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The Performance Evaluation of FH-SSMA Radio Systems
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ABSTRACT

In this paper, a practical model for evaluating and comparing the bit error rates(BERs) due to
adjacent channel mutual interference in a synchronous and asynchronous frequency hopped spread
spectrum multiple access(FH-SSMA) radio communication systems is proposed. After
implementing the actual FH radio in both the synchronous and asynchronous case, the BER is
computed and measured. An experiment of this system in mobile tactical environments reveals that
the performance in the asynchronous case is lower than that of the synchronous case. The com-
puter simulation model is an efficient tool for designing practical FH radios in mobile communi-
cation environments.
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L. Introduction spread spectrum communication mainly used in
VHF and UHF wireless communication systems.
The frequency hoping method is a method of The frequency hopping method entails either
* i KB BF T8 randomly altering the transmitted frequency or
“%’é%‘% E*]e)c%‘?é%s? Yonsei University periodically changing a transmitted set of frequ-
HUEYE D 92-126 (4571992, 7. 27) encies. With the frequency hopped spread spec-
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trum multiple access{FM-SSMA) communication
systems, there exist two cases :one is the syn-
chronous case when the hop frame of each user
coincides, and the other, the asynchronous case,
when the hop frame of each user does not co-
incide. In both the synchronous and asynchronous
FH-SSMA systems, interpreting the mutual in-
terference of adjacent channels becomes difficult,

In the synchronous case, the probability den-
sity function of the squared envelope of a sum of
random phase vectors has been recursively
calculated [1]. In the asynchronous case, an
analysis of FH-SSMA communications has been
performed {2],[3],14]. It is important to that
with practical FH-SSMA systems, the above lit-
erature will not be appropriate for analyzing the
mutual interference of adjacent channels,

We consider a synchronous and asynchronous
slow frequency hopping spread specturm multiple
access(SFH-SSMA) communication systems.
Unlike the direct sequence receiver, the fre-
quency hopping receiver cannot reduce narrow
band interference by averaging it over a message

bit interval, Thus, when an interference exists
near one of the hopping frequencies, its effect on
the receiver during that hop is essentially the
same as it would be for a typical unhopped FSK
receiver. Interference in the receiver output is
reduced, because the receiver hops near the in-
terfering signal only a small fraction of the time,
Since the interference at the receiver output is
intermittent, the use of an output signal-to-noise
ratio(SNR) as a measure of receiver performance
is no longer appropriate. Instead, it is preferable
to consider the bit error probability of message as
a measure of quality.

In this paper, a practical model is proposed for
evaluating and comparing the bit error rates
(BERs) due to adjacent channel mutual inter-
ference in synchronous and asynchronous
FH-SSMA radio communication systems. The ad-
jacent channel characteristics of the receiver are
considered in order to simulate the environment
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of the actual FH radio system. The theoretical
background of these system models are used to
implement the frequency hopping radio and
measure the BERs

II. Practical Model

A practical model of FH-SSMA communication
systems consisting of a pair of transmitted and
received radios and the strongest interferer is
shown in Fig.1.For a radio at a given distance dv
(in km) from the received radio and with a
transmitted power (in dBm), the power at the
received radio, Sg(dr,f), 1s given by

Sk{dr, 1) = Effective radiated power — path loss
=ERP — L(dr,{)(dBm) (D

where f is the carrier frequency. The path losses
in the city area, the rural area and the open area,
make a difference, In this paper, the experimen-
tal results of the path loss were used in the simu-
lation, Furthermore, the assumptions of this
model before the analysis and the experiments
performed are below.
1)A pair of transmitted and received radios
exists 1n a region along with other radios

operating in the same band.

Fig. 1. Practical model for carrier-to-noise computation
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2)The probability of having more than one

inerferer is very low.

Although the above hypothesis seem to be vey
restrictive, there are an accurate description of
actual environments.

