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ABSTRACT 

Mobile Ad Hoc Networks (MANETs), are characterized by their dynamic topologies, 

decentralized control, bandwidth constraints, and unpredictable variations in link 

quality are investigated. Such features significantly impact the provision of Quality of 

Service (QoS). Conventional routing protocols like AODV and DSR mainly rely on reactive 

route discovery and shortest path weights, without considering the actual real-time 

variations in bandwidth, congestion, and link quality, which may cause inefficient QoS 

performance. This paper proposes an AI-Enabled QoS Routing Framework that 

integrates smart route discovery with predictive bandwidth estimation to improve the 

reliability of routing in highly dynamic Mobile Ad Hoc Networks (MANETs). The proposed 

framework uses machine learning-based modelling to predict available bandwidth and 

link quality based on the analysis of past traffic patterns, mobility indicators, and 

congestion information.The route selection module uses weighted multipath routes 

based on the predicted QoS values, and the adaptive admission control module reduces 

network congestion and supports efficient resource use. Simulation experiments were 

performed to test the proposed framework with varying node density and mobility, 

using important performance metrics such as throughput, Packet Delivery Ratio (PDR), 

end-to-end delay (EED), routing overhead, and network lifetime. The results show that 

there are statistically significant improvements over traditional QoS-aware routing 

methods, thus confirming the effectiveness of AI-assisted predictive routing for QoS and 

scalability in MANETs. 
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1. INTRODUCTION 

A Mobile Ad Hoc Network (MANET) is a type of wireless 
network where autonomous devices, such as laptops, 
smart phones, or IoT devices, communicate with each 
other without the need for a centralized 
infrastructure, like routers or access points. In a 
MANET, each device in the network acts as a node, 
capable of both transmitting and receiving data, and 
besides the routing mechanisms, Quality of Service 
(QoS), and bandwidth estimations are interconnected 
aspects that contribute to efficient and reliable 
communication. MANETs require mechanisms like 
routing to create and sustain the path fortransmission 
and reception between mobile nodes. These 
mechanisms determine how data packets are 
forwarded from a source node to a destination node in 
the network.The various routing protocols, as 
discussed earlier, are utilized to handle the dynamic 
topology and frequent connectivity changes in 
MANETs. The Quality of Service pertains to the 
performance and service guarantees provided by a 
network to meet specific requirements. Enforcing 
Quality of Service (QoS) in mobile ad-hoc networks 
(MANETs) is still a challenge because of resource 
constraints, mobility, and dynamic environmental 
changes. The parameters of QoS include measures 
such as throughput, delay, packet loss, and jitter, 
which affect the end-users and applications directly. 
Estimating the available bandwidth in MANETs is a 
critical task for efficient resource allocation and QoS 
provisioning. Bandwidth estimation algorithms are 
used to estimate the available bandwidth for data 
transfer, which helps in route selection, traffic 
classification, and resource allocation. Bandwidth 
estimation plays an important role in the provision of 
quality of service (QoS) in mobile ad hoc networks 
(MANETs). By estimating the available bandwidth on 
the routes, QoS-aware routing protocols are able to 
select routes that can meet the required QoS 
parameters. In routing protocols, route selection can 
be influenced by factors such as higher available 
bandwidth for supporting applications requiring high 
bandwidth, or lower end-to-end delay for supporting 
real-time applications. Further, QoS-aware routing 
protocols have the ability to make dynamic changes to 
the estimation of bandwidth to adapt to the changing 
network environment. In MANETs, routing protocols 
need to consider QoS parameters, and accurate 
estimation of bandwidth is a key component in 
optimizing resource management and QoS 
provisioning. The convergence of routing protocols, 
QoS parameters, and accurate bandwidth estimation is 
necessary for optimal performance and efficient use of 
network resources in MANETs. 

