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Lecture-3:

What is Spread Spectrum?



What is Spread Spectrum?

•Definition of spread spectrum:

•“Spread spectrum is a means of transmission in which the 

signal occupies a bandwidth in excess of the minimum 

necessary to send the information; the band spread is 

accomplished by means of a code which is independent of the 

data, and a synchronized reception with the code at the receiver 

is used for despreading and subsequent data recovery.”

•Under this definition, standard modulation schemes such as FM 

and PCM which also spread the spectrum of an information 

signal do not qualify as spread spectrum.
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What is Spread Spectrum?

•A transmission technique in which a pseudo-noise code, 

independent of the information data, is employed as a 

modulation waveform to “spread” the signal energy over a 

bandwidth much greater than the signal information bandwidth. 

•At the receiver the signal is “de-spread” using a synchronized 

replica of the pseudo-noise code. 

•In spread spectrum (SS), we combine signals from different 

sources to fit into a larger bandwidth, but our goals are to 

prevent eavesdropping and jamming. 

•To achieve these goals, spread spectrum techniques add 

redundancy. 
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Why Spread Spectrum?

•Hide a signal below the noise floor 

•Resistance to narrowband jamming and interference 

•Mitigate performance degradation due to inter-symbol and 

narrowband interferences 

•In conjunction with RAKE receiver, SS can provide coherent 

combining of different multipath components 

•Allow multiple users to share the same signal bandwidth 

•Wide bandwidth of SS signals is useful for location and timing 

acquisition 

Department of Telecommunication, MUET UET Jamshoro 5

Spread Spectrum Communications                                                    Dr. Abdul Latif



RAKE receiver

•A rake receiver is a radio receiver designed to counter the 

effects of multipath fading.

•It does this by using several "sub-receivers" called fingers, that 

is, several correlator receivers, each assigned to a 

different multipath component. Each finger independently 

decodes a single multipath component; at a later stage the 

contribution of all fingers are combined.

•This will result in higher signal-to-noise ratio (or Eb/N0) in a 

multipath environment. 
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Spreading
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Advantages of Spectrum Spreading

•There are many reasons for spreading the spectrum, and if done 

properly, a multiplicity of benefits can accrue simultaneously:

•Some of these are

1. Anti-jamming

2. Anti-interference

3. Low probability of intercept

4. Multiple user random access communications with 

selective addressing capability

5. High resolution ranging

6. Accurate universal timing.
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Classification of Spread Spectrum
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Classification of Spread Spectrum

•Averaging systems:

•In these systems, the interference is reduced by averaging it 

over the long period.

•Avoidance systems:

• In these systems, the interference is reduced by making the 

signal to avoid the interference a large fraction of time. 
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Classification of Spread Spectrum

•The spread spectrum techniques are also classified based on the 

modulation techniques employed. 

1. Direct sequence

2. Frequency hopping

3. Time hopping

4. Chirp

5. Hybrid methods

•In the above modulation techniques, Direct sequence is an 

averaging systems and remaining techniques are avoidance type. 
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Classification of Spread Spectrum

•Direct sequence

•In direct sequence modulation, two stages of modulation are 

used. 

•In the first stage, the incoming data sequence modulates the 

wideband code. This transforms the narrowband incoming data 

sequence into wideband signal, i.e. the spectrum of the signal is 

spread. 

•This wideband signal then undergoes the second modulation 

using PSK.
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Classification of Spread Spectrum

•Frequency hopping

•In the frequency hop spread spectrum technique, data 

modulated carrier is widened by changing the carrier frequency 

in a pseudorandom manner. 

• For both direct sequence and frequency hopping spread 

spectrum modulation methods, we use a noise like spreading 

code called pseudorandom or pseudo-noise sequence. 

•Thus pseudo-noise (PN) sequence is essential to the operation 

of spread spectrum modulation.
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Classification of Spread Spectrum

•Frequency hopping
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Classification of Spread Spectrum

•Time hopping

•A time hopping system is a spread spectrum system in which the period and 

duty cycle of a pulsed RF carrier are varied in a pseudorandom manner under 

the control of a coded sequence.

•Time hopping is a system in which burst signals are initiated at pseudo 

random rate. In this the transmitter is switched ON and OFF by a code 

sequence. 

