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1. System of orthogonal code generators, where a first code
generator generates a code sequence from a running counter reading
which sequence is different from the code generated by a second
code generator directed by the same counter reading, characterised 

<?.<□. c_ A
in that/fetee, code generator comprises a number of individually 
arranged and' counter-reading directed subcode generators, each 
generating a subcode together representing the code, where at least 
one subcode generator of the first code generator generates a 
subcode which is different from the subcode of the similarly 
arranged subcode generator of the second code generator.

; CiV-i j ψ

13. Radio, provided with a code generator as claimed intone of the 
? prs-ce-^i'r. j ' Al

•j&r&re claims, where the output signals of the code generator are 
supplied to a memory with the purpose of addressing memory *
positions, a memory position comprising a frequency-representing
value,-which value is supplied to a transmitting and receiving unit
to tune this unit to the last-mentioned frequency value, where the

.../2
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radio operates in a frequency band having as the lowest frequency 
fjj as the highest frequency and where the memory consists of

N| x x ... xN -Q memory positions, comprising the frequency 
values fp f 2 , ..,, f respectively, while -= (fh"fp/Q for 
i = 1, 2.....Q-l.
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System of orthogonal code generators, radios provided with a code 

generator and code generators of such a system.

The invention relates to a system of orthogonal code generators, 

where a first code generator generates a code sequence from a 

running counter reading which sequence is different from the code 

sequence generated by a second code generator, directed by the same 

counter reading.

The invention also relates to a code generator suitable for use in a 

system as described above and to a radio provided with a code 

generator, where the output signals of the code generator are 

supplied to a memory for addressing memory positions where a memory 

position comprises a frequency-representing value, which is supplied 

to a transmitting and receiving unit to tune this unit to the 

last-mentioned frequency value.

Such a system is known from EP-A 0,189,695. It relates particularly 

to a system for radio communication. In this system a radio 

generates a sequence of frequencies on which the radio transmits or 

receives. For this purpose, a radio is provided with a pseudo-random 

generator of which the running counter reading is supplied to a 

code generator also belonging to the radio. It is hereby presumed 

that the radios are provided with mutually synchronised counter 

position generators. For the synchronisation of the counter reading 

generators (also called time-of-day counters), reference is made to 

EP-A 0,235,869. From a running counter reading a code generator 

generates a code sequence. For this purpose it is conceivable that 

such a code addresses a conversion table (memory), causing the code 

to be converted to a frequency. Such a conversion table will 

therefore usually be a one-to-one projection. If the code sequences 

of a number of radios are identical and synchronous, communication 

among these radios is possible. A set of such radios is called a
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"net". It is often desirable that several nets (code generators) of 

radios exist, generating different code sequences to render 

communication among the nets impossible. Such a system is known from 

EP-A 0,189,695. If it should moreover be required that such nets do

5 not cause mutual interference, the code sequences should not 

generate the same codes at any moment. The nets thus generate 

mutually orthogonal code sequences. It is important for 

communication that, if the code sequence of the first net is known, 

the code sequences of other nets are as little known as possible to

10 reduce the effects of jamming to a minimum. This implies that the 

mutual correlation of the orthogonal code sequences must be as 

little as possible, while the whole net system must contain 

sufficient correlation to guarantee that all nets generate mutually 

orthogonal sequences .

15

A code generator as mentioned in this description is, in the case of 

radio communication, equivalent to a net of radios (code generators) 

which synchronously generate the same code sequence. All radios of 

the same net are provided with code generators generating the same

20 code. Two orthogonal code generators are therefore equivalent to two 

orthogonal nets of code generators.

The above-mentioned application EP-A 0,189,695 has the disadvantage 

that not all nets generate orthogonal code sequences.

25

The present invention does not have this disadvantage and is 

characterised in that a code generator consists of a number of 

individually arranged and counter-reading directed subcode 

generators, each generating a subcode together representing the

30 code, where at least one subcode generator of the first code

generator generates a subcode which is different from the subcode of 

the similarly arranged subcode generator of the second code 

generator.
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A system in accordance with the invention also has the advantage 

that an extremely complex system of orthogonal code generators 

(orthogonal nets of radios) can be realised in a simple way.

Compromise of a first code generator has minimal consequences for

5 co-compromise of other code generators (other nets of radios).

Moreover, an existing system can easily be extended or rearranged, 

without deteriorating the orthogonal operation of the code 

generators .

10 A special embodiment of a system of orthogonal code generators is 

characterised in that a code generator consists of n subcode 

generators i (i = 1, 2, ..., n), where a subcode generator i

subsequently generates subcode-representing numbers g^, where 

g^ < N^-l and represents a fixed value, where a subcode

15 generator consists of a pseudo-random generator and an adder unit,
■

the pseudo-random generator generating from the running counter 

reading and directed by a key, a pseudo-random sequence of numbers 

which are supplied to the adder unit, and the adder unit adding a 

number A^ modulo IL to the second-last mentioned numbers to obtain

20 the numbers g-.

If a code generator according to the invention is applied in a 

frequency-hopping radio, where the code generator addresses the 

above-mentioned memory table (conversion table) to obtain the

25 frequency to be used, a radio in the embodiment according to the 

invention is very advantageous as regards jamming occurring in 

cosite situations. If orthogonally operating radios are

geographically situated in eachother’s vicinity, they may jam each /

other if they use frequencies which, although not the same, lie very '

30 close together. In combination with the code generator, the memory ,
•i

can be arranged in such a way that only very few radios can jam 

eachother. According to the invention, the memory is built up of 

N| x N2 x ... x Nn = Q memory positions, comprising respectively
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A specially advantageous embodiment according to the invention

consists in that the memory contains x N2 x ............... x NR = Q

memory positions, comprising respectively the frequency values

f 1 f 1 
1, r2 ’

12 2 f f f k ’ 1 ’ 2 ’

■··’ fk
,^k2k

fl+k2’ f2+k2’ 

Q/kTk2

2+k„ , f.

k ’ ’ 2
, f

Q/k^

12 2 f f f■’ L2k2’ rl+k2’ r2+k2’ 

QA1k2

Q/klk2

2k.

