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ÅTransmitted signal is spread over a wide frequency band

ÅExtremely bandwidth inefficient compared to NB

ÅCan coexist with multiple ND & SS signals

ÅSS receiver does not see ND & SS signals since it is listening 
to a much wider bandwidth at a prescribed code sequence

Comparison of a narrowband signal with a Direct Sequence Spread Spectrum signal. 

The narrowband signal is suppressed when transmitting spread spectrum.

Ref #7
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ÅSS receiver does not see ND & SS signals since it is listening 
to a much wider bandwidth at a prescribed code sequence

Ref #3

Interesting text with a message 

in plain sight or is it noise?

What does it mean?
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ÅSS receiver does not see ND & SS signals since it is listening 
to a much wider bandwidth at a prescribed code sequence

Basic Methods of Cryptography

Jan C.A. Van Der Lubbe

Ref #3

Interesting text with a message 

in plain sight or is it noise?

What does it mean?



May 15, 2010 5

ÅOn November 8, 1898 Nikola Tesla patented a 
radio controlled robot-boat.

Refs #12, 14, 15

- Tesla demonstrated his RC boat in 1898, 
Madison Square Garden.
- Tesla's robot-boat was a Radio Controlled 
torpedoand included anti-jam FHSS of the 
control signals.
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ÅOn August 11, 1942 Hedy Lamarr patented a 
FHSS radio controlled torpedo. 
ïShe proposed that rapid changes in radio frequencies 

could be used slotted paper rolls similar to player-piano 
rolls to synchronize the frequency changes in transmitter 
and receiver, and it even called for exactly eighty-eight 
frequencies, the number of keys on a piano.

Ref #9, 10
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ÅSatellites
ïReduced Interference & Low Power Users

ÅMilitary
ïAnti-JAM, LPI/LPD, GPS

ÅCell Phones
ïSpectrum Reuse via combined Spatial - FHSS - CDMA Techniques

ÅConsumer Products
ïWIFI, Bluetooth, Cordless Phones, GPS and so forth

ÅAmateur Radio
ïSatellite, Packet, LOS Links
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ÅDirect-sequence spread spectrum (DSSS)

ÅFrequency-hopping spread spectrum (FHSS)

ÅChirp spread spectrum (CSS)

ÅTime-hopping spread spectrum (THSS)
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Å DSSS data is modulated by a pseudorandom code sequence (PN) string. 

Å The phase of the transmitted signal is changed in accordance with this 
code PN. 

Å The speed of the code sequence is called the chipping rate, measured in 
chips per second (cps).

Å The receiver recovers the data by multiplying the signal with a copy of the 
code sequence

Ref #7
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ÅThe FHSS carrier frequency of the transmitter changes 
(1 mSec. or less hops) in a PN code sequence.

ÅThe order of frequencies selected by the transmitter is 
dictated by the code sequence.

ÅThe receiver tracks these carrier  hops 

ÅThe receiver IF and demodulation are NB

Ref #7
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ÅCSS uses a swept carrier frequency with a repeated sequence 

ÅThe frequency change depends on the spreading function 
ïLinear frequency chirp sweep, sweeping either up or down

ïNon-linear frequency chirp sweep, sweeping either up or down

ÅThe receiver IF and demodulation are NB

Ref #7
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ÅNB Tx & Rx 

ÅThe Tx period and duty cycle of a PN sequence

ÅOften used in combination with other SS methods

Each burst of data and the exact time each burst is transmitted is determined by a PN sequence.

Ref #7


