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2.11 Einarsson’s Construction

Because of technological limitations on the frequency synthesizers used
1o produce the frequency-hopped signals, the hopping rate in a FH/SS system
is limited to a few thousand dwells per second. In a fast FH/SS system, the
rransmission of a symbol occurs over several hops, and it is necessary to use
M-ary signaling in order to achieve a reasonably large data rate. Einarsson
[5) proposed a combined design of hopping patterns and M -ary modulation
for use in such systems. In systems using this design, each transmitter is
assigned a collection of M hopping patterns of length N and transmits one
M-ary data symbol per N dwells by choosing and transmitting one of the
hopping patterns. The data rate is thus log,(M)/NT), bits per second. Note,
however, that the receiver is now more complicated since it must track al M
possible hopping patterns in order to determine which one is being transmitted.
Thus, M different frequency synthesizers might be needed in each receiver.

The Einarsson design uses all the nonzero code words in the Reed-
Solomon code C(g — 1, 2; 0). Each transmitter is assigned all the code words
ina cyclic equivalence class. Thus, M = N = g —1,and the hopping patterns
assigned to jth transmitter are of the form

S.,p.,..._Pv+Q..:,PQN:.;%-~V. 0<j<q-—1

Since all these sequences are from C (g —1,2;0),the number of hits between
two patterns assigned to different transmitters is at most 1 regardless of the
relative time delay between the two patterns. However, the number of hits
per period can be guaranteed to be 1 only if the two transmitters are frame-
synchronous. If the transmitters are only dwell-synchronous, then the tail end
and the front end of two possibly different hopping patterns from an interfering
transmitter can cause collisions,’ and thus the number of hits per period can
be two in some cases. There is also the question of the initial acquisition of
synchronization in the receivers in such systems since the hopping patterns
assigned to a transmitter are not cyclically inequivalent. In fact, the Ham-
ming cross-correlation between two hopping patterns assigned to the same
transmitter can have values as large as N — 1.

2.12 Other Constructions

There are several other constructions of frequency hopping patterns that
are not directly related to Reed-Solomon codes except in certain special cases.

3 A similar phenomenon in DS/SS systems gives rise to the odd cross-correlation function of binary

sequences (cf. {23)).
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