•The main difference between a frequency hopping and time hopping system 

is that in the former the transmitted frequency changes at each code chip time 

in the later the frequency change occurs only at zero/ one transitions in the 

code sequence.

•Time hopped spread spectrum systems have found no commercial 

application to date. However, the arrival of cheap random access memory 

(RAM) and fast micro-controller chips make time hopping a viable 

alternative spread spectrum technique for the future. 

Department of Telecommunication, MUET UET Jamshoro 15

Spread Spectrum Communications                                                    Dr. Abdul Latif



Classification of Spread Spectrum

•Chirp spread spectrum

•What is chirp?

•A chirp is a sinusoidal signal whose frequency increases or 

decreases over time.
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Classification of Spread Spectrum

•Chirp spread spectrum

•Its duration is T; within this time the frequency is changing in a     

monotonic manner from a lower value to a higher one (“Up-

Chirp”) or reverse (“Down-Chirp”). 

•The difference between these two frequencies is a good 

approximation for the bandwidth B of the chirp pulse.

•Chirp spread spectrum technique uses wideband linear 

frequency modulated chirp pulses to encode information. 
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Spread Spectrum-A short history

•Spread-spectrum communications technology was first 

described on paper by an actress and a musician! In 1941 

Hollywood actress Hedy Lamarr and pianist George Antheil 

described a secure radio link to control torpedoes. 

•They received U.S. Patent #2.292.387. The technology was not 

taken seriously at that time by the U.S. Army.

•It was forgotten until the 1980s, when it became active. Since 

then the technology has become increasingly popular for 

applications that involve radio links in hostile environments. 
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Spread Spectrum-A short history

•Typical applications for the resulting short-range data 

transceivers include 

Satellite-positioning systems (GPS), 

3G mobile telecommunications, 

W-LAN (IEEE® 802.11a, IEEE 802.11b, IEEE 802.11g), 

Bluetooth®. 

•Spread spectrum techniques also aid in the endless race 

between communication needs and radio-frequency availability 

situations where the radio spectrum is limited and is, therefore, 

an expensive resource. 
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Spread Spectrum-Theoretical justification

•Spread-spectrum is apparent in the Shannon and Hartley 

channel-capacity theorem:

C = B × log2(1 + S/N)

•Here C represents the amount of information allowed by the 

communication channel, also represents the desired 

performance. 

•Bandwidth (B) for which a subscriber pays the charges.

•The S/N ratio expresses the environmental conditions or the 

physical characteristics (i.e., obstacles, presence of jammers, 

interferences, etc.).
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Spread Spectrum-Theoretical justification

•There is an interpretation of this equation, applicable for 

difficult environments. 

•For example, when a low S/N ratio is caused by noise and 

interference. 

•This approach says that one can maintain or even increase 

communication performance (high C) by allowing or injecting 

more bandwidth (high B), even when signal power is below the 

noise floor. 

•Modify Equation 1 by changing the log base from 2 to e (the 

Napieran number) and by noting that ln = loge. Therefore:

C/B = (1/ln2) × ln (1 + S/N) = 1.443 × ln (1 + S/N)
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Spread Spectrum-Theoretical justification

•Applying the MacLaurin series development for 

ln (1 + x) = x - x²/2 + x³/3 - x4/4 + ... + (-1)k+1.xk/k + ... 

The same way for C/B, expanding it: 

C/B = 1.443 × (S/N - 1/2 × (S/N)² + 1/3 × (S/N)³ - ...) 

•S/N is usually low for spread-spectrum applications.

•Assuming a noise level such that S/N << 1, Shannon's 

expression becomes simply: 

C/B >> 1.443 × S/N

Very roughly: 

C/B ≈ S/N 

N/S  >> B/C 
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Spread Spectrum-Theoretical justification

•To send error-free information for a given noise-to-signal ratio 

in the channel, therefore, one need only perform the 

fundamental spread-spectrum signal-spreading operation: 

increase the transmitted bandwidth. 

•That principle seems simple and evident. 

•Nonetheless, implementation is complex, mainly because 

spreading the baseband (by a factor that can be several orders of 

magnitude) forces the electronics to act and react accordingly, 

which, in turn, makes the spreading and despreading operations 

necessary. 
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Spread Spectrum-key

•Different spread-spectrum techniques are available, but all have 

one idea in common: the key (also called the code or sequence) 

attached to the communication channel.

