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Abstract— This paper proposes a framework which supports 
dynamic handoff decision strategy (DHDS) and software agent 
(SA) for highly overlapping wireless networks. SA can 
dynamically download SA from local mobility strategy server to 
mobile node, and hence adapt the handoff decision to local 
environment and situations. In our experiment, a comprehensive 
comparison has been conducted to show that the proposed 
framework outstands from traditional unchangeable strategies in 
different situations and criteria based on our DHDS notion. 
 
Keywords: Dynamic Handoff Strategy, Application Oriented Handoff, 
Software Agent. 

I. INTRODUCTION 
The popularity of wireless network is because of its 

convenience. In our life, users can roam through varieties of 
public spaces, restaurants, cafe, mass rapid transmit and so on. 
The overlapping wireless networks provide service anywhere. 
The coexistence of heterogeneous wireless networks (HWN) 
aims to construct complete services for a large number of users. 
It is important to design a dynamic handoff decision strategy 
(DHDS) across different networks concerned with numerous 
factors on handoff decision  

Handoff processes consist of three phases: handoff decision, 
radio link transfer and channel assignment [1]. In this paper, we 
focus on handoff decision and consider which the best is in 
candidate networks.  

Recently, many handoff decision strategies have been 
proposed, including a lot of factors we noticed and considered 
in. First, using the received signal strength (RSS) is well known 
measurement [2] [3]. Many strategies improve quality of 
service for roaming users. Heavy traffic may induce long delay 
and more packets loss. In light of network, reference [4] 
designs a load-balancing scheme for wireless LANs. Reference 
[2] mainly focused on small delay and few lost packets using 
signal/noise ratio system load and association time. Besides, 
economic factors may be taken into account, e.g. cost and 
battery. 

But now and future, based on integrated networks or 
heterogeneous networks, vertical handoff decision strategies 
like [5] [6] [7] [8] [9], reference [7] takes account of service 
type, monetary cost, network conditions, system performance, 
mobile terminal conditions and user preferences to make a 
strategic decision. Moreover, integrated decision criteria 

including [8] [9], reference [8] proposed a smart model, using 
the weight functions. Reference [9] presented a vertical handoff 
decision algorithm that enables a wireless access network not 
only to balance the overall load among all network but also to 
maximize the collective battery life time of Mobile Nodes. On 
the other way, it focuses on developing the algorithm based on 
suitable optimization criteria. However, the users’ application 
and the network need a more intelligent and adaptive approach 
on handoff strategy and decision.  

Contrary to the others methods, reference [10] proposed 
active application oriented (AAO) scheme that considers 
application requirements. It reduced the power consumption 
caused by unnecessary interface activation. Reference [11] 
provides a multi-application scheme that considers 
requirements of various applications and performs handoff 
process at the right time. In [7], the authors present a tutorial on 
the design and performance issues for vertical hand-off in 
fourth-generation mobile environment. 

Providing perfect services over heterogeneous wireless 
networks is expected to be a crucial problem. Heterogeneous 
wireless networks pose challenges in the handoff design. Next 
generation network integrates wireless LAN, WiMAX, 3G and 
even other new access technology. Meanwhile, user’s 
applications grow day by day with diverse network 
requirements, e.g. voice communication demanding constant 
bit rate and bounded delay, data transmission demanding huge 
bandwidth, and web service demanding reliability. Thus, it’s 
hard to use only one general strategy or predetermined 
attributes to decide where to hand off without modification.  

For example, in terms of the capacity of the network, the 
network traffic or network load was considered in the first. But 
in the viewpoint of users, the best service is more important 
than others. Higher throughput or stable communication is what 
the users want. Various factors have to be considered in. We 
believed that network architecture may change and the 
diversity of network service grows day by day. In commercial, 
we consider the cost of the network service. The major 
consideration is monetary cost. In academic, quality and 
fairness should be taken into account. However, it is not 
complete enough to design a perfect algorithm faced with the 
future network environment. 

