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Abstract—Mobile ad hoc network (MANET) is among the networks which 

do not require any infrastructure to put nodes in communication. Due to its own 

nature, it is used by several applications. Even though it's a network that is ex-

tremely challenging and mostly when TCP is applied. In this paper, we have 

proposed a new improvement in the TCP algorithm that employed fuzzy logic 

to predict packet loss and avoid congestion. Specifically, we have used tree 

metrics such as stability, energy, and signal strength to use in fuzzy logic sys-

tems. To accomplish our approach, we have established some modifications 

based on cross-layer. The results of the relevant simulation performed by NS3 

demonstrated that our approach globally improves the performance of TCP in 

MANET. Precisely reduce the packet overhead and energy consumption also 

enhance throughput. 

Keywords—MANET, MANET, TCP, AODV, DSDV, OLSR, Fuzzy Logic, 

congestion, Cross-layer 

1 Introduction 

Recently, mobile ad hoc networks (MANET) have shown a high growing interest 

to enhance the performance of protocols for supporting quality of service (QoS) in 

MANET. Ad Hoc network is a set of wireless mobile nodes that does not require any 

centralized administration to establish a communication. Due to its self-configuration, 

flexibility, and distributed nature, it is used in many applications such as military 

service, vehicular networks and disaster recovery. MANETs have many specifica-

tions, like multi-hop communication, dynamic topology, and limited resources. These 

characteristics make routing protocol design as particular challenges [1]. The princi-

pal objective is to maximize network lifetime and energy efficiency in MANET rout-

ing protocol, so that guarantees QoS and enhances performance of communication. 

To achieve these goals, several researches have been carried out. Three types of rout-

ing have been mainly defined in MANETs: reactive routing protocols, proactive rout-

ing and hybrid routing protocols. 

An important feature in ad hoc networks is the ability to link to wired networks, in 

order to access Internet services through a gateway. The mobiles which play the role 

of gateways (most often all the mobiles) implement a router in their circuits, the mo-
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bility being managed by the Mobile IP protocol [2]. This group has taken the classic 

Internet protocols and refined them to work with mobile routers. 

The core functionality of the transport layer is the transfer of end-to-end data from 

transmitter to receiver in a reliable and economical manner. It isolates the upper levels 

from technological variations and imperfections in the lower layers. It does this by 

employing transport protocols that use network layer (IP) services to deliver data. The 

protocols widely deployed in IP networks are TCP (Transmission Control Protocol) 

[3], UDP (User Datagram Protocol) [4], DCCP (Datagram Congestion Control Proto-

col) [5] and SCTP (Stream Control Transmission Protocol) [6]. 

Most TCP deployments have been carefully designed in the context of wired net-

works. In an ad hoc environment the implementation of TCP can lead to poor perfor-

mance [7] due to the inherent properties of wireless networks. And this noticed in the 

last years, due to the rapid industrial development of various communication wireless 

devices technology of mobile edge computing (MEC). Several studies have been 

carried out to improve performance of MEC based on deep learning networks and 

especially what is oriented towards intelligent IoT [8][9]. Since the advent of the TCP 

transport protocol, several algorithms that aim to improve the congestion control 

mechanism have been proposed. All these algorithms use the same transmission prin-

ciple as basic TCP; however, each algorithm offers a new mechanism for detecting 

and avoiding congestion. These different variants have been proposed with the aim of 

allowing TCP to react as well as possible to packet losses. 

The main reasons that lead to a performance degradation in ad hoc networks come, 

as in wireless networks, from the quality of the wireless link, but also from the quality 

of the path. One reason for this degradation is the erroneous behavior of TCP, which 

mistakenly infers data loss as congestion and unnecessarily lowers its transmission 

rate. Therefore, the packets are dropped when the load on the network is greater than 

the capacity of the network in wired networks and which allow us to justify packet 

losses. On the other hand, in MANET networks congestion is not the only case caused 

by the loss of packets, there is stability, energy, link quality and interferences. At this 

level, the problem encountered by TCP in the MANET network is the enormous re-

transmission of lost packets. 

