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Abstract. Remarkable wireless networks technology developments have made 
us to expect the realization of new applications like the advanced traffic system, 
the disaster prevention system, and the adhoc network system. However the 
resources of wireless bandwidths are not enough to use for such new 
applications because it is not efficient usage. Therefore, it is necessary to 
develop with new efficient wireless transmission methods like cognitive 
wireless network. In this paper, the transmission control methods in cognitive 
wireless network considering with cross layers including user policies are 
discussed. First, at the observation stage, the physical data such as user policy, 
electric field strength, bit error rate, jitter, latency, packet error rate, and 
throughput are observed. Then, at the decision stage, AHP (Analytic hierarchy 
process) is applied for decision making process with those parameters. Finally, 
the action stage, one of the suitable link is chosen and changed links and 
networks.  

In the simulation, ns2 are used for the computational results to the effective- 
ness of the suggested transmission methods in cognitive wireless networks. 
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1   Introduction 

Recently the development of wireless networks has been growing in various fields, 
such as cellar phone, digital TV, and wireless Internet services. Those technologies 
make us to expect the new application like the advanced traffic system, the disaster 
prevention system, and so on. However, such a remarkable spread of wireless services 
cause lack and inefficient usage of radio frequency wireless spectrum, we're in front 
of a spectrum explosion, that is, one may not have enough wireless resources for new 
wireless applications. According to FCC reports [6], wireless resources are limited 
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and may not be efficient, because wireless device depends on access to the radio 
frequency (RF) wireless spectrum, and spectrum has been chronically limited ever 
since transmissions were first regulated in the early 20th century. Therefore, new 
technologies that use spectrum more efficiently and more cooperatively, unleashed by 
regulatory reforms, will soon overcome the spectrum shortage. 

Cognitive wireless network (CWN) by J. Mitola III [8] from software defined 
wireless was originally considered to improve spectrum utilization, and generally 
considered as a technology to identify the opportunities using the “spectrum holes” 
for telecommunications [1] [2]. In other words, Mitola defined that CWN is an 
intelligent wireless communication system that is aware of its surrounding 
environment, and uses the methodology of understanding by-building to learn from 
the environment and adapt its internal states to statistical variations in the incoming 
RF stimuli by making corresponding changes in certain operating parameters in real-
time, with two primary objectives in mind: highly reliable communication whenever 
and wherever needed; efficient utilization of the wireless spectrum. 

Also, CWN is consisted of the cogitation cycle; observing the environment, 
orienting itself, creating plans, deciding, and then acting reconfigurations. The 
cognition cycle is continually responding stimuli from environment, and it makes 
successful link or path of network. 

However, CWN still has some problems to realize like some algorisms, control 
methods, and technical problems to attain efficient transmission. First of all, it is 
recently known that CWN needs not only ordinal spectrum management or 
Physical/Mac layer observation control but also new control method including upper 
layers. Also, CWN still has technical problems like how to set radio frequency, how 
to observe its environment, and how to select proper transmission protocol or radio 
frequency, and so on [3][4][5]. Moreover, CWN needs the QoS algorism to select one 
of wireless links and network route for each application or user environment. 

In this paper, we consider the selecting method of the proper wireless link which 
each node has several wireless links such as IEEE802.11a/b, and IEEE802.16 
(WiMax), and the proper route in which network environment is changing through the 
time. First, user policy and network parameters are observed at the observation stage. 
At this stage, we set various policies for video, VoIP, text, disaster applications, and 
so on. By each policy, the weight parameter is decided for the decision algorism 
which based on Analytic Hierarchy Process (AHP). Network parameters like 
throughput, latency, jitter, packet error rate, bit error rate, and electric field strength 
are continuously measured and also used for the calculation of AHP. Secondly, at the 
decision stage, the results of AHP for each communication link are compared, and the 
proper link is selected when the results are changed. Also, if there is no proper 
wireless links at the observing nodes, proper route is analyzed by extend Ad hoc On-
Demand Distance Vector (AODV) algorism. Finally, in the acting stage, the selected 
link or route is applied for supposed network, and then simulation is carried out for 
our supposed methods. 

In the followings, in section 2, network model and system architecture of our proposal 
communication method are defined. Section3 deals with the observation stage which is 
the method of observing network parameters and user policy. Section 4 describes 
wireless link selection, route selection and decision algorism which based on AHP. 
Section 5 explains how to change link and route at supposed network. At section 6, the 
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When transmission data sent from sender to receiver, network data from each layer 
is observed through link0 that is the control link as explained in the previous section. 

In the application layer, a user application is detected for the decision of user 
policy. A user policy is assumed to various types like video, VoIP, text, connectivity 
(emergence purpose like disaster) and so on. These policies are used for the decision 
formula which will be mentioned in the later section. 

