
Mixed Network Interference Management
with Multi-Distortion Measures

Item Type text; Proceedings

Authors Traore, Abdoulaye S.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 19/05/2023 15:50:58

Link to Item http://hdl.handle.net/10150/604294

http://hdl.handle.net/10150/604294


1 
 

MIXED NETWORKS INTERFERENCE MANAGEMENT  
WITH MULTI-DISTORTION MEASURES 

 
Abdoulaye S Traore 
Morgan State University 

Department of Electrical and Computer Engineering 
 

Dr. Richard Dean 
Faculty Advisor 

 
 
 
 

ABSTRACT 
 

This paper presents a methodology for the management of interference and spectrum for 
iNET. It anticipates a need for heavily loaded test environments with Test Articles (TAs) 
operating over the horizon. In such cases, it is anticipated that fixed and ad hoc networks will be 
employed, and where spectrum reuse and interference will limit performance. The methodology 
presented here demonstrates how this can be accomplished in mixed networks.  
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I. INTRODUCTION 
 

One of the focuses of the integrated Network Enhanced Telemetry project (iNET) is to enhance 
the current comprehensive telemetry standard IRIG-106. This standard is used in aeronautical 
telemetry application to ensure inter-operability between test articles (TAs) and ground station 
(GS). With the help of iNET Program office, SRC, and the TRMC center of Department of 
Defense for their funding of this effort, research conducted at Morgan State University (MSU) 
has focused on providing solutions for two important critical needs identified by the Central Test 
and Evaluation Investment Program (CTEIP): “the need to be able to provide reliable coverage 
in potentially high capacity environments, even in Over-The-Horizon (OTH) settings”, and “the 
need to make more efficient use of spectrum resources through dynamic sharing of said 
resources, based on instantaneous demand thereof”.  While maintaining the desired level of 
performance for all the TAs in the network, MSU’s Mixed Network architecture shows that a 
cellular-Ad-hoc network can be used to provide coverage for TAs that fly outside the coverage 
area of the GS. This mixed network uses clustering techniques to organize the aggregate network 
into ad hoc networks based on properties of each TA, which currently include signal strengths, 
location , throughput-delay and power performance,[1][2][3].   
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At MSU, advanced studies have been performed previously on clusters base on their location, 
their Signal to Noise ratio (SNR) and their power performance that led to some successful 
results. Currently, the problem that arises is the interference power generated between opposite 
and adjacent clusters, which minimizes the performance between TAs in the mixed network, due 
to the limitation of spectrum. The objective of this research is to cluster TAs in some defined 
areas based on their properties and then measure the signal to interference power ratio (SIR). 
This paper describes the analytical foundation used to show that interference power ratio 
measure provides an excellent tool for optimizing the clustering of a mixed network.  

 
 

II. MIXED NETWORK ARCHITECTURE 
 
MSU’s research has led to the design of mixed network architecture as shown in the figure 
below. The mixed network used a k-mean algorithm to partition the networks into a single 
cellular network and multiple ad hoc networks, or cluster cells (CC). The cellular network has 
higher capacity and provides lower coverage area; whereas, the ad hoc network provides a 
tremendous coverage area at lower capacity. In [1], the CCs are organized based on the radius 
and angle of every TA. Currently, the mixed network has been re-organized not only based on 
the radius and angle but also based on the power performance of every TA as developed in [3]. 
The following assumptions were considered in the design of the mixed network:  
- The GS is located at the center of the cellular network. 
- Around the cellular network, there are four clusters cells that communicate through gateway 

nodes with GS.  
- The TAs know their position at any time given.  
- All the TAs are able to operate in Cellular mode (CM), ad hoc mode (AHM) or gateway 

mode (GM) depending on their position relative to the GS.  
 

 

 
 
 
 
 
 
 
  
 
 
Figure 1: Mixed Network Overview (source [1]) 
 

There are three important parameters that affect the performance of the mixed network. In [3] 
two of the parameters are developed: Contention and Queuing. The third parameter is 
interference power ratio that is generated by TAs from opposite and adjacent clusters. Since 
opposite clusters in this work are assumed to be operating at the same frequency, the TAs of one 
cluster act as interferers to TAs in the opposite cluster. If the TAs could communicate while 
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hearing other co-channel or adjacent channels TAs, signal degradation will occur. In such 
environments, interference limits the overall performance of the network.  
 

 

III. TYPES OF INTERFERENCE 
 

There are two types of interference: 
1. Additive, which includes co-channel, adjacent channel, intersystem inter-modulation, and 

inter-symbol interfering signals. 
2. Multiplicative, caused by multipath reflections, diffraction and dispersion of transmitted 

signals as they enter the receiver of wireless systems, especially mobile. 
From these two types, the interference signals in wireless communication system are placed in 
two categories for the purposes of this research: those caused by natural phenomena, which are 
beyond the scope of this research, and those manmade signals, which can be attenuated or 
controlled. 
 