The proposed concept offers a feasible solution to 
problems related to Quality of Service (QoS) and 
resource limitations [1]. It deals with the methods of 
estimating the available bandwidth on the link and 

path, together with an adaptive method that is able to 
provide feedback to the source node about the 
prevailing network conditions, thus making it possible 
for the application to adjust its transmission rate 
dynamically according to the network conditions [2]. 
The article presents a protocol called Path Reservation 
Multipath Routing, which is designed to provide 
customized paths for different types of traffic with 
particular service requirements [3]. In addition, the 
research work classifies the routing protocols into 
three different groups, namely route discovery, 
Quality of Service, and route maintenance. The 
performance of the routing protocols is also analyzed 
in terms of efficiency, reliability, packet delay, packet 
delivery ratio, control overhead, and Quality of 
Service. [4] Proposes the importance of mobility 
prediction for assessing path stability in MANETs and 
the examination of mobility trends within a MANET 
environment. [6] Predicting and comprehending 
mobility patterns in wireless networks, especially in 
the context of MANETs, is advocated to improve 
network performance and optimize resource 
allocation. [10]In this paper, a priority-based 
mechanism is suggested within the routing protocols to 
improve the Quality of Service (QoS) in Mobile Ad Hoc 
Networks (MANETs). This mechanism takes into 
account various communication scenarios and assesses 
several network performance parameters, including 
throughput, end-to-end delay, and packet 
delivery.[11] emphasize the importance of optimizing 
and adapting network communication to ensure better 
performance and reliability, whether through the 
introduction of a new routing protocol (CLMR) or 
through the algorithmic considerations for routing and 
information exchange in a network. [12] Introduces an 
new adaptive routing result that is mainly to enhance 
network performance and improves efficiency and 
robustness. [14]This paper directs its attention to the 
challenge of managing network topology within certain 
delay constraints, while also considering the interplay 
of both delay and interference. To address this, we 
introduce a cross-layer distributed algorithm known as 
the "Interference-Based Topology Control Algorithm." 
[15] In this the system takes into account both node 
lifetime and signal power to calculate the reward 
factor. Additionally, each node preserves local 
neighbourhood information based on distance. [16] 
The aim of this proposal is to enhance the process of 
mobile ad hoc networks by introducing a low-energy 
consumption multipath routing protocol. The proposed 
protocol, ESMR in smart city, utilizes a path selection 
strategy that considers both energy constraints and 
link stability. In contrast to numerous current 
protocols that utilize random mobility models 
featuring implausible actions such as abrupt halts or 
sudden accelerations, ESMRsc will be crafted based on 
a mobility model that better reflects real-world 
movements. [17] In this paper, the GWMTA-AOMDV 
protocol is introduced, which aims to enhance Quality 
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of Service while accommodating high-speed node 
travel. The protocol employs an algorithm to select 
consistent paths, establishing stable relationships 
between node resources (such as power, maximum 
data transfer capacity, and queue length) for 
trajectory selection. Additionally, the protocol under 
consideration proactively observes and addresses swift 
changes in topology by employing an upgraded routing 
approach. This approach involves a predictive link 
interference component that relies on periodic 
probabilistic predictions of link stability. The 
experimental results demonstrate a significant 
improvement in QoS measurements for the designated 
channel, including enhancements in packet 
transmission rate, source-to-destination delay, and 
packet reception ratio. [18] This article introduces an 
innovative technique termed as FGSA. Its purpose is to 
discover the most suitable head of the cluster for an 
productive routing protocol that deals with energy 
within an Internet of Things. For the expansion of 
operational lifespan of nodes, the approach utilizes 
the mentioned algorithm to iteratively identify the 
best possible head node of the cluster within the 
internet of things framework.[19] Stable routing is a 
valuable approach to address routing challenges in 
mobile ad hoc networks. This study focuses on 
enhancing the stability of the TORA protocol, which is 
a distributed routing protocol known for its 
adaptability, efficiency, and applicability to large and 
dense mobile ad hoc networks. The ultimate goal is to 
introduce a new, highly efficient protocol. The 
proposed protocol, named Stable-TORA, has been 
developed and evaluated by comparing its 
performance with the base protocol TORA in various 
scenarios. The aim is to demonstrate the improved 
efficiency and effectiveness of the Stable-TORA 
protocol in addressing the routing needs of mobile ad 
hoc networks.[20] This approach proposes an 
optimization of transmit power for packet transmission 
to neighbouring nodes therefore to extend the battery 
life of the ad hoc nodes. Additionally, it incorporates 
link prediction based on received signal strength to 
enhance link availability. Overall, this method 
contributes to increased efficiency and sustainability 
in ad hoc networks.The MANET encounters various 
limitations such as limited resources, and frequent 
connectivity changes in MANETs pose significant 
hurdles in establishing and maintaining stable 
communication paths among mobile nodes. The 
absence of a fixed infrastructure and the mobility of 
nodes introduce complexities in routing, resource 
management, and Quality of Service (QoS) 
provisioning. Furthermore, security threats and the 
need for efficient network management.[21] This 
research introduces a Dual bandwidth estimation 
methodto estimate the available bandwidth and cross-
layer routing protocol based on TDMA, aiming to meet 
both delay and bandwidth prerequisites while 
enhancing network throughput. In ad hoc networks 

