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ABSTRACT

The current project dealing with communication system through adoption of the particular digital modulation
by using solid state components as a semiconductor device, using the phase- Shift keying (PSK) signal that has been adopted
by combined coding with phase modulation. To increase the coded signal's minimum free distance as an objective of the
work, by using the coding (Channel Coding) is a preferred approach to enhance the signal to noise ratio (SNR) performance
of the transmission of digital signals, and for completing of the project task, a simulation methodology has been
implemented the required investigation. The results reveal that the minimum free distance is equal the root of 2, i.e D=
1.414, the output encoder with rate of 2/3 i.e 8-PSK signal and the change of phase of the signal point does affect the

minimum free distance of the coded signal.
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1. INTRODUCTION

A carrier signal is modulated by the digital stream
representing the information. Digital modulating
is, referral in some application over the analog
modulation since:

1. Ease of multiplexing.

2. operability of low signal-to-noise interference
ratios

3. Ease of encryption.

4. Signal regeneration.

5. Use of modern technology

6. Integration of transmission and switching.
Band pass modulation is often utilized for wireless
communications across vast distances. Carrier
modulation is another name for band pass
modulation. Bandpass modulation techniques
encode information as the amplitude, frequency,
phase, or phase and amplitude of a sinusoidal
carrier. These bandpass modulation schemes are
known by their acronyms ASK (amplitude shift
keying), FSK (frequency shift keying), PSK (phase
shift keying), and QAM (quaternary amplitude
modulation), where keying or modulation is used
to indicate that a carrier signal is modified in some
manner.) [1]. The characteristics of the carrier
signal, having high-frequency sinusoidal pulse, are

modified by using a series of digital symbols such
a sinusoidal of duration T is referred to it. A
sinusoidal signal has three known properties:
amplitude, frequency, and phase. Thus, the three
fundamental modulation techniques in passband
modulation are amplitude modulation, frequency
modulation, and phase modulation. The three
fundamental types of digital modulation [2], are:
1. Amplitude-Shift keying (ASK)
2. Frequency-Shift keying (FSK)
3. phase - Shift keying (PSK)
The use of coding (Channel Coding) is a preferred
approach to enhance the signal to noise ratio (SNR)
performanced of the transmission of digital
signals.
2. MULTIPHASE SIGNALING WAVE FORMS
For a fixed information rate (R) channel
bandwidth required to transmited the signal is
increase as the numberl"of waveforms is
increased. In contrast the signaling waveform
discussed in this section namely, multiphase, multi
amplitude, were combined amplitude and phase
signals, have the characteristics of the channel
bandwidth requirement at afix rate actually
decrease with an increase in M. The penalty of
using such bandwidth efficient waveforms
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increase in the SNR necessary to reach a certain
level of performance, i.e, the -efficient waveforms
are appropriate for channels have a large SNR. A
collection of M-array phase (multiphase) signaling
waveforms is often representing as:

2m
Sm () = Re {U(t) expj(2rfey + ﬁ(m -1

+ /1} 1)

Where (2) is an initial phase. If u(t) is a
rectangular pulse an amplitude A, Sm(t) may be
expressed as:

2m
Sn(t) = ACos {2nfc +ﬁ(m -1 +/1} 2

m=1,2,.............. MO<t<T
and the signaling technique is called phase-shift
keying (PSK). The M signaling waveforms have
equal energy. By expanding the cosine function in
eqgns. (1 & 2), the signaling waveforms may be
expressed as:
Sm(t) = Ay Cos2rif t — Ag, Sin2nf, .t (3)
where by definition:
Aqm = ACos [%T m-1)+ /1] (4)
A, = ASin [%" (m—1)+ /1] ()
The signal given by eqgns. (1) to (5)[3] is
viewed as two quadrature carriers with amplitudes
Acm and Asm which depends on the transmitted
phase in each signaling interval. Applications for
multi-phase waveforms are everywhere — in
Power-related applications, 1/Q modulation,
Automobile applications, Components, etc. [4].
For illustrative purposes we show the phase of the
carrier of the signal as points in a plane at a
distance A from the origin and the separated in
angle by 2n/m. For example, Fig.1[5] illustrates
signal constellation for four-phase and eight phase
PSK. The effect of initial phase is to rotate signal
constellation as shown in Fig. 1. In particular we
note that when and M= 4 we have Acm = +A4/v/2
.Hence (3) may be expressed as:
A A
Sit)y== 2C0527cht:i\/z
In other words, the four-phase PSK signal
constellation in Fig. 1 and described by eqn. (6)
may be viewed as two binary PSK signals
impressed on the quadrature carrier Cos(2mrf.t)
and Sin(2nf,t). Viewed in this manner, the four-
phase PSK signal is generated by the modulator
shown in block diagram form in Fig. 2[6].
There are several methods to map or
allocate K information bits to the M = 2k potential
phases. The preferred assignment, as shown in fig.,