Although TCP slows down sending massive packets by adjusting the window after 

the first declaration of lost packets due to various MANET's functional challenges like 

frequent link changes, hidden or exposed nodes, spatial reuse and incompatibility 

between TCP ACK packets and routing protocol. This justifies the large number of 

overhead packets in the MANET network. So, the best method of predicting conges-

tion can improve the QoS of the TCP protocol. 

The paper is organized as follows. In section 2, we have studied and analyzed arti-

cles that have improved the performance of MANET in order to use it to achieve a 

new contribution. In Section 3, we will present and dissect the process of our contri-

bution. Simulation results are discussed and interpreted in section 4. In Section 5, 

Conclusion of our work and developed for the new research tracks. 

The document you would like to format and import the styles. How this works de-

pends very much on the version of MS WORD that you use. The styles’ names to be 
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used for online-journals.org are preceded by a “0_” which makes them appear first in 

the styles list and therefore easier to be found. 

Now just place the cursor in the paragraph you would like to format and click on 

the corresponding style in the styles window (or ribbon). 

2 Related Work 

Much research focuses on improving the TCP protocol due to its congestion con-

trol mechanism, but it faces serious challenges when used in MANETs. Certainly, 

never succeeded in meeting all the challenges but they managed to minimize their 

impact. 

The author Sumet and all [10] proposed a method based on the construction of op-

timization routes for the location of requests and minimize the wastage of limited 

resources, namely network bandwidth and node energy based on an increase in the 

size of control information to control routing packets in a heterogeneous network. The 

author chose to implement the method on a protocol that knows several limits in the 

case of dense networks. Hanin and al. proposed a Cross layer solution for improving 

the QoS of TCP in the Manets under the basis of different metrics [11]. The author 

calculates the metrics based on classical logic which does not give approximate values 

to the state of the metrics [12]. The work by Josh Kumar and A. Kathirvel addresses 

two main reasons that can reduce throughput in MANET which is the basis of link 

quality. The aim is to introduce an innovation called helper nodes which will help in 

the formation of alternate path and neutralize the ill effects, which provides a research 

impetus to increase the generalization decrease of packet loss. The author [13] in this 

article is giving a research impulse to increase generalization and gives a new practi-

cal classification. The work by authors in this article is giving a research impulse to 

increase generalization and gives a new practical classification. 

In [14] the author tried to improve the duration of reliability in the ad hoc network 

based on probabilistic analysis to examine reliability metrics in node clustering. The 

method used scatter search in genetic algorithms which operated on a reference set to 

create new solutions. However, in this contribution, the author randomly chooses 

certain nodes to switch to their respective alternative clusters, which did not take into 

consideration the verification of the scalability of the nodes. Weimin Zheng et al. [15] 

proposed a congestion control practices finite time for the case of external disturbance 

algorithms. This contribution opens a track or researchers to exploit the control of the 

transmission and the active queue. 

The conception of an efficient routing strategy and have a good scalability to inte-

grate MANET with the internet is a very challenging problem, in this regard the au-

thor [16] suggest unpretentious integration scheme for a MANET and the wider Inter-

net, based on the optimized link state routing (OLSR) To overcome the incompatibili-

ties between different architectures. Precisely author redesigned and optimized rout-

ing Hello and TC messages to meet heterogeneity and gateway discovery needs with-

out adding any additional messages.  In another respect the author in [17] proposed an 

improvement in the quality of service based on the average end-to-end delay and 
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packet loss, it cut down the delay experienced by data packets in the MANET net-

work. in order to achieve 5G internet integration at MANETs with greater robustness 

and flexibility. Several routing protocols have been proposed for integrating MANET 

Network to the internet. Reference [18] considers that, with the aim of improving the 

performance of TCP to suit the routing requirements to over ad hoc systems. 

MANET has limited resources and knows a high risk of congestion. like de con-

gestion increases the probability of contention and losses MAC and TCP performance 

is severely degraded. To avoid network congestion, various techniques are followed. 