using TDMA, the reservation of slots can influence the 
two-hop neighbouring nodes. [22] This research delves 
into a cell-partitioned model designed for a delay-
tolerant mobile ad hoc network characterized by 
general Markovian based mobility patterns. The model 
incorporates key aspects such as wireless transmission 
locality and node mobility, allowing for the precise 
computation of network capacity and minimum energy 
function. Additionally, the paper proposes 
straightforward schemes that provide performance 
guarantees, closely approaching these bounds while 
introducing a trade-off of increased delay. [23] This 
study assesses the effectiveness of trunk, wired, and 
wireless connections in a diverse computer network 
infrastructure. The assessment employs bandwidth 
estimation tools such as IGI, Pathload, and Traceband. 
To experimentally assess the trunk links, two real 
network scenarios were implemented, and cross-
traffic was generated synthetically using the MGEN 
tool. [24]This paper addresses the routing challenge in 
mobile ad hoc networks through the introduction of an 
innovative approach. The proposed routing protocol 
relies on local route repair and employs an intelligent 
method for rectifying failed routes at the local level. 
[25] In this paper, we introduce an analytical model 
that considers the average end-to-end delay, 
incorporating factors such as the packet arrival 
process, source and destination's backoff and collision 
avoidance mechanisms. We then proceed to contrast 
this with the end-to-end delay encountered when 
using the QoS AODV protocol. [26]This involves 
theEnhancementof overall effectiveness of the 
protocols by assessing their compatibility with the ad 
hoc routing requirements. [27] This paper introduces a 
novel biased bandwidth stipulation scheme designed 
specifically for protocols which are reactive. The 
proposed scheme enables real-time estimation of 
bandwidth availability in each node and implements an 
admission control mechanism to ensure compliance 
with Quality of Service (QoS) metrics for services. By 
incorporating simulations alongside the DSR protocol, 
the suggested partial bandwidth reservation scheme 
showcases improved network capacity and offers 
substantial Quality of Service support for network 
services.  

The FGSA selects the cluster head based on a fitness 
function that incorporates multiple objectives, 
including distance, delay, link lifetime, and energy. 
This variant of FGSA, named as the multiple-objective 
algorithm, aims to achieve the most efficient and 
effective cluster head selection for the IoT network. 
[29] This paper introduces a cross-layer TDMA-based 
routing protocol designed to fulfil delay and bandwidth 
prerequisites while maximizing network throughput. 
Given the impact of slot reservation on two-hop 
neighbours in TDMA-based ad hoc networks, our 
routing protocol strategically opts for paths with 
minimal neighbouring nodes. [30]This paper 
endeavours to offer an all-encompassing survey of this 
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ever-evolving domain, as well as the most up-to-date 
research methodologies concerning the 
characteristics, capabilities, applications, and design 
constraints of MANETs. To overcome these issues to 
improve the QoS the proposed concept is introduced 
and the subsequent results have been attained. 

 

2. RESEARCH SIGNIFICANCE 

Multiple protocols are utilized in mobile ad-hoc 
networks, with focusing on providing Quality of Service 
(QoS) support at the routing level through bandwidth 
estimation, but their performance leaves a lot to be 
desired. This paper tackles the fundamental 
challenges of QoS-aware routing, encompassing 
aspects such as bandwidth estimation, delay 
prediction, route discovery, and route maintenance. 
To enhance performance and cater to the QoS 
requirements of real-time applications, the paper 
introduces a QoS-aware routing protocol that is 
implemented using admission control (AD) methods 
and a feedback (FB) mechanism. 