1 1 f f fxl+2k2 ’ I2+2k2 ’ ’ ’ ’ 1 3k2’ l+2k2’ 2+2k2’

2k.

3k.

'1+k.

, f.
Q/klk2 
l+2k„ ’

Q/k1k2 Q/klk2
’2+2k2 ’··' x3k2

fl+(k^-l)k2’ f2+(k^-l)k2’

Q/k1k2 Q/k1k2
··’ fl+(k1-l)k2’ ^+(,^-1)  ̂’

12 2 
·’ fkxk2’ fl+(k^-l)k2’ £2+(^-1)^'··’

Q/klk2

klk2

where t jf J - f^ > Δ.f(j - 1, 2............Q/k^;

i,i' “ 1, 2, ..., k^k2 Λ i * i'; Δ > 0; k^k2 e N+) and f.# f 

if i z i of j # j.

30
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Throughout this specification 
indicates the logical "and" function,

of the set and N indicates

the symbol Λ 
means: is an

positive naturalelement 
numbers .

A radio now proves on theoretical grounds to be 
arranged in such a way that a maximum number of radios can 
operate together without jamming in a cosite situation.

According to the present invention there is provided 
system of orthogonal code generators, where a first code 
generator generates a code sequence from a running counter 
reading which sequence is different from the code 
generated by a second code generator directed by the same 
counter reading, characterised in that each code generator 
comprises a number of individually arranged and 
counter-reading directed subcode generators, each 
generating a subcode together representing the code, where 
at least one subcode generator of the first code generator 
generates a subcode which is different from the subcode of 
the similarly arranged subcode generator of the second 
code generator.

A preferred embodiment of the present invention will 
be further explained with reference to the accompanying 
figures, of which

MJP -4a-
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=feo=be=ar-range^^^^sjich=.-a:

way that a maximum number of radios can operatjs ^o.ge'flier without 

jamming in a cosite situation.

1

The Jawenti^n^wm be further explained with reference to the 

-a^^cfffipanying==flgu-res-^&f—whlch~— 7 ~ ■-------- -—
F Fig. 1 shows a simple embodiment of a code generator according to
■j

the invention;
t4 ' ■ 10 Fig. 2 shows a tree diagram of the division of keys and addition

r P
f . ,/ numbers for a system of code generators of Fig. 1;

j λ Fig. 3 shows a tree diagram for a possible key and addition number

."I division of a system of 48 orthogonal code generators;
p ·■ ·■ T ' / Fig. 4 shows a code generator belonging to the system of Fig. 3;

15 Fig. 5 shows the deletion of a level in the tree diagram of Fig. 3;
.·; c
/{>4. Fig. 6 shows the addition of a level in the tree diagram of Fig. 3;

1 >
Π Fig. 7 shows the reconfiguration of a level in the tree diagram of
1 1 If;·. I , , Fig. 3;
u Fig. 8 shows the fixation of a level in the tree diagram of Fig. 3;
i i 20 Fig. 9 shows the extension of subcode generators of some code
> ί !ti generators in the system according to Fig. 3;
M
Si Fig. 10 shows a radio provided with a subcode generator;
ί 1
f .ί Fig. 11 shows possible divisions of clusters of radios over a

frequency interval;
j ί < 25 Fig. 12 shows a tree diagram according to the invention to achieve

ίr
Η 
> ?

30

an optimal cosite situation.

Reference number 1 in Fig. 1 indicates a very simple embodiment of a 

code generator forming part of a system of orthogonal code 

generators, according to the invention. The code generator is 

provided with a 32-bit counter reading generator 2, generating a 

32-bit running counter reading. Furthermore the code generator is

j>
1,
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provided with three subcode generators 3.i (i = 1, 2 or 3). From the 

running counter reading, an ic subcode generator 3.i generates a 

radix q number of a^ digit positions. In this example it is assumed, 

without restricting the scope of the claims, that q = a^ = 2. Each 

subcode generator therefore generates a 2-bit subcode (number)

(i = 1, 2 or 3). The range of a subcode generator is therefore 

[0, N^-l] where tL = 4. The three subcodes g^ together form a 6-bit 

code, as indicated in Fig. 1. A subcode generator 3.i consists of 

encryption unit 4.i (i = 1, 2, 3) and a modulo-4 adder unit 5.i.

The encryption unit 4.i generates a pseudo-random 2-bit number 

under direction of an exchangeable key 6.i (i = 1, 2, 3). This 2-bit 

number is supplied to adder unit 5.i. Adder unit 5.i also 

receives a 2-bit number A^ (i=l, 2, 3). Adder unit 5.i adds 2-bit 

number A^ modulo 4 to number to obtain subcode gp

A system of orthogonal codegenerators as described above can only 

3
Σ a

n^l P 6
contain a maximum of 2^ = 2 “ 64 orthogonal code

generators, because only 64 different codes can be generated.

For this purpose, the 64 code generators should have a distribution 

of keys and addition numbers A^ according to the invention. 

