
Advances in Natural and Applied Sciences, 9(6) Special 2015, Pages: 111-116 

 

AENSI Journals 

 

Advances in Natural and Applied Sciences 

  
 

ISSN:1995-0772    EISSN: 1998-1090 

Journal home page: www.aensiweb.com/ANAS 

 

   

Corresponding Author: Gnana Prakasi O.S.,  Department of Computer Science and Engineering, CEG Campus, Anna 

            University, Chennai, India. 

Available Bandwidth Estimation Through Link Prediction (LP-ABE) in MANET 
 
1
Gnana Prakasi O.S., 

1
Dr. Varalakshmi P. and 

2
Janani J.  

 

1 Department of Computer Science and Engineering, CEG Campus, Anna University, Chennai, India 
2 Department of Computer Technology, MIT Campus, Anna University, Chennai, India. 

  
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 12 October 2014  
Received in revised form 26 December 
2014  
Accepted 1 January 2015 
 Available online 25 February 2015 
 
Keywords: 
Available Bandwidth, Channel 
Capacity, Link Expiration Time, QoS , 
Transmission Time. 
 

 Available Bandwidth estimation is one of the major problems in multimedia and real 
time data transmission. To enhance the performance of MANETs, an efficient 
management is needed in sharing the available bandwidth among multiple users. 
Existing probing techniques creates extra traffic in the resource constrained network. To 
overcome this, the proposed bandwidth estimation LP-ABE involves a passive 
technique to improve its accuracy in estimating the bandwidth by considering the 
random factors such as retransmission time, link capacity along with link expiration 
time. The implemented results show the improved performance in the estimation of 
bandwidth for LP-ABE compared to the existing method. 
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INTRODUCTION 

 
 A MANET is a distributed wireless network, in which the nodes are independent to one another. There is no 
centralized control and every host act as a router and forward packets to distribute the control to all nodes. The 
nodes in MANET must cooperate and communicate among themselves to transfer packets. In a dynamic 
topology it seems unpredictable as the nodes are free to move arbitrarily in any direction with different speeds. 
Enabling multimedia applications such as video and audio communication in these dynamic networks requires 
Quality of Service (QoS) support. 
 The parameters that affect QoS in wireless communications are bandwidth, delay, jitter, throughput etc. 
Bandwidth is one of the fundamental resources in the 802.11 ad hoc networks. Since the bandwidth in a network 
is limited and shared by all neighbors in the network, optimal management of this resource is indispensable. 
Hence estimating the availability of this bandwidth is an open issue to research in MANETs. The maximum 
throughput of any link without affecting the existing flow of the network is defined as Available Bandwidth of a 
link. As compared to wired network, wireless networks have significantly lower capacity. The realized 
throughput of a wireless network link is often much less than the actual transmission rate due to network 
congestion, hidden terminal problem, effect of neighbor interference and noise in the channel.  
 Since the channel is shared among various nodes, calculating the available bandwidth on the wireless 
channel is critical for providing services to the bandwidth constrained applications. Again it is a tedious process 
to accurately compute the available bandwidth in a wireless channel due to the dynamic environment and its 
shared nature.  
 This paper proposes a new methodology LP-ABE for efficient Available Bandwidth estimation that 
considers the transmission overheads of the MAC and PHY layers along with the mobility issue in the wireless 
networks. For this, accurate estimation and for better QoS the network requires prior knowledge about of the 
link existence between the nodes along with transmission time. 
 The remaining section of the paper is organized as follows. In section 2 existing works for available 
bandwidth estimation was discussed. Section 3 explains about the proposed LP-ABE for Bandwidth estimation. 
The section 4 shows the analysis of simulation results section 5 concludes the paper.  
 
Related Work: 
 Number of works has been done in the area of estimating the available bandwidth. The three broad 
categories of available bandwidth estimation techniques are Active based bandwidth estimation; Passive based 
estimation and Mathematical model based estimation. 
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Active Bandwidth Estimation Technique: 

 The active bandwidth estimation techniques are classified into two types such as Probe Gap Model (PGM) 

and Probe Rate Model (PRM). In PRM, the estimation is mainly based on the probe rate between the sender and 

the receiver. In PGM, the available bandwidth estimation is based on the time intervals between any two 

consecutive control packets at the end of the receiver.  