Sin2nf.t (6)

is one where the distance between neighboring
phases is one binary digit (1). Gray encoding is the
name of this mapping. It is crucial to the
demodulation of the signal because the noise
mistakes that are most likely to occur include the
incorrect choice of a phase that is close to the phase
of the transmitted signal. In this scenario, the K-bit
sequence only experiences a signal bit mistake.
The general form of the optimum demodulator for
detecting one of M signals in an AWGN. channels,
as derived previously is one that computes the
decision variables.

T 21
U, =Re {e”’ f r(t) u(t) exp[—j + (ﬁ (m
0

- 1)+ )] dt} 7

and select the signal corresponding to the largest
decision variable. We observe that the exponential
factor under the integral in egns. (1) to (7) is
independent of the variable of integration, and, it
can be factored out. As a result, the optimum
demodulator can be implemented as signal
matched filter or cross correlator which computes
the vector, in signal processing, cross-correlation
is a measure of similarity of two waveforms as
function of a time-lag applied to one of them.
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Fig. 1 Signal constellation for four-phase and eight
phase PSK [3]
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Fig. 2 Block diagram of modulator for four phase
PSK [6].

Fig.3 shows the block diagram of

demodulator for recovering the noise corrupted

signal components Acm and Asm, from which the
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vector V is found formed. The projection of V into
the unit vector Vm= acm-jasm is simply
accomplished by the formation of the product.

Um= Xacm + Yasm, m= 1, 2,...M.
Equivalently the vector V can be followed by a
phase detector which computes the phase of v, and
denoted by 6, and selects from the set (Sm(t)) that
signal having a phase closest to 6.

R+ )Ty m
—e T
T wpk =012
sym t= e+ DTy 2k
(even bits)
cos(2nf.t)
Carrier ) N
() ﬁ"@wry combine —
—sin(2nf.t)
‘ t=(k+ Disym Yas k=012
)Ty (odd bits)
0
—— Ju f,
KTsym

Fig. 3 Block diagram of demodulator for PSK
signals [7]
2.1Chanael coding:

Block codes and convolutional (or
recurrent) codes, two significant forms of coding,
will be covered in this section. It will be assumed
that the data arriving from the data source for
massage is in binary format (sequence of binary
digits). Block codes encrypt a block of K data
digits using an n-digit code word. (n>K).

2.1.1 The convolutional codes:

The information sequence to be sent is
passed through a linear finite-state shift register to
create convolutional code. Fig.4 illustrates how the
shift register typically comprises of n linear
algebra function generators and L (K-bit) stages
(4). Convolutional codes are error-correcting
codes based on shift registers for polynomial
encoding and decoding [8]. The encoder's input
data, which is supposed to be binary, is moved K

State of que encoder

i |
| |

Input bits | msg |m1 lmz ‘ .................. |mL |

Encoded output

Fig. 4 convolutional encoder
bits at a time into and along the shift
register. For each K-bit input sequence, there are n
bits of output.

In line with the definition of the code rate
for ablock code, the code rate is thus defined as Rc
= K/n. The convolutional code's constraint length
is denoted by the parameter L. The constraint
length of the code is often specified in bits rather
than K-bit bytes. Since K = Lk, the shift register
may be referred to as a K-stage shift register. In
general, K may not always be a multiple of K.
Giving the generator matrix for a convolutional
code, like we did for block CEDES, is one way to
describe it.

By adding two or more mod-2 adders to
the shift registers, an output rate larger than the
message bit may be produced, supplying the
additional bits needed for error control [9]. Since
the length of the input sequence is semi-infinite,
the generator matrix for a convolutional code is
often semi-infinite. We will use a functionally
comparable notation instead of describing the
generator matrix in which we supply a collection
of n vectors, one vector for each of the n modulo -
2 adders. Each vector contains the relationship
between the encoder and that modulo-2adder and
has LK dimensions. A 0” in a particular location
indicates that there is no connection between that
stage and the modulo-2 adder, and a 1” in the
vector's ith place denotes that the corresponding
stage in the shift register is linked to the modulo-2
adder.