 

A. CO-CHANNEL INTERFERENCE 
 

This type of interference is the interfering signal that has the same carrier frequency as the 
acceptable information signal. It is generated by the fact that two opposite clusters share the 
same frequency, known as a reuse frequency. Unlike thermal noise which can be overcome by 
increasing the signal-to-noise ratio (SNR), co-channel interference cannot be overcome by 
simply increasing the signal power of a transmitter [6]. An increase in signal power transmitted 
increases the interference to neighboring co-channel clusters. To reduce the co-channel 
interference, we use two conditional techniques:  
- The co-channel interference probability (CCIP) measure (Pc) 
- The blocking probability or CCCIP that is defined as the probability that the undesired signal 

local mean power (LMP) exceeds the desired LMP by a protection ratio β 
The derivation of CCIP is performed assuming a Nakagami mobile environment because it is one 
of the most appropriate models for mobile communication. The Nakagami distribution (also 
called m-distribution) provides an optimum foundation in analyzing data in outdoor environment 
shown below as developed in [5]. 
The CCIP Pc can be expressed as: 
Pc = Prob ( �� ������ � 	
        (1) 

Where  
- S= the LMP of the desired signal 
- Ii= the LMP of the  i th interferer 
- β= the protection ratio 
- k= the number of interferers 
Considering the Gauss-Hermite assumption, the error in desired levels can be managed. However 
depending on the cellular region’s characteristics, the shadow-fading parameter � has different 
values. Hence, CCIP can be modified to 



4 
 

�� � � ����
��� � � ��� �� ��� � �������� ������� � � � !��"���#$�!%&'( �) �#*�+����
,*�+����
,- &�
./ 012� ��� 123 (2) 

where�4�,4�, . . . 43 = standard deviations of the logarithm of the LMPs of the k interferers, 5 is 
the orthogonality function between different signals, and G is cumulative distribution function 
(CDF) of the normal distribution. 

Since �#6 � 78&� �) � 9:        (3) 
Where  
- R = the radius of the cluster; 
- D = the distance from nearest co-channel cluster; 
- 78= the cluster size 
Pc can be written as 

�� � � ����
��� � ��� �� ���� �������� ������� � ; � !��"�<=>?'(��*+����,*+����,���
�
./ 012� ��� 123   (4) 

where F is the CDF.  
This equation (4) gives us the general form for the CCIP in function of the critical co-channel 
interference reduction factor�@ A) ; and is only true for known cluster size and the co-channel 
interference is independent from the SNR of each TA.  CCIP is directly proportional to @ A)   
factor. Note that within a cluster, every TA acts a node meaning each of them is a transceiver. 
Therefore, the factor @ A)  can be calculated for several path loss environments using the path 
loss coefficient.  
 
For dynamic (unknown) cluster size, the co-channel interference is dependent on the SNR of 
each TA, and the distance between the k interferers are not the same within the network. Hence 
equation (4) can be rewritten as 

�� � � ����
��� � � ��� �� ��� � �������� ������� � ;
B
CD !�"���E/,F!�� *G/�H=�>�I

'(�#+����&���� 0
./ J

KL12� ��� 123   (5) 

Where, 
- M� = the area mean power of the desired signal; 
- A  = the radius of the cluster contained the desired transmission; 
- AN = the radius of the cluster contained the i th interferer; 
- M� = the distance of the i th interferer from this cluster 
This probability in (5) will help us in maintaining good performance within the mixed network.  

 
 

B. ADJACENT CHANNEL INTERFERENCE 

This type of interference is caused by an excess in power from an adjacent cluster. In another 
words, the desired and the adjacent signals may be partially correlated with their fades. Hence, 
there is a probability that�2� O P2�, where 2� and 2�are the two envelopes of the desired and the 
interfering signals respectively and P is a constant [5].  
Assuming that the expected mean QR2��S � QR2��S � T4�   



5 
 

U�2� O P2�
 � V WXY V Z�2�[ 2�
WX\
�

]XY

�
^

 

  � � WXY � 2�2��_` ab c��,c���.����d�
e fg hc�c�.� � id����d�
j 12��]XY
�̂

 

  � Y\ k Y\ � Y�]\
l#Y�]\&\�md�]\      (6) 

where nc is the correlation coefficient between 2�and 2� 
The PDF �c�o
 of 2� � 2� 2�)  can be obtained as follows [5] UX�p
qpr] � WW] U<X\XY O ]?        (7) 

Using the desired signal, we consider the term R =i�c, where �c is the power gain at the 
intermediate frequency filter output for the desired signal relative to the adjacent channel 
interferer; hence, Us\�t
 � UX�p
qprit u) � �Y�vX
<Y,tu?

uh<Y,tu?\�mvXtujw \)       (8) 

Where vX is given by the formula vX�xy[ z
 � {\̂�|}z
Y,�xy
\x\  
And with z = 0, the above formula will reduce to 
 nc � �Y,�xy
\x\         (9) 

where the term xy \~)  is the difference in frequency between the desired signal and the 
interferer. The term x is the time delay spread. The nc is inversely proportional to x or x�. As nc decreases, the adjacent channel interference also decreases.  
From these two major types of interferences, when adjacent channel interference is compared 
with co-channel interference at the same level of interfering power, the effects of the adjacent 
channel interference are lesser. 

