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Abstract
With the fast development of modern communication techniques, 
the demand for reliable high data rate transmission is increased 
significantly, which stimulate much interest in modulation 
techniques. Advances in wireless technology have sparked a 
plethora of mobile communication standards over the last decade 
to support numerous applications.QAM is one of modulation 
techniques providing good efficiency in power and bandwidth. 
In addition convolution encoding along with Viterbi decoding is 
also implemented to aid in error correction capability of digital 
transmission systems. In this paper QAM Modulation technique is 
designed for wireless networks in LabVIEW whose performance 
is then analyzed in terms of Bit Error Rate and SNR.
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I. Introduction
Wireless communications has been one of the fastest growing 
segments in the telecommunications industry. The demand for 
high speed wireless applications and limited RF signal bandwidth 
has incited the development of power and bandwidth efficient 
air interface schemes. Advances in wireless technology have 
sparked a plethora of mobile communication standards over 
the last decade to support numerous applications. With the 
emergence of new standards and protocols has led to wireless 
communication development at a furious pace. It is well known 
that the fundamental limitation of wireless systems is constituted 
by their time-variant channel fading, which results in dramatic 
fluctuations in signal to noise ratio SNR. The traditional wireless 
systems are designed to provide good transmission quality for the 
worst channel conditions. High-speed wireless network of next 
generation are also expected to support multimedia applications. 
Existing technologies for voice, video, and data use different 
packet structures, data types, and signal processing techniques. 
Integrated services can be obtained with either a single device 
capable of delivering various services or with a radio that can 
communicate with devices providing complementary services. 
The supporting technologies and network that the radio might 
have to use can vary with the physical location of the user. As 
advancements in digital technology continue, the Communication 
industry continues to feel the impact of these advancements and 
the relationship between digital and communication technology 
strengths. As a result new digital technologies gain great exposure 
through the communication market.
As a result, signal to noise ratio that are much larger than the 
target are achieved over a large portion of the coverage area and 
transmission time, which leads to inefficient utilization of the 
full channel capacity. In addition, the integration of the voice 
and data transmission has caused different quality of service 
requirements over wireless systems [2]. Different modulation 
techniques allow you to send different bits per symbol and thus 
achieve different throughputs or efficiencies. In QAM system, two 
Amplitude-Modulated (AM) signals are combined into a single 

channel, thereby doubling the effective bandwidth. Hence, when 
using a modulation technique such as 64-QAM, better Signal-to-
Noise Ratios (SNRs) are needed to overcome any interference and 
maintain a certain Bit Error Ratio (BER).
Quadrature Amplitude Modulation, QAM, has become the 
dominant modulation mechanism for high speed digital signals. 
From the wireless 802.11 protocols to ADSL modems to personal 
communicators for the military, QAM has become a neccessary part 
of our daily lives. Quadrature Amplitude Modulation (QAM) is a 
modulation scheme which is carried out by changing (modulating) 
the amplitude of two carrier waves. The carrier waves are out of 
phase by 90 degrees, and are called quadrature carriers-hence the 
name of the scheme.

II. Quadrature Amplitude Modulation
QAM is Quadrature Amplitude Modulation refers to QPSK 
with Amplitude Modulation. Quadrature Amplitude Modulation 
(QAM) is a modulation scheme which is carried out by changing 
(modulating) the amplitude of two carrier waves. The carrier 
waves are out of phase by 90 degrees, and are called Quadrature 
carriers. QAM (Quadrature Amplitude Modulation) is chosen 
to be the modulation scheme of the designed software defined 
radio system noting that this modulation is widely used for data 
transmission applications over bandpass channels such as FAX 
modem, high speed cable, multi-tone wireless, microwave digital 
radio, DVB-C (Digital Video Broadcasting—Cable) ,Modems 
and Satellite channels.
QAM modulation process shown in fig. 1, involves the use of two 
separate product modulators that are supplied with two carriers of 
same frequency but differ in phase by -900 [1]. The multiplexed 
signal s(t) consist of sum of these two product modulator outputs 
as follows:-

 (1)
Where m1 (t) and m2 (t) are two different message signals applied 
to product modulators. The two paths to the adder are typically 
referred to as the ‘I’ (in-phase), and ‘Q’ (Quadrature) arms.  QAM 
restores the balance by placing two independent DSBSC, derived 
from m1 (t) and m2 (t) in the same spectrum space as one DSBSC. 
The bandwidth imbalance is removed. It is used because of its 
bandwidth conserving properties.