The system layer collects type of coding and performs coding functions including 
transcoding of a video coding to another one, such as from/to Motion JPEG to/from 
MPEG1.  

The network layer observes network conditions such as the value of PER, 
throughput, delay, jitter, BER, electric field strength, and so on.   

Network data from each layer is observed, and the decision making is held with 
crossing through layers. Then, the message of prefer link or route is sent through 
link0, and a reconfiguration procedure is acted at both sender and receiver nodes. 

3   Methodology 

As the previous research [8], the cognition cycle is introduced to our proposal 
method. The cognition cycle is consisted of three stages; the observation stage, the 
decision stage, and the acting stage. Each stage is continuously cycled in order to 
perform link or route configuration. 

A. Observation Stage 
Network data is continuously observed through each layer at this observation stage. 
Wireless network condition varies depending on the movement of nodes or radio 
interference. Therefore, CWN needs to parse these stimuli to select the available 
solution for providing the performance from user requests. 

In this paper, our supposed system observes application types in order to decide 
user policy which is depending on the specific services or media. Also, physical 
characteristics like coding, PER, throughput, delay, jitter, BER, and electric field 
strength are observed. Those parameters are used for understanding stimuli from user 
environment. 

B. Decision Stage 
Decision making is held to maintain QoS in this decision stage. When the network 
condition is changed, the proposal system will seek the suitable link and route by the 
calculating from the values of network characteristics like user policy, throughput, 
BER, and so on. We introduce AHP for the calculation of link, and extend AODV for 
the decision of suitable route. 

1) Link Selection 
AHP is one of multi-attribute decision making and structured techniques for dealing 
with complex decisions. It was developed by Thomas L. Saaty in the 1970s [9]. By 
structuring a decision problem hierarchy, AHP provides us quantifications of its 
elements and evaluations of alternative solutions.   

For example, when the suitable link between neighbor nodes is solved by AHP, the 
hierarchy of the problem is first structured. That is, goal (To decide suitable link of 
wireless node), criteria (network characteristics such as delay, PER, throughput, and  
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AODV builds routes using a route request (RREQ) and route reply (RREP). When 
a source node requires a route to a destination for which it does not have a route, the 
source node broadcasts RREQ packets across the network. When the other nodes 
receive those packets, and then update their routing information for the source node 
and set up backwards pointers to the source node in the route tables.   

The RREQ contains the source node's IP address, current sequence number, 
broadcast ID, and the most recent sequence number for the destination node. A node 
receiving the RREQ may send RREP packets if it is either the destination or it has a 
route to the destination with corresponding sequence number greater than or equal to 
that contained in the RREQ. If this is the case, RREP packets are sent back to the 
source node with setting the routing tables relatively.  

3) Extended AOCV 
We propose a extended AODV protocol by adding the link values and network 
conditions on each node for RREQ and RREP packets on each node from the source 
to the destination.  The link values of each node are calculated by AHP as the 
previous sections, and those are set to the information of next node ID. Also, network 
characteristics values of each node such as delay, PER, throughput, and so on are 
added to RREQ and RREP packets.  Then, a destination node receives all of the 
RREQ packets from the possible routes during certain unit time. Then, possible routes 
are compared to select the best route,  

1) that can provide the maximum End-to-End throughput among all of the routes 
for video service, or  

2) that can provide the minimum End-to-End delay time among all of the routes for 
VoIP, and 

3) that can optimize the policy based AHP for Web service. 

Through those comparisons, the best suitable route is decided by the policy of 
transmission data. 

We propose to add the link values by AHP for RREQ and RREP packets, and those 
are set in the routing tables like Fig.5. 

 

Fig. 5. Routing Tables by Extend AODV 

C. Acting Stage 
After the decision making of the suitable link or the route, a link or route will be 
changed in the acting stage.  

In the proposed system, a control wireless link is assumed to use for a transmission 
of the control information. A control link is set to the lowest frequency bandwidth, 
and a node sends the information with a suitable link to the next node through the 
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control link. Then, both nodes act the link change at the same time. A route change 
also acts as the same way of a link change. 

The cognition cycle goes back to the observation stage after the acting stage, and it 
works to a link or route change relatively. 

4   Simulation 

In the simulation, ns2 (Network Simulator 2) was examined to evaluate the 
effectiveness of our suggested method. IEEE802.11a, IEEE802.11b, IEEE802.11g is 
used as the wireless links, and IMT2000 is used as the control link. The number of 
wireless nodes is set to two, and every node has the same wireless links. Then, only a 
source node moved with the same speed, and video data were transmitted from the 
source node to the destination node. The simulation conditions are the following 
table. 

Table 1. Simulated Conditions 

Item Simulation Content 

Nodes 
Node0 moves from (10,5,5)  to (300,5,5) 
with 2m/s 
Node1 is set to (10.5.5) 

Anntenna Non-directional 

Transmission Data 
320x240 MJPEG (15fps, 1/15 Compressed 
data) is send from node0 to node1. 

