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ABSTRACT 

 

Mobility is one of the most interesting assets in modern communications. The need of a very fast data 

access in wireless communication is become a necessity. It is obligatory to have a good throughput in a 

wireless limited bandwidth.  In this paper we propose to implement a combination of Network Coding and 

Quadrature Amplitude Modulation (called NC-QAM), started by a simulation and followed by a realization 

in a Wireless Open-Access Research Platform (WARP) module. Our model consists of two sources and one 

relay and one receiver. Based on an analytical simulation, theoretically we found that the combination of C-

QAM gives us a throughput improvement up to 31.8% compared to QAM without network coding. Based 

on the same model, the implementation on WARP has been carried-out. Two measurements and 

evaluations have been performed, with indoor and outdoor channel, by considering distance between two 

different sources. The evaluation shows that the improvement of combination NC-QAM can reach 14.02% 

compared to a system without network coding. 

 

Keywords: Network Coding, Quadrature Amplitude modulation, throughput, wireless Open-Access 

Research Platform. 

 

1. INTRODUCTION  

 

Telecommunication technology is major aspect in 

ICT era. On that era, Wireless communication 

systems are becoming important of 

telecommunication to give a very high mobility 

society. For this purpose, the system should be a 

high capacity, fast data access, high reliability and 

high security. Some efforts, included source coding, 

channel coding, and data security coding have been 

developed to gain high throughput with the best 

probability of error.  

A model called "Network Information Flow," 

which was inspired by the application of computer 

networks have been also used in wireless 

communication system. The model focuses on the 

use of some point-to-point communication basis, in 

a multicast way or a combination. The model 

considers that information as “fluid”, so we can re-

created and re-directed the flow easily. The flow 

control is applying on the network’s node, so it 

calls a “Network Coding” [1]. By this coding, we 

expect to have acceptable coding rate and to save 

the bandwidth. 

In The research previous, it was implemented 

cooperative communication system using WARP 

and it was evaluated its performance[2]. It also has 

been implemented an OFDM system and MIMO 

system on WARP[3-4]. The systems were not 

improved their throughput. In this study, we are 

interested in a model built from a very basic form 

of modulation, the Quadrature Amplitude 

Modulation [5]. We have implemented this 

technique in our WARP platform prior to 

development of our NC-QAM Model. NC-QAM 

stands for the combination of Network Coding and 

QAM modulation. By combining NC and QAM in 

a WARP platform, an improvement of network’s 

throughput and data reliability may be achieved [6].  

The choice of WARP Platform is based on the fact 

that WARP Platform categorized as a platform that 

can implement algorithms wireless very complex 

[7].  

The structure of paper is described as 

following. Part 2 gives us general view of model 

and some definition taken during the study, i.e. the 

QAM and the NC. Part 3 gives us the measurement 

set-up and the consecutive result. And finally, the 

conclusion has been written down in Part 4 

followed by Annex. 
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2. SYSTEM MODEL 

2.1 System model of QAM Modulation 

In digital communication, the transmission of 

digital data in the media (under water, air, wire, 

coaxial cable, waveguide, or a group of optical 

fibers) should pass through a modulator. Modulator 

will process base-band digital information to an 

analog form of a carrier signal. Usually the carrier 

will have a frequency higher than the base-band 

frequency, and varying in amplitude, frequency or 

phase [5]. The most questions during the 

modulation process will be the bandwidth 

efficiency of modulation (bps/Hz), the capability to 

adapt the transmission channel, and complexity of 

receiving part. 

Some time it is important to have theoretical 

efficiency of 1bit/Hz in maintaining the robustness 

of system in channel and a non-complex system. 

And, it is also possible to have modulation with M-

Ary digital methods to achieve higher symbol 

efficiency than 1 bit/Hz. In this paper, we propose 

to use a QAM [5], which have 2 bit/symbol. In our 

model, each symbol will be transmitted via two 

modulated signal, real part in I channel (in-phase) 

and imaginary part in Q channel (Quadrature). 

 

 

 

Figure 1: QAM transmitter system block [8] 

 

 

Figure 2: QAM receiver system block [8] 
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To realize the above QAM scenario, binary 

data with a rate of�� � 1/��  bps, will be split by a 

serial to parallel converter into two binary data 

sequence and transmitted in parallel with a rate 

of�� � 1/�� bps,�� � 2��. ��refer the symbol rate 

or baud rate, and ��is the bit rate. Then the low pass 

filter is used to limit the bandwidth of baseband 

signal and to form the signal suitable to carrier 

used. Since we use Amplitude Modulation System, 

the data signals of I channel and Q channel are 

modulated using modulation DSB-SC. I channel 

will be modulated directly to carried signal 

(cos	�����, so called in-phase. The carrier for Q-

channel will be shifted 90° prior to modulator, so 

called quadrature channel. The result of I-Q 

modulator is then summed and filtered using band-

pass-filter (BPF) in order to limit the bandwidth 

spectral in pass-band domain. The QAM 

modulation-demodulation processes are shown in 

Figure 1 and Figure 2. 