Distribution of keys and addition numbers can be as follows:

All subcode generators 3,i of the 64 code generators (64 nets) have 

the same key Sy. (One could also say that these subcode generators 

are of the same type.) A first cluster of 16 code generators exists 

having an addition number A-^ p A second cluster of 16 code 

generators has a different addition number A^ 2· Similarly, a third 

and a fourth cluster of 16 code generators have addition numbers 

A| β and A^ respectively. Because A·^ A

(k, m -= 1,2,3,4 Λ k * m), the four clusters generate 

mutually different codes (the numbers are different).

30
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Fig. 2 indicates by means of a tree diagram how 64 (nets of) code 

generators R can be distributed over four clusters . Level 1 of the 

tree diagram indicates the four clusters with the accompanying 

addition numbers of the first subcode generator. It clearly shows

5 that the first subcode generators effect the quartering

(orthogonalisation) at the first level of the tree diagram. The 

common key of the first subcode generator is indicated above the 

first level. The first index of a key or addition number corresponds 

with index i of subcode generator 3.i and the level i to which the

10 key or the addition number in question relates (here i = 1, 2 or 3).
ε « ι

** · A subcode generator 3.i will hereinafter be called subcodet t ! '
* generator i.

t- t ί ί
.,,,.: For the orthogonalisation of the code generators within a cluster, a

t t
15 cluster of 16 code generators is subdivided into four subclusters of 

four code generators. To realise this, measures have to be taken at
t

subcode generators 2 (i ·= 2) of a cluster: the 16 nets of the first 

,'i‘*. cluster have the same key So , while four nets of a first subcluster
t t « z. 1

of the first cluster have addition number A3 χχ, four nets of a
ί t i
‘ < 20 second subcluster of the first cluster have addition number A3 χ£,

etc. Similarly, each of the second, third and fourth clusters are 

subdivided into four orthogonal subclusters of four code generators.

Because A3 * A3 (k,p,r - 1,2,3,4 A p # r), nets of a first 

25 subcluster of a cluster are orthogonal with nets of a second

subcluster of the last-mentioned cluster. Keys S£ χ (i = 1,2,3,4) do 

not especially need to be different. In view of safety after 

compromise however, it is advantageous to make last-mentioned keys 

mutually independent. The keys, so to say, determine the basic

30 pattern of a code sequence while the addition parts orthogonalise

basic patterns. Because nets of a first cluster are also orthogonal 

with nets of a second cluster, nets of a first subcluster are 

orthogonal with nets of each second subcluster which is different 

from the first subcluster.
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Fig. 2 shows the second level of the division of clusters into 

subclusters. It also indicates the different addition numbers of the 

second subcode generators. The common key of a subcluster is 

indicated above the second level.

5

Four code generators within a subcluster are orthogonal as a result 

of the application of a common key for these four code generators 

and the application of four different addition numbers in these code 

generators for subcode generator 3. In this way, the four code

10 generators of the second cluster of the third subcluster receive a

common key Sg 23 ant^ f°ur different addition numbers A3 231' 232’

A3 233 &nd A3 234 respectively.

Fig. 2 indicates the addition numbers of subcode generators 3 at the

15 third level, while above the third level the common key of the four 

code generators belonging to one subcluster is indicated.

Because four code generators within a subcluster operate 

orthogonally as a result of the addition numbers at subcode

20 generators 3, code generators of different subclusters within one

cluster operate orthogonally as a result of the addition numbers of 

subcode generators 2, and code generators of different clusters 

operate orthogonally as a result of the addition numbers at subcode 

generators 1, all 64 code generators (or nets of code generators)

25 operate mutually orthogonal.

A code generator according to the above embodiment can be generalised 

as follows: Per code generator, n subcode generators may be applied, 

where a subcode generator is provided with a bits. In fig. 2 this

30 would mean that n levels exist where each junction 2a is branched 

off and a total of A - 2na code generators exist.
There are 1 + 2a + 22a + 2(n‘1)a - (2na-1)/(2a-1) independent keys 

with 2a different addition numbers per key.
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Instead of binary numbers, numbers from a radix q system may be 

used for the subcode generators. In that case, the addition numbers 

are added modulo-qa. If the code generator is provided with n 

subcode generators, where a subcode generator is provided with "a"
5 radix q digit positions, a maximum of Q = qna code generators can 

operate orthogonally.

na i a
There are ---- -- independent keys with q different addition numbers

q -1

per key. It is possible, by means of 2 bits (a=«2) to simulate a 
θ ternary system (q=3) by only using the numbers 00, 01 and 10 and

treating them as numbers. In that case, the addition numbers are 

added modulo-3.

As an example of a further generalisation, it is also possible that 

the range of subcode generators i (i - 1, ..., n) is different

within a code generator. The range of subcode generator i is then 

N^, i.e. subcode generator i generates numbers in the range of 

[0, N^-l]. The variation within this range can be realised in 

different ways: the number of digit positions a^ is a function of i;
θ digit positions of subcode generator i are radix q^, where q^ is a 

function of i or the full range of a subcode generator i is not used 

as described above with numbers g^ - 00, 01 or 10, where a^ - 2.

A combination of the three methods mentioned above is also possible.

25 If, for example, the first and second method are combined, of a

' a.
subcode generator i can be described: - q^ .

a.
If the third method also applies here, tL < q^ .

The maximum number of orthogonal code generators Q is

x x ... x N . There are x x ... x Nn independent keys
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for subcode generators i with IL different addition numbers per key.