•The manner of inserting this code defines precisely the spread-

spectrum technique.

•The term “spread spectrum” refers to the expansion of signal 

bandwidth, by several orders of magnitude in some cases, which 

occurs when a key is attached to the communication channel. 
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Spread Spectrum-Processing Gain

•An RF communication system is given in the figure below. In 

this system, a baseband signal bandwidth is spread over a large 

bandwidth by injecting a higher frequency signal. 

•As a direct sequence, energy used in transmitting the signal is 

spread over a wider bandwidth, and appears as a noise.

•The ratio (in dB)  between spread baseband and the original 

signal is called processing gain. 

•Typical spread-spectrum processing gains run from 10 dB to 60 

dB. 
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Spread Spectrum-Processing Gain
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Spread Spectrum-Bandwidth effects

•Spread-spectrum modulation is applied on top of a 

conventional modulation such as BPSK or direct conversion.
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Spread Spectrum-Bandwidth effects

•Here a spread-spectrum demodulation has been made on top of 

the normal demodulation operations. 

•One can also demonstrate that signals such as an interferer or 

jammer added during the transmission will be spread during the 

despreading operation! 
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Spread Spectrum-Bandwidth effects

•Waste of bandwidth is offset

•Spreading is produced due to the use of wide frequency band 

by a factor (processing gain).

•But this overuse of frequency band / resources is well 

compensated by the possibility that multiple users share the 

bandwidth. 
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Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•Intentional or unintentional interference and jamming signals 

are rejected because they do not contain the spread-spectrum 

key.

•Only the desired signal, which has the key, will be seen at the 

receiver when the despreading operation is exercised.
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Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•Gaussian noise, by definition has infinite power spread 

uniformly over all frequencies. 

•Effective communication is possible with this interfering noise 

because only the finite power noise components are present 

within the signal space (in other words share the same 

coordinates as the signal components) and these finite power 

components do interfere with signal. 

•For a typical narrowband signal, this noise can degrade the 

performance. 
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Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•Consider many orthogonal signal coordinates or dimensions are 

available to a communication link and that only a small subset   

of these signal coordinates are used at any time. 

•We assume that jammer cannot determine the signal subset that 

is currently in use. 

•For a signal of bandwidth W and duration T, the number of 

signaling dimensions are approximately 2WT. 

•Given a specific design, the error performance of such a system 

is only a function of Eb/N0.

Department of Telecommunication, MUET UET Jamshoro 32

Spread Spectrum Communications                                                    Dr. Abdul Latif



Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•When noise comes from a jammer with a fixed finite power and 

with uncertainty as to where in the signal space the signal 

coordinates are located, the jammer’s choices are limited to the 

following:

1. Jam all the spectrum with an equal amount of power in 

each one, with the result that little power is available in 

each coordinate. 

2. Jam a few signal coordinates with increased power in 

each of the jammer coordinates (or more generally, jam 

all the coordinates with various amounts of each. 
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Spread Spectrum-Benefits
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Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•Figure on the previous slide  (taken from “Digital 

communications” by Bernard Sklar) compares spreading in the 

presence of noise with spreading in the presence of intentional 

jammer. 

•The power spectral density of the signal is denoted by G(f) 

before spreading and Gss(f) after spreading.  

•In fig. 12.1 a it can be seen that the single sided power spectral 

density of white noise, N0, is unchanged as a result of expanding 

the bandwidth from W to Wss. 

•The average power of white noise is infinite. Hence use of 

spreading offers no performance improvement. 

•Fig. 12.1 b lists two jamming options.
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Spread Spectrum-Benefits

•Resistance to Interference and Anti-jamming Effects

•Choice 1 results in a reduction in jammer’s noise spectral 

density by a factor (W/Wss) across the spread spectrum. 

•Choice 2 results in reduction in the number of signal 

coordinates that the jammer occupies.

•Jamming is not always the result of an intentional act. 

•Sometimes jamming is caused by a natural phenomenon. 

•Sometimes it is the result of self interference caused by 

multipath, in which delayed versions of the signal interfere with 

direct path signal. 
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Spread Spectrum-Benefits

•Resistance to Interception

•Non-authorized listeners do not have the key used to spread the 

original signal, those listeners cannot decode it.