 

2.2 Network Coding 

In the existing computer network, each node 

serves as a switch in the sense to forward any 

information from an input link to an output link. 

The node may copy the information received from 

an input link and send it to a predetermined output 

link. From the Information theoretic (Information 

Theory) standpoint, there is no reason to limit the 

functions of a node into the switch. It is better to 

consider a node to function as an encoder in the 

sense node receives information from all the input 

links, encode, and send information to all output 

links. From this view point, a switch is a special 

encoder. Furthermore, it will all lead to coding at a 

node on a network, and referred as Network Coding 

[1]. Our scenario is described as following. 

 

1) Non-Network Coding Schema [6] 

By assuming the system works without the use of 

network coding, and a basic configuration is 

intended to avoid interference, a “four timeslot” is 

required to exchange two consecutive packages, 

one at each destination. Figure 3 illustrates the 

process of exchanging the two packages. At 

timeslot 1, node 1 sends a packet to relay R. ��in 

timeslot 2, relay R ��forward packets to node 2. In 

timeslot 3, node 2 sends a ��	package to relay R. 

And in timeslot 4, relay R forwards the packets 

��	to node 1.. 

 

 

 
 

Figure 3: Traditional non-network coding scheme [6] 

 

 
 

Figure 4: Straightforward network coding scheme [6] 

 

2) Straightforward  Network Coding Schema 

Straightforward network coding scheme is 

performed by reducing the number time-slot, i.e. 

three time-slot from the previously four timeslot. 

This scheme resulted in throughput improvements 

of 33% of the non-network coding scheme [6]. 

In Figure 4 illustrates a schematic of a 

straightforward  network coding. At timeslot 1, 

node 1 sends a packet to relay R. ��on timeslot 2, 

node 2 sends a packet ��	to relay R. After receiving 

the package ��	and��	, relay R create a package�� �

���, ���. In general, some mapping of network 

coding ���, ��� is possible. Formula ���, ���is an 

XOR operation, expressed as follows: 

 

�� � ��⨁�� (1) 

 

Where the pair XOR symbol ⊕ states per 

symbol of package ��	and��	. At timeslot to 3, relay 

R is broadcasting ��to node 1 and node 2. At node 

1 receives information from ��, ��	extract 

information from �� using information from��	. So 

it can be written as follows: 

 

��⨁�� � ��⨁��⨁��� � �� (2) 

 

Like-wise on node 2, extract information ��	of 

�� ⊕ ��[3]. Diagram of Straightforward Network 

Coding Scheme process is depicted in Figure 5. 

3) Throughput [6] 

Throughput analysis is based on the 

calculation time slot, assuming the number of any 

sent will be received correctly. 
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Figure 5: Straightforward network coding schema block [9] 

 

 

Figure 6 Blok of simulation process for M-QAM communication systems with network coding 

 

2.3 The Working Principle of the System 

2.3.1 Design of System Simulation in MATLAB 

Before implementing the system, the system is 

tested by simulation. These simulations serve as a 

starting-point of the system implementation. The 

model consists of two sources, as the origin. It is 

connected to destination nodes are connected by a 

relay. So that the communications system 

simulation process M-QAM with Network Coding 

is depicted in Figure 6. Each block in the 

simulation represents to signal, bits or symbols pass 

through the block. 
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At the beginning of each node, S1 and S2, 

randomly generated bits of information, a row of 

bits can be expressed as 

 

��� � �1�, 2�, 3�, … , ���                      (3) 

 

For, n is lots of randomly generated bits. 

Serial bit stream is then shaped into a parallel bit 

stream as much as k parallel, with the M-QAM 

constellation size and can be expressed as: 

 

 � 	
!"�

#
 (4) 

 

Parallel bit stream is further grouped into a 

binary symbol. In MATLAB 2013b, modulated 

symbols in the form of a decimal symbol. Hence, 

the binary symbol is converted into a decimal 

symbol first and then modulated with QAM 

modulation. 

In the simulation program, the channels used 

are AWGN channel. AWGN channel is to replace 

the channel condition at the time of 

implementation. 

Signals from S1 and S2 are sent to the relay. 

After at the receiver relay, the signal that has gone 

through AWGN channel demodulated by the QAM 

demodulation. Demodulation results converted 

back into binary form and the back row of parallel 

binary formed into a serial bit stream. This serial bit 

stream is a bit of information sent from the source 

node S1 and S2. 