The total number of independent keys is 1 + N^ + N^xNg + ...+

+ N-xNnx...xN _.12 n-1

5

So far it has been assumed for the generalisation of the system of 

orthogonal code generators, that all (sub)clusters of a level are of 

the same size, in other words, contain the same amount of code 

generators. This corresponds with the condition that all subcode

' ' 10 generators i have the same range N^. On the basis of the orthogonal

'i,‘ ί codegenerators described above, five independent methods, either

in combination or not, can be applied for a further generalisation.

' J" Each method should at least be applied to subcode generators i,
« t * ♦

t belonging to the same (sub)cluster and therefore having the same key
I I « t < t

15 (of the same type). The five methods will be discussed on the

basis of an example. We assume a system of three clusters (N^ = 3),

.*,*·, each having two subclusters (N9 -= 2), each with four subclusters

(Nj - 4) of two code generators each (N^ = 2), see fig. 3.

20 Fig. 4 shows a possible construction of a code generator of the

last-mentioned system of these code generators, where a·^ = q-^ = 2. 

For simplicity's sake, the code generators are numbered with a 

different notation from - R^g. For a subcode generator 1,

al
N^ -= 3, so that < q^ . This implies that only the numbers 

= 00, 01 and 10 are used, while addition numbers are added

a2
modulo-3. For a subcode generator 2, Ng - 2, so that Ng - ag

and the numbers gg -= 0 and gg - 1 are used; addition numbers are
30 3&3

added modulo-2. For a subcode generator 3, N^ = 4, so that N^ - q 

and the numbers g^ - 00, 01, 10 and 11 are used; addition numbers 

are added modulo-4. For a subcode generator 4 the same applies as

- discussed for subcode generator 2.

I
ϊ]
I
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A first generalising method is the omission of a level of several 

(sub)clusters. Fig. 5 shows an example. Here level 4 for a 

subcluster has been omitted. This is realised by combining two or

5 more subcode generators to form one larger subcode generator at the 

code generators. Last-mentioned subcode generators are provided with 

one key and different addition numbers. In this example, subcode 

generators 3 and 4 of code generators 1-8 are combined to form one 

subcode generator 3'. Subcode generators 3' are provided with

10 a^' = 3 digit positions, one common key S311 and eight mutually

different addition numbers (A3 R ~ 1|2..........8), which are added

modulo-8.

A second method implies the insertion of a level for several

15 (sub)clusters. Fig. 6 shows an example. One level has been inserted 

for the subcluster of code generators RpRg. This is realised by 

replacing a number of subcode generators by two or more subcode 

generators per subcode generator, for the code generators belonging 

to a (sub)cluster. In this example, subcode generators 3 of the code

20 generators R^-Rg are replaced by subcode generators 3' and 4'.

The subcode generators 3' are provided with the same key S3, 

while subcode generators 4' are provided with a key S^, or

S4' 112’ see fig- θ· ^our subcode generators having key S3, are 
provided with the addition number A3, and the remaining four

25 subcode generators with key S3, are provided with the addition

number A3, We assume that A3, # A3, ^^2> Subcode generators

4' of code generators R^ and R2 are provided with addition number 

A4, subcode generators 4' of code generators R3 and R^ are

provided with addition number A^, m2> subcode generators 4’ of

30 code generators R^ and Rg are provided with addition number A^, H21 

and the subcode generators 4' of the code generators R? and Rg are 

provided with addition number A^, qq22·

·>
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We assume that: A4,>mi # A4’.ni2 and A4'.1121 # Α4'.1122·
Subcode generators 5 of code generators and R2 are provided with 

a common key μμ and two iifferent addition numbers A^ ]_]_]_]_! and 

A5 nil2 respectively.
5

A third method is the reconfiguration of several (sub)clusters.

In this method the distribution of the number of digit positions a^ 

within a (sub)cluster for subsequent levels i (e.g. i = k, k+1, ..., 

k+r) is rearranged to a number of digit positions a^ (i = k, k+1,

10 ..., k+r) where the total number of digit positions remains

unchanged, in other words:

k+r k+r
2 a. = Σ a.' . 

i=k 1 i-=k 1

15 Fig. 7 gives an example. In fig. 7, a^' - 1 and a4' ■= 2, so that

a2 + a3 “ a2' + a3'· ^le number of keys at the fourth level is now 
two instead of four. To each key of the fourth level of code 

generators (R|-Rg) now belong four different addition numbers. The 

same effect can be achieved by exchanging numbers g^ in the code,

20 e.g. g± g. gk is replaced by gj - gk - g£.

A fourth method is the fixation of one or more subcode generators of 

several code generators. This implies that, for several code 

generators, the output of one or more subcode generators is fixed or

25 masked by a number. This results in the relevant code generators 

generating a limited, possibly disjunct, code sequence. Fig. 8 

shows an example where subcode generators 4 of code generators 1 and 

2 are fixed. In a tree diagram as in fig. 8, fixation implies in 

fact that one branch is cut off because the number of orthogonal

30 code generators generating 48 different codes decreases.

10

A fifth method concerns the extension of subcode generators for

several code generators. This can be realised by giving several



ιA ■*>

13

ί

subcode generators i a wider range N^', implying that the number of 

orthogonal code generators in the system can increase. This can also 

be realised by providing several code generators with an extra 

subcode generator. These two possibilities will be subsequently

5 described by means of fig. 9.

- et

# e * s

t c 
ί

e t r. t

f t f 
t

In fig. 9 two code generators are added. This can be realised by 

providing subcode generators 3 with an extra digit position, i.e. 

ag' = 3. If q ■= 2, subcode generators 3 have a range Ng < 2 . In

10 this case Ng = 5, implying that the number of codes to be generated 

Q “ x Ng x Ng x = 3 x 2 x 5 x 2 « 60. This implies that the 

system can consist of a maximum of 60 orthogonal code generators . 