•Without the right key, the spread-spectrum signal appears as 

noise or as an interferer. 

•Even better, signal levels can be below the noise floor, because 

the spreading operation reduces the spectral density. 

•As in figure on the next slide, total energy is the same, but it is 

widely spread in frequency.
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Spread Spectrum-Benefits

•Resistance to Interception

•The message is thus made invisible, an effect that is 

particularly strong with the direct sequence spread-spectrum 

(DSSS) technique.
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Spread Spectrum-Benefits

•Resistance to fading

•Wireless channels often include multiple-path propagation in 

which the signal has more than one path from the transmitter to 

the receiver (see fig. on next slide)

•Such multipaths can be caused by 

Atmospheric reflection or refraction, 

Reflection from the ground 

Reflection from objects such as buildings.

•The reflected path (R) can interfere with the direct path (D) in a 

phenomenon called fading. 

•Because the despreading process synchronizes to signal D, 

signal R is rejected even though it contains the same key.
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Spread Spectrum-Benefits

•Resistance to fading

•Methods are available to use the reflected-path signals by 

despreading them and adding the extracted results to the main 

one.
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Spread Spectrum-Benefits

•Ranging

•Distance can be determined by comparing the sending time of a 

pulse and the return time of its echo / reflection. 

•The uncertainty in the delay measurement is inversely 

proportional to the bandwidth of the signal pulse. 

•Since SS signals occupy a large BW, the range can be measured 

more precisely. 

•An SS signal consisting of the range measurement: a long 

sequence of pulses is sent and the echoed sequence is correlated 

with a local replica. The results of the correlation are used to 

perform an accurate time-delay or range measurement. 
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Spread Spectrum-Principles of SS

Digital communication system 
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Spread Spectrum-Principles of SS
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Direct Sequence Spread Spectrum (DSSS) 

•Each bit is represented by multiple bits using spreading code

•Spreading code spreads signal across wider frequency band

In proportion to number of bits used

10 bit spreading code spreads signal across 10 times 

bandwidth of 1 bit code

•One method:

Combine input with spreading code using XOR

Input bit 1 inverts spreading code bit

Input zero bit doesn’t alter spreading code bit

Data rate is made equal to original spreading code

•Performance similar to FHSS
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Direct Sequence Spread Spectrum (DSSS) 

•User data stream is multiplied by a high rate (fast) code 

sequence 

•Example

User bits 101 (+ − +)

Code 1110100 (+ + + − + − −); spread factor = 7
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Direct Sequence Spread Spectrum (DSSS)-Example
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DSSS using BPSK

•In BPSK modulation, binary data can be represented by +1 and 

− 1.

•A BPSK signal can be represented as:

where 

A = amplitude of signal

fc = carrier frequency

d(t) = the discrete function that takes on the value of +1 

for one bit time if the corresponding bit in the bit stream 

is 1 and the value of − 1 for one bit time if the 

corresponding bit in the bit stream is 0. 
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DSSS using BPSK

•To produce the DSSS signal, we multiply the preceding by c(t), 

which is the PN sequence taking on values of +1 and − 1.

•At the receiver, the incoming signal is multiplied again by c(t). 

But c(t) x c(t) =1 and therefore the original signal is recovered. 

•Equation A leads to two different implementations:

1. The first interpretation is to first multiply d(t) and c(t)

together and then perform the BPSK modulation.

2. The second, perform the BPSK modulation on the data 

stream d(t) to generate the data signal sd(t). This signal can 

then be multiplied by c(t).
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DSSS Transmitter using BPSK
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DSSS Receiver using BPSK
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Direct Sequence Spread Spectrum with BPSK-Example
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Basic Principle of DSSS
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Basic Principle of DSSS

•Input

Binary data dt with symbol rate Rs=1/Ts (=bit rate Rb for 

BPSK)

Pseudo-noise code pnt with chip rate Rc=1/Tc (an integer 

of Rs)

• Spreading

•In the transmitter, the binary data dt is ‘directly’ multiplied with 

the PN code pnt, which is independent of binary data, to produce 

the transmitted baseband signal txb:
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Basic Principle of DSSS-Despreading

•In the receiver, the received baseband signal rxb is multiplied 

with the PN sequence pnr. 

