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Abstract:  
In a next generation wireless network, for seamless service used heterogeneous network where different wireless access techniques 

are available e.g. WiFi, WiMAX, WLAN. The wireless network used the radio frequency for communication and for continuous 

service access. Handoff process plays an important role in homogeneous as well as heterogeneous network communication. VANET 

provides the service to moving user in wireless environments and it is the subclass of the MANET which has mobility 

characteristics. While moving the demand of accessing the web browsing is increases hence sometime overloading occurs in 

network and proper service doesn’t get to the moving user. Hence, to provide the seamless service to moving user in heterogeneous 
network used the AP diversity concept with an ACK detection function using arrival time and link quality parameter and vertical 

handoff decision SAW algorithm with a low handoff latency concept for high speed vehicle user using prefetching technique. This 

concept helps to reduce the horizontal as well as vertical handoff delay and provide the seamless service to moving user in different 

access network. 
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1. INTRODUCTION 

 

As the world grows rapidly hence the demand of the wireless 

communication increases day by day. In Wireless network 

radio frequency is used to make the connection. This provides 
freedom of movement to users and the ability to extend 

communication applications anywhere in the world. Wireless 

networks allow people to communicate with e-mail or browse 

the Internet from any location. The wireless network is 

divided into three categories such as cellular network, adhoc 

network and hybrid network. For moving vehicle user 

communication used the Vehicular Adhoc network (VANET) 

which is infrastructure-less and provides faster services than 

cellular wireless networks and it is subpart of 

MANET(Mobile Adhoc Network). In Adhoc VANET is used 

for moving vehicle wireless service access and it is used for 
the continuous creation of a wireless network for data 

exchange in the domain of moving vehicles. In VANET there 

are two types of communication scheme are available such as 

Vehicle to Vehicle (V2V) and Vehicle to Infrastructure 

scheme (V2I) communication [2].  

 

For seamless services in heterogeneous wireless network, 

handoff process plays an important role and in that involved 

horizontal as well as vertical handoff. Horizontal handoff is 

the handoff occurs within the same radio frequency access 

technology or same wireless access and vertical handoff 

occurs among different radio access technology or different 
wireless access. Vertical    handoff consists mainly of three 

phases such as, network discovery, handoff decision and 

handoff execution. There are many vertical handoff decision 

algorithms used for vertical handoff, such as SAW, MEW, 

TOPSIS, AHP etc. all these algorithms go through that three 

phases. In network discovery phase search the proper network 

to make the handoff from the neighbor network, in handoff 

decision phase compares the QoS of all neighbor networks 

and QoS of mobile user after that take the network decision on 

the basis of QoS and handoff execution phase is responsible to 

make the actual handoff means assign the best network to the 

moving user.   
 

Previously, many techniques are developed to provide 

continuous services to the moving users in VANET such as 

using the AP diversity concept [1], mobile router, DHCPv6 

agent and handoff management, vertical handover with 

advance method are Decision function-based strategies, User 

centric strategies, Multiple attributes decision strategies[3], 

vertical handover using the multi-homing concept[7] and the 

mobility prediction concept[9]. There are many algorithms 

also applied to provide efficient service to moving user, such 

as TOPSIS, MEW etc. but they suffered from some ranking 
abnormalities. The scope of our work is mainly to provide an 

advance technique for seamless service to users in VANET for 

that designed the system which contained AP diversity 

concept with ACK detection function using arrival time on the 

basis of distance and link quality to avoid the collision of 

ACK signal and vertical decision handoff algorithm SAW 

with modification of a low handoff latency concept. 

 

The remaining paper is organized in the following way, a brief 

survey of continuous service access by moving user in 

VANET discus in section II. The proposed system with flow 

chart is presented in Section III, and finally some concluding 
remarks in Section IV. 

 

2. LITERATURE REVIEW 

For seamless service to moving vehicle users following 

systems are available, 

In [1], the author proposed AP diversity concept in WiFi 

network used to provide seamless service in VANET. AP 
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diversity means a group of AP’s which are in the transmission 
range of network and all AP has same addressed. In WiFi 

network when a user sends a request to AP diversity, all AP in 

AP diversity received the request signal and send ACK signal 

from all AP to the user due to this ACK collision occurs to 

avoid this collision ACK detection function is used on the 

basis of distance between user and AP. ACK detection 

function is only depend on distance hence if any object is 

present in between the AP and the user then calculated 

distance is large but signal have same strength as that of other 

ACK signal due to that collision occur, this was the drawback 

of above system. 
 