However, for 10 code generators the fourth subcode generators are 

fixed, implying that the system effectively includes 50 orthogonal

15 code generators , generating 60 different codes. So, two generators

having a key Sg·^, Sgg^, S322’ S331 and S332 resPectively. qualify 
for fixation, so that at each of the accompanying subclusters a 

branch of the accompanying tree diagram is omitted. Only the 

subcluster with key Sg^ is therefore provided with a fifth branch.

20

Corresponding with the second possibility for the fifth method, the 

codegenerators with key Sg-Q are provided with an extra subcode 

generator having a range of N-2. This implies that the system can 

generate 50 different codes, so that 50 orthogonal code generators

25 car. be realised. Only the subcluster with key Sg^ is therefore 

provided with a fifth branch. The difference with the first 

possibility is particularly clear from the number of different codes 

generated: according to the first possibility 60 different codes are 

generated, while 50 orthogonal code generators are present,

30 according to the second possibility 50 different codes are 

generated, while 50 orthogonal code generators are present.
$
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It will be clear that it is possible to combine all of the 

above-mentioned methods to obtain an extremely complex system of 

orthogonal code generators.

5 A special application of orthogonal code generators in a system of 

frequency hopping radios will be discussed below.
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Hopping nets of radios are often confronted with cosite problems. 

This implies that (hopping) nets of radios jam each other, if they

10 operate geographically close together. This jamming can also occur 

in orthogonally hopping nets of radios, because the frequencies 

used by the radios, although different, are close together causing 

garbling. To prevent cosite problems in frequency hopping radio 

nets, care should be taken that the frequencies are not only

15 different but also that they are separated by a certain relative or 

absolute frequency distance. Radios which are provided with a code 

generator according to the invention can be made quite insensitive 

to cosite problems due to the structure of the system of code 

generator with accompanying key and addition number distribution.

20

Fig. 10 shows a radio 8 which is provided with a code generator 9 

according to the invention. The codes generated by code generator 9 

are supplied to a memory 11 via line 10. In this case, the code 

functions as an addressing system and selects a memory position in

25 memory 11. The contents of a memory position consist of a binary 

number indicating a frequency value. If there are Q orthogonally 

hopping (nets of) radios, the radios must be capable of generating 

at least Q different frequencies. This implies that a code generator 

usually generates Q different codes and that a memory 11, supplied

30 with Q different codes, generates Q different frequency values. Two 

different codes are therefore accompanied by two different frequency 

values. In the radio, the frequency values generated by memory 11 

are supplied to a unit 13 via line 12 for further processing.

···?
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Unit 13 comprises known means for the generation, modulation, 

reception and demodulation of a transmitting signal.

To prevent cosite problems, memory 11 is filled with Q different 

5 frequency values in a special way. For this purpose, use is made of

the structure of the system of code generators described above. All 

radios belonging to one net are provided with a code generator 

having the same key and addition numbers. All radios are provided 

with a memory 11 having identical contents.

10

t» ' a first possibility according to the invention to fill memory 11

is described below.

fire
r

We assume that the frequencies to be used have to be within an
t t t t

«
*'· 15 interval with f^ as the lowest frequency and f^ as the highest

t
11 r'! frequency. The bandwidth B = f- f^. The memory positions are

filled with Q frequency values which linearly increase in steps of

t t( Af -= B/Q. This implies that clusters with addition numbers A^ η,
«I *

' * ’ A·^ β , A| 5 , . . . always have a minimum frequency distance of

<‘<i' 20 ΔΒ - B/N|. This is also true for clusters with addition numbers

. Ai 2' Ai 4> ^1 6...............A Proper selection of B and can therefore
prevent cosite problems among radios of such clusters. However, 

radios within a cluster and radios of neighbouring clusters can 

still be confronted with cosite problems. Figs. 1, 2 and 11

25 illustrate an example.

We assume a net of Q - 64 radios provided with a code generator as 

shown in fig. 1. The key and addition number distribution is as 

shown in fig. 2. It appears from fig. 2 that - 4. The 16 radios

30 with addition number A^ form a cluster Gp Radios with addition

number A·. form a cluster G (g - 1,2,3 or 4). We assume that 
A · 6 o

fh - 80 MHz and f^ - 40 MHz. The bandwidth ΔΒ of a cluster of radios 

is therefore always 10 MHz. Fig. 11 clearly illustrates the
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situation. At t = tg, all radios having addition number A 

(cluster G·^) have a frequency which is higher than 40 MHz and lower 

than 50 MHz (condition 5 = 1 of fig· 11). As a result of the linear 

arrangement of memory 11, all radios having addition number A^

5 (cluster G£) have a frequency which is higher than 50 MHz and lower 

than 60 MHz. Radios from clusters Gj and have frequencies between 

60 and 70 MHz and 70 and 80 MHz respectively. There is therefore 

always a minimum frequency distance of 10 MHz between radios of 

clusters G^ and G^. This is also true for the radios belonging to

10 clusters G2 and G^. Assume that the radios generate a new frequency 
each At sec (hop frequency = At’l), usually at t = tg + At condition

. 5 will have changed: subcode generators 4.1 generate a different 

subcode, causing clusters G·^ - to be distributed differently over 

frequency band B (e.g. condition 5=2 of fig. 11). Fig. 11 indicates

15 that four distributions (conditions 5) are possible, corresponding

with the range of subcode generators 4.1. Fig. 11 clearly shows that 

the 12 nets of radios of cluster always have a minimum frequency 

distance of 10 MHz away from the 12 nets of radios of cluster . 