If pnr = pnt and synchronized to the PN sequence in the 

received data, then the recovered binary data is produced on 

dr. 

When PN code is multiplied with its perfectly 

synchronized copy, pnt . pnr = +1.

If pnr ≠ pnt , than there is no de-spreading action. A 

receiver not knowing the PN code of the transmitter cannot 

reproduce the transmitted data.
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Basic Principle of DSSS-Modulation
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Basic Principle of DSSS

•Here again BPSK communication is considered to simplify the 

understanding of spread spectrum.  

•The power in the SS-signal txb is the same as in the original 

information signal dt. 

•Due to the increased bandwidth of the SS signal, the power 

spectral density must be lower. 
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Basic Principle of DSSS-Demodulation
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Basic Principle of DSSS-Performance

•Narrowband interference
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Basic Principle of DSSS-Performance

•Performance in the presence of interference 

•The received signal rxb consists of the transmitted signal txb

plus an additive interference i (noise, other users, jammers, etc) 

rxb = txb + i = dt . pnt + i 

•To recover the original data dt, the received signal rxb is 

multiplied with a locally generated PN code pnr that is an exact 

replica of that used in the transmitter (that is pnr = pnt and 

synchronized) . The multiplier output is therefore given by: 

dr = rxb . pnt = dt . pnt . pnt + i . pnt

•The data signal dt is multiplied twice by the PN sequence pnt, 

whereas the unwanted interference i is multiplied only once.
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Basic Principle of DSSS-Performance

•Performance in the presence of interference 

•Since pnt . pnt = + 1, the multiplier output becomes: 

dr = dt + i . pnt

•The data signal dt is reproduced at the multiplier output in the 

receiver, with additional term representing interference.

•Multiplication of the interference i by the locally generated PN 

code, means that the spreading code will affect the interference 

just as it did with the information bearing signal at the 

transmitter. 

•After despreading, dt is narrowband (Rs) whereas the 

interference component is wideband (Rc). 

•By applying the dr signal to a baseband (low-pass) filter, 

interference component is filtered out.
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Basic Principle of DSSS-Performance

•Narrowband interference

•The narrowband noise is spread by the multiplication with the 

PN code pnr of the receiver. 

•The power spectral density of the noise is reduced with respect 

to the despread data signal. 

•Only 1/Gp of the original noise power is left in the information 

baseband (Rs). 
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Basic Principle of DSSS-Performance 

•Wideband interference
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Basic Principle of DSSS-Performance

•Wideband interference

•Multiplication of the received signal with the PN code at the 

receiver gives a selective despread of the data signal. 

•The multiple access interference signal is uncorrelated with the 

PN code sequence and is spread. 

•Origin of wideband noise:

•Multiple spread spectrum users: multiple-access mechanism. 

•Gaussian noise: there is no increase in SNR with spread 

spectrum. The larger channel bandwidth (Rc instead of Rs) 

increases the received noise power with Gp: 

Ninfo = N0 . BWinfo → Nss = N0 . BWss = Ninfo . Gp
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Basic Principle of DSSS-Performance
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Approximate spectrum of DSSS signal
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Basic Principle of DSSS-Performance

•User separation in Direct Sequence

•Different users have different (orthogonal) codes.
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Basic Principle of DSSS-Performance

•Advantages

Simple hard ware implementation 

Best noise and anti jam performance

Best discrimination against multi path fading

Do not require a high speed fast setting frequency 

synthesizer

•DISADVANTAGES 

Requires wide band channel with little phase distortion 

Long acquisition time.

Fast code generator needed.

Near–far problem
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Frequency Hopping Spread Spectrum (FHSS)

•Frequency-hopping spread spectrum (FHSS) is a spread-

spectrum method of transmitting radio signals by rapidly 

switching a carrier among many frequency channels, using a 

pseudorandom sequence known to both transmitter and receiver. 

•Hopping rate: 

•The rate at which a frequency hopping spread spectrum system 

moves between transmission frequencies. It is equal to the 

reciprocal of the dwell time at an FHSS center frequency.

•A pseudo-noise sequence generated at the modulator is used in 

conjunction with an M-ary FSK modulation to shift the carrier 

frequency of the FSK signal pseudo-randomly, at the hopping 

rate Rh.
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Frequency Hopping Spread Spectrum (FHSS)

•Signal is broadcast over seemingly random series of 

frequencies. 