Author proposed a system in [3] to reduce handover rate and 

effectively utilized the network resources of the system with 

Vertical handover, which is very much essential to provide 

continuous service in Vehicular Ad-hoc network. That system 

makes the efficient vertical handover using advance method 

that are Decision function-based strategies, User centric 

strategies and Multiple attributes decision strategies. Here 

used the multi-criteria algorithm to reduce the handoff 

latency and increase the network performance. The drawback 

of this system was multi-criteria may consider several 
parameters to decide the handover and it takes more time as 

compare to single criteria decision algorithm.  

 

As MIPv6 suffered from large latency, triangular routing and 

packet loss issues, all these reduced using low latency 

handoff in IP based VANETs by eliminating the DAD. For 

that used HMIPv6 and FMIPv6, where HMIPv6 help to 

reduce the network registration time and also reduce the 

address resolution delay. In FMIPv6, the MN is responsible 

for taking decisions of the handover process in an IP based 

wireless network by using updates of the source router (SR), 

in that during fast handover reduce address resolution time by 
performing pre-configuration. Cross Layer Mechanism 

(CLM) available in FMIPv6 for fast handover, which make 

intelligent handover decisions and optimize handover process 

in the vehicular network. FMIPv6 used the MAP (Mobile 

Anchor Point) to make handoff before it break[5]. 

 

For low handoff latency in high speed vehicle author proposed 

the Cellular Mobile IPv6(CMI) scheme in [6]. Cellular, 

Mobile IPv6(CMI), is a new algorithm obtained from Mobile 

IPv6, that used for mobile nodes moving between small 

wireless cells at high speed. The purpose of that, to solve the 

problems of communication break within smaller cellular 

coverage area during high-speed movement and prevent the 

call blocking possibilities. 

 

To provide the seamless vertical handover used the multi-

homing concept. In Multihoming provides multiple access 

paths to the user in the network. This concept reduced the 

delay to achieve seamless handover and as each service has its 

own authentication process hence system help to reduce 

authentication delay.  Above system developed the mobile AP 

that provides the benefit like seamless vertical handover, 

Handover management, aggregation, Access technology 
diversity capability in [7]. 

 

In [9], seamless handover for high speed mobile node in 

moving vehicles this achieved by using low handover latency 

and less packet loss rate produced during the high speed 

movement of MN. For that used mobility prediction concept 
which is based on the movement history of node, is being 

generated by MN on the daily, weekly or monthly basis. This 

movement history helps to identify a user’s movement pattern 

that would be used to predefine the MN’s next position. A 

movement pattern is defined as a collection of repeated 

motion of user that exhibits a certain degree of regularity. 

Both the regular and random information from this movement 

predefined history used to predict the MN’s next location and 

perform handover in advance before the actual handover take 

place, to minimize the effect of high speed and improve 

performance. It makes the burden on the base station, and it 
required a large memory to store the position history of the 

user, this is drawback of above system. 

 

In [10] author discusses about the vertical handoff decision 

algorithm in heterogeneous wireless network such as WiFi 

and WiMAX and compare the SAW, TOPSIS, AHP and 

MEW Multi Attribute Decision Making (MAMD) algorithm 

performance on different traffic classes. SAW, MEW and 

TOPSIS provide similar performance for all applications and 

four traffic classes such as cost, packet delay, packet jitter and 

available bandwidth. Beyond that, TOPSIS suffered from 
some Ranking Abnormalities. All three algorithms depend on 

the weights assigned to each parameter. 

 

Author proposed a system in [11] which contains SAW and 

TOPSIS multi attribute decision making (MAMD) vertical 

handoff algorithm to provide the seamless service to users in 

VANET. In the network selection process used the two 

vertical handover decision schemes (VHDS), it contains 

Distributed handover decision (DVHD) and Trusted 

Distributed vertical handover decision schemes (T-DVHD). 

Compare the distributed scheme and trusted vertical handover 

decision schemes as distributed decision tasks among 
networks. TDVHD used to avoid the unnecessary handoff and 

it is used before sending request to another network. The 

conclusion of that proposed system is on the basis of 

processing delay and packet delivery TOPSIS is better than 

SAW for reducing the handoff delay and provide the seamless 

service to user in a heterogeneous network. 

 

In [12] author proposed a system that compares various multi 

attribute decision making algorithm to provide seamless 

roaming to the user without having much distortion in the 

network assignment or services. In that AHP, TOPSIS, MEW, 
SAW all these MAMD algorithm evaluates. In evaluation 

shows that more than 80-85% of times the ranking decision 

made by SAW, MEW, TOPSIS and AHP are same, whereas 

20% of the time they made different ranking decisions. 