This is also true for the 12 nets of radios belonging to cluster G2

20 and cluster respectively. The maximum number of clusters of

radios C that can operate without cosite problems is therefore 2 

(Gp Gg and G2, G^), where we assume that a frequency distance of 10 

MHz is sufficient for a cosite situation without jamming. Within a 

cluster of 12 nets of radios, the frequency distance is lower than

25 10 MHz, so jamming cannot be prevented.

It is also possible that the bandwidth AB = B/N^ is not sufficient 

to prevent jamming between radios of cluster G^ and radios of 

cluster Gp In that case, for example only radios of cluster G^ and

30 G^ can operate in a cosite situation in condition 6-1. In condition

6-2 this will be G2 and Gp The maximum number of clusters of radios 

capable of operating without jamming in a cosite situation is 

therefore two (C - 2). The number of radios capable of operating
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without jamming in a cosite situation has however decreased by a 

factor two. If the minimum required bandwidth Ab «= B/7, it can be 

proved that C = 4 if - 8. Under the same conditions, i.e. the 

minimum bandwidth Ab for a jamming-free cosite situation is B/7,

5 C = 8 if N| - 56 (AB = B/56). This implies that when the number of 

clusters of radios increases, the number of clusters of radios 

capable of operating without jamming in a cosite situation 

increases. However, the C/N·^ ratio decreases when N·^ increases: a 

relatively lower amount of clusters of radios can operate without

10 jamming in a cosite situation when the number of clusters of radios 

increases. For this reason a sufficiently high value should be 

selected for B. If B is sufficiently high, it will be possible to 

select Ab = AB ■= B/N^ as described above. This enables clusters 

(i = 1,3,5,...) to operate without jamming in a cosite situation and

15 clusters of radios G^ (i = 2,4,6,...) to operate without jamming in 

a cosite situation as well. In this case it will not be necessary 

that, within a cluster of radios, the frequencies are linearly 

arranged in memory 11. Only a frequency relation between the 

clusters of radios is required. A memory with contents in which a

20 cluster does not need linear arrangement, while among clusters a 

linear arrangement exists, can be described as follows: 

the N·^ x Nj x ... x Nn ■= Q memory positions comprise respectively 

the frequency values

f 1 f i . 1 2 2 f . f . f„ f 2 . . f, 1, f „ 1
1 ’ 2............ Q/Nx’ l z ............ Q/N χ’ · ’ 1 ’ 2

N1
fQ/Nl ’ Where

fh-fl
Ni < f.J < f, + i , 

i 1 J

f -f
h 1 a' N Hnd

i - 1, 2............ Q/Nr j - 1, 2, ..... N]_.

According to a second method to minimise cosite problems , a minimum

relative frequency distance (in terms of percentages) is realised 

between the frequencies to be used. Within the frequency interval B



18

where f-^ < B < f^, a number of frequency sets j is selected.
A frequency set j consists of k frequencies f.3 ( i = 1, 2, ...,

The two neighbouring frequencies fO and f^^·3 must be at least 

Δ x 100% apart in frequency distance:

' ' jf. .„J' - f,J > A.f,
i+l i+l (i 1, 2, k) (1)

k).

From formula (1) it follows that

10

fk3 s £iJ (1 Δ) (2)

, <t
t

it* 15

From formula (2) it follows, with f^

k <
log fh - log fT

f. and fn k: 1

(3)log (1 - Δ)

The value of k is therefore always selected in such a way that it 

can be resolved into at least two factors k^ and k2 . A requirement 

for k^ and k2 is therefore:

klk2 *
l°g fh - log 

log (1 - Δ)

ϊ

- ' c

where k^ and k2 must be integers and k^ < k2.

20
The value N·^ of the code generators is selected to be equal to k^ 

(the smallest factor), while the factor Nn is selected to be equal 

to kg. In a tree diagram as shown in fig. 2, this would mean that, 

at the first level, k^ clusters are present while at the highest

25 level k2 subclusters per subcluster are present. Before we proceed 

to general statements, an example is given of how the frequencies
f.3 are stored in memory 11.

Assume that f^ - 87,5 MHz, f^ - 30 MHz and Δ - 0,1. It follows from 

formula (4) that k^kg “ 10 can be selected, so that k^ - 2 and

30 kg - 5 will be a solution. As a result - 2 and Nn - 5.

The other parameters, i.e. Ng, .... Νη.χ can still be selected 

freely. So are all the addition numbers and keys. Assume that n - 3 

and Ng - 4. This will create a system as shown in fig. 12.
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25

For the number of frequencies Q to be generated applies:

Q = Νχ x N3 x Νβ = 40. Within the frequency interval in question, a 

set j of frequencies exists, of which two subsequent frequencies

fjJ and ίχ+χ·^ have a relative distance of 10% from a maximum of 

k = 10 frequencies f, i.e. 1 < i < 10. Q/k « 4 of these sets are 

selected, i.e. 1 < j <4:

a first set: ίχ1, f^......................ίχθ1;

2 2 2a second set: ίχ , f ..................f ;

3 3 3a third set: ίχ , f .................. f ;

A A A
a fourth set: ίχ , f2.................. ίχθ .

In the above f.^ - f. Ή >0,1 f. for 1 < i < 9 and 
| ι l+l I ’ l+l

ί Ί *1 < j < 4. It also applies that ίχϋ * ίχ, if i^ior j wj.