To improve the performance of TCP in Manet Suveg et al [19] have proposed a cross 

layer scheme which synchronizes the MAC and TCP layer. The idea is to dynamically 

adjust the TCP congestion window using the information received from the MAC 

layer contention window in order to, minimize the problem of overflow of the conges-

tion window. 

Handling the congestion efficiently attracted the attention of many authors [20] 

[21] [22]. In [23] The author proposed an idea based on Round-Trip Time (RTT) and 

bandwidth to improve the AODV protocol in order to control congestion. view of the 

characteristics of MANET there are other parameters that must be taken into account 

to control and predict congestion. 

3 Proposed Method 

The focus of this work, we present a new enhancement technique for improving 

QoS in MANET. 

Our approach comprises three main building blocks as follows: 

1. In order to ensure an efficient diagnosis of packet loss and for a relevant solution 

we proposed a modification based on Cross layer to collect a succession of the 

MAC standard IEEE 802.11 TCP Reno at different mobility modes. 

2. We proposed a new algorithm based on fuzzy logic that uses stability, energy and 

signal strength to predict packet losses. 

3. In the last process of our contribution, we have compared the three types of proto-

cols OLSR, DSDV and AODV considering multiple QoS metric to assess interac-

tion with the new TCP contributed. 

3.1 The signal strength 

TCP justify packet losses through congestion and resend packets until they suc-

cessfully arrive at the receiver. Even if the assumption is assured of the reception of 

traffic, it lifts the transmission delay. This is why we must predict the cause of packet 

loss. The authors in [24] proposed to reduce the number of messages regarding link 

failures based on signal strength. Indeed, in MANETs several parameters enter into 

packet losses. 
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3.2 Stability 

In Ad hoc Networks all the nodes can move randomly and at any time. The notion 

of stability that we present in this contribution is based on statistics collected by a 

node on its neighbor to estimate the durability of the connection. The stability calcula-

tion is based on the traffic sent by the emitter E to the receiver R as shown in figure 1. 

The estimate of this stability is calculated using Bienaymé–Chebyshev inequality [24] 

as follows in Equation 1: 

 StER= (∑
𝑋𝐸𝑖

2

𝑛𝑖 ) − (∑
𝑋𝐸𝑖

𝑛𝑖 )
2

 (1) 

Where X_i: the values of the signal power received from the neighboring at differ-

ent intervals of time. 

 

Fig. 1. Archiving process for stability calculation 

4 RTT Method and Energy 

In our approach we have used the technique proposed in the routing protocol sup-

porting energy recovery [26] in order to use it in our Fuzzy Logic System. Another 

way, we have proposed a cross-layer based on RTT solution in order to take into ac-

count the particularity of Manet networks and its protocols. Indeed, we used signal 

strength to identify the distance between nodes. The approach used to estimate the 

RTT value and compare it with the value of RTT calculated in the normal case to 

complete the packet loss prediction algorithm as illustrated in the figure 2 by the fol-

lowing Equation 2: 

 RTT(n + 1) =  𝛽𝑅𝑇𝑇(𝑛) + (1 − 𝛽)𝑀 (2) 

M: The inevitable time of a segment dismissal the ACK 

𝜷 : The stable value between 0 and 1, control how fast the RTT is suitable for 

changes. 

RTT (n): The value of RTT issued by last packet dispatched.  

RTT (n+1): depending on this estimated value of RTT (n) and the experimental 

value of RTT, TCP RENO will be compared them and take their differences as a 

variable named DIFF. 
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Fig. 2. RTT evaluation scenario and TCP 

4.1 Fuzzy logic structure input crisp for TCP prediction congestion 

In this approach we have proposed Fuzzy Logic to get an algorithm as described 

below capable of predicting congestion and minimize the overhead for TCP in 

MANET environment structure. In this regard, we have selected and analysed the 

main metrics that can cause packet losses. In this approach we have used three met-

rics: Stability of node, Energy and Signal strength as input crisp in the fuzzy system 

as shown in figure 3. 