 
 

3. OUTLINED APPROACH 

The proposed concept that includes the incorporation 
of route discovery by accessing the bandwidth 
utilization and availability throughout the end-to-end 
node delivery process. The routing mechanism focuses 
on enhancing performance by considering Quality of 
Service (QoS) requirements. Additionally, it provides 
feedback on bandwidth utilization, either through a 
specific feedback method or by selecting a path that 
meets the necessary bandwidth using an admission 
method. While the route discovery algorithm is 
executed to locate the most efficient route connecting 
an origin and a target, it often considers various 
factors, including the available bandwidth along the 
potential routes. This is done to select a path that can 
support the desired Quality of Service (QoS) 
requirements, such as minimum delay or maximum 
throughput.An innovative Quality of Service (QoS) 
framework is introduced, specifically tailored to meet 
the bandwidth, latency, and jitter demands of 
applications within Mobile Ad Hoc Network (MANET) 
settings [9]. 

 

 
Fig. 1. Proposed Concept: Route Discovery 

 
During route discovery, network devices or routing 
protocols may collect information about the available 
bandwidth on different links or paths as represented in 
figure 1. This information can be obtained through 
admission method and feedback method that can be 
processed by Listen and hello bandwidth estimation 
techniques. By estimating the available bandwidth 
along each potential path, the route discovery 
algorithm can make informed decisions about selecting 
the most suitable route.The collected bandwidth 
estimation data can be used in conjunction with other 
metrics, such as link reliability or delay, to determine 
the optimal path for data transmission. The goal is to 

find a route that can provide sufficient bandwidth 
while meeting other QoS criteria. 
 

3.1 Bandwidth Estimation 

In order to ensure QoS with guaranteed bandwidth, it 
is essential to have information about the available 
capacity between the source and destination along a 
specific path from the origin to the end node. The 
throughput between these endpoints is achieved by 
the bottleneck capacity of the intervening route hosts. 
It's important to note that this throughput is a concave 
variable, meaning it can be affected by various factors 
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and may not always follow a linear progression[28]. 
(Rappaport 2002). 

There are two methods for estimating bandwidth. The 
first method involves hosts monitoring the channel and 
calculating the bandwidth utilization based on the 
ratio of time spent in busy versus idle states (referred 
to as "Listen to estimation of bandwidth"). The second 
technique involves hosts sending Hello messages that 
contain information about their current bandwidth 
usage, and the channel capacity is determined by 
evaluating the bandwidth utilization information 
provided in the messages (Hello type) received from 
neighbouring hosts,within a two-hop range (known as 
"Hello bandwidth estimations"). 
 

3.1.1 “Listen” bandwidth estimation 

To calculate the availablebandwidthfor future data 
transfers, a host determines the bandwidth time 
channel by dividing the proportion of unoccupied time 
to the total time by a scaling factor. However, in IEEE 
802.11 networks, a parameter is introduced due to the 
presence of overhead associated with DIFS (Distributed 
Inter-Frame Space), SIFS (Short Inter-Frame Space), 
and backoff schemes. These overheads need to be 
taken into account for each data transmission. 
Consequently, within a distributed MAC competition 
scheme, achieving full utilization of the complete 
bandwidth for data transmission becomes unfeasible 
due to this additional overhead. 

Calculating the remaining bandwidth using the Listen 
approach is straightforward. However, when a route 
fails, releasing bandwidth is not as simple since the 
individual node bandwidths in the broken routes are 
often unknown. The Listen approach only measures 
the overall consumed bandwidth without distinguishing 
the bandwidth costs associated with each individual 
path.  
 

Listen Bandwidth Estimation: 

LB = (Proportion of Unoccupied Time / Total Time) / 
Scaling Factor 
LB - Listen Bandwidth 
Overheads in IEEE 802.11 Networks: 
Overhead (OH) = DIFS + SIFS + Backoff Overhead 
Total Overhead (TOH) = Number of Data Transmissions 
* OH 
 

Adjusted Bandwidth considering Overheads: 

AB = LB – TOH 
AB-Adjusted Bandwidth 
 

Calculation of Remaining Bandwidth using Listen 
Approach: 

Remaining Bandwidth (RB) = Total Bandwidth - Total 
Consumed Bandwidth 

RB is the bandwidth available for future data transfers 
using the Listen approach. 