Link Interface 
IEEE802.11a/b/g.  Each link has one 
channel. 

Space Free Space 

Observed Parameters Signal Strength, Throughput, Jitter, PER 

 
In this paper, a link change is especially focus on the simulation. First, the 

simulation of IEEE802.11a, b and g is simulated under table1 conditions.  
The Fig.6 shows the results of each node simulation. At Fig.6, throughput of 

IEEE802.11a is quickly down about 18sec, and the link is disconnected about 23sec. 
Also, IEEE802.11g is gradually down and disconnected about 145sec. IEEE802.11b 
keeps link connection although throughput is not so high. 

On the contrary, the results of our proposal method are showed in Fig.7.  
Fig.7 shows that our proposed method keeps high throughput because the link 
selection is effectively worked under video transmission scenario. The wireless link is 
switched from IEEE802.11a to IEEE802.11g at 14 sec, and also switched IEEE802. 
11g to IEEE802.11b at 132 sec. This results showed the proposed methods change the 
best suitable link to maximize the transmission rate with user policy. 
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Fig. 6. IEEE 802.11a/b/g Throughput 

 
Fig. 7. Proposed Cognitive Wireless Network Throughput 

5   Conclusions 

In this paper, the transmission control methods in cognitive radio network 
considering with cross layers including user policies are introduced. Compared with 
giving fixed transmission rate, the our suggested methods can determines the 
transmission rate dynamically to achieve the maximum throughput by changing 
wireless links. The simulation result based on the video based data show that the 
proposed methods change the best suitable link to maximize the transmission rate 
with user policy. Therefore, the proposed method is shown in practical, efficient and 
reliable to support data transmission. 



 User Policy Based Transmission Control Method in Cognitive Wireless Network 177 

References 

[1] Chen, K.C., Peng, Y.J., Prasad, N., Liang, Y.C., Sun, S.: Cognitive radio network 
architecture: part I – general structure. In: ICUIMC 2008: Proceedings of the 2nd 
international conference on Ubiquitous information management and communication 
(January 2008) 

[2] Chen, K.C., Peng, Y.J., Prasad, N., Liang, Y.C., Sun, S.: Cognitive radio network 
architecture: part II – trusted network layer structure. In: ICUIMC 2008: Proceedings of 
the 2nd international conference on Ubiquitous information management and 
communication (January 2008) 

[3] Cordeiro, C., Challapali, K., Ghosh, M.: Cognitive PHY and MAC layers for dynamic 
spectrum access and sharing of TV bands. In: TAPAS 2006: Proceedings of the first 
international workshop on Technology and policy for accessing spectrum (August 
2006) 

[4] Weingart, T., Sicker, D.C., Grunwald, D.: Evaluation of cross-layer interactions for 
reconfigurable radio platforms. In: TAPAS 2006: Proceedings of the first international 
workshop on Technology and policy for accessing spectrum (August 2006) 

[5] Kliazovich, D., Granelli, F.: Packet concatenation at the IP level for performance 
enhancement in wireless local area networks. Wireless Networks 14(4) (2008) 

[6] Renk, T., Kloeck, C., Burgkhardt, D., Jondral, F.K., Grandblaise, D., Gault, S., Dunat, 
J.-C.: Bio-inspired algorithms for dynamic resource allocation in cognitive wireless 
networks. In: Mobile Networks and Applications, October 2008, vol. 13(5) (2008) 

[7] Staple, G., Werbach, K.: IEEE Spectrum: The End of Spectrum Scarcity, 
http://www.spectrum.ieee.org/telecom/wireless/ 
the-end-of-spectrum-scarcity 

[8] Sugimoto, T., Yamaguhi, S., Asatani, K.: A Proposal for System Selection Scheme 
Using Multiple Handover Triggers in Heterogeneous Wireless Networks, Technical 
Report of IEICE 

[9] He, W., Nahrstedt, K., Liu, X.: End to End Delay Control of Multumedia Applications 
over Multihop Wireless Links. ACM Transaction on Multimedia Computing, 
Communications and Applications 5(2), Article 16 (November 2008) 

[10] Perkins, C.E., Royer, E.M.: Ad hoc On-Demand Distance Vector Routing. In: 
Proceedings of the 2nd IEEE Workshop on Mobile Computing Systems and 
Applications, February 1999, pp. 90–100 (1999) 

[11] Chakeres, I.D., Royer, E.M.: AODV Routing Protocol Implementation Design. In: 
Proceedings of the International Workshop on Wireless Ad Hoc Networking (WWAN) 
(March 2004) 


	User Policy Based Transmission Control Method in Cognitive Wireless Network
	Introduction
	Network Model
	Methodology
	Simulation
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