At the process level of the Fuzzification we used Mamdani method as it was de-

scribed in [27] We have used the Centre of Gravity (COG) [28] as Defuzzification 

operator for transforming an output MF to a crisp single output decision value (DV) 

as Equation 3: 

 𝐷𝑣 =  𝐹𝑝[𝑆𝑛, 𝐸𝑛, 𝑆𝑡] (3) 

The three inputs of nodes are considered to allow with all possible combinations 

High, Medium and Low a crisp value defining a quality of node. The three types of 

values enter nodes allowing us to have 27 possible combinations of imputes. some 

examples of rules are proposed as follows: 

• If the Energy is high, Stability is low and Signal strength is high then the proba-

bility of congestion will be high. 

• If the Energy is medium, Stability is high and Signal strength is medium then 

the probability of network congestion will be medium. 

• If the Energy is low, Stability is low and Signal strength is high then the proba-

bility of network congestion will be low. 
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Fig. 3. The general Fuzzy Logic System 

 

Fig. 4. Scenario described the network interference 
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Algorithm 1. New Fuzzy HYBRID TCP algorithm: 

 

5 Results and Discussions 

In this section, we present the simulation results conducted by Network Simulator 

3 (NS-3) with its large TCP library versions. 

1:  Str=getLast_strv(); 

2: LE=getLast_energy(); 

3: St=GetLast_Stability(); 

// lower signal strength value of previ-

ous nodes 

// Threshold energy, signal strength 

and Stability  

4: Noi=get_Na(); 

 // Str is a limit value of signal 

strength to interfere in communication 

Str=get_strv(); 

Er= get_Er(); 

Sta= get_St(); 

DvT= Fp[Sn, En, St] 

// to get the highest value of noise of 

the path 

// to get energy value 

// to get stability value 

  Dv= Fp[Sn, En, St] 

7: c_Rtt=get_current_RTT;// the current 

RTT 

8: e_Rtt= (𝛽 (RTT (i)) + (1- 𝛽) 
M)*fct(str) 

// e-Rtt is the estimated value of RTT 

using signal strength 

9: if (e_Rtt+x>=y) and (Dv > DvT)// x is 

a constant of time 

10: then cwnd=cwnd+1; 

11: else if (Noi>=y)  

// y is a limit value of noise to take 

effect 

12: // resolve noise problem by changing 

channel 

13: else if (Dv <= DvT) 

11 check routing protocol for new path is 

chose  

Congestion so the flow windows divide 

by 2 

15: else cwnd=cwnd/2; 

// divide the flow windows by 2 because 

the problem is a congestion 
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Table 1.  Parameters values 

Parameter Value Parameter Value 

Channel type Wireless Channel Receiving Power 1.4w 

MAC 802.11 Idle Power 1.1w 

Routing Protocol OLSR, DSDV, AODV Sleep Power 0.002w 

Speed 10,20,30,40,50 m/s TC-INTERVAL 5 sec 

Transmissionn Range 250 m Hello- INTERVAL 3 sec 

Initial Energy 100 Jouble Topography 1000mX1000m 

Transmission Power 1.65w Time of simulation 300 Sec 

 

We have chosen the parameters cited in table 1, and as shown in the figure 4 we 

have created a network congestion based on six nodes referenced to [29]. 

 

Fig. 5. Packet loss rate of New Fuzzy hybrid TCP over OLSR 

In our simulation result, we measured the number of packets lost as a function of 

different mobility of nodes. The results obtained showed that our protocol gives good 

results for the various protocols as shown in the figure 5 for OLSR. The analysis of 

the graph (figure 5) comparative simulation scenario shows that: If we are in a wire-

less environment with a mobility of less than 25 m / s, the nodes of the latter consider 

neither mobile nor under the effect of interference, the three protocols tested (with a 

congestion control mechanism) give almost the same results in terms of delivered 

throughput. The explanation is that in a case considered ideal, a wireless environment 

can be thought of as a wired environment (where packet loss is mainly due to conges-

tion). 