Comparison between their variance ratio shows that AHP and 

SAW both have a minimum variance unbiased estimator as 

compared to MEW and TOPSIS. Whereas this estimator has 

first ranked AHP and SAW, MEW at the second position and 

TOPSIS at the last or third position. Thus, the non stability 

and inconsistency in TOPSIS is due to having the largest 

variability ratio as compared to other algorithms and large 

variation in assigned values of rank.  
 

In [13] the goal of the proposed system is VHDC used to 

facilitate the optimization of the overall performance of the 

integrated system of service access networks and reduced the 

processing delay, specifically in terms of the battery lifetime 
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and load balancing over APs/BSs. The dynamic source routing 
(DSR) technique is used with suitable modification as the 

underlying router discovery protocol in the system.  

 

Author proposed the SINR(Signal to Interference plus Noise 

Ratio) with AHP(Analytic Hierarchy Process) and information 

at Entropy weight method based TOPSIS (SAE-TOPSIS) 

vertical handoff decision Algorithm in [14]. In that SAE-

TOPSIS algorithm, AHP algorithm used to find out the 

subjective weight and it is determined only according to the 

preference of decision maker, Entropy help for the calculation 

of objective weight which is obtained by solving mathematical 

models without any consideration of decision maker 

preferences. SAE-TOPSIS vertical handoff algorithm can 

achieve excellent services on the basis of the requirement of 

the traffic and user for network than CSVH and MASVH 

algorithm. 

 

All above system help to decreased the handover latency using 

different techniques such as an AP diversity concept, 

heterogeneous access network, multi-homing, proactive 

protocol, vertical handoff by multi-layer parameter, make 

before handoff and also vertical handoff algorithm such as 

SAW, TOPSIS, GRA, WPM, TDVHD,SAE-TOPSIS etc. used 

to reduce the vertical handoff delay but all have some 

drawback. To overcome all this and provide the seamless 

service in heterogeneous network, developed a system which 

contains an AP diversity concept with ACK detection function 

and vertical handoff decision algorithm SAW with the low 

latency concept. All these help to reduce the handover delay 

and provide seamless service to the heterogeneous access 

network in moving vehicles for VANET.  

 

3. PROPOSED PLAN 

The objectives of the proposed system is to provide the 

seamless service by implementing the AP diversity concept 

with ACK detection function and vertical handoff decision 

algorithm SAW with the low handoff latency concept for 

heterogeneous network. In that heterogeneous wireless 

network, different wireless accesses are involved, such as 

WiFi, WiMAX. WiFi stands for wireless fidelity and WiMAX 

for worldwide interoperability for microwave access. Both 

these required different authentications address to provide 

service to the multiple users in their network. WiMAX has a 

large coverage area and it is used for high speed user as 

compared to WiFi, which has a small coverage area and used 

for low speed user. In a heterogeneous network each access 

means WiFi and WiMAX, both contain AP diversity concept.   

 

AP diversity is the group of AP’s in the access area that help 

user to get continuous connectivity of the service. In the 

network during service access by user, request signal send 

from all AP’s in AP diversity to all users who are in the range 

of AP, after that when users received the request signal they 

send an ACK signal back to all AP’s of AP diversity whose 

request is received by the user. So, to avoid the collision of 

ACK signal ACK detection function is used on the basis of 

arrival time and link quality of ACK signal. In ACK detection 

function compare the all ACK signals and strong link quality 

and low arrival time ACK signal is accepted by the AP and 

that AP provide service to the user. Here used the prefetching 

technique, if user is in the range of AP then all information 

related to the user is stored in related AP but when it enters 

into another AP range that time, previous stored information 

at previous AP is deleted and stored in another AP this helps 

to reduce the memory consumption. As in AP diversity all 

AP’s configured by same MAC and IP address hence MAC 

and IP layer handoff is reduced in the horizontal handoff 

process. This helps to avoid horizontal handover delay.  