From top to bottom, we number the
function generators that produce each three-bit
output sequence as 1, 2, and 3, and we do the same
for each related function generator.

Since there is no need for a modulo-2
adder since just the first stage is linked to the first
function generator, the generator is: g, = (100)
Stages 1 and 3 are linked to the second generator.
Thus, g2 = (101) Lastly, gs = (111).

2.1.2 Trellis codded modulation:

Trellis-Coded Modulation (TCM), a
combined coding and modulation approach for
digital  transmission across  band-restricted
channels, has developed during the last ten years.
Its key selling point is that it enables large coding
gains over traditional uncoded multilevel
modulation while maintaining high bandwidth
economy. TCM study and practice took off, and as
a result, the theory behind and practical
applications of TCM approaches are now well
understood.

The noisy signals in the receiver are
decoded by maximum soft-decision - probability
series decoder. A TCM can advance the sturdiness
of digital transmission against additive noise by
3dB by Simple four states, related to conventional
uncoded inflection. The gain may be increased to
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6 dB or higher with additional composite TCM
schemes; these gains are measured without B. As
required by conventional error correction systems,
W expansion are decreasing the active information
rate. The original block of data bits is retrieved by
the receiver using estimations of the sent symbol
and the active antenna index. In this study, TCM
divides the complete set of transmit antennas into
sub-sets to optimize the distance between antennas
in each sub-set. [10].

More than 30 years ago, Shannon's
information theory predicted the development of
coded modulation schemes with these features.
Today's signal processing technology and efficient
TCM approaches have made it possible to get these
gains in reality. Signal wave patterns that represent
information sequences are most resistant to noise-
induced detection mistakes if they are substantially
distinct from one another. He can get some
information when someone else pick one sequence
and “communicate” it to him [11]. This
mathematical need translates into the need for a
long signal sequence in Euclidean signal space.
Utilizing signal-set expansion to offer redundancy
for coding and combining design and signal-
mapping functions to optimize the (free distance)
and (minimum Euclidean distance) between the
signal sequences was the fundamentally novel
notion of TCM that produced the aforementioned
advantages.

2.2 Coding in classical corrected errors:

A classical digitized communications
system, the function of error modulated&
correction coding is disjointed. The unit of
information is bit in modern information systems,
a hit takes one of two values: 0 or 1[12]. In
conservative multi-level (A.M /or P.M) mod.
system, through each interval the modulators
charts binary codes bits into one of Modules = 2m
probable transmitted band, and demo. recover the
m bits by building a self-determining M-array
nearest neighbor judgment for each signal
received. Fig.5 displays constellations with
sophisticated or actual value, hence-forth called
signal sets-which are usually working for 1or 2 D-
M-array linear modulation, 2- dimensional carrier
requires a bandwidth (1/T) Hertz about transporter
freq. to transmit signals rate of |1 / T signals/sec.
(baud) without inter symbol interference. Hence 2-
D 2m -array system have achieved a spectral
effectiveness of about bit/sec/Hertz [12]. The same
spectral efficiency were achieved using one-
dimensional base band modulation using a 2m-
array. Traditional error-correcting encoders and
decoders work with binary, or more broadly (Q-
Array), code symbols sent via discrete channels.

Every k information symbols get an additional n-k
redundant check symbol when the code or rate is
kin 1.

Considering that the decoder only gets
distinct coding symbols. Hamming distance is the
ideal distance for decoding and, hence, for creating
codes. In the case of convolutional codes, a mini
hamming distance, also known as a free hamming
distance, certifies that the translator may be
repaired for at least ((dhmin -1)/2) code symbol
mistakes. The specification of the variation scheme
is constrained if there are poor signal-to-noise
ratios or non-stationary signals.

Amplitude Modulation AmplitudefPhase Modulation
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Fig. 5 Signals sets 1-D, AM & 2-D, /P.M

2.3 Minimum free distance:

The minimal distance between various
code words as specified by the code of free
distance is (1,1)[13].

d?(xo,%1) = Il — %1117 (9)

i.e. the min. free distance
dfree = min * (d(xi,xj)) (10)
A lower constraint on the likelihood of an
error-event is thus provided by:
dfree
> —_
Ps 2 Q ( =) an
And this bound is approached
asymptotically at high signal -to-noise ratio. The
asymptotic coding gain G dB, achieved by this
system over the corresponding uncoded system is
given by:
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d
G = 2010g10(351151—> (12)

uncoded

The goal of code selection is, of course, to
maximize asymptotic coding gain, where D
uncoded is the least Euclidean distance between
distinct sequences of the uncoded reference system
with the same average or peak power.