Fig. 1: QAM Modulation Process
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The output of the raised cosine filter which is used before modulator 
is then used to build a complex envelope, )(~ ts  of a QAM signal 
expressed by:

   (2)
Where   ck   denotes complex message made up of two real 
messages ak and bk, ck= ak +jbk
Hence the transmitted QAM signal s (t) can be expressed as 

    (3)
Where, eℜ [.] represents real part of complex value inside the 
brackets.
The QAM modulated signal s (t) is obtained by taking the real part 
of the pre-envelope signal s+ (t).This is achieved by performing a 
complex multiplication between the complex input and a complex 
carrier consisting of a cosine and a sine waveform.
QAM Demodulation is the inverse of modulation whereby the 
original message signal is down-converted and recovered by 
means of translating the baseband signal from the modulated RF 
signal. QAM Demodulation process shown in fig. 2, in which 
the multiplexed signal is applied simultaneously to two separate 
coherent detectors that are supplied with two local carriers of the  
same frequency, but differ in phase by -900. Hence the carrier is 
recovered in correct phase and frequency and multiplied with the 
QAM signal. Hence I and Q signal outputs are recovered.

Fig. 2:  QAM Demodulation Process

The complex envelope of the received QAM signal    can be 
expressed as

   (4)

             =  a (nT) + jb (nT)
The Constellation diagram for 4-QAM is shown in Figure 3. 
The advantage of using QAM is that it is a higher order form 
of modulation and as a result it is able to carry more bits of 
information per symbol. By selecting a higher order format of 
QAM, the data rate of a link can be increased. 4-QAM can reduce 
satellite link power by 40%, while saving 10% bandwidth.

Fig. 3: 4-QAM Constellation Diagram

III. Convolution Coding
Convolution FEC codes were discovered by Elias in 1955, whereas 
Wozencraft and Reiffen as well as Fano and Massey also proposed 
various algorithms for their decoding. A major milestone in the 
history of convolution error correcting coding was the invention 
of maximum likelihood sequence estimation algorithm by 
Viterbi in 1967 [3].  One of the first practical applications of 
convolution codes was proposed by Heller and Jacobs during 
1970’s. Viterbi Algorithm did not resulted in minimum Bit Error 
rate, instead it finds the most likely sequence of transmitted bits.. 
Convolution codes work on bit or symbol streams of arbitrary 
length Convolutional codes are frequently used to correct errors 
in noisy channels. They have rather good correcting capability and 
perform well even on very bad channels (with error probabilities 
of about 10-3) [2].These codes are extensively used in satellite 
communications. 
Convolutional codes are commonly specified by three parameters; 
(n,k,m) where  n = number of output bits;  k = number of input 
bits;    m = number of memory registers. The quantity k/n called 
the code rate is a measure of the efficiency of the code. A simple 
Convolutional encoder is shown in fig. 4 [4].

Fig. 4: Convolution Encoder

Viterbi Decoding is an optimal (in a maximum-likelihood sense) 
algorithm for decoding of a convolutional code. Its main drawback 
is that the decoding complexity grows exponentially with the code 
length. So, it can be utilized only for relatively short codes.
The Viterbi algorithm is the optimum algorithm used to decode 
convolution codes. Although not optimum, they have generally 
found to give good results in the lower noise environments. Viterbi 
Algorithm is based upon Trellis Diagram as shown in fig. 5. Fig. 
5 [4], shows Trellis Diagram for the Encoder in fig. 4.
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Fig. 5: Trellis Diagram Representation

Convolutional codes are used in voiceband modems (V.32, V.17, 
and V.34) and in GSM (Global System for Mobiles) mobile 
phones, as well as satellite and military communication devices. 
Convolutional codes are used extensively for error correcting 
purposes in digital data communication systems. 