•Dwell Time: The transmitted signal occupies a number of 

frequencies in time, each for a period of time Th = 1/Rh, referred 

to as dwell Time. 

•Hop Set

•This is the number of channels that are used by the system (i.e. 

the number of different frequencies utilized). 
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Frequency Hopping Spread Spectrum (FHSS)

•FHSS divides the available bandwidth into N channels and 

hops between these channels according to the PN sequence. 

•Receiver hops between frequencies in sync with transmitter. 

•Eavesdroppers hear unintelligible blips. 

•Jamming on one frequency affects only a few bits. 

•The transmitted bandwidth is determined by the lowest and 

highest hop positions and by the bandwidth per hop position 

(Δfch). 

•FHSS signal is a narrowband signal for a given hop, the 

instantaneous occupied bandwidth is identical to bandwidth of 

the conventional M-FSK, which is typically much smaller than 

Wss. 
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Frequency Hopping Spread Spectrum (FHSS)

•Averaged over many hops, the FH/M-FSK spectrum occupies 

the entire spread spectrum bandwidth Wss. 

•Because FHSS bandwidth only depends on tuning range, it can 

be hopped over much wider bandwidth than a DSSS system. 

•Since, hopping generally results in phase discontinuities, a non-

coherent demodulation is done at the receiver. 

•With slow hopping there are multiple data symbols per hop and 

with fast hopping there are multiple hops per data symbol. 
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FHSS-Basic Operation

•Typically 2k carrier frequencies forming 2k channels are used. k 

is the number of bits in a message.

•Channel spacing relates with the bandwidth of input.

•Each channel is used for fixed time interval. 

300 ms in IEEE 802.11 (protocol used in WLAN)

•Sequence of frequency hops is dictated by spreading code. 
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FHSS-Example

Receiver will be hopping between frequencies in sync with Tx
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FHSS-Example

•Frequency allocation of the FSK modulator or BPSK 

modulator, where the carrier frequency is controlled by a 3-bit 

PN code generator and produces the carrier frequencies, as 

shown in the figure below: 
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FHSS-Example

•This means that eight different channels or frequencies are 

used. These different channels are indicated below. 

Department of Telecommunication, MUET UET Jamshoro 75

Spread Spectrum Communications                                                    Dr. Abdul Latif



FHSS- Technical considerations 

•The overall bandwidth required for frequency hopping is much 

wider than that required to transmit the same information using 

only one carrier frequency. 

•However, because transmission occurs only on a small portion 

of this bandwidth at any given time, the effective interference 

bandwidth is really the same. 

•Use of the Shannon limit shows that the signal to noise ratio 

(SNR) required for the carrier relative to the background 

decreases as a wider range of frequencies is used for 

transmission. 

•It is even possible to have workable systems with negative 

SNRs (expressed in decibels), which correspond to wanted 

signals (on average) being lower than the noise level at any 

frequency. 
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Bluetooth uses FHSS

•Bluetooth is a FH-SS system, which achieves a (coded) bit rate 

of 1 Mbps (potentially up to 3 Mbps), but uses 80 MHz of 

spectrum, in 79 different center frequencies, with a hopping 

period Th = 1/1600 s/hop.
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Benefits of FHSS

1. Interference avoidance: There may be significant 

interference at a few of the center frequencies. But even if 

we totally lose all bits during those hops, we will be able to 

recover using the bits received during successful (non-

interfered) hops. We also avoid being an interferer to 

someone else’s signal for too long. 

2. Multiple Access: Two devices can occupy the same 

spectrum and operate without controlling medium access at 

all. Their transmissions will “collide” for some small 

fraction of the time, but not often enough to cause failure. 
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Benefits of FHSS

3. Stealth: There is an advantage to switching randomly 

among frequencies when an eavesdropper doesn’t know 

your hopping pattern – they will not be able to easily follow 

your signal. 
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Multi Frequency Shift Keying (MFSK)

•In this scheme, more than two frequencies are used. 

•Each signaling element represents more than one bit. 