In Fig. 1, the received radio, R, acquires a long
distance,dr, with the transmitted radio, T, but
di, with the
interferer, 1. The received radio as shown in Fig,
2 is made by the super-heterodyne method, and
the level of the adjacent channel interference is

attains a very close distance,

determined by the distance between the received
radio and the interferer, Thus, with practical
systems, the system performance of the adjacent
channel is determined by the selectivity of the
received radio.

We assume that the received disturbance has a
zero mean Gaussian random variable with noise

power No+Ni. In this case, the bit error prob-
ability for a FSK modulation can be approximated
by [5]:

1

p,(d'r,dl,fi,fj)="9_ —Spldnf)

exp [ - 2(No+N; (dr.f.))

(2)
where p;( ) is the bit error probability of the jth
received frequency. The desired bit error rate,
Pg, can be calculated by averaging pj(dr,di,11.1))
with respect to Sk /(Ny=+Np) :

p;(dT, dI, fl, fj) (3)

where N is the total number of frequency hopping
channels.

We introduce Fig. 3 in order to analyze the
BER of a SFH-BFSK in the synchronous and

Data LERY for
RF RF
————»l USART l——lModulator l—--» A . |
Mixer Amplifier Hopping Signal
fap+ fip
System Frequency
Controller Synthesizer
(a)
Demodulated Data fip & A1 frp
4——{USART I-——[" dul lq._l“ dp | RF
Filter Mixer
¥ x(1) o)
20]
fre + fip
System | Freq y
Controll Synthesizer

(b)

Fig. 2. Block diagram of developed FH Transmitter and

receiver

(a) Transmitter (b) Receiver
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asynchronous case. In Fig. 3, 7 is the frequency
dwell time, while T is the frequency hop interval.
In Fig. 3, if the interval when the interference
occurs within the hop interval 1s T\, the inter-
ference is restricted to the range of (4).

T—1=sTisT—2t (4)

A. Synchronous case

In the synchronous case, T)=T — t, the hop in-
terval of all radios coincides. Therefore, the
freequency hopping pattern of the received
frequencies 1s made orthogonal to the frequencies
of the interferer, and retains the frequency separ-
ation given by (5).

fri=fu+nd (5)
T
-7 i<—
I [
] |
R | fri | fraen
| |
i ]
I I
! |
| { fu | figen
| |
(a)
] T
R : fri : fras)
| |
| |
I |
I I ] | figen)
I !
(b)

Fig. 3. Timing diagram for synchronous and asynchro-
nous SFH systems,
{a)Synchronous case (b)Asynchronous case
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where fr, 15 the frequency of received radio at
t=t,, fi is the frequency of interferer at t=t, nis
frequency seperation number, and 4 is the chan-

nel space.

B. Asynchronous case

In the asynchronous case, the following two
cases can be considered.

Case (1) T—1<Ti<T—2r:in this case, the
interference can be made with one frequency. We
can write the bit error probability, paas:

T,

parldr.di f, f) = !

T pdr, di, £, £)) {(6)

and the desired BER, P, becomes

SEBEEX R

No

Yes

aaa

Fig. 4. Program flowchart of synchronous case

www.dbpia.co.kr



# % /The Performance Evaluation of FH-SSMA Radio Systems

Ti pa{dr, di, 1, ) (7)

U
b2

It
M=
M=

]

1
ZN(T‘“T) rlzr:)

Case (2) Tr=T-—2t:in this case, the inter-
ference has been made with two frequencies. We
can write the bit error probability, pas, as the

equation :

pPaz= Apm+ (1 —A)pn (8)

where O<A<T-2t, and pm and pn are the bit er-
ror probabilities of the mth and nth interference
channels, respectively., Therefore the desired
BER, Pas, can be calculated as the following.

ne A5

2)¢] %

Pa1
nedal-&A Y

Paz

Bl Eol &AL

Fig. 5. Program flowchart of asynchronous case

For the received radio, we take the desired BER,
P4, as the maximum value between Pa; and Pay,

Pa=max {Pa;, Pas} (10)

In the synchronous and asynchronous FH /SSMA
systems, the flowchart for evaluating the BER are
shown im Fig. 4 and Fig. 5, respectively.

