SRLGaIR I —phase shift 180°
2 .l . phase shift 270°
< 12000} 1t/ 1] - phase shift 360°
S ot
2 goool ’ Rt
3
& 4000] AL 1‘
8000 —2000 1000 01000 2000 3000

Frequency shift /Hz

B 5 SRR AH A AR A% 5 d KT ¢ &
Fig. 5 Relationship between frequency/phase

shift and max frame length

0905002-4



ARUIZSAE . T T 4 P 02 58 1408 1 ) o Ok o 2 2 900 i 3 5 R g it

FESE BRI Ff LG Ad X DY AN A AL A ) 114 3l 25 i 4
T RAPRAIE SR A i A5 T ks o R 22T & X4 s 1] £ 350
ARURAS SRR AT LA o otk 199 ) 28 i LA B R itk
T 32 i i R AR A S ot IR PR3 22 (L% DA b
[ 1% 24 Xk 51 22 IR I 16 14 A3 B A ) Bl 52 M) i
M SCHEINZR . BT o 1 JRAT BE ML in dee R it
LA B AL i A ] S e 0 T TR R R R AR AR
v 149 R 5L A R A g 9 1] 0 A 9 ) A 0

DU AR A [ 25 4 R R AR B COL B 6) 2 K

DCM

90° clock

| signal II
180° clock

270° clock

100 MHzA M it i f FPGA Py 8 i 47 B A 50
(DCM) 735l 77 A= 0°,90°,180°, 270 AH A3z i 1Y 4> I}
ffr, IR X YA B PPM(F 5 R BE I 28 47 T Sk
2k E R R VAR N SR EL SR EPSYE
I R 2 ol LA 46 PPM B8l g 5 . i 6 ad
FEALIE S DU AR AL ] B 84T /9, 78 FPGA PN 2 %
LA A 7 FsF AP 11 A B 45 2R 8 A 08 5 AR B0 A R ABL AR
JEUHE L 3 B B e 22 1) 45 2R O il i 4

frame detect

l decoding ':‘>

frame detect

| decoding I:" b

frame detect

synchronous

message selecting

decoding |~

frame detect

[ 6 A5 A HE AL i 3% 5 i R E &
Fig. 6 Block diagram of PPM demodulating module

AU A AR AL [ i 2247 15 [F) 28 505 5 i 52
B b A 25 7R — A RO 37 9 J3E v e e A [ AR o7 2R A T
DU YR A S PR AR, 2 28T T — A DU A7 3 ) B A i
Frad RAE XA L % FPGA TAEAE B iy it
PR Y T LR G LB

T3 A+ 45 G A R R A A A B o ) W — ot
235 SRR S 7 TE RGN 3 W A Rt R LA St ) e
WS 7 R DT S5 B AT A

IS RATE S

RGBS R B 1R iy %8, k%
FPGA #2749 PPM I il 5 5 12 il O &% % th
PPM S Jik it s ik b 45 5 28 2o % i (B 0 K <P i o
I e 3 3K 6 L AR O - 80 L e i B LU AR AR 2
BTG TG T B PIL G kA S — Bk
FPGA Rt A7 fif 9 iy 55 DR 09 - X LE . () s 00

PPM %3k {55 5 2 Ot n Bl 4% 4k FPGA # i f5
S BT X AN 7 R P P S S K
GO —ER R E SRS, X TR SRR,
— 77 T e VG A% i B L 55— T T O TR AR
G i SR BE K I 4 E A A 11 L A H - R AR 1 B2
Wi . PO9AE FPGA Hp il i 32 8 40 B0 T el s 5
T U RAE R FUAL B D G B FPGA R 2 24
o L SPAR K FT LAV B s R 52 i 15 R A

3TN FR G BEAT DR ARG IE R W RR S BT
5, —Fpjgilid Matlab = A4 — BB L 51 (PRBS-
D B A E AL T FPGA o FPGA I il 45 e xf
F 5 HE AT IR ] J5 Ak L 0 X PPM 5 5 4T %
W o DR RO S R LR AE FPGA PR H U3 9
Kb ) 181 4k (9 % 3% Fe 1 3k A7 B XS R4 B UKL
2048 WK - I3 16 Mbit B . 85 b x4 2R i
i # O AR RO [l A 2 SR AT DA R R A

0905002-5



H |

# ot

SO Al Al 5 E {5 R, LRI . ARG s AT
10 min. G 3TCR] 710 21 18144 ) SR A% A 05 R i £5 3
Ry 18. 9 Mbit/s. Mg AR 31 5 5 R K T

¥t BEH HBE ME EF WF UE EH S ZAIA #h

Measure P1:freq(C3) P2:width(C3)
value 6.2937 MHz 16.11 ns
mean 5.707598 MHz 17.6201 ns
min 2.9334 MHz 13.03ns
max 19.9748 MHz 21.26ns
sdev 2.377138 MHz 1.6292 ns
num 365 400
status A A
L |
100 mvidiv
30.0 mV ofst
LeCroy

[y
P3:freq(C1)

20 Mbit/ sy i BRZ B R AT i sk i A4S B, 5
SR {5 TR R A S B ot P AR A B 38 A R AR R R
20 Mbit/s.,

P4:freq(C4) P5:area(C3) PB:freq(C3)
- 3.7023 MHz -46.525 nVs 6.2937 MHz
- 5.759773 MHz 62.03038 nVs 5.707598 MHz
- 2.9407 MHz -46.525 nVs 2.9334 MHz
— 19.9725 MHz 186.554 nVs 19.9748 MHz
2.395743 MHz 47.41666 nVs 2.377138 MHz
1) 363 4 365
a v