•The transmitted MFSK signal for one signal element can be 

defined as follows:

MFSK      si (t) = A cos 2π fi t,               1 ≤ i ≤ M

where 

fi = fc + (2i – 1 – M) fd

fc =the carrier frequency

fd =the difference frequency=Δf

M=the no. of different signal elements=2L

L=number of bits per signal element
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MFSK Example

Taken from Data and computer communications by William 

Stallings
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Frequency Hopping Spread Spectrum System (Transmitter)
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Frequency Hopping Spread Spectrum System (Receiver)
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FHSS using BFSK (Binary frequency shift keying)

•To understand FHSS, BFSK is taken as modulation scheme.

•BFSK

•The most common form of FSK is binary FSK (BFSK), in 

which the two binary values are represented by two different 

frequencies near the carrier frequency.

•The resulting transmitted signal for one bit time is

•where f1 and f2 are typically offset from the carrier frequency fc

by equal but opposite amounts.
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FHSS using BFSK (Binary frequency shift keying)
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FHSS using BFSK

•Now consider transmitter having data stream as sd(t)

•where 

A1=amplitude of signal

f0=base frequency

bi=value of ith bit of data (+1 for binary 1, -1 for binary 0)

Δf=frequency separation

T=bit duration; data rate=1/T

•During ith bit interval, the frequency of the data signal is f0 if 

the data bit is -1 and f0+Δf if the data bit is +1. 
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FHSS using BFSK

•The frequency synthesizer generates a constant-frequency tone 

whose frequency hops among a set of 2k frequencies, with the 

hopping pattern determined by k bits from the PN sequence.

•Spreading signal, also called chipping signal, c(t) is multiplied 

with data signal. 

•where fi is the frequency of the signal generated by the 

frequency synthesizer during the ith hop. 

•The product signal during the ith hop (during ith bit) is: 
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FHSS using BFSK

•Using trigonometric identity: cos(x).cos(y)=0.5((cos(x+y) 

+cos(x-y)), we have:

•A bandpass filter is used to block the difference frequency and 

pass the sum frequency, yielding an FHSS signal of
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FHSS using BFSK

•Thus during ith bit interval, the frequency of the data signal is 

f0+fi if the data bit is -1and f0+fi+Δf if the data bit is +1. 

•At the receiver, s(t) is multiplied by the c(t):

•Again using trigonometric identity, we have 
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FHSS using BFSK

•A bandpass filter is used again to block the sum frequency and 

pass the difference frequency, yielding a signal of the form of 

sd(t):
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Slow and Fast FHSS

•Frequency shifted every Tc seconds 

•Duration of signal element is Ts seconds 

•Generally fast FHSS gives improved performance in noise (or 

jamming) 
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Slow FHSS

•One or more data bits are transmitted within one Frequency 

Hop. 

•Advantage: 

Coherent data detection is possible. 

•Disadvantage: 

If one frequency hop channel is jammed, one or more data 

bits are lost. So we are forced to use error correcting codes. 
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Slow FHSS using MFSK (M=4, k=2)
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Fast Frequency Hopping using MFSK (M=4, k=2)

Department of Telecommunication, MUET UET Jamshoro 94

Spread Spectrum Communications                                                    Dr. Abdul Latif



Fast Frequency Hopping

•One data bit is divided over more Frequency Hops.

•Advantage:

Error correcting codes are not needed.

Diversity is part of the scheme. On every frequency hop, a 

decision is made whether a -1 or a +1 is transmitted.

Improved resistance to jamming

•Disadvantage:

Coherent data detection is not possible because of phase 

discontinuities. The applied modulation technique should be 

FSK or MFSK. 

Typically large number of frequencies are used.
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Frequency Hopping Spread Spectrum (FHSS)

•Advantage:

Provides greatest amount of spreading.

Can be arranged to avoid portions of the spectrum (i.e. those occupied 

by other systems or being the most affected by frequency selective 

fading) 

Have a relatively short acquisition time because the chip rate is 

considerably less in the frequency hopping system.

It is not as much affected by the near far problem as DSSS is.

•Disadvantage:

Requires a complex frequency synthesizer in order to generate the 

hops 

 Only the average power is spread; the narrowband interference is 

either eliminated completely or not reduced at all.

Department of Telecommunication, MUET UET Jamshoro 96

Spread Spectrum Communications                                                    Dr. Abdul Latif


