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t
iflU

st
fo

u
r

S
U

C
C

C
s
jC

collisions
can

occur
betw

een
tw

o
patterns,

W
hich

alleviates
the

burden
on

the
error

control
system

as
v
ell.

F
urther

details
of

this
construction

can
be

found
in

[2].

2.10
V

ajda’s
C

o
n
stru

ctio
n

T
he

use
o
f

a
product

code
construction

of
hopping

patterns
has

also
been

explored
by

V
ajda

[32]
w

ho
took

a
cyclic

product
o
f

tw
o

codes.
T

he
first

code
is

obtained
from

C
(N

,
t

+
1;

0)
over

G
F

(q
),

w
here

N
is

a
prim

e
A

s
described

in
S

ection
2.5,

q’
hopping

patterns
of

period
N

can
be

obtained
from

this
code.

L
et

r
denote

the
largest

integer
such

that
N

’
<

qt
T

his
code

is
a

(nonlinear)
cyclic

code
consisting

o
f

a
set

o
f
N1

hopping
patterns

o
f

period
N

and
all

their
cyclic

shifts.
N

ote
that

the
m

inim
um

distance
of

this
nonlinear

cyclic
code

is
N

—
t.

T
he

other
code

is
a

coset
o
f

C
(M

,
K

1;
2)

over
G

F
(N

r)
that

isa
subcode

of
C

(M
,

K
+

1;
0)

over
G

F
(N

r).
N

ote
that

M
is

a
divisor

o
f
N

—
1.

T
hus,

this
code

has
N

r(K
_1)

code
w

ords
over

an
alphabet

o
f

size
iV

r,
and

since
the

code
w

ords
belong

to
C

(M
,

K
+

1;
0),

the
m

inim
um

distance
betw

een
cyclic

shifts
of

tw
o

code
w

ords
is

at
least

M
—

K
.

V
ajda

has
proposed

using
the

cyclic
product

of
these

codes
instead

o
f

the
direct

product
discussed

in
the

previous
subsection.

T
hus,

each
of

the
M

N
rv

aIu
ed

sym
bols

in
a

code
w

ord
o
f

the
second

code
is

replaced
by

a
colum

n
vector

o
f

length
N

consisting
of

a
code

w
ord

of
the

first
code.

T
his

creates
an

N
x

M
m

atrix
Q

Q1.
N

ow
,

M
and

N
are

relatively
prim

e,
and

hence
the

entries
in

Q
can

be
read

off
in

cyclic
fashion

to
form

a
hopping

pattern
o
f

length
M

N
w

hose
ith

sym
bol

is
Q

m
od

N
,

I
m

od
M

.
S

ince
the

cyclic
product

o
f

an
(Ill,

k1,
d1)

cyclic
code

w
ith

an
(112,

k2,
d2)

cyclic
code

is
an

(
I
i
f
l

2,
k1k2,

d1d2)
cyclic

code
[13],

this
hopping

pattern
is

actually
a

code
w

ord
in

an
[M

N
,

(k
+

1)(K
+

I),
(M

—
K

)(N
—

t)]
cyclic

code
over

G
F

(q).
T

here
are

N
r(K

_
1
)

such
hopping

patterns,
and

it
follow

s
from

(8)
that,

as
show

n
in

[32],

H
m

a
x
<

M
N

_
(
M

_
K

)
(
N

t)
A

I
K

A
s

an
exam

ple
of

this
construction,

let
q

=
32,

N
=

31,
t

=
2,

r
=

3,
and

M
(3

J3
—

1)/(31
—

1)
993.

L
et

K
4.

T
hen,

a
se

t
of

3
1
3
2

=

887.
503.

681
hopping

patterns
o
f

period
31

‘993
30,

783
over

G
F

(32)
is

obtained.
T

he
m

axim
um

H
am

m
ing

correlation
is

2102,
so

that
there

is,
on

the
average,

one
hit

every
14.64

sym
bols.