2003-1-1 0:29:21

[ 7 PPM &3k U5 5 WIB XS L

Fig. 7 Comparison between sending signal and receiving signal

R 23 ) I X — B R D' 2 SCHTL 1 28 U 3k 2
YIAE O, 25 vh ok & A0 BE AR PPM & 5 3) 32, [
I UL 28 8 e 25 R ) Oy A0 R kAT, MR
5t PR A B D Bz OB R A G T L LR )
FAE R WML FE R R . S BRI 2 oL
TERT AJEII R —56 dBm (23T APD A3 I A% B
B, RGia 47T 10 min, Y F) 710 H iS55 E . A
TR EE 101 bit F5 iR RS H 5 000 B it k17
XS, RGBSRy 8.9 X 107, W 2 & it

ik FPGA W #F 4E L 19 2 8 7> B X

(ChipScope) ] L4 SZ B WL FPGA PN #5155, JTHL
Bl — 21 it 3k AR a1 8 FiroR . R R SR B — i B
Pt R ax B RO B g Sk iR A L. Bl
55— AT F RS R B S B A ORI A S KR
G F g5 R AR ] o T Sk 0T R A 7R AR R 36 7 91 1Y
o Sk ot S A 7 A A L ) Sk e 15 B R 0 A ik
iR © AR H U . WA RO RS 5 R SR R 1
5 5 TE B T 1 o Bk 208 8 v o o Ry TE i
[F] 25 J5 A5 5 5 485 5 09 DX 7R %68 5 ok efr gk A7
MU DT R 52 1686 04 IOk i 9 S5 300 0 6 ) e 1

Bus Signal x| o |60 20 100 180 260 340 420 500 580 660 740 820 900 980 1060 1140
(IFFEY B (P PR PP I (el ISl IS Wl s ars el e

o 156 0| s JEX

Frame_Valid of o [

st o o I

ef o o

Send_sig of of | (] | | | ] O O 5 O 5 o 0

$ig_in of o 1l 1 | | ] S | 5 5 S T

sig_syn o of LI 1 I | O S 5 151 51

K 8 FPGA ) PPM f##543 #7
Fig. 8 Analyses of PPM decoding of FPGA

5 4% 1w
B PPM S {3 2 50 1T A7 R Mk 52 i £ ) 4
(9 26 E R o 0B 5% L AS LI ik PPM {35 5 33 £

VAo 3 o R P AR S e A DO A AR A IR 5 B ) A
figp 98 9 75 3 n] LSS B PPM A 5 1) 552 I i 38
AR T RGBT, R GG 5L bR R I

0905002-6



ARUIZSAE . T T 4 P 02 58 1408 1 ) o Ok o 2 2 900 i 3 5 R g it

AT LS B T80 A5 5 00 B A s S B i kol £
MR AT DLk # 20 Mbit/s, fE 3% 0O Th R N
—56 dBm&F T MK 10 min & 55 7 iR 1 %k
8.9 10", FRG¢ Al AR 4 4 5¢ i 15 - 7] T )5 2%
1 52 e ) P45 A0 £ R A B Sk

5 F X
1 B S Robinson, D Boroson, D Burianek, et al.. Overview of the
lunar laser communications demonstration [ C]. SPIE, 2011,
7923 792302.
2 Hu Xiuhan, Zhou Tianhua, He Yan, et al.. Design and analysis
of underwater optical communication transceiver system based on
digital signal processor[]J]. Chinese ] Lasers, 2013, 40 (3):
0305003.
BAFEE, FEAE, B A, S A THEF S AN GK T OLE
fFlck Rg et Kooy #elI]. HIE#OE. 2013, 40(3): 0305008,
Hu Hao, Wang Hongxing, Sun Xiaoming, et al.. Multilevel

w

coded modulation of free space optical communication based on
pulse position mudulation with multiple-step demodulation and
decoding algorithm [ J ]. Chinese ] Lasers, 2012, 39 (4).
0405006.

BHOR, AR, PhRREE. SF. LT ko o B i Jo 2ok E fF
2 G i IR ) SO 2 By B g R iR EL LT EOE . 2012, 39
(4): 0405006.

4 D M Boroson, R S Bondurant, J J Scozzafava. Overview of high-
rate deep-space laser communications options[ CJ. SPIE. 2004,
5338: 37—49.

5 S Constantine, L E Elgin, M L Stevens, et al.. Design of a high-
speed space modem for the lunar laser communications
demonstration[ C]. SPIE, 2011, 7923: 792308.

6 D Caplan, M Stevens, D Boroson, et al.. High-sensitivity

variable-rate transmit/receive architecture[ CJ. San Francisco:

IEEE Lasers and Electro-Optics Society 1999 12th Annual

Meeting, 1999. 297—298.

Liu Dan, Liu Zhi, Wang Puyao., e al..

-

Anti-jamming
modulation/demodualtion  technology of atmospheric laser
communication system [ J ]. Chinese J Lasers, 2012, 39 (7):
0705004.

xR X R, EBER. & —FMRAREOEEE RGP TN
/R ARLI]. P EBEE, 2012, 39(7): 0705004,

Li Tiansong, Yuan Chaowei, Yi Miao, e al.. Time jitter effects

[ee]

on bit error probability in multi-pulse postion modulation satellite
optical communication[ J]. Acta Optica Sinica, 2010, 30 (1):
26—30.

ZERM, 2B, 5 A, F. Z Rk a0 R G E b
BBk AR IR R [T . JeaF %Rk, 2010, 30(1): 26—
30.

9 C C Chen, C Gardner. Performance of PLL synchronized optical
PPM communication systems[ ]J]. IEEE Trans on Commun,
1986, 34(10): 988—994.

EERE: Tk

0905002-7