Ill. Numerical Results

In Fig. 6. we display the BER for the 20 MHz
hopping band for both synchronous and asynchro-
nous cases while in Fig, 7, we exhibit the BER
for the 51.4 MHz hopping band for synchronous
and asynchronous cases. In the simulations, the
received level of the desired signal is-106 dBm. In
all cases, it is clear that the synchronous case
performs better than the asychronous one, Futhe-
more, as the hop band widens and the frequency
seperation enlarges, a performance improves.

1.0E +00¢—

= Async. exp

“I-Sync. exp
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D = Sync. sim
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Fig. 6. Numerical and empirical results of BER in a 20
MHZ hopping band {continued).
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Fig. 7. Numerical and empirical results of BER ina 51.4
MHz hopping band(continued).

V. implemented FH Systems

The block diagram of actual FH systems is
shown in Fig. 2. Data compression must be
performed in order to transfer the input data by
the FH method. Data compression and expansion
are both achieved through USART. The
processed data is modulated and the modulated
signal 1s added to the FS in order to be made into
RE. The received RF passes the tuner and
changes into IF by FS. Furthermore, through the
demodulation and data expansion IF is changed
into the source data.

The selectivity of a superheterodyne receiver is
determined solely by the selectivity of the IF
amplifier., Here the selectivity may be obtained
by wusing selective networks such as tuned
circuits, crystal filters, or both., Selectivity is
needed when several signals are simultaneously
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presented to the receiver. Assuming that these
signals are in close proximity to the desired sig-
nal, such as adjacent channels in a channelized
network, the receiver must reject everything but
the desired channel,

A typical communication network will assign
specific frequencies to each channel, and each
frequency will be spaced by a fixed amount from
the frequencies of adjacent channels, In a high
density environment, maximum utilization of the
RF spectrum requires that the channel spacing
must be minimized and determined by the
follwing conditions :

-. the spectral bandwidth of the transmitted sig-

nal

-.the frequency inaccuracies of the transmitter

-.the frequency inaccuracy of the receiver
This situation is illustrated in Fig. 6. The solid
line of the reciver selectivity curve is shown to
include the desired channel(fq) within a reason-
ably flat part of its response. Being non-ideal, the
response falls off but is not totally exclusive
from channels fq+4 and fy-4, etc, Therefore,
signals within these adjacent channels may cause
interference to the desired channel, {4, and under
certain conditions cause complete communicat-
ions failure,

In Fig, 4 and 5, we demonstrate the empirical
results of the BER for the implemented FH radio
with the FH interferer. As shown in the simu-
lation results, the desired level of the received
signal is —106 dBm. From the experiment de-
scribed above, it shows that when the received
level of the interferer is below -20dBm, the BER
difference between the empirical results and the
simulated results is within 3dB. And the asyn-
chronous case exhibits a lower performance level
than the synchronous case. In the synchronous
case, BER makes no influence when the received
level of the interferer is up to -26 dBm. There-
fore, for an Eb/Nj below 30dB, when the
interferer 1s near, the synchronous case performs
10~20 dB BER better than the asynchronous
case,

SR
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Fig. 8. Channelized spectrum with a typical receiver
selectivity curve,

V. Conclusion

A practical method to calculate the bit error
rate’in a FH-SSMA radio system in the presence
of attenuation of the radio system in the adjacent
channel interference has been proposed. The
BER for both the asynchronous and synchronous
case has been computed and compared., After
implementing the actual FH radio, the BER
measurement can be obtained.

By stmulating each radio configuration and
using closed form expressions whenever possible,
this method offers an extremely flexible and ef-
ficient means to design practical systems in radio
environments,
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