 In WBest (Li et al., 2008) uses two techniques such as packet pair dispersion for estimating the effective 

capacity and packet pair technique to calculate the deviations and mean available bandwidth of wireless 

networks. In AdhocProbe (Sun et al., 2005), the transmission time is stamped on the fixed size probing packet 

and calculates the path capacity based on the receiving time of the packets. DietTOPP (Johnsson et al., 2004) 

uses different probing rates and the bandwidth is obtained when the turning point is achieved in the throughput. 

This method introduces enormous amount of overhead in the network. 

 The Probe Gap Models IGI(Hu and Steenkiste, 2003), ProbeGap (Lakshminarayanan et al., 2004) send 

probe packets to find the time gaps in the busy periods along with the link capacity for bandwidth estimation. In 

PGM it is assumed that queue should not be empty between any probing packet pair and the capacity at the 

bottleneck link is known. 

 

1.2 Passive Bandwidth Estimation Technique: 

 In Contention Aware Admission Control Protocol (CACP) (Kravets and Yang, 2005), bandwidth is 

estimated by monitoring the channel idle time ratio. This technique is likely to be affected by the noise and 

interference. In Accurate Admission Control (AAC) (Chaudet et al., 2008), the local available bandwidth of 

each node is measured and the available bandwidth of the given link is defined as the minimum bandwidth 

between any two nodes on the given link. However, the hidden terminal and the problems due to 

synchronization were largely ignored. In Available Bandwidth Estimation (ABE) (Chaudet and Lasssous, 2002), 

assuming the sense range of a node is twice the transmission range, the sensing range is limited to two hops and 

each node monitors its idle time to calculate its upper bound of bandwidth available.  

 

1.3 Mathematical Model based Bandwidth Estimation Technique: 

 Existing models for studying the traffic throughput is mainly based on TCP. The initial TCP throughput 

model (Mahdavi and Floyd, 1997) in which the TCP congestion avoidance mechanism was analyzed. MBE 

(Model-based Bandwidth Estimation)(Gabriel-Miro et al., 2012)  proposed the scheme to estimate bandwidth 

based on several throughput models which includes UDP traffic along with TCP over IEEE 802.11. WLANs 

(Hou et al., 2011) use 802.11 interference models for available bandwidth estimation in the given path by 

analyzing wireless interference and network coding simultaneously.  

 A theoretical model (Chen et al., 2010) was proposed to calculate the available bandwidth. It uses 

interference due to the traffic along the path to identify conflicts among the link in wireless network.  

 

2.Proposed Methodology: 

 In MANET, nodes may move to any direction at any time that leads to path disconnection. To improve in 

accuracy for estimating the Available Bandwidth (AB) the proposed LP-ABE uses existing parameters such as 

network overheads, retransmission probability, backoff timer (Pervis et al., 2010)( Peng et al., 2013), and link 

capacity along with the proposed parameter link expiration time.  

The absence of considering the link expiration has negative impact in admission control process. Therefore for 

accurate estimation, the probability of link existence is considered in addition to network overhead. From the 

channel perspective, the available bandwidth estimation uses maximum capacity and the idle time of the channel 

as the parameters in addition to Link Expiration Time. So, to estimate available bandwidth we compute channel 

idle time ratio and channel capacity in the MAC layer and compute link expiration probability based in the 

physical layer as shown in fig 1, in our proposed method LP-ABE. 

 

 
 

Fig. 1: Proposed Architecture Diagram. 
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 Finally based on the computed value, the Available Bandwidth is estimated by crossing link expiration time 

T
ij
 values from Physical layer to MAC layer. 

 The available bandwidth of link L
ij
 between two nodes i and j is computed as  

𝐵𝑎
𝑖𝑗

=  𝐶𝑖𝑗 ∗  𝑅𝑖𝑑𝑙𝑒
𝑖𝑗

∗  𝑇𝑖𝑗                   

 Where 𝐶𝑖𝑗  is the effective data transmission capacity of the link i and j is measured in bits per second and 

𝑅𝑖𝑑𝑙𝑒
𝑖𝑗

 is the channel idle time ratio, which is calculated based on network allocation vector and the state of the 

node in the MAC layer. Then 𝑇𝑖𝑗  is the link expiration probability of each link.  