To address the concerns, a new technique called Hello 
bandwidth estimate is introduced. The technique 
proves its efficiency in reallocating the bandwidth 
usage in case of route failure. With the incorporation 
of the Hello bandwidth estimate technique, the 
network will be able to efficiently utilize the available 
bandwidth, even if the routes are damaged or not 
available. Therefore, this technique increases the 
efficiency of bandwidth prediction and bandwidth 
usage in the network. 
 

3.1.2 “Hello” bandwidth estimation 

This method combines the continuous use of the 
source’s bandwidth with that of its neighbouring nodes 
in conjunction with the traditional Hello messages. 
The nodes calculate their bandwidth by using the 
information from the Hello messages, in conjunction 
with the frequency recycling model. This means that 
there is no need for extra control messages, as the 
bandwidth information is carried in the Hello 
messages. To determine the frequency, recycle 
pattern, the IEEE 802.11 MAC protocol is examined. 
Each node accesses the wireless medium whenever it 
is available, assuming the channel is idle if the 
neighbouring nodes are not transmitting within the 
interference range. The interference spectrum usually 
covers twice the broadcast range, allowing the 
frequency to be reused after the immediate 
neighbouring node.  

The achieved throughput in the two-hop region 
depends on the settings and the current traffic 
conditions. However, the untreated channel capacity 
serves as the upper limit of the total capacity. This 
flexible optimum value of bandwidth is utilized for 
estimating bandwidth utilization in the calculation 
process. 
 

 
Fig. 2. Hello Structure 
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The Figure 2 displays the structure of the Hello 
messages. The first row contains data concerning the 
host itself, while subsequent rows contain information 
about nearby hosts. The bandwidth data of the 
immediate neighbouring hosts is readily available. 
However, retrieving the bandwidth information of the 
second set of neighbouring hosts is not possible 
directly. In such cases, timestamps are utilized in the 
messages to record the date and time of message 
transmission, reception, or viewing. 
 

Residual Bandwidth Calculation: 

Residual Bandwidth (RB) = (Original Route Bandwidth - 
Overall Used Throughput) / Scaling Factor 

RB = (BR - UT) / SF 

Additional Bandwidth Adjustment due to MAC Layer 
and Routing Protocol: 

Adjusted Residual Bandwidth (ARB) = RB / Weighting 
Factor 

ARB = RB / WF 
 

Estimating Attainable Bandwidth Using Hello 
Messages: 

Attainable Bandwidth (AB) = Bandwidth Information in 
Hello Messages + Frequency Recycling Model 

AB = BW_in_Hello + FRM 

Frequency Recycling Model Calculation: 

Frequency Recycling Model (FRM) is determined based 
on the IEEE 802.11 MAC standard examination. 
 

Utilization of Untreated Channel Capacity as an 
Upper Limit: 

Estimated Bandwidth Utilization (BU) = Minimum(ARB, 
Untreated Channel Capacity) 

BU = min(ARB, UCC) 

Once a host is aware of the bandwidth usage of its 
immediate and subsequent neighbors, forecasting 
network bandwidth becomes more straightforward. 
The residual bandwidth can be computed by deducting 
the overall used throughput from the original route 
bandwidth and subsequently dividing it by a scaling 
factor. Nevertheless, owing to the configuration of the 
MAC inWLANs and the elevated necessitated by the 
protocol used for routing, the remaining bandwidth 
must be additionally divided by a weighting factor. In 
the MAC layer, certain packet types such as RTS 
(Request to Send), CTS (Clear to Send), and ACK 
(Acknowledgment) require bandwidth. Additionally, 
the back-off mechanism used in the MAC layer does 
not utilize the full capacity, and collisions can occur, 
leading to retransmissions. Furthermore, the routing 

protocol introduces various overheads for route 
maintenance and identification.  
 

3.2 Incorporating QoS in Route Discovery 

For improved performance, a QoS-aware routing 
protocol uses a cross-layer design that combines 
various layers of the network stack. This allows the 
routing protocol to make routing decisions based on 
the particular needs of applications running in the 
network. The proposed system allows two types of 
applications. The first type of applications includes 
those that clearly indicate the minimum required 
bandwidth in the request message, thus ensuring that 
the routing protocol takes into consideration the 
bandwidth requirements of the application during the 
routing process. The second type of applications 
includes those that have the ability to change their 
coding rate based on feedback received from the 
network. The adaptive coding rate makes it possible to 
dynamically change the encoding of data based on the 
network conditions.By incorporating these features 
into the routing protocol, the cross-layer design 
enhances performance by aligning the routing 
decisions with the specific needs and characteristics of 
different applications. 