The frequencies of a first set can however be very close to the

frequencies of a second set, i.e. it is possible that 
1 2f2 ~ f2 · The memory positions of the memory have the following 

contents:

f 1 ί 1 flf2 2^3 f3f^ f f 1 f 1ίχ , r2 ... ι5 , ίχ ... r5 , ίχ ... r5 , ίχ ... r5 , rg ... ίχθ ,

R1 ’ R2 -'- R5 ’ R6 ·-· R10’ Rll··· R15’ R16··' R20’ R21··· R 25’

.2 . 2 _ 3 3.4 .4
o ’ · - 10 ’ 6 ··· rl0 ’ 6 ’-· 10

R26-·· R30 ’ R31··· R35 ’ R36··· R40 '

R1 ' R40 indicate the 40 (nets of) radios which, at a certain point 

in time, make use of the frequency indicated above during a so- 

called hop period. It appears that ΙΙχ - are capable of operating 

without jamming in cosite because of the 10% frequency distance.
30



f

20

(It is assumed that a frequency distance of 10% is sufficient to 

enable operation without jamming in cosite.) This is also true for

R6 ' R10: R11 ' R15’ R16 " R20: R21 ' R25: R26 ' R30: R31 ’ R35 and 

R36 " R40‘ however, (i = 1-20) and Rj (j = 21-40) are capable of

5 operating practically without jamming in a cosite situation. It may 

happen that R2Q and R21 jam eachother because the relative 
frequency distance between Fg^ and is less than 10%. It also 

appears that the maximum number of (nets of) radios capable of 

operating without jamming in cosite is k (- 10): for example radios

10 - R.3 and - R^q can operate without jamming in cosite. It is

possible to prove that according to the above method, the maximum 

number of nets in cosite without jamming is as high as possible.

15

20

1

Using the same notation as described above, the general contents of 

memory 11 can as a generalisation be recorded as follows:

ί 1 ί 1
rl, 2 ’

eQ/klk2

12 2 f x f f A ’ rl ’ r2 ’

···■ fk
Q/klk2

2

k ’ ’ k2
., f-

Q/k-^2

El+k2’ f2+k,

Q/kik2 
2+k„ ’

f 1 f4 Λ1 _ )

, f

2

QA1k2
2k„

2k ’ ‘l+k ’ 2+k„ , f2k.

, 1 f 1 12 2 2 
-l+2k2’ 2+2k2’··’ r3k2’ l+2k2’ 2+2k£’''’ r3k2

Q/k^ ρΑ?2

2+2kr , f3k.

,Q/klk2
’1+k.

, f
QAxk2 
l+2k. '

25

30



21

T{i
j

f 1 
l+(kx ■i)k2’

f 1I2+(k1-l)k2 fl
• · ’ k k ’ 12

frl+(k1-l)k2’

H
3

f5 k^’ • · * J
Q/kik2
l+(k1-l)k2’

Q/kxk2
f2+(k1-l)k2

Q/kik2
klk2

1 In the above IfJ - fj
1 1 1

A.f.j (j = 1, 2, ..

, fc

10

i > i 1. 2 , ..., k^k2 Λ i i'; Δ > 0; k.^2 e N ) and ffJ 

if i # i or j j .

15

20

25

30
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The claims defining the invention are as follows:

1. System of orthogonal, code generators, where a first code

generator generates a code sequence from a running counter reading

which sequence is different from the code generated by a second

code generator directed by the same counter reading, characterised 
eo-c-V,

in that ./the code generator comprises a number of individually 

arranged and counter-reading directed subcode generators, each 

generating a subcode together representing the code, where at least 

one subcode generator of the first code generator generates a 

subcode which is different from the subcode of the similarly 

arranged subcode generator of the second code generator.

2. System of m orthogonal code generators j (j - 1............m) as

claimed in claim 1, characterised in that a code generator j 
n n

comprises^ subcode generators i (i =■ 1, 2, ...,^), where a subcode 

generator subsequently generates subcode-representing numbers g^, 

where g^ < Ν--1 and represents a fixed value and a subcode 

generator consists of a pseudo-random generator and an adder unit, 

the pseudo-random generator generating from the running counter 

reading and directed by a key S, a pseudo-random sequence of numbers 

which are supplied to the adder unit, and the adder unit adding a 

number A^ modulo-Nj- to the second-last-mentioned numbers to obtain 

the numbers g^.

3. System of orthogonal code generators as claimed in claim 2,

characterised in that the system comprises x N£ x ... x Nn code 

generators, where x x ... x Nn subcode generators i are 

embodied in different types by applying respectively different 

addition numbers A^ < N^-l for a set of x x .. x x

x ... x Nn subcode generators i and where each combination of a type

of subcode generators i with a type of subcode generators i-1 in one

code generator, occurs for x x ... x N^_2 x ^£+1 x ··· x Nn
code generators.
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4. System of orthogonal code generators as claimed in claim 3,

characterised in that each set of χ ^i+l x x Nn subcode

generators k of the same type (k - 1, 2, .... i-1) have the same 

code-sequence-determining key for subcode generator i.

5. System of orthogonal code generators as claimed intone of the 

yabesEe claims 2-4, characterised in that a subcode generator i,

generating numbers g^ < IL , is provided with a^ radix q^ digit 

positions for generating the number g^, where

N. < q. 1 1

a.1

K C €ft
15

20

25

6. System of orthogonal code generators as claimed in claim 5, 

characterised in that q^ = q for all subcode generators i.

7. System of orthogonal code generators as claimed in claim 6, 

characterised in that, in a number of sets of

n
( Σ a ) 
p-i-1 P

q code generators, which are provided with subcode

generators i-1 having the same key, subcode generators i-1 are 

combined with subcode generators i, where the combined subcode 

generators are provided with the same key and with

(a. n+a.)
q mutually different addition numbers of (a^ i+ap digit
positions .

