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Abstract 
  

The rapid growth of the internet and the evolution of user equipment (UE) with multiple 

network interfaces contributed to provide more quality of services and enable the users a 

choice of connectivity to multiple access networks with different characteristics and 

transferring from one network to another. LTE from cellular networks and WiFi from  

IEEE802.x family networks are differ in coverage area, latency, data rate, signal strength, 

cost and bandwidth and each of these networks  designed to support a different set of UE 

and specific services, so the limitation of these complementary wireless networks can 

overcome by integration of these different technologies into NGWN [1].  

 

To make UE enjoy seamless connectivity and access to services anywhere at any time 

between these two heterogeneous networks, a vertical handover process is needed for 

achieving that, which is the switching between points of attachment or base stations within 

different network technologies. With development of technologies nowadays, the research 

of vertical handover algorithms in various mobility scenario networks today is still a 

challenging area for future research. In this thesis, we proposed an intelligent algorithm 

called IVH_NF which is compatible with UE for a vertical handover decision with four 

inputs parameters (RSS, PC, MS and D) gathering from the surrounding network for the 

UE between two heterogeneous integrated networks, WiFi and LTE using ANFIS 

technique which is based on Takagi–Sugeno Fuzzy Inference System (FIS) that combines 

both neural networks and Fuzzy logic principles, it takes the benefits of both in a single 

framework, it‘s working principle  starts from allowing neural network to learn for tuning 

the parameters of a FIS using a collection of the training dataset to generate  fuzzy 

membership rules which are  responsible  for selecting optimal network with achieving the 

best Quality of Service (QoS) in terms of enhanced Throughput, reducing the number of 

unnecessary handover and End to End Delay (EED). 

The simulation results include first validating the accuracy of the mathematical IVH_NF 

design by MATLAB simulator through standard error measurement tools with statistical 

criteria such as RMSE, MAE and R
2
 where these simulation results reveal that the 

mathematical design is achieve high level in accuracy, then  many vertical handover 

scenarios were implemented from LTE to WiFi networks and extensive simulation 

experiments were carried out using Apache NetBeans simulator which reads the tuned 

rules as txt file which are responsible for VHO decision making and then study the effect 



iv 

 

of UE speed and application Bitrate on the performance metric that affect the Quality of 

Service, such as Throughput, EED and Handover counts for vertical handover scenarios. 

The results obtained from the scenarios confirm that IVH_NF achieves better results in 

terms of enhanced the Throughput with acceptable values for speed and bitrates and with 

comparing our model with some previous VHO algorithms, we conclude that, it achieves 

improvement percentage in term of minimized EED by 58% from RSS [2] and reduced 

Handover counts by 33.3% from ANFIS [3] and 60% from Fuzzy Logic [4]. 
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النمورج الزكً المعتمذ على الشبكت العصبونيت والمنطق الضبابً فً التسليم العمودي بين شبكاث 

LTE  و  WiFi 

 اعذاد : نيفين عمش صالح جفال

 د. سشذي الحمامشة : بإششاف

 ملخصال

ّرعذدج ٌٍشثىاخ، فٍ ذىفُش اٌّضَذ اٌىاخهاخ وخىد اٌ( ِع UEساهُ إٌّى اٌسشَع ٌلإٔرشٔد وذطىس ِعذاخ اٌّسرخذَ )

راخ اٌخصائص اٌّخرٍفح، ِٓ خىدج اٌخذِاخ وذّىُٓ اٌّسرخذُِٓ ِٓ اخرُاس الاذصاي تشثىاخ اٌىصىي اٌّرعذدج، 

شثىح اٌ ِٓ عائٍح اٌشثىاخ اٌخٍىَح و( LTEاٌشثىاخ راخ اٌرطىس غىًَ الأِذ ) والأرماي ِٓ شثىح إًٌ أخشي. ذخرٍف

وولد الاسرداتح، وِعذي اٌثُأاخ،  ولىج  ،فٍ ِٕطمح اٌرغطُح IEEE802.xِٓ عائٍح  (WiFiاٌّحٍُح اٌلاسٍىُح )

 UEاٌرشددٌ، ووً واحذج ِٓ هزٖ اٌشثىاخ ِصّّح ٌذعُ ِدّىعح ِخرٍفح ِٓ  الإشاسج، واٌرىٍفح، وعشض إٌطاق

ٌِرغٍّة عًٍ هزٖ الاخرلافاخ فٍ اٌشثىاخ اٌلاسٍىُح اٌرىٍُُّح ِٓ خلاي دِح هزٖ اٌرمُٕاخ  وخذِاخ ِحذدج، وتاٌراٌٍ 

 NGWN [1.]اٌّخرٍفح فٍ 

ذُٓ اٌشثىرُٓ غُش اٌّردأسرُٓ، فئْ عٍُّح تأفعً ِعاَُش اٌدىدج تُٓ ها UEٌدعً خذِح الاذصاي ِرىفشج دائّا ي 