The mode flag determines whether the source node 
utilizes the entry process or adaptive response 
strategies. Upon receiving a route request packet as 
input, an intermediary host first evaluates its 
accessible bandwidth. In case of mode flag aligns with 
the permission, the host then contrasts its available 
network capacity with the appeal of throughput. If the 
bandwidth remaining surpasses the necessary 
bandwidth, the host sends the route request (RREQ); 
otherwise, it ignores it.If the adaptive mode is 
activated, the host contrasts its accessible bandwidth 
with the minimum bandwidth value indicated in the 
route request. Ifthe remaining bandwidth exceeds the 
minimum bandwidth threshold, the host dispatches the 
route request or else, it employs its remaining 
bandwidth to revise the minimum bandwidth value. 
The following figure3 will explain the entire process. 
 

 
Fig. 3. Host Working Procedure 
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Based on the receiving packet route request, the 
destination host must undergo the scrutiny process 
described earlier. Nevertheless, it's crucial to 
acknowledge that accomplishing this phase doesn't 
assure that the present structure can fulfill the 
minimum bandwidth stipulated in the route request 
packet. This is primarily due to the potential 
interference issues caused by selected hosts during the 
broadcast, which cannot be accounted for when 
evaluating the remaining frequency during the route 
discovery process. Therefore, it is crucial to perform a 
definitive verification process prior to returning the 
route reply to the source address. 

In the end, the destination host will send the Route 
Reply to the source host, with an updated header 
containing the minimum bandwidth information (AODV 
RREP header). Upon receiving the RREP, intermediate 
hosts will acknowledge it and establish the path, while 
also storing the minimum speed in their routing table 
entries. This information is crucial for managing the 
network and estimating the QoS (Quality of Service) of 
the Hello bandwidth-aware routing. 
 

3.2.1 Route Maintenance 

AODV (Ad hoc On-Demand Distance Vector) monitors 
Hello messages in order to detect any malfunctioning 
routes. If a Hello message is not received from a 
particular neighbor within the specified time, AODV 
considers the route being used by that neighbor as 
invalid. An error message is then sent to the upstream 
hosts to inform them of the route failure. Upon 
receiving the error notice, only the source host is 
responsible for restarting the new route identification 
process. As a result, intermediate hosts refrain from 
using caches to address route failures. 

In order to release consumption registers bandwidth, it 
is necessary to have knowledge of the amount of 
bandwidth consumed by the hosts along the specific 
route. Therefore, AODV implements the route 
maintenance strategy when employing the process of 
estimation of routing (QoS-aware) with Listen method. 
 

4. RESULTS AND DISCUSSION 

The proposed routing protocol that aware of QoS was 
evaluated for efficiency using the NS-2.34 simulator. 
The simulation employs an MACprotocol of WLANs 
operating in different mode such as Request to 
send/Clear to send/Data/Acknowledgement, with a 
channel data rate set at 2 Mbps. The size of packet 
utilized for the simulation was 1,400 bytes.The routing 
mechanism is deployed to improve the Quality of 
Service (QoS) within a Mobile Ad Hoc Network 
(MANET). Various connections are taken into account, 
and network performance parameters such as 
throughput, packet delivery ratio (PDR), and end-to-
end delay (EED) are evaluated [5]. 

4.1 “Hello” vs “Listen” during Route Break 

A route will be considered broken due to either of two 
scenarios: (1) the collision of hello messages occurring 
multiple times, which does not necessarily indicate a 
true route failure, or (2) a host along the route moving 
out of the transmission range of its neighboring host. 

A network stream can be conceptualized as a fixed 
chain where each host is connected sequentially. In 
order to facilitate the analysis, simulations were 
executed using a chain architecture to depict the 
consequences of a disrupted route resulting from the 
loss of transmitted Hello messages. The replicated 
chain architecture consists of six hosts, with the 
source host serving as the header and the destination 
host as the tail. A feeding rate of 0.35 Mbps is used to 
transmit information from the sender to the recipient 
host. The performance improvement achieved by the 
routing protocol(QoS-aware) with Listen bandwidth 
method estimation allegedly leads to a route break at 
12 seconds, as indicated by the trace files. Figure 3 
illustrates the packet reception rate within a chain 
topology comprising six nodes. 
 