 
 

IV. PERFORMANCE MEASURE OF SIR 

The SIR for any mobile systems can be approximated by [6] 

�� � �� � <9:?!
          (10) 

Where M = the number of co-channel interfering clusters; n= path loss exponent; D = distance 
between two co-channel clusters; R = radius of a cluster; 
 
In this analysis, we assume an OFMD signal that was developed in [7]. Using the equations (5) 
and (8), the basic equation for the SIR of a TA and a carrier for an OFDM system in the case of 
synchronously arriving signals can be shown as ��fA
N � ��>��� �����>,� "�����>���,�������������

       (11) 
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Where �N:= the receiver power of the carrier i; �3:���= the total received power from Gateway 
transceiver station k; ��= the processing gain; ��= the orthogonality factor for intra-cluster 
interference;  	��= models the orthogonality loss due to non-ideal channel estimation and due to 
fading multipath channel; ��= models the thermal noise. 
In the case of a single carrier, equation (11) will reduce to:  ��fA
N � h ��>���� "�����>������� ���j� where �: � � ��>��Nrg      (12) 

The parameter 5 illustrates the orthogonality between the signals from different Gateway test 
articles. This interference management function is useful in re-clustering the mixed network 
structure. Now, the ad hoc will be characterized based on the interference measure. 
We added the weight W as an exponent of SIR performance measure because it allows us to vary 
the operating point of the SIR performance measure in the simulation. This implies that we can 
optimize the clustering of a mixed network to improve performance for various applications 
based on interference requirement. Hence, the clustering scheme for the mixed network proposed 
by [3] can now be modified to include one additional performance measures, SIR, as shown in 
equation (12).  

],[ __ wdelwthruww_angw_dist SIR,Delay,Thru,AngleDistCluster =  
 
 

V. RESULT AND DISCUSSION 
 

The clustering for ad hoc nodes in the method presented in [1], [2], and [3] uses a K-means 
clustering method based on different measures. The next step is to add SIR, which reflects the 
overall performance of the network. With this new measurement, the distribution of TAs has 
improved by re-clustering the network. This improvement minimizes the interference in the 
mixed network, and provides a better management of the spectrum. The re-clustering of the 
mixed network minimizes interference by re-locating TAs interferers into different clusters as 
you can see in figure 2. The graph to the left shows the number of TAs displays in each cluster. 
We have a total of four clusters with the first containing about 150 TAs. We overloaded this 
cluster in order to increase interference. The graph to the right shows the distribution after taking 
into consideration SIR measure. The TAs interferers are re-clustered within the network so that 
we can achieve better spectrum efficiency. 

 
Figure 2: Distribution of nodes among the four clusters  
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During the redistribution of interferers TAs, we use equation (12) to determine the interfering 
signals within the network. Figure 3 displays the mixed network architecture where the ad hoc 
networks are located around the cellular network. Figure 3 (left) shows the clusters distribution 
of figure 2 (left) before removal of interfering TAs presented in the network. Figure 3 (right) 
shows the clusters of figure 2 (right) after redistribution of interfering TAs across the network. 

 

 
Figure 3: Clustered network before & after implementing interference measure 

Figure 4 shows two different parameters: the average SNR power (represented by the long bar in 
both part of this figure) and the SIR power. To the left, the average SNR power is 44.8 dB and 
the SIR power is 33 dB. These results are affected with interfering TAs that are operating in the 
network. To the right, the average SNR power has increased to 48 dB and the SIR has decreased 
to 27 dB. From these results, we see that the average power increases by about 4 dB, while the 
average interference power decreases by about 5 dB. With the assumption that each cluster 
operates on one of the several frequencies, this technique offers a method to manage frequency 
and address interference in a complex environment. 

 

 

Figure 4: Signal strength and interference  
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VI. CONCLUSION AND FUTURE WORK 

 
We have shown that SIR affects the overall performance of the mixed network, thus increasing 
performance. We have derived analytical results for the SIR performance measures for our 
mixed network, and have shown through simulations that it can be used to optimize the 
performance of the mixed network based on Quality of Service requirements. We plan to prove 
analytically the simulations that were developed experimentally in [1], [2] and [3].  
 
The next step in our research is to derive the appropriate weights associated with each 
measurement technique used in the mixed network. These weights will be used to expand the 
clustering schemes and construct an analytical framework to the experiments in [1], [2] and [3]. 
This will allow us to re-cluster and optimize the performance of the mixed network based on 
distance, angle, throughput, delay, and interference management.  In addition, we plan to 
develop a methodology to utilize the spectrum efficiently, where the mixed network can be 
managed on a continuous basis by organizing the network with a clustering scheme that 
combines location, signal quality, traffic intensity, spectrum and interference. We have 
demonstrated that SIR is a powerful tool that can be used to optimize the overall performance of 
a communication system.  
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