In
contrast,

the
R

eed
and

S
olom

on
sets

of
hopping

patterns
from

C
(31,

3;
0)

over
G

F
(32)

provide
1024

hopping
p
a
tte

rn
s

o
f

period
3

1
w

ith
a

m
axim

um
H

am
m

ing
correlation

o
f

2,
that

is,
one

hit
e
e
ry

15.5
sym

bols,
w

hich
is

very
slightly

better.

2.11
E

in
arsso

n
’s

C
o
n
stru

ctio
n

B
ecause

of
technological

lim
itations

on
the

frequency
synthesizers

used

to
produce

the
frequency-hopped

signals,
the

hopping
rate

in
a

F
u
S

S
system

is
lim

ited
to

a
few

thousand
dw

ells
per

second.
In

a
fast

F
H

JS
S

system
,

the

transm
ission

of
a

sym
bol

occurs
over

several
hops,

and
it

is
necessary

to
use

ji.-ary
signaling

in
order

to
achieve

a
reasonably

large
data

rate.
E

inarsson

j5]
proposed

a
com

bined
design

o
f

hopping
patterns

and
M

-ary
m

odulation

for
use

in
such

system
s.

In
system

s
using

this
design,

each
transm

itter
is

assigned
a

collection
o
f

M
hopping

patterns
o
f

length
N

and
transm

its
one

M
-ary

data
sym

bol
per

N
dw

ells
by

choosing
and

transm
itting

one
of

the

hopping
patterns.

T
he

data
rate

is
thus
l
o
g

2(
M

)
/N

T
,,

bits
per

second.
N

ote,

how
ever,

that
the

receiver
is

now
m

ore
com

plicated
since

it
m

ust
track

all
M

possible
hopping

patterns
in

order
to

determ
ine

w
hich

one
is

being
transm

itted.

T
hus,

M
different

frequency
synthesizers

m
ight

be
needed

in
each

receiver.

T
he

E
inarsson

design
uses

all
the

nonzero
code

w
ords

in
the

R
eed-

S
olom

on
code

C
(q

—
1,

2;
0).

E
ach

transm
itter

is
assigned

all
the

code
w

ords

in
a

cyclic
equivalence

class.
T

hus,
M

=
N

=
q

—
1, and

the
hopping

patterns

assigned
to

jth
transm

itter
are

of
the

form

(
j
,
j

j)
+

a
L

(
1
,a

,a
_

q
—

2
)
0
j

sq
—

1.

Since
all

these
sequences

are
from

C
(q

—
1,

2;
0),

the
num

ber
o
f

hits
betw

een

tw
o

patterns
assigned

to
different

transm
itters

is
at

m
ost

1
regardless

of
the

relative
tim

e
delay

betw
een

the
tw

o
patterns.

H
ow

ever,
the

num
ber

of
hits

per
period

can
be

guaranteed
to

be
1

only
if

the
tw

o
transm

itters
are

fra
m

e

synchronous.
If

the
transm

itters
are

only
dw

ell-synchronous,
then

the
tail

end

and
the

front
end

o
f

Iw
o

possibly
different hopping

patterns
from

an
interfering

transm
itter

can
cause

co
llisio

n
s,

3
and

thus
the

num
ber

of
hits

per
period

can

be
tw

o
in

som
e

cases.
T

here
is

also
the

question
of

the
initial

acquisition
o
f

synchronization
in

the
receivers

in
such

system
s

since
the

hopping
patterns

assigned
to

a
transm

itter
are

not
cyclically

inequivalent.
In

fact,
the

H
am

m
ing

cross-correlation
betw

een
tw

o
hopping

patterns
assigned

to
the

sam
e

transm
itter

can
have

values
as

large
as

N
—

1.

2.12
O

th
er

C
o
n
stru

ctio
n
s

T
here

are
several

other
constructions

of
frequency

hopping
patterns

that

are
not

directly
related

to
R

eed-S
olom

on
codes

except
in

certain
special

cases.

3A
sim

ila
r

p
h
e
n
o
m

e
n
o
n

in
D

S/SS
system

s
gives

ri5
e

to
the

odd
cross-con-eladon

function
of

binary

se
q
u
e
n
c
e
s

(cf.
(231).