 

Vertical handoff decision SAW (Simple Additive Weighting) 

algorithm used to provide smooth vertical handoff between 

networks. Simple Additive Weighting (SAW) which is also 

defined a weighted linear combination or scoring method; it is 

a very simple, easy and mostly used multiple attribute 

decision making technique. This method is based on the 

weighted average of multiple parameter and here take a 

weighted average of delay, jitter, energy, packet delivery ratio 

and network throughput all these parameters of transmitting 

signal which is stored in prefetching technique. Depending on 

weighted average decide the vertical handoff while users are 

moving in heterogeneous network access this help to identify 

the best network for users while moving. In addition to SAW 

algorithm used the one control channel for only handoff  

signal in that first proceed strong handoff signal and after that 

other handoff signal, this is called a low handoff latency 

concept for high speed moving vehicles. In this way the above 

system provides the seamless and efficient service to moving 

vehicle users by using AP diversity concepts and Vertical 

handoff decision SAW algorithm. Vertical handoff decision 

SAW algorithm is used to avoid the vertical handoff delay as 

SAW is multi-attribute decision algorithm here consider the 

multiple parameter while deciding the handoff, such as 

network throughput, delay, jitter, energy and packet delivery 

ratio, and calculate the weighted average after that decide the 

handoff hence it has more accuracy, easy and high packet 

delivery ratio as compared to TOPSIS, MEW etc. Flowchart 

of above system is shown below,  

 

Fig. 1 shows the flow of the proposed system. The 

heterogeneous networks, WiFi and WiMAX that contains the 

AP diversity concept. AP Diversity sends request to the 

moving user and after that user sends an ACK signal which is 

detected by ACK detection function based on arrival time(d) 

and link quality of ACK signal means d/e ratio of ACK signal. 

Check the d/e ratio of the ACK signal if the d/e ratio is low 

means it has high link quality, then it is send towards the AP 

Diversity and all other ACK signals which has low link 

quality means high d/e ratio that are avoided. All data of user 

are stored if user is in the range of AP and if not, then all data 

Heterogeneous network WiFi 

and WiMAX 
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are deleted during prefetching technique. After that vertical 

handoff decision algorithm SAW with low latency concept 

(LL=1) makes smooth vertical handoff as compare to SAW 

without low latency concept (LL=0). 
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                                           Fig 1: Flowchart 

 
A. Heterogeneous Network 

WiFi and WiMAX create heterogeneous network. WiFi is 

Wireless fidelity, it uses radio waves to provide high speed 

service with 2.5GHz for 802.11b and 502.11g, and 5FHz for 
802.11a. WiMAX stand for worldwide interoperability for 

microwave access with 2 to 11GHz. Both these networks help 

to provide heterogeneous network. 

  

Fig 2: Heterogeneous Wireless Access Network Scenario 

Fig 2 shows WiFi and WiMAX create the heterogeneous 

access network that provide the seamless service access to the 

high speed moving user in that WiMAX has large coverage as 
compare to WiFi. 

B. AP diversity 

AP diversity is the group of all AP which are present in the 
network. All AP in AP diversity configured by same MAC 

and IP address hence MAC and IP layer handoff is eliminated. 

This concept helps to reduce the horizontal handoff latency 

very well that help moving user to get faster service as all AP 

configured with the same address.  

 

Fig 3: Scenario of AP Diversity in transmission range of 

users. 

Fig 3 shows a scenario of service access in moving vehicles 

from a homogeneous access network with the AP diversity 

concept. It shows request signal is send by AP1 and AP2 to the 
client1 and after receiving request signal user send an ACK 

signal to both AP1 and AP2 of AP diversity. 

C. ACK detection function 

To avoid the ACK collision, the ACK detection function is 
used on the basis of arrival time(d) and link quality of ACK 

signal which is calculated by using d/e ratio and it is 

implemented on the side of the AP. Compare the link quality 

AP Diversity 

Check the 

d/e ratio?  

Moving User 

Is user in 

AP’s range 

of AP? 

Delete data 

Prefetching data 

Enter value of LL=1/0 

 SAW with low latency 

Seamless Service to high speed 

vehicle 

LL=0, 

SAW 

without 

low 

latency 

Heterogeneous network WiFi 

and WiMAX 
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and arrival time of all ACK signals that means d/e ratio of all 
ACK signal which is received at AP after that find the strong 

ACK signal having low d/e ratio and accept that, and avoid all 

other ACK signals. 

 
  0.9 > 0.75 S1 is selected as ACK signal and avoid the S2 

ACK signal  

 Fig 4: Scenario ACK detection function to avoid ACK signal 

collision  

Fig 4 shows client send ACK signal to both AP1 and AP2 but 

by using the ACK detection function, out of both one signal 

whose link quality is high means low d/e value, moving 
towards AP and all other ACK signal are avoided. 

Implementations of ACK detection function on the basis of 

arrival time and link quality. 

 

Arrival time/ Distance = [( x2 – x1)
2 +( y2 –y1)

2]1/2 

 

Arrival time/ node energy ratio(d/e) is used to calculate the  

link quality. 

Low arrival time and high energy signal are accepted by AP 

and provide service to the user. 