2.3.1 System model for digital communication:
The block diagram in Fig. 6 provides an
overview of the fundamentals of digital
communication systems that use wave channel
coding. It is believed that the encoder's input will
consist of a series of binary digits (bits) happening
at a rate of R bit/s. Convolutional coding is the
encoder utilized in the system model. The sequence
of binary digits (bits) is insert to the serial to parallel
converter which convert the sequence from series to
parallel sequence to get two output. And this output
is fed to a convolutional encoder which gives three
output digits at a time, and also is input to the
modulator to get different o/p which represent 8-
PSK. The PSK signal is complex and lie on a circle.
The angle between any two adjacent point a is 45°.
The 8-PSK is represented as a real and imaginary
parts. 8-PSK signal constellations is shown in Fig.

).

Binary S/P % Encoder | Mod.
inform  —p —»  8-PSK
ation S L »

Fig. 6 Block diagram of model system

Q F 3
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100

Fig.7 8-PSK signal constellations

2.3.2 Encoder circuir:

A rotationally invariant eight-state coder
with a 3.0 dB maximum asymptotic coding
increase is used the circuit used shown in Fig. 8
From this circuit which contain three shift register
(T) each register given a certain delay and contain
three EX-OR gates and contain NOR and AND
gate[14].From this circuit in Fig.8 is V1 and V, take
different state,(ts, to, t3) and have a output at each

stateV1,V2,Vs3),the next state for each is (t1* t2*,

t3*). The truth table of the encoder is shown in

(00,01,10,11) at each state we have present state.
u: i

“‘TI—’—-—”’

@ -

Fig.8 Eight-state rotationally invariant coder for

8-PSK signals.
Table 1: Encoder Truth Table.
INPUT PRESENT OUTPUT NEXT STATE
STATE
Uz U, t1 t t3 Vi Va2 V3 t* t* t3*
o |o o oo Jo 0 0 0 0 0
o |o o o1 |1 1 0 0 0 0
0o |0 o [1]o Jo 1 1 0 0 1
o |o o [1]1 Jo 0 1 0 0 1
o |o 1 |ofo |o 0 1 0 1 0
o |o 1 o1 |1 1 1 0 1 0
0o |0 1 [1]0 |o 1 0 0 1 1
o |o 1 [1]1 o 0 0 0 1 1
0 1 o oo |o 1 0 1 0 0
0 1 o o1 |1 0 0 1 0 0
0 1 o [1]o Jo 0 1 1 0 1
0 1 o [1]1 Jo 1 1 1 0 1
0 1 1 |ofo o 1 1 1 1 0
0 1 1 o1 |1 0 1 1 1 0
0 1 1 [1]0 |o 0 0 1 1 1
0 1 1 [1]1 o 1 0 1 1 1
1 |o o oo |1 0 0 0 0 0
1 |o o o1 Jo 1 0 0 0 0
1 |0 o [1]o0 |1 1 1 0 0 1
1 |o o [1]1 [1 0 1 0 0 1
1 |o 1 [ofo |1 0 1 0 1 0
1 |o 1 o1 o 1 1 0 1 0
1 |o 1 [1]o0 [1 1 0 0 1 1
1 |o 1 [1]1 |1 0 0 0 1 1
1 1 o oo |1 1 0 1 0 0
1 1 o o1 Jo 0 0 1 0 0
1 1 o [1]0 |1 0 1 1 0 1
1 1 o [1]1 [1 1 1 1 0 1
1 1 1 |ofo |1 1 1 1 1 0
1 1 1 o1 |o 0 1 1 1 0
1 1 1 [1]0 |1 0 0 1 1 1
1 1 1 1)1 |1 1 0 1 1 1
3. CHANGE OF PHASES & MINIMUM FREE

DISTANCE
In this section we explain the four cases
for changing the phases and effect on the min. free
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distance. The smallest possible free distance is
calculate the by difference of the real part from the
real part reference of all cases of the fourth change
of 8-PSK as shown in equation:

DR: REr - Rref (13)

Where; DR: is the real part of minimum
free distance, Rrr:is the real part reference, and Reg;
:is the real part of stage.

The imaginary part can be calculated by
the difference between the imaginary part value of
the fourth change of phase 8-PSK.