 
Fig. 4. The packet reception rate, incorporating Hello and 

Listen bandwidth estimation techniques. 

 
The figure 4 provides evidence that the estimation of 
Hello bandwidth can accurately predict the remaining 
bandwidth when a reported route break occurs. 
However, the estimation using Listen bandwidth is not 
suitable, which results in the source host transmitting 
packets at a rate lower than the channel capacity. In 
situations of high traffic, Hello packets are frequently 
dropped. When three Hello messages are suspended 
consecutively, a route break is reported. Nonetheless, 
this route interruption doesn't signify a genuine 
physical disconnection. Rather, these three dropped 
Hello messages coincidentally collide with other 
packets. The time span between identifying a route 
interruption and re-establishing the route is merely a 
few milliseconds. 
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The estimation of consumed throughput in the Listen-
based bandwidth forecasting model is based on 
aggregating frequency usage over one-second 
intervals. Furthermore, the servers situated along the 
disrupted path which sending information in the 
preceding time period in seconds. As a result, it 
becomes exceedingly challenging for the hosts to 
swiftly and precisely update their bandwidth records 
within such a brief timeframe. Consequently, 
determining the remaining bandwidth using the Listen-
based bandwidth forecasting model presents 
challenges. Even if certain update mechanisms are 
implemented, the hosts would still be unable to 
accurately release bandwidth since they lack 
knowledge of the broadband requirements of each and 
every node in the route broken. Conversely, by 
employing the necessary update strategy, the Hello-
based bandwidth prediction approach can effectively 
overcome this issue. 
 

4.2 Route disruption triggered by moving out from 
the transmission range of a neighbouring node. 

For better understanding, Figure 4 illustrates the 
configuration for simulating a situation where the 
mobile node causes a disruption in the path. The 
configuration includes 30 nodes, where node 18 is the 
target node and node 13 is the source node. The 
routing protocol is based on the quality of the links 
between the nodes in the network and is most 
appropriate for multi-hop communication [7]. The 
performance of MANET is largely dependent on two 
parameters: node mobility and resource constraints. 
The continuous motion of nodes and resource 
constraints can significantly influence the network 
performance. The continuous change in the topology 
of the network due to mobility can cause instability in 
the links between the nodes, resulting in a loss of 
connectivity, which further leads to delays in 
retransmission [13]. 

In this simulation, 13thhost is in motion towards 11th 
host with a velocity of 10 meter/second. The 
transmitting host employs a transmission rate of 0.25 
Mbps to dispatch data packets to the destination 
host.The goal is to evaluate the effectiveness 
improvement of a QoS-conscious routing protocol that 
integrates Listen bandwidth prediction, along with the 
advancement in performance of a QoS-conscious 
routing protocol featuring Hello bandwidth estimation. 
Initially, at the establishment (depicted by the dotted 
line in the Figure 4), the selected route follows a path 
through hosts 13, 1, 12, 6, 4, 26, 24, and 18.  

However, once 43 seconds of simulation have elapsed, 
host 13 shifts to a position exceeding the transmission 
range of host 1. As a result of this route interruption, 
host 13 is required to initiate a new discovery 
process.In the new route, determined by the routing 
protocol that utilizes Listen to calculate leftover 

bandwidth (illustrated by the dashed line in the Figure 
6), the path includes hosts 13, 2, 12, 15, 21, 24, and 
18. Alternatively, the routing strategy that involves 
using Hello messages to compute remaining bandwidth 
leads to the novel pathway traversing hosts 13, 2, 25, 
6, 21, 24, and 18 (depicted by the continuous line in 
Figure 6). 
 

 
Fig. 5. A Route Break caused by moving node 

 
The received rate for the Hello and Listen to 
bandwidth estimation methods in the moving topology, 
as shown in Figure 6, is illustrated in Figure 5. The 
results of the simulation are shown in Figure 6. Using 
the Listen method for bandwidth calculation produces 
a significantly larger difference in end-to-end 
throughput compared to the Hello method, especially 
after changes in the routes.  
The trace file takes into consideration this difference, 
showing an approximate delay of three seconds 
between the time when host 13 crosses out of the 
transmission range of host 1 and the time when a 
route change is detected. During this time, all hosts, 
except site 2 which is located next to the source, 
record their bandwidth usage information correctly. 
 