30

8. System of orthogonal code generators as claimed in claim 6 or 7, 

characterised in that, in a number of sets of

n
( ap)

q p code generators having the same key for subcode

generators i, a number of corresponding digit positions is fixed.
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9. System of orthogonal code generators as claimed in^claims 6-8, 

characterised in that, in a number of sets of

n
( Σ. a ) 
p=i r

q code generators having the same key for subcode

generators i, subcode generators i of the set are replaced by 

r subsubcode generators i' (i' =1, ..., r), where subsubcode

generators i' have mutually the same key and different addition 

numbers.

an
10. System of orthogonal code generators as claimed intone of th»- 

claims 6-8, characterised in that, in a number of sets of

n 
Σ

p=i+l
( V

15

20

q * code generators provided with code generators i having

mutually the same key and code generators i+1 having mutually the 

same key, subcode generators i of the set are replaced by 

subcode generators i' having a^ digit positions and mutually 

different addition numbers, and subcode generators i+1 of the set 

have been replaced by subcode generators i+1' having a^+^' digit 

positions and mutually different addition numbers, where

ai + ai+l + ai+l'

25

30

on

11. System of orthogonal code generators as claimed intone of fcbe- 

claims 6-10, characterised in that, in a number of sets of

n
( Σ a )

q code generators having mutually the same keys at level i,

subcode generators i of the set are replaced by subcode generators 

i' having mutually the same key, a^' digit positions, and mutually 

different addition numbers .
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12. Code generator to be used for a system of. orthogonal code
αηπ, p,re.c.c.Ai^

generators as claimed intone of the ahnve^J claims.

01
13. Radio, provided with a code generator as claimed in lone of the

p r-e_C_e_ci <v~. '

yabove claims, where the output signals of the code generator are 

supplied to a memory with the purpose of addressing memory 

positions, a memory position comprising a frequency-representing 

value, which value is supplied to a transmitting and receiving unit 

to tune this unit to the last-mentioned frequency value, where the 

radio operates in a frequency band having as the lowest frequency 

and as the highest frequency and where the memory consists of

x x

values f 

i = 1
1’

2,

x Nn = Q memory positions, comprising the frequency

fq respectively, while f^_-^f^ “ (f^-f-^)/Q for

Q-l.

14. Radio provided with a code generator as claimed inione of -the 
1-12., 1

above claims^ where the output signals of the code generator are 

supplied to a memory with the purpose of addressing memory 

positions, a memory position comprising a frequency-representing 

value,which value is supplied to a transmitting and receiving unit 

to tune this unit to the last-mentioned frequency value, where the 

radio operates in a frequency band having as the lowest frequency 

and as the highest frequency, and where the memory consists of

N| x Kj x 

25 values

x Nn Q memory positions, comprising the frequency

Q/Ni Q/N
N,

q/N respectively, while + (j-1) N
f.-f.. ·-11—1 < f.J < f + j 

1 1 J

f -f h 1
N,

30 and i 1, 2.............Q/Nlf j - 1, 2, N,
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15. Radio provided with a code generator as claimed intone of 

afeeve claims 1-12, where the output signals of the code generator 

are supplied to a memory with the purpose of addressing memory 

positions, a memory position comprising a frequency-representing

5 value, which value is supplied to a transmitting and receiving unit 

to tune this unit to the last-mentioned frequency value, where 

the memory consists of x N2 x ... x Nn >= Q memory positions, 

comprising the frequency values

ί

f 1 f1 12 2 f x J.: *· f f 2
Q/k1k2

1, 2 ' ’ - ’ k ’ 1 ’ 2 ’ ' · ’ ............
2

> J- *

Q/k.k
f2 ’

Q/k. k 
f' ' ’ k ’

z

fl+k2’ f. 1 -1-2 
2+k2”·’ r2k2 ’ tl+k2’ f2+k2’··’ X2k2’ ···■

Q/k.k
• £X ■

Q/klk2 Q/k^
2+k2 ’ ·” r2k2 ’

fl+2k2’
1 12 2 f f f f2+2k2”·’ r3k2’ l+2k2’ 2+2 ;̂

f 2
’ ’ 3k2’

-Q/klk2 
.......... l+2k2

Q/k1k2 Q/kxk2

2+2k2 ’ ··’ r3k2 ’

- 1 - 1 -1-2 2 
25 Il+(k1-l)k2’ r2+(k1-l)k2’··’ ’ ^2+(^-1)^ ’

2 · Q/klk2 Q//klk2 Q/klk2
\k2............ t2+(k1-l)k,2.’ · · ’ tk1k2

respectively, while jfJ - f J | > A.fJ (j - 1, 2............Q/k ;̂

30 i,i' - 1, 2............ knko Λ i * i'; Δ > 0; k,k„ e N+) and £'J # f. '
12 12 li

if i i of j # j.



16. Radio as claimed in claim 15, characterised in that
the radio operates in a frequency band B with f^ < B <
f, , where .h

klk2
log fh - log fx

log(l - Δ)

17. System of orthogonal code generators as claimed in 
claim 1 substantially as herein described with reference 
to the accompanying drawings.
18. Code generator as claimed in claim 12 substantially 
as herein described with reference to the accompanying 
drawings .
19. Radio as claimed in claim 13, 14 or 15 substantially 
as herein described with reference to the accompanying 
drawings .

DATED: 22 March 1990.

PHILLIPS ORMONDE & FITZPATRICK 
Attorneys for:
HOLLANDSE SIGNAALAPPARATEN B.V.
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