IV. Simulation Results
In this section the simulation is done to test the performance 
of the wireless system with noisy channel. Convolution coding 
is performed to recover the data with very less probability of 
error at the receiver, which is then much beneficial compared to 
that of PSK techniques in terms of increased data rate (i.e. bits 
per symbol is increased).From the simulation results it can be 
seen that wireless system works better using QAM Modulation 
technique and Convolution coding and BER achieved is very less. 
The graph is shown for BER vs SNR in fig. 6. which shows that 
SNR is improved as BER decreases. Convolutional codes are used 
extensively in numerous applications in order to achieve reliable 
data transfer, including digital video, radio, mobile communication, 
and Satellite Communication.

Fig. 6: Received Signal Graph

V. Conclusion
Wireless communications has been one of the fastest growing 
segments in the telecommunications industry.  Over a past couple 
of decades many Mobile communication standards have evolved 
and even today researches are going to develop new standards. The 
move to digital modulation provides more information capacity, 
compatibility with digital data services, higher data security, better 
quality communications, and quicker system availability. QAM 
increases the efficiency of transmission for radio communications 
systems by utilizing both amplitude and phase variations hence 
able to carry more bits of information per symbol.As for much 
higher order of modulation distance between adjacent points in 
the I-Q plane decreases so QAM had been chosen as modulation 
scheme, hence the constellation points are more distinct and data 
errors have been reduced. QAM is used in applications including 
microwave digital radio, DVB-C (Digital Video Broadcasting—
Cable) and modems.Since in Digital Communication bits get 
altered due to noise present in the channel, so in order to recover 
the original transmitted bits at the receiver coding  algorithms are 
designed in LabVIEW for SDR and finally their performances 
have been analyzed in terms of  BER. Hence, the proposed method 
improves the efficiency of transmission system.

References
[1] Haykin, Simon,"Digital Communications", Toronto, Canada: 

John Wiley & Sons, 1988.
[2] Davoud Arasteh,"Teaching Convolutional Coding using 

MATLAB in Communication Systems Course", Proceedings 
of the ASEE Gulf South-west Annual Conference Southern 
University, Baton Rouge, 2006.

[3] Chip Fleming,"A Tutorial on Convolutional Coding with 
Viterbi Decoding", 2002.

[4] Hari Palaiyanur,"Decoding Algorithms and Error Probability 
Bounds for Convolutional Codes", May 2005.

[5] Hanzo, L., S. X. Ng, et al.,"Quadrature Amplitude 
Modulation", 2nd ed., John Wiley, pp. 142-165, 2004.

[6] Taub, H., D. L. Shilling,"Principles of Communication 
Systems, 2nd ed., McGraw-Hill Publishing Company, New 
York. pp. 271-276, 1986.

[7] S. Haykin, M. Moher,"Modern Wireless Communications", 
New York: Prentice-Hall, 2004.

[8] N. Kehtarnavaz, C. Gope,"DSP System Design Using Labview 
and Simulink: A Comparative Evaluation", Proceedings of 
ICASSP, Vol. 2, 2006, pp. 985-988.

[9] S. Haykin,"Cognitive radio: Brain-empowered wireless 
comm-unications", IEEE J. Select. Areas Commun., Vol. 
23, No. 2, pp. 201–220, Feb. 2005.

[10] W. Yang, G. Xu,"Optimal downlink power assignment for 
smart antenna systems", in Proc. IEEE Int. Conf. Acoust. 
Speech and Signal Proc., Seattle, Washington, May 1998, 
pp. 3337–3340.

[11] Asad A. Abidi,"The Path to the Software-Defined Radio 
Receiver", IEEE Journal of Solid-State Circuits, Vol. 42, 
No. 5, pp. 954-966, 2007.

[12] W.Tuttlebee,"Software Defined Radio: Baseband  
Technologies for 3G Handsets and Basestations", John Wiley 
& Sons, 2004.

[13] Byoung-Jo Choi and Lajos Hanzo,"Optimum Mode-
Switching Assisted Adaptive Modulation", IEEE Transaction 
on Communication, Vol. 37, No. 5, pp. 247-249, February 
2001.