Furthermore, it’s hard to be complete in both respects. For 
example, we want power-save and bandwidth. But the relation 
between them is inversely proportional. The larger bandwidth 
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of application will consume more power at higher data rate. We 
can say that bandwidth and power-saving are complementary 
factors. On the other hand, the larger the number of MN 
attached to the same AP, the more the power is consumed by 
each MN because the MN gets lower rate and hence needs to 
connect to the associated AP longer. Contrarily, some factors 
are positive correlated. The number of users affect throughput, 
packet delay and packet loss. The distance correlates closely 
with signal strength. However, we conclude from these 
observations. Table I shows the factors on handoff decision. 

 
Table I. Factors of handoff decision. 

 Factors Details of factor 

 
 

Network 
 

provider 

Bandwidth Available bandwidth of a network 

Coverage Coverage of a network 
Related service Academic/ enterprise/ commercial 

Connections Support numbers of user 

Mobility Support mobility management or not 

Network structure WLAN/3G/3.5G/WiMAX 

 
 

User 

Application The application running on mobile 
node(MN) 

Power Power consumption of MN 

Price Offers service’s fee to ISP or network 
provider 

RSS Received Signal Strength from base 
stations 

Bandwidth The minimum bandwidth that user needed 

Packet loss Packet loss of the connecting network 
 

Therefore, this paper provided a DHDS framework to adapt 
the involved problem. This framework is suited for any purpose. 
The remaining part of this paper consists of four parts. Section 
2 will introduce the framework. In section 3, the DHDS is 
explained. The experiments are presented in section 4 and 
section 5 evaluates the proposed framework. Finally, we 
conclude the paper in section 6. 

II. NETWORK ENVIRONMENT 
 

 
Figure 1. Proposed Network Architecture 

 
We propose an efficient scheme to solve the pre-mentioned 

situation by designing software agent. In Figure 1 .The Agent 
Server is introduced to provide the information, such as 
network condition and network topology. Every Agent Server 

covers a wide range area. It manages nearby base stations (BS) 
and access points in its coverage. Therefore, Agent Server 
collects every APs or BSs information and constructs topology 
map, such that Agent Server can build integral environment 
information.  

We focused on the Software Agent’s (SA) work and the 
DHDS. In [7], the authors use the agent-like software in their 
MN. Based on different purpose and requirement, we design 
numerous decision-cores, which are stored in Agent Server. 
MN may download a suitable decision-core and then the SA, 
regarding to several aspects, decides whether the MN should 
handoff or not. We implement the SA in Java language since 
Java software can works across different platforms. Therefore, 
the SA can execute on any MN if it supports Java Runtime 
Environment. 

Besides, SA should be aware of the network environment 
and the network condition. MNs can request information from 
the Agent Server. Then the network information can be 
considered in the decision process. Basically, the important 
information includes each network interface’s bandwidth, 
loading, and the topology of the environment.  

From our observations, there are already many decision 
models. We summarize these to weight functions or cost 
functions. In detail, there are many factors, but the basic idea is 
to find out the highest score in the available networks. So they 
can hand off to the best network. But these functions are 
restricted by several factors. In this case, our framework not 
only makes better decision but also emphasizes the flexibility. 
The core part of this paper is DHDS. The proposed DHDS 
framework can fits every aspect by our software agent notion. 

III. DHDS MODEL AND PROCEDURE 
 

 
Figure 2. DHDS Architecture 
 

In this section, we present the proposed DHDS architecture. 
In Figure2, DHDS is composed of four parts, including System 
monitor, Network monitor, Software agent and Agent Server. 
System monitor can observes system device, system 
information. System information includes the applications we 
launch, current remaining battery and so on. The Network 
monitor can check the availability of network services such as 
WLAN, WiMAX. Also, it can observe the network condition, 
e.g. received signal strength. System monitor and Network 



Proceedings of APCC2008 copyright © 2008 IEICE 08 SB 0083 
 

3

monitor keep observing and feeding the information to the 
software agent running on the MN. Agent Server is composed 
of two parts, including environment module and core module. 
Environment module collects every APs and network’s 
information. Core module constructs a core-mapping table and 
stores numerous decision-cores. Core-mapping table checks the 
requirement and then maps to a decision-core. For example, if 
MN changes to power saving mode, then SA’s information 
detection module links up with Agent Server to download a 
power-saving core according to the core-mapping table. So 
every MN’s SA can link up with Agent Server, and then 
download suitable decision-core to assist handoff decision. 