The bit of information that has been received 

and network coding process is then performed, as 

described in [6] bits of information S1 and S2 in-

XOR. The Results of XOR broadcast to S1 and S2 

with the same delivery process as senders S1 and 

S2. 

In S1 and S2 receiver, the signals relay 

information from the demodulated. Decimal 

symbol of the demodulation result is converted 

back to a row of parallel binary and then formed 

into a row of serial. 

In the node S1, bits of information received 

from the relay in-XOR of the bits of information 

belonging to the node S1 is sent to the node S2 to 

get bits of information from node S2. The same 

process is also performed in the node S2. But at the 

node S2 bits of information from the relay OR with 

bits of information belong to the node S2. Figure 7 

shows of the simulation results. 

From Figure 7, there are simulation results of 

QAM Relay. Relay QAM question are relay 

communication system with 4 QAM, but without 

network coding is added to the process. Figure 7 

shows the BER is the ratio between the relay 

communication system with and without network 

coding. The simulation results will serve as starting 

point in the implementation of the system. 

 
Figure 7: The result of simulation BER at 4-QAM relay 

and 4 QAM with network coding 

2.3.2 Implementation system at WARP module 

In the implementation phase, the specific 

programming code is written. The program is 

different from program written during simulation 

phase. WARP includes some modeling tools, can 

be used along with the system parameters planted 

for WARP platform based in the system to be 

implemented.  So it is necessary to re-design the 

system form algorithmic to physical code for 

WARP. The working process of the system 

illustrated in the block diagram in Figure 8, and 

Figure 9. 

 

Figure 8: Block process at transmitter 
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Figure 9:.Block of process at receiver 

 
3. MEASUREMENT & ANALYSIS 

3.1. Measurement of system 

Measurement system implemented WARP is 

done on 4-QAM constellation. The measurements 

are taken at two different conditions, the conditions 

in indoor and outdoor conditions with different 

distances. The measured parameters include Bit 

Error Rate (BER), Throughput, and constellation 

diagram. From these measurements can be used as 

a scenario analysis of the comparative performance 

of the communication system network coding. 

3.1.1 Indoor Environment 

Measurement with the conditions in the room is 

carried out in AJ403, The Laboratory of Basic 

Telecommunication Systems, Department of 

Electrical Engineering ITS. The third node is 

placed in the position of a straight line. Setting 

distance variation is applied to the distance between 

the node 1 and node 2. Node 1 and node 2 is at 

once a source node destination node, while the node 

is a relay node that connects the communication 

path between the first node and the second node in 

the communications relay and network coding. 

Configuring the location and distance for each node 

its depicted in Figure 10. 

3.1.2 Outdoor Environment 

Measurements with outdoor conditions carried 

out in the parking lot for lecturer of the Department 

of Electrical Engineering ITS. The third node is 

placed in the position of a straight line. Setting 

distance variation is applied to the distance between 

the node 1 and node 2. Node 1 and node 2 is at 

once a source node destination node, while the node 

is a relay node that connects the communication 

path between the first node and the second node in 

the communications relay and network coding. 

Configuration of the location and distance for each 

node it’s depicted in Figure 11. 

 

 
 

Figure 10: Configuring of each node WARP for indoor 

evironment 

 
 
Figure 11: Configuring of each node WARP for outdoor 

evironment 
 

Figure 12 illustrates the result curves of 

simulation: Bit Error Rate (BER) of the Signal to 

Noise Ratio (SNR) at the 4-QAM. In the 

simulation, the channel used for simulation is the 

Additive White Gaussian Noise to Signal (AWGN). 

As the results of the value of BER on 4-QAM with 

network codingis are better than the value of the 4-

QAM BER without network coding. 
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Figure 12: The result of simulation BER at 4-QAM 

modulation 

 

 
Figure 13: The result of simulation throughput at 4-QAM 

modulation 

 

Figure 13 shows the curve QAM system with a 

throughput of network coding and QAM systems 

without network coding. In this simulation, to 

approach the actual situation, packet transmission 

time per channel is assumed to be 1 second. Great 

value at the beginning of the curve for QAM 

throughput without network coding is equal 10%0.75 

bps. Throughput values continue to increase as the 

increasing value of SNR to the SNR of 15 dB. After 

15 dB, the throughput remains constant at 

10%0.06bps. Then for QAM with network coding 

has a different shape of the curve with QAM 

without network coding. The throughput values 

continue to increase until the SNR is 12 dB. After 

exceeding the value of 12 dB SNR, the value of the 

network throughput of QAM coding becomes 

constant at a value 10%0.48bps. In theory, system 

with network coding will increase throughput by up 

to 33%. The results of the above calculation of 

network coding simulation system capable to 

improve the throughput of up to 31.8%. Results are 

closed to theory. 

