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Abstract — To facilitate communication over large distancegdmation is the right key. Different parameterstioé
transmitted signal are varied as per the systeruinement. Single Side Band (SSB) is the refinednfaf Amplitude
Modulation providing bandwidth and power efficiemei In this paper we analyze the SSB modulatiorraehusing
Hilbert Transform approach. Hilbert Transform fintis applications in the field of signal processhlmgpause of its ability
to maintain a phase shift 80° between the carriers which is necessary for odhality. 5" order low pass Butterworth
filter is designed and applied at the receiver &rdthe recovery of data. All the simulations arerfprmed by using
MATLAB by Math works.
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Modulation is a process in which information issterred

over a medium by changing its various parameteth s +,
Amplitude, phase and frequency [1]. It is the pescén . — SSB Signal
which we convert the information so that it can be¢. -1/2 I —
successfully transmitted over the medium. Threeicbas +~/

types of modulation exist including Amplitude, Foegqcy vs,-,,wc(t) -

and Phase Modulation. Other hybrid techniques aob/ed
by combining these three basic techniques [5]lllnfahe ' . DSB-SC .

techniques any parameter of the sinusoid is vaietithis 'ﬂ mh(t)> modulator | . (t)sina(t)
is used to represent our data which has to bea@rtthe
medium. Carrier signal is multiplied with the sigméhich

contains required information [1] [4]. Single side band modulation can be implementedrhs:
baseband signal shown in figure 1.

Figure 1. Single Side Band Modulator

1.1 Single Side Band Modulation

In this type of modulation we transmit only oneestoand
of our transmitted signal [6]. As compared to deubide
band single side band requires only half of thedadth
as we are transmitting only half of our signal [[Z]
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Baseband signal

Figure 2. Baseband Signal
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After modulation we received the signal which iwh in

80

figure 2. Now we have to extract Upper side band an2. Algorithm implementation

lower side band.

Full AM modulation

w

Figure 3. Received Signal

Audio file is used as data source for the impleragomn of
algorithm. Matlab is used for the implementation of
algorithm. Audio data file is read using Matlab.ngdes
are plotted in time domain. Fourier transform ajrsil is
taken in order to obtain the sampling frequencyighal.
Carrier signal of frequency 5500 Hz is generatétilbert
transform of message signal and carrier is perfdrme
Hilbert transform takes a functian(t) and returns a signal
H (uw) (t) with the same domain. Hilbert Transform is
given by the following equation.

Upper side band can be calculated by the following

equation.

@ysp(t) = mt(t) cos w, t — my (t)sinw,t

Figure 4 shows Upper side band of the AM modulateg

signal [8].

[N\

SSB modulation (USB)
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Figure 4. Upper Side Band Signal
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Figure 6. Magnitude and Phase response of Hilbarisform

After this carrier signal is multiplied with the dio
message signal and Hilbert of carrier signal istipligd

Next step is to calculate Lower side band which igvith Hilbert of audio message signal. We get our

calculated using following equation [9].

@sp(t) = mt(t) cos w, t + my (t)sinwt

modulated signal here which is ready to be trartedhit

At the demodulator end Upper side band is extrabied
subtracting the sample values of product of Hilbeft
message signal with Hilbert of carrier signal frahe
roduct of audio message signal and carrier. Losige

Figure 5 shows the Lower side band of AM m0dU|ate£and is obtained by the addition of both of thesme

signal [7].

/)

SSB modulation (LSB)

w

Figure 5. Lower Side Band of Signal

values. Carrier signal is multiplied with both theper and
lower side bands. Both of these are added to get th
complete signal. This signal is then passed through
Butterworth low pass filter with cut off frequenayf
8000Hz.The order of filter is 5 in order to get daesults.
Retrieved signal after passing it through low pigsr is
compared with the original signal to check the iexro
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Figure 7. Algorithm of complete modulation and delmation
3. Simulation Results X 10 Carrier Signal Spectrum
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A carrier signal is a basically transmitted pulsevave at a

base frequency of alternation on
imposed by increasing signal st
frequency. The figure 9 explains t

the carrier signal sampled @800Hz, as we have peaks at

corresponding frequency.

which informatiam be
rength, varying ltase
he frequency spet of

showed in Fig 8 is multiplied with the carrier sigri.e.
shown in Fig 9 the original is transferred to lowduency
i.e.5500Hz which is shown in figure 10. The peaks show

that original

signal

is

transferred from

25050 Hz to 5500 Hz. This process is called Modulation
and the signal is called modulated signal.
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Figure 10. Frequency Spectrum of Message Sigreal Bftltiplying with
Carrier Signal

The lower side band of modulated signal which isaested
at the demodulator end is shown in figure 11. Logiee
band is extracted by the subtraction of signalsaioktd
after multiplying with the Hilbert transform of ginal and
carrier signals.
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Figure 11. Lower Side band of Modulated Signal
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Upper SideBand
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Figure 12. Upper Side Band of Modulated Signal
Upper sideband and lower side bands are combingetto

the demodulated signals. The demodulated signai fe
combination of both side bands is shown in figu8e 1
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Figure 13. Frequency Spectrum of Demodulated Signal

The magnitude and phase response “&irder low pass
Butterworth filter is demonstrated in figure 14 ppressing
frequency is 8000Hz as clearly shown in the magleitplot

The figure 12 shows the upper side band of moddlateof the filter.

signal which is extracted at the demodulator enalver
side band is extracted by the addition of signditioed
after multiplying with the Hilbert transform of ginal and
carrier signals.
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Figure 14. Magnitude/Phase response'bbisler Butterworth LPF
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SSB Modulation/Demodulation is performed and aredyz
graphically. It can be seen that SSB is bandwidifilcient
because of the use of single side bands at a bmtethis
comes at the cost of more complexity. SSB spans ttwe
half bandwidth as compared to AM, thus enablesas t
increase the coverage area as the same amouneyen
will be distribute over a small portion. Hilbertarsform is
best suited for SSB systems due to its advantages o
maintaining orthogonality. Filter design is an imjaot
parameter in the design of any communication systach
with the help of proper filtering we can recoverrou
transmitted signal successfully.
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