From Figure 3, we can know that SA’s procedure. In the 
beginning, an MN goes into the Agent Server coverage. The 
MN links up with Agent Server and downloads SA at the first 
term. Then SA keeps running in MN. The system monitor and 
network monitor continuously acquire information and then 
bind to SA, give the information to information detection 
module. Therefore, information detection module evaluates the 
environment in which the MN locates, and connects to Agent 
Server to download a suitable decision-core by the 
core-mapping table. After the SA downloads the suitable 
decision-core, SA runs this core to select the best choice from 
candidate networks. Then SA eventually executes handoff to 
the most proper candidate network. 

 

 
Figure 3. Software Agent’s procedure 

IV. EXPERIMENT  
Most recent researches show their effectiveness by 

simulation because simulation not only takes less real 
equipments to carry out large scale experiments but also can be 
easily controlled and reproduced. Instead of simulation, we 
implemented our framework and demonstrate how it works. 
The reasons why we did so are listed as follows: 1. We can 
demonstrate the framework that can run different types of 

decision-core and select the suitable core in our scenario. 2. 
Based on the framework and several instances of decision-core, 
we can easily design other kinds of decision-core and add them 
into the proposed framework. 

The bandwidth of each access point is assumed to be 2Mb/s. 
Each AP has its own coverage, which depends on nearby 
environment. 

Without loss of generality, we construct a simple 
environment with only few WiFi APs in rooms, to demonstrate 
that the framework can work while considering only some 
characteristics of wireless networks, such that the readers can 
easily understand operation of our framework. Besides, our 
framework can also accommodate more complex environments, 
such as heterogeneous networks with both WiFi and WiMAX, 
and thus conform to our objective. Our experiment 
demonstrates the proposed architecture and easily changes the 
decision-core within it. Comparing with the non-changeable 
decision algorithm, our DHDS performs better in the 
experiment. Two decision-cores are implemented respectively: 
1. RSS-based core, selecting a network with stronger signal as 
target network. 2. High bandwidth demanded core, also called 
load-based core. The throughput is the most important 
performance indicator. The network with the least load is 
selected as target network. 

 

 
Figure 4. Experiment Scenario 
 
Figure 4 depicts our Experiment Scenario. In the start of 

experiment (T=0), MN uses the VoIP application, e.g. K-phone 
in Linux. Upon SA’s information detection model detecting a 
running VoIP application, SA downloads the RSS-based-core 
into the MN. After that, MN walks to another place. After 30 
seconds (T=30), the user hangs up the VoIP and invokes a FTP 
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application. At this time, system monitor detects the FTP 
application and then changes decision core from the RSS-based 
core to the load-based core. Finally MN returns back to its 
origin after exactly 60 seconds, and the experiment is hence 
finished. 

We use the Java API-JPcap to emulate distinct AP load. It 
generates packets and transmits through APs in our 
environment. In this way, these different APs can support 
distinct bandwidth and QoS. The more AP loading leads that 
MNs get the less throughput. Then the SA collects AP’s loading 
from Agent Server’s environment module. It helps MN 
calculates these APs’ loading at current time. Figure 5 shows 
the load of the APs in our Experiment. 

 
Figure 5. The load of AP1, AP2 and AP3. 