 
Figure 14: BER4-QAM indoor system with network 

coding, without network coding, and point to point 

 

,-.	�/0 % ,-.	/1�	/0 � 	1023.45 % 1023.6

� 0.08 

 
0.08

,-.	/1�	/0
7100% � 	31.8	% 

 

3.2. Performance of system in indoor and 

outdoor environment 

3.2.1 BER Performance 

The measurement carried out to compare the 

effect of Network Coding System, with Network 

without Coding System, and System Point to Point 

QAM. The observation was done by BER 

performances of these three systems. Measurements 

carried out on the environmental conditions indoors 

and in outdoor environments. The results of the 

measurements were used as the analysis is the 

result of the measurement at a distance of 8 meters 

in the 4-QAM. 

The results of the three comparison 

measurement communication systems, 4-QAM 

system with Network Coding, 4-QAM without 

Network Coding, and 4-QAM Point to Point 

depicted in Figure 14 and Figure 15. The line 

curves in Figure 14 and Figure 15 which has a 

value of BER good lowest in indoor and outdoor 

conditions, namely 4-QAM BER from point to 

point. Results are due on a point to point system 

does not use a relay. In a system of point to point 

signal is emitted directly from the source 1 to 

source 2. Thus the received signal power is weaker 

than the signal power on a system using a relay. 

In Figure 14 and Figure 15, 4-QAM with 

network coding has a BER value that is lower than 

the value of BER 4-QAM without network coding. 

Although the 4-QAM with network coding has 

lower BER values, but the comparison with the 

value of the 4-QAM BER without network coding 



Journal of Theoretical and Applied Information Technology 
30th April 2017. Vol.95. No 8 

 © 2005 – ongoing  JATIT & LLS   

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
1752 

 

is not significant and the value of BER are both 

also still do not provide the difference BER. The 

BER value great to finally be worth 0. From these 

results we have described that the results of the 

above curve approached a curve in the simulation. 

 

 
Figure 15: BER 4-QAM outdoor system with network 

coding, without network coding, and point to point 

 

 
Figure 16: Throughput 4-QAM indoor system network 

coding, without network coding, and point to point 

 

 
Figure 17: Throughput 4-QAM outdoor system with 

network coding, without network coding, and point to 

point 

3.2.2 Throughput comparison 

Figure 16 and Figure 17 is the result of the 

measurement throughput of 4-QAM systems with 

network coding and 4-QAM system without 

network coding. The results of measurements on 

indoor conditions and on outdoor conditions has the 

shape of the curve is almost similar, the difference 

of the two curves are located on a large throughput 

its value. In outdoor conditions the throughput 

produced better or faster than the value generated in 

indoor conditions. 

At the same environmental conditions, both in 

indoor conditions as well as in outdoor conditions, 

the curve of the 4-QAM with network coding 

generates value much better throughput compared 

with the curve of the 4-QAM without network 

coding. The difference of the two shows the value 

of the difference is quite significant. Judging from 

the value of the maximum throughput of the system 

on indoor conditions, at -23 dBm output power with 

network coding throughput value reached 4.698 

kbps whereas without network coding 4.111 kbps. 

When calculating the percentage of the difference 

between the two values is described as follows: 

 

,-.	�/0 % ,-.	/1�	/0 � 	109.6:� % 109.6�4

� 587.44 
 

587.44

,-.	/1�	/0
7100% � 	14.28	% 

 

The results of the above calculation of 

network coding system can increase the throughput 

of up to 14.28%. 

And when result is viewed from a maximum 

value of both systems throughput in outdoor 

conditions, at -23 dBm output power with network 

coding throughput value reached 5.091 kbps 

whereas without network coding 4.465 kbps. When 

calculating the percentage of the difference between 

the two values is described as follows: 

 

,-.	�/0 % ,-.	/1�	/0 � 	109.:36 % 109.64;

� 625.03 

 
625.03

,-.	/1�	/0
7100% � 	14.02	% 

The results of the above calculation of network 

coding system capable of improving the throughput 

of up to 14.02 %. 

4. CONCLUSION 

Based on the simulation and measurement 

performed to the model proposes on WARP, It can 

be concluded that the combination of NC-QAM 
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give us a promising result. NC-QAM shows a 

comparable result in term of BER. But in terms of 

throughput, NC-QAM scheme has shown a better 

performance than traditional QAM or QAM with 

Relay. The throughput improvement of NC-QAM 

is up to 14.02 % from the traditional scheme. So it 

will be a potential approach to solve the throughput 

problem in wireless communication network for 

indoor or outdoor environment. Implementation of 

the system on WARP is a reliable solution to have a 

prototype of wireless system with a variety of 

approach or algorithms. 
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