2.1 Estimation of Channel Capacity: 

 Effective capacity (Peng et al., 2013), of the medium 𝐶 𝑖𝑗  of the link 𝐿𝑖𝑗  can be defined as maximum 

possible amount of data that can be transferred over a link which can be derived using the equation as shown 

below. 

𝐶𝑖𝑗 =
𝐷𝑎𝑡𝑎 𝑠𝑖𝑧𝑒

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑡𝑖𝑚𝑒
            

 Here, Data size is defined as the size of individual data packet including its header in terms of bits and 

Transmission time is defined as the total time required for successfully transmitting a frame.  

 The transmission time for single successful transmission can be stated by the summation of  the time values 

of inter-frame spaces DIFS and SIFS used in IEEE 802.11 DCF MAC, the time required to transmit data and 

acknowledgment packet and average backoff time for the given transmission.  

 Therefore the total time for successful transmission of any frame after n successful attempts is given by 

equation 

𝑇𝑟𝑎𝑛𝑠𝑚𝑠𝑠𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 =  𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑡𝑖𝑚𝑒𝑛 ∗  𝑃𝑛
𝑙
𝑖=1    

   Where l is the retransmission limit and Pn is the probability of successful transmission (Der-Jiunn et al., 

2009) after n attempts which can be obtained by equation. 

𝒑𝒏 = 
𝑵𝑶.𝒐𝒇 𝑺𝒖𝒄𝒄𝒆𝒔𝒔𝒇𝒖𝒍 𝒕𝒓𝒂𝒏𝒔𝒎𝒊𝒔𝒔𝒊𝒐𝒏

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒓𝒂𝒏𝒔𝒎𝒊𝒔𝒔𝒊𝒐𝒏
          

 

2.2 Estimation of Channel Idle time: 

 The nodes utilize the 802.11 MAC physical carrier sensing or virtual carrier sensing to specify when the 

channel will be idle or busy.  

Increment the channel idle time by one when MAC detects the channel as idle to obtain the ratio of the channel 

idle time over a time period.  

 

2.3 Estimation of Link Expiration Time: 

 When any two nodes i and j are within communication range, then there exists a link between these two 

nodes i and j. At any given time instance the link expiration time between any two nodes is predicated by the 

nodes positions, speed and direction of the movement. Once the coordinates are identified the Link Expiration 

Time (LET) of any node is computed with respect to the sender node. At time t, the velocities of the sender node 

along X-axis, Y-axis, are represented by VXs, VYs, m/s respectively, whereas the velocities of the receiver node 

along the axes is represented by VXr and VYr, m/s and the direction of the movements is given by θs and θr. 

The amount of the time the nodes are predicated to be in active communication, ie, the LET (Pervis et al., 2010) 

between any two nodes is given by the equation. 

𝐿𝐸𝑇 =
− 𝑎𝑏 + 𝑐𝑑 +  (𝑎2 + 𝑐2)𝑟2 − (𝑎𝑑 − 𝑏𝑐)2

𝑎2 + 𝑐2
          

Where a is defined as the difference in velocities of the two nodes along with the direction of movement along 

X axis, b is defined as the difference in coordinate position of X-axis, c is defined as the difference in velocities 

of the two nodes along with the direction of movement along Y axis and d is defined as the difference in 

coordinate position of y-axis.   

 

3.Simulation Results: 

 The simulation is set with the area of 500 m X 500 m and AODV is used as the routing protocol. The 

medium access control type is MAC 802.11 provided by the simulator NS2. TCP flows are generated with 

different packet size such as 256, 512, 768, 1024 bytes with the data rates 500, 300, 250, and 200 packets per 

second respectively.  A two ray ground propagation model is used in the simulation. Mobile nodes set to move 

at different and constant velocities and they are set to move towards each other and move away from each other. 

The values of DIFS and SIFS between any frames are set to be 50 and 10 microseconds.  

 From the node movements, the values of link expiration time are analyzed as shown in the table 4.1 and 4.2. 

 The table 4.2 says that the two nodes with equal speed moving in same direction is the optimal link which 

has high LET value and the two nodes will be connected for very long time unless changes its direction of 

motion or velocity. The nodes moving with different speed in the same direction will result in a negative value. 

The nodes moving in the opposite directions are unstable links which has low link expiration time.  
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Table 4.1: Link Expiration Time. 

