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Spread Spectrum Systems

w o EES S
®x Frequency-Hopping Spread Spectrum
. DSSS:

® Direct-Sequence sSpread Spectrum
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FHSS/DSSS usage

x |[EEE 802.11b

x |[EEE 802.15.4

x Bluetooth

x CDMA

x 3G

x GPS/Galileo/GLONASS
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FHSS

x Hedy Lamarr (Hedwig Eva Maria Kiesler)

x Patent; 1941

UNITED STATES PATENT OFFICE

2,292,387
SECRET COMMUNICATION SYSTEM

Hedy Kiesler Markey, Los Angeles, and George
Antiheli, Manhattan Beach, Calif.

Avpplication June 10, 1841, Scrial No. 397,112
(CL 250—32)

6 Claims.

'T'his invention relates broadly to secrcf com-
munication systems involving the use of carrier
waves of different frequencies, and 15 especially
useful fn the remole conftrol of dlrigible craft,
cuch as forpedoes.

An object of the invention is to provide &
method of secret communication which is rela-
tively simple and rcliable in operation, but al
ihe same time is diflicult to discover or decipher.

5

Fig. 2 i3 a schematic diagram of the appa-
ratus at 8 recelving station;

g, 3 15 8 schematie diagram fluslrating a
starting ecircuit for starting the mofors at the
trapsmitting and receiving stations simuitane-
ously;

Fig. 4 13 & plan view of a seclion of & record
strip that may be employed;

Fig, 5 ig a detail cross seclion through 3 rec-
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FHSS

Frequency

Energy

h i hJa Js S 17 Sy

Frequency Time

(a) Channel assignment (b) Channel use
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FHSS
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Froquency Froquency Frequency —

Signal strength

Y s« Y.
Data Bit Data _ Data
Hopping
Data
Frequency Frequency
Hop code Ht’}f)[l( ng E{Qp.p",.g

QenerMor VP L .
el Synthl.mu.l bynthu:-sszc:r

’ it‘lp code

QenoerMor

Iransmitter Racaver

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



FHSS Multiple Access
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DSSS

Sprouat
RFI Sigrwe

Frecuercy RF

Data | —> D) — X

|
."—--- ,-*‘\-.
Spread - — \N

PN Soquonce > i Spreading PN sequence
gorerstor igna Jgral DN ROE

Transmittes Receiver ‘ Frequency
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DS Spreader

o =

= Spread spectrum

binary data | Modulator signal (a) d(1)

—_— ats
0 - data

S T
- e wm e o e e P o e -

Pscudonoise

bit source

(b) sA0)

(a) Transmitter

DS Despreader

(c) clr)
Spread spectrum Demodulatord Dinary data spreading code
.o (BPSK) >

Pseudonoise

(d) sf0)

bit source

(b) Receiver
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DSSS

0
«—T >

Data input A

Locally generated
PN bit stream O|1 1]OJ110 OJ1|O}1 1JOJ1|{O|1 1|OJ1|OJ1|0 O}1 1|OJ1|0 Of1|0 0|1

>T <

'l‘ranémit‘:gqi;anal 01 1/0 0)1 1|0 O)1 2|oj1]Oof1 1 1]oj1j0o 0 O)1 1 1]O)1 1|O]1 1]O
- AT

Transmitter

Received signal C 01 10 Ol lO Ol lOlOl 1 1010 0 01 1 lOl lOl 10

Locally generated

+'IN bit stream H 1010 0101 10101 101010 01 1010 010 01
identical to B

above

Receiver

Data output
A=COB
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DSSS

= Chip (spreading sequence) i
PN code

x Chip rate >> blt rate i

= Data x Chip (spreadlng)
‘white noise”

®x Processing Gain /
Spreading Factor
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CSD.UoC

Jamming
and/or

interilrence
i I M I Tine

Spreading sequence

T ne *

Input signal —————=

| Td 2/ L

Frequency Freguency
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Multiple Access

Frequency
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(b) FDMA
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Multiple Access

y
. RU of user1

~ RUofuser3

— RU of userd

Wil packets: -
User?! User2 Userd Usord UserS

OFDMA
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