V. EVALUATION 
The scenario of our experiment includes two stages: the first 

stage from 0 to 30 seconds, where a VoIP application runs on 
the MN, and the second stage from 30 to 60 seconds, where the 
VoIP session ends and an FTP application is consecutively 
invoked. We measure the VoIP’s packet loss and FTP 
throughput to evaluate DHDS performance in this experiment.  

 
In general, the VoIP application would tolerate packet loss 

rates of up to 3 %. So we set the threshold of packet loss in our 
evaluation. In Figure 6, we calculate (total packet loss/ total 
packet transmitted) every second. The performances of 
DHDS’s and RSS-based strategy’s are very close because when 
the VoIP runs in the MN,  the DHDS’s SA also runs 
RSS-based-core. But we can see the packet loss in load-based 
strategy is intolerable. Load-based strategy not considering 
RSS, packet loss occurred in the beginning of experiment 
because the AP3’s RSS is not good. After about 15 seconds MN 
approaches AP3, so the total packet loss does not increase 
anymore. On the other hand, the MN with RSS-based strategy 
and DHDS always connect to the AP with the strongest signal. 
Packets get lost only when the experiment starts or when the 
MN hands off to the candidate AP. 

In the second stage, we measure the FTP throughput of 
RSS-based strategy, load-based strategy and DHDS as shown 
in Figure 7. The throughput of DHDS’s and Load-based 

strategy’s are very close because when the FTP runs in MN, the 
SA also runs  the Load-based-core. It shows the SA considering 
AP’s loading, then keep connecting with the AP3 from T=30 to 
T=60.  

Moreover, the figure reveals that the throughput decreases 
from 200Kbytes/sec to 100Kbytes/sec at about T=15 since the 
distance between AP3 and MN increases. In contrast with  
RSS-based strategy, although AP2’s and AP1’s RSS is the 
highest after 40 seconds, throughput is still lower than AP3’s 
since the AP1 and the AP2 suffer from higher load, especially 
when MN connects with the AP2, whose transmission rate is 
even down to nearly 60K bytes/sec.  

 
Figure 6. Packet loss of VoIP 

 

 
Figure 7. Throughput of FTP 

 
Finally, this paper summarizes the result in the Table II. The 

readers can easily see that our framework combines the 
RSS-based-core and Load-based-core. Results show that 
different strategy connects to different APs in overall 
experiment. Considering VoIP packet loss rate and average 
throughput, the DHDS shows the better result than the 
non-changed strategy. 
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Table II. Summarized experiment results. 

 Connected AP  In VoIP In FTP 

Experiment In VoIP In FTP Packet Loss 
Rate 

Avg. 
Throughput

RSS-based 
strategy 

AP2->AP1-> 
AP2->AP3 AP3->AP2->AP1 0.83% 88.5KB/s 

Load-based 
strategy AP3 AP3 2.40% 127.6KB/s

DHDS strategy AP2->AP1-> 
AP2->AP3 AP3 0.80% 123.0KB/s

VI. CONCLUSION AND FUTURE WORK  

In this paper, we presented DHDS framework, which can 
dynamically convey handoff decision strategies. We also 
demonstrated DHDS, system monitor, and network monitor’s 
prototype as well as how the framework can change 
decision-core for different scenarios. 

 Our experiment results show that comparing with the 
non-changeable decision algorithm, our DHDS performs better 
in the experiment. The SA dynamic changes its decision-core 
according to different application changed in MN. This 
framework has shown the features and advantages: fully 
adaptive structure and runtime strategy-binding. As in Table I, 
we can see that every factor can be considered in the handoff 
decision. So if we want to propose the decision strategy, we just 
put in adaptive decision-core in our MN. 

 An interesting aspect of DHDS is the concept of developing 
decision-core considering other aspects such as different 
wireless access technologies, e.g. 3G, WiMax. Based on the 
framework we can slightly modify the network monitor and add 
the core in to SA. Although we showed that the framework is 
capable of supporting different environments, better results can 
be obtained by supporting more details and experiment 
evaluation.  
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