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Optimum design of a free-space optical communication link in the presence of jitter
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The average bit error rate of optical communication systems is considered in the presence of random angular

pointing jitter.

The received power and the BER in the absence of jitter are reviewed and then the average

BER is obtained in the presence of circularly symmetric, normally distributed jitter by using the probability

density function of the optical signal.

By minimizing the power penalty for average BER, the optimum

ratio of the divergence angle of the laser beam to the random angular jitter at the desired BER is obtained.

For example, the optimum link budget is designed in the presence of random pointing jitter.
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Fig. 1. Average BER characteristics as a function of
the required SNR and the ratio of the beam
divergence angle to the random jitter.
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Fig. 2. Total power penalty for the optical link with
respect to average BER as a function of the ratio of
the beam divergence angle to the random jitter.
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Table 1. Optimum ratios of beam divergence angle to
random jitter for each desired BER.

) BER (Wo/O)opt
107 4.12431
107 4.85198
10* 5.47376
10° 6.02693
10° 6.53065
107 6.99640
10°® 7.43177
10° 7.84207
107 8.23126
10" 8.60228
1072 8.95751

Table 2. Coefficients for the approximate

expression describing the optimum ratio (Wy/OG)op
for a desired average BER.

Coefficient, a, Value
ag 2.05613e+00
a -1.33146e+00
a, -1.92403e-01
as -2.51125e-02
ay -2.02818e-03
as -8.87644e-05
as -1.60597e-06

5. IBMBREFTE TICB ) 5 REHRHE
51 t@\EF ¥R

ERBREFET COEHZEAXAENTKRK
THOLND, [1-3]
P, =P1,GLG,1,.7,L, (13)
Q:j% (14)
Wo
ﬂ, 2
L=|-2
o) a9

G =""x (16)
ﬂ_
W 2
ro=—0 17)
740t + wo2
o —a
L= __[E& (18)
Qr |5ER (0, )

ZIT, f& LITEARERHDOICKET
B EE SN R RTA—ZTH D,
HLBEE R ICEARENDH-TH, ZBERYE
—AER YA EERRBRED kIR & 12)0
HELN., FTEDO¥Y BER IZBWTZENLD
PR e REIC L CEATAZ LN TE S,

52 XHERBET ¥ RV
WIRBRERICIBVWTIL, EE50LENCLS
Tx— NEERR2EBRETHILEDPEETH D,
[14-16)fE B EFE T COEHZFEAENIZ
KX THELND,

P =PtG LG, 117 (19)

t =2t r%r” jrs

TIT, L IINEESROZ YN RIE
B2V ~DOHFEEELETHD, FHENLDOT
=— R~V P 2 EHMESMEERETDH L
KA TEEIND,

p+1_1
Fr=———Fcs 20)

PelZiBRE U HICBITAHME 7 = — NEET
b, —FH. V=T LU S L RRICEZE I,
1 1
s, =2 a_p )5 @1
B

Ps ITEREVHICBITOIEY —VHERTH
b, EBREOHLUESRMIZLI Y, MEMOESE &
/J\ Rmin 75)6%* Rmaxifgﬁé'fbj—é%é\z:ci\ VIZ
YHDEAF Iy L DIIRAUICIE B &
INIRETTHDHMLENRD B,

2
total = ET—[ Rmax J (22)
F,\R

b L. LECEH Dy & ZEREN R T D5HE
Wi, BEECHFENBBRICHE THE o
BERFOLIBRVAT AT B R Lo
MELRD,



Table 3. An example of the optical link budget.
1BH By [Or—7—H Us—r
L—HH AP, dBm 30.0 30.0
EEE—LERE cm 4.8 4.8
E—LENYEAE 2w, urad 41.1 411
RERBE T, dB 2.0 2.0
ARL—IVEH(A /10) dB 1.7 -1.7
famiRk, T dB -0.1 -0.1
FEEFRF.G, dB 102.8 102.8
THEEEL dB -272.2 -272.2
RETUTTEREA, cm 10.0 10.0
REHMSEG dB 106.1 106.1
pin=ak <YL dB 2.0 2.0
REENP, dBm -39.0 -39.0
XAZEREHBELL dB 2.0 2.0
BREN . dBm -45.4 -45.4
BEOKI—I2 dB 4.4 4.4
Jx—RLARLFP=107]  dB -1.0 -1.0
H—SLRAS; dB 0.3 0.3
Table 4. Parameters used in Table 3.

1EH By [or—7—F ys—v
EERE A m 1.550E-06| 1.550E-06
{=HREERE R m 5.00E+06{ 5.00E+06
EEHAP, w 1.0 1.0
ZISEEE(BER=10") {photons/bit 90 90
{EEL—+ bps  |2.488E+09]2.488E+09
(wo/o)BER=10%) 1 - | 79] 79
ERBE#EEC prad{rms) 26 2.6
E—LLEAYA,w, yrad 205 20.5
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