Node Movements 
Velocity of the node 

Equal Speed Different Speed 

Same direction 11secs -0.3secs 

Opposite direction 6secs 2secs 

 

 The third and fourth rows of the table 4.2 represent link failure after 18 and 10 seconds respectively 

indicates the link un-stability. 

 
Table 4.2: Measuring Link Stability. 

Direction Velocity Link stability Average Bandwidth(Mbps) 

Same Same Highly Stable .54 

Same Different Stable .5 

Opposite(Away) Same Highly unstable (Link Breaks) .20(upto 18 secs) 

Opposite(Away) Different Highly unstable (Link Breaks) .15(upto 10 secs) 

Opposite(Towards) Same Stable .61 

Opposite(Towards) Different Stable .42 

 

 The table 4.3 shows the available bandwidth value obtained from the existing and proposed work with 

different packet sizes. 

 
Table 4.3: Available Bandwidth values. 

Packet Size 
(bytes) 

Data Rate 
(Packets/Sec) 

Expected AB 

(Real value) 
(Mbps) 

AB Existing Work 
(Mbps) 

AB 

LP-ABE 
(Mbps) 

256 500 .35 .5 .3 

512 300 .45 .65 .35 

768 250 .5 .65 .45 

1024 200 .55 .8 .5 

 

 Accuracy comparison is done with two metrics the Absolute Difference and the Average Deviation ratio.   

 The Absolute Difference (AD) is defined as the difference between the real values.  

 
Table 4.4: Absolute Difference. 

Packet Size 
(bytes) 

Data Rate 
(Packets/Sec) 

AD in 
Existing work 

AD in 
LP-ABE 

256 500 .15 .05 

512 300 .20 .1 

768 250 .15 .05 

1024 200 .25 .05 

 

 The absolute difference for the values obtained with the existing and proposed work is given in the table 

4.4. 

 The Average Deviation Ratio (ADR) is computed for simulations with different data rates. The table 4.5 

shows the average deviation ratio for the simulated values with real value. 

 
Table 4.5: Average Deviation Ratio. 

Data Rate 

(Packets/Sec) 
Packet Size(bytes) ADR in Existing ADR in LP-ABE 

500 256 42.85% 14.28% 

300 512 44.4% 22.22% 

250 768 30% 10% 

200 1024 45.4% 9.09% 

   
Table 4.6: Packet Delivery Ratio. 

 

Time (Secs) 
PDR(%)in Existing Work PDR(%) in Proposed Work) 

1 89.9497 90 

5 97.8378 97.861 

10 98.9065 98.9183 

15 99.1319 99.2775 

20 99.3239 99.4567 

25 99.4367 99.5647 

30 99.5138 99.6365 

35 99.5693 99.6885 

40 99.6107 99.7274 

45 99.6314 99.7567 

50 99.6419 99.7665 
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 From the above tables the Deviation Ratio and the Absolute Difference from the expected values for the 

proposed LP-ABE is lesser than existing work. 

 Packet Delivery Ratio (PDR) is a significant measure of the rate of successful data transmission within a 

network. PDR for existing and proposed LP-ABE is compared in the Table 4.6 which shows that the proposed 

work has higher packet delivery ratio because of the improvement made in the Available Bandwidth estimation 

through link predication.  

 Throughput is the amount of information that can be transmitted along a channel in a period of time. The fig 

4.2 shows the comparison of throughput. The graph shows that throughput of proposed LP-ABE is higher 

compared to existing technique. 

 

 
 

Fig. 4.2: Comparison of throughput for existing and proposed method.  

 

Conclusion: 

 Available Bandwidth is the maximum throughput of a link, in which the link can transmit information 

without affecting existing flows. The focus of this paper is to estimate bandwidth in IEEE 802.11-based mobile 

ad hoc network. In this paper we proposed passive method that estimates the available bandwidth along with the 

link expiration probability. The results show that the available bandwidth value calculated with Link Expiration 

Time has lesser deviation ratio, increased throughput and packet delivery ratio compared to the existing 

mechanism. Our future work is to apply the proposed method to the development of routing and traffic control 

mechanisms and to allocate the bandwidth in an efficient manner that guarantee QoS in mobile ad hoc networks. 
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