DI = IM; —IM (14)
Where DI: is the imaginary part of minimum free
distance, IMI:is the imaginary part of middle input,
IMref: is the imaginary reference.

In the first stage the reference sequence
data is ten pair bits all of this bits are zero. The
input sequence it must be difference from the
reference data at least of one bit this differ bit in
middle of input sequence, the first of two pair bits
it must he remain zero and the final of five pair bits
is also remain zero, the change of bits in the other
of third pair bits, this case conclude all the fourth
change of the phases. In the second stage change
the reference sequence data is ten pair bits but all
of bits is One. The input sequence must be
difference from the reference data at least of one
bit, this differ bits, in middle of input sequence.

The first of two pair bits it must be remain
one and the final of five pair bits is also remain one,
the change of the bits in the other of third pair bits,
this case conclude all the fourth change of phases
of 8-PSK.By using this relationship above to
obtained the minimum free distance.

DD=DR? +DI? (15)

Where DD:is the minimum free distance.

The Total of DD of zo bits input data
sequence is calculated as shown below:

10
DD = ) (RE, = Rrey )’
1

+ (IM; — IM,f)?) (16)

The relation above is applied to the
Fourth cases change of phase of 8- PSK.

Fig.9 shows the four cases of changing
the phases. In first case the binary output digits
arranged as shown in Fig. 9-a and the phase
difference between the adjacent points is 450 and
also calculate the min. free distance. In second case
we fixed the output digits that lie on X & Y axis
and rotate the reminder output which lie on the
other axis by one angle 67.50 anticlockwise,

and calculate the min. free distance, this
is shown in Fig. 9-b. In third case we fixed o/p
digits lie on X & Y axis and | rotate the reminder
output digits which lie on the other axis in case(l)
by an angle 22.50 in clockwise direction and the

we calculate the min. free distance this shown in
Fig.9-c. In fourth case we make an 22.5° between
two adjacent output such as between 111, 000, 001,
010, 011,100, 101,110 as shown in Fig. 9;d.

Figure (b) forcase2 Figure (a) forcasel

pomit

mo
"
o0
Trse ™

Figure (c) forcase3

it

Fimure (d) forcased

Fig. 9 Different Cases Change in Phase

4. RESULTS AND DICUSSION

Through the foregoing procedures,
calculations, and operations of changing the phase
to the signal using a proposed method, the results
shown in Table 2 were obtained. the phase in
degree and minimum free distance and the
sequence which gives this (min. free distance)
with (Ref. sequence all zero).When the phase
angle is 45, 67.5,22,5,and 11.25 degree the
minimum .free distance is 4 respectively for all
different sequence.

Table.2: phases and min. free distance with
sequences.

Phase Min.free Sequence
distance
45° 4 | 0000 10 00 00 00 00
00 00 00
67.5° 4 | 0000 10 00 00 00 00
00 00 00
22.5° 4 | 00001000 00 00 00
00 00 00
11.25° 4 | 0000 10 00 00 00 00
00 00 00

5. CONCLUSIONS

Through this project it can be conclude that:
The basic idea of coding is to add to the message
“digits” group of check digits, to transmitted the
check digits and top provide the receiver enough
information to either identify or rectify channel
error after sending the complete block of digits via
the channel.The concept of phase transition is used
in 8-PSK it is also can used in the Quadrature
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Amplitude Modulation (QAM), with TCM.Trellis-
coded modulation (TCr1) have involved over the
port decide as the mutual coding and phase-
modulation method discreet communication
concluded band-limited channel.The trellis coded
mod. was calculated in a experimental mode,
similar to the other simple TCM systems. The
uncoded signal is bit / t is 4-PSK signal is fed to
encoded.The minimum free distance is equal the
root of 2 . i.e. D = 1.414.The output encoder with
rate of 2/3 i.e. 8-PSK signal.The minimum free
distance of trellis coding of 8-PSK is equal to 2 as
shown in Fig. 10.

The coding gain can be calculating by the formula:

G =20L0 D coded 17
B g D uncoded a7)

Where D: is the minimum the free distance for
uncoded and coded signal respectively.
Hense the coding gain is:

2
G =20L0g =, =3dB (18)

As a conclusion it seems that the change of phase
of the signal point does affect the minimum free
distance of the coded signal.

1

Yeaxis

2 Do

D1 =42
1

DO =2si

=
= dFre
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Fig. (10), (a) 8-PSK (b) 4-PSK
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