اٌرسٍُُ اٌشأسٍ ظشوسَح ٌرحمُك رٌه، وهى اٌرثذًَ تُٓ ٔماغ اٌرعٍك أو اٌّحطاخ الأساسُح ظّٓ ذمُٕاخ اٌشثىح. ِع 

ذطىس اٌرمُٕاخ فٍ اٌىلد اٌحاظش، لا َضاي اٌثحث عٓ خىاسصُِاخ اٌرسٍُُ اٌعّىدٌ فٍ شثىاخ سُٕاسَىهاخ اٌرٕمً 

 IVH_NFُىَ َّثً ِدالاا صعثاا ٌٍثحث فٍ اٌّسرمثً. فٍ هزٖ اٌذساسح، الرشحٕا خىاسصُِح روُح ذسًّ اٌّخرٍفح اٌ

، ِعذي اسرهلان اٌطالح RSSٌمشاس اٌرسٍُُ اٌعّىدٌ ِع أستعح ِرغُشاخ إدخاي )لىج الإشاسج اٌّسرٍّح  UEِرىافمح ِع 

PC ًسشعح اٌرٕم ،MS  اٌّسافح وD) ٌٍـ  ذدّع ِٓ اٌشثىح اٌّحُطح اٌرUE ُٓتُٓ شثىرُٓ غُش ِردأسر: WiFi  و

LTE  تاسرخذاَ ذمُٕحANFIS  ًٍاٌرٍ ذعرّذ عTakagi – Sugeno FIS  اٌرٍ ذدّع تُٓ وً ِٓ اٌشثىاخ اٌعصثُح

وِثادا إٌّطك اٌعثاتٍ، فهٍ ذسرفُذ ِٓ وٍُهّا فٍ إغاس واحذ، وَثذأ ِثذأ اٌعًّ ِٓ اٌسّاذ ٌٍشثىح اٌعصثُح تاٌرعٍُ 

لإٔشاء لىاعذ   Data Set( تاسرخذاَ ِدّىعح اٌثُأاخ اٌرذسَة FISرغُشاخ ٔظاَ الاسرذلاي اٌعثاتٍ )ِٓ أخً ظثػ ِ

ذىىْ ِسؤوٌح عٓ اخرُاس اٌشثىح اٌّثًٍ ِع ذحمُك أفعً خىدج  Membership Function Rulesععىَح غاِعح 

 واٌرأخُش إٌهائٍ.وذمًٍُ عذد عٍُّاخ اٌرسٍُُ غُش اٌعشوسَح   ،خذِح ِٓ حُث الإٔراخُح اٌّحسٕح

ِٓ خلاي  MATLABتاسرخذاَ ِحاوٍ  IVH_NFذرعّٓ ٔرائح اٌّحاواج اٌرحمك أولاا ِٓ دلح اٌرصُُّ اٌشَاظٍ 

Rو  MAEو  RMSEأدواخ لُاط اٌخطأ اٌمُاسُح ِع ِعاَُش إحصائُح ِثً 
2

حُث وشفد ٔرائح اٌّحاواج أْ اٌرصُُّ  

إًٌ  LTEاٌشَاظٍ َحمك ِسرىي عايٍ ِٓ اٌذلح، تعذ رٌه ذُ اٌعذَذ ِٓ ذٕفُز سُٕاسَىهاخ فٍ عٍُّح اٌرسٍُُ اٌشأسُح ِٓ 

اٌزٌ َمشأ لىاعذ اٌمشاس ٌرسٍُُ  Apache NetBeansوذُ إخشاء ذداسب ِحاواج ِىثفح تاسرخذاَ ِحاوٍ  WiFiشثىاخ 

ٌٍرطثُك عًٍ ِمُاط الأداء اٌزٌ  Bit Rate وِعذي اٌثد UEٌذساسح ذأثُش سشعح  txt  ِٓMATABف اٌعّىدٌ وٍّ

وعذد عٍُّاخ اٌرسٍُُ ٌسُٕاسَىهاخ اٌرسٍُُ اٌعّىدٌ.  EEDَؤثش عًٍ خىدج اٌخذِح، ِثً الإٔراخُح و صِٓ اٌرأخُش  

وِع ِماسٔح إٌّىرج اٌّمرشذ ِع تعط ذؤوذ إٌرائح اٌرٍ ذُ اٌحصىي عٍُها ِٓ اٌسُٕاسَىهاخ أْ اٌمُُ ِمثىٌح 

 EEDاٌخىاسصُِاخ راخ اٌصٍح، ٔسرٕرح أْ إٌّىرج اٌّمرشذ َحمك ٔرائح أفعً ِٓ حُث ذحسُٓ الإٔراخُح، ذمًٍُ  

 FL [4]. ِٓ  %60 و  ANFIS [3]٪ ِٓ 33.3وخفعد عذد عٍُّاخ اٌرسٍُُ تٕسثح  RSS [2]٪ ِٓ 58تٕسثح 
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