 
D.  SAW Algorithm with low latency concept 

SAW stands for Simple Additive Weighting which is MAMD 

algorithm where multiple attribute or parameters consider 

deciding the vertical handoff decision.  SAW is also referred 

as linear combination or scoring methods and it is based on 

the weighted average of parameter. An evaluation value is 

calculated for each alternative by multiplying the desired 

value of that attribute. Summing of the products for all criteria 

helps to find the ranking list to decide the best node in the 

networks. 

 

The SAW is a comparative scale for all elements in the 
decision matrix, the comparable scale value obtained by rij for 

better criteria “Eq. (1)” and worst criteria “Eq.(2)”. 

        Vij= xij/ xj
max        -------(1) 

        Vij=xmin 
j/xj          -------(2) 

 

The SAW method, used additive values functionand compute 

as alternatives value Vi=V(Ai) by adding weighting 

normalized values Wj Vij where j = {1,………m} before 

eventually ranking alternatives 

 

               Vi = ∑j=1
m  WjVij  -------------(3) 

For VԐ R
n*m with i = { 1,……,n}, j = {1,…….., m}; Vij , Wj 

(0,1).[11] 

 

SAW algorithm is preferred as compared to all other MADM 

algorithm for vertical handoff because it gives accurate result 

than other, less processing delay, high packet delivery ratio 

and other algorithm is also suffering from some ranking 

abnormalities and poor attribute scores. 

 

To avoid the handoff latency in high speed vehicles used the 

low latency concept in addition to the SAW vertical handoff 

decision algorithm. In low latency concept used the one 
dedicated control channel for only handoff signal, in that only 

handoff signal is processed on the basis of strength of handoff 

signal. This concept with SAW algorithm helps to reduce the 

handoff latency in high speed vehicles. 

 

5. SIMULATION RESULT 

 
Fig 5: Graph of throughput 

 

Above fig 5 shows that the graph of throughput in that red 
color shows the throughput of SAW without low latency 

concept and green color shows the throughput of SAW with 

the low latency concept. From above it is observed that 

throughput of SAW with low latency is increased than SAW 

without low latency concept. 

 
Fig 6: Graph of delay 
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Above fig 6 shows that the graph of delay, in that red color 
shows the delay in service assigned to users when the SAW 

algorithm without low latency concept used and green color 

shows the delay in service assigned to users when used the 

SAW algorithm with a low latency concept. From above it is 

observed that delay due to SAW with low latency is less than 

delays due to SAW without low latency concept. 

 
Fig 7: Graph of jitter 

 

Above fig 7 shows that the graph of jitter, in that red color 

shows the jitter due to the used of SAW without low latency 
concept and green color shows the jitter for SAW with the low 

latency concept. From above it is observed that jitter of SAW 

with low latency is less or near about zero than SAW without 

low latency concept. 

 

 
Fig 8: Graph of pdr 

 

Above fig 8 shows that the graph of the packet delivery ratio, 

in that red color shows the PDR for SAW without low latency 

concept and green color shows the PDR for SAW with the low 

latency concept. From above it is observed that PDR for SAW 

with low latency is near about 100 or higher than PDR for 

SAW without low latency concept. 

Fig 9: Graph of energy 

 

Above fig 9 shows that graph of energy in that red color 
shows the energy consumed by the user when used SAW 

without low latency concept and green color shows the energy 

consumption by the user where SAW with low latency 

concepts used.  From above it is observed that same energy 

consumed for SAW with low latency and SAW without low 

latency concept. 

 

CONCLUSION 

Earlier, various techniques are used for seamless service in 

VANET, all these have its own some advantage as well as 

disadvantages. In this paper the concept of AP diversity with 

ACK detection function and vertical decision handoff SAW 
algorithm with low handoff latency concept provide the 

continuous service access to the moving user in VANET. As 

an AP diversity concept configured the same MAC and IP 

layer hence reduced the MAC and IP layer handoff during 

homogeneous handoff, and provide less delay in internetwork 

handoff this is the main advantage of system, not only 

homogeneous but also heterogeneous handoff delay is reduced 

and for that used SAW algorithm with low latency in handoff 

and increase the efficiency of handoff done in heterogeneous 

network as compare to other vertical handoff algorithm and 

network lifetime. From above simulation, it is clear that it 
provides high PDR, less delay and jitter, same energy 

consumption and high throughput means a large number of 

handoff done, hence the possibility of call drop is reduced and 

provides seamless service in a heterogeneous network. This 

concept is used for internet access as well as for mobile 

communication in fast moving users. 
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