 
Fig. 6. The Data Reception Rate within the Dynamic 
Source Topology for the Hello and Listen methods of 

Bandwidth Estimation. 
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The reason behind this is that the source node keeps 
sending Request to Send, and node 2 receives this 
packet and adjusts its Network Allocation Vector based 
on the packet size specified in the RTS. Consequently, 
a large gap arises between the expected and actual 
free times. This creates a problem for host 2 to 
calculate the available bandwidth correctly after the 
reception of an RREQ packet. However, this problem 
does not impact the use of the Hello method for 
residual bandwidth estimation. 

These results demonstrate the inefficiency of the 
Listen strategy in dealing with route disruptions. This 
inefficiency arises from the MAC’s Network Allocation 
Vector’s inability to accurately represent the traffic 
conditions and possible delays in updating the 
bandwidth usage records. Therefore, in cases where 
route disruptions occur, the Hello bandwidth 
calculation has a higher accuracy compared to the 
Listen strategy. 
 

 
Fig. 7. Comparison of Throughput in―Listen and―Hello 

method 

 
The above results, as shown in Figure 7, indicate that 
when the weight factor of Hello is 1.25 and that of 
Listen is 1.6, the end-to-end throughput is close to 
being equal. In order to achieve the same 
performance, the weight factor of Listen must be 
higher than that of Hello. This is because the Listen 
algorithm cannot reallocate the bandwidth quickly 
when the path is broken. 
 

 
Fig. 8.  Comparison of packet delivery ratio in ―Listen 

and―Hello method 

In Figure 8, the packet delivery ratios for the Listen 
weight factor of 1.6 and the Hello weight factor of 
1.25 are almost identical. However, the Listen 
method, due to its inability to quickly release data 
when a route breaks, requires a higher weight factor. 
In a congested network with the same transmission 
speed, the Listen weight factor needs to be greater 
than the Hello weight factor to maintain optimal 
performance. 
 

 
Fig. 9. Comparison of Delay in ―Listen and―Hello method 

 
Achieving the uninterrupted transmission of packets 
from the source to the destination, while preserving 
the node's energy level to prevent delay or packet loss 
is enhanced [8].As per the information given in above 
Figure 9, it understood that the performance 
efficiency of the Listen mode, using a weight factor of 
1.6, is comparable to that of the Hello mode with a 
weight factor of 1.25. However, the Listen mode with 
a weight factor of 1.6 exhibits slightly higher latency, 
as depicted in the graph. 
 

4. CONCLUSION 

By incorporating bandwidth estimation into the route 
discovery process, network systems can make more 
intelligent routing decisions that take into account 
both the availability of bandwidth and the desired QoS 
requirements, leading to improved performance and 
efficient resource utilization.Due to its inadequate 
efficiency in delivering optimal performance, the 
architectural pattern requires improvement. In this 
paper a QoS-aware performance enhancement routing 
protocol was developed, incorporating an admission 
control scheme and a feedback mechanism specifically 
tailored to meet the QoS requirements of real-time 
applications. The protocol integrated bandwidth 
estimation and performance optimization QoS into the 
routing process by transmitting bandwidth data via 
Hello messages. The cross-layer technique was 
employed to provide the application with data on the 
current network status, which involved two strategy 
(adaptive feedback and admission).Itworks best in 
small networks under low network mobility. From 
thesimulations it was noted that the routing protocol 
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(QoS-aware) attained an enhanced delivery ratio of 
packetsexclusive of adversely affecting the overall E-
to-E throughput. Two distinct approaches for 
determining bandwidth were thoroughly evaluated 
using various topologies and weight factors. The Hello 
bandwidth estimation approach, which instantly 
released the bandwidth, outperformed the Listen 
bandwidth estimation method. 

Our forthcoming research focuses mainly on 
integrating the suggested routing mechanism into 
various routing protocols, including AODV, AOMDV, 
DSDV, and OLSR. Subsequently, we will assess its 
impact on Quality of Service (QoS) metrics, specifically 
throughput, packet delivery ratio, and end-to-end 
delay. This evaluation will be conducted under varying 
network node quantities, considering both static and 
dynamic network behaviors. 
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