Once the mobility exceeds 25 m / s, we notice that the removal of the node from 

the coverage area of the wireless environment negatively impacts the signal strength 

of that node. This effect is reflected in the TCP packet loss mechanism. 
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Fig. 6. Packet loss rate of New Fuzzy hybrid TCP over AODV 

In the figures 6 and 7 to study the case respectively AODV and DSDV, this was 

noticed once exceeding the mobility of 25 m/s. These results are due to the influence 

of the new improvement on TCP which considers the trade-off between the different 

metrics having a direct or indirect impact on congestion. Also, the mobility measure 

which distinguishes the ad hoc network by the stability metric.  

The New Fuzzy Hybrid TCP improves the throughput as shown in the figures 8, 9 

and 10. This result is due to the fact that New Fuzzy Hybrid TCP takes into considera-

tion the mobility of the nodes, on the other side normal TCP considers the mobility as 

congestive which degrades Throughput. 

As our approach is also based on signal strength, the results are quite close to those 

of the OLSR protocol. The reason is that once the signal strength starts to weaken and 

causes some packet loss, our approach disables the TCP stream window reduction 

mechanism, which leads to the continuation of the transfer (new packets or lost pack-

ets) with high speed. 

 

Fig. 7. Packet loss rate of New Fuzzy hybrid TCP and Normal TCP over DSDV 
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Fig. 8. Throughput Measured of New Fuzzy hybrid TCP and Normal TCP over OLSR 

 

Fig. 9. Throughput Measured of New Fuzzy hybrid TCP and Normal TCP over DSDV 

 

Fig. 10. Throughput Measured of New Fuzzy hybrid TCP and Normal TCP over AODV 

 

Fig. 11. The comparison between OLSR, AODV and DSDV in case of packet loss 
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Fig. 12. Throughput Measured over OLSR, AODV and DSDV with mobility node 

 

Fig. 13. The comparison between OLSR, AODV and DSDV in case of energy  

consumed per received bit 

In the second experimental part of our contribution, we consider the static MANET 

environment without changing the route in order to differentiate the effect of interfer-

ence from other reasons for packet loss. 

To select the most efficient and adequate protocol for our 

New_Fuzzy_hybrid_TCP we compared the protocols in terms of Packet Loss Ratio, 

Aggregate Throughput and Energy Consumed. We noticed that the OLSR protocol set 

a very low packet loss level as shown in figure 11 and gives good results in terms of 

throughput as shown in the figure 12 compared to AODV and DSDV, and this was 

noticed once exceeding the mobility of 30 m/s. This result explains the main features 

of OLSR that use the Multi-Point Relays to route packets. On the other hand, the 

figures 13 show that the protocols OLSR and AODV consume more energy than 

AODV over NEW Fuzzy Hybrid TCP. due to increased routing overhead to route 

maintenance. 
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On the other hand, in our approach New_Fuzzy_hybrid_TCP considers the intensi-

ties of the noise and changes the channel to have better performance when the noise is 

average. When the intensity of the latter reaches a high enough value, TCP deac-

tivates the flow reduction mechanism and continues to transmit at the same rate. This 

justifies the good results of our approach as shown in figure 28. 

6 Conclusion 

In this manuscript, we improve the congestion control mechanism by adding new 

features that allow it to distinguish between packet loss due to congestion and those 

due to the MANET environment. For this we called on the link layer through a cross-

layer solution to recover the signal power, stability and energy values which will 

serve as packet loss type indicators for the congestion control mechanism. and we 

used fuzzy logic to retrieve the metric values in approximative form. Therefore, acti-

vate and deactivate it depending on the type of loss. Our solution has been tested in 

different scenarios with different conditions. The results obtained were compared with 

different routing protocols (OLSR, DSDV, and AODV) under the same conditions. 

After comparison, our approach met our expectations. Packet loss due to the wireless 

environment was handled well and TCP was able to distinguish it from congestion 

loss. However, although we were satisfied with a distinction of packet loss. 

As a perspective of this work, it would be interesting to modify our approach to 

implement it in a real case (emulation) by trying to predict the signal power and noise 

values of the current communication from the previous communications. In this vi-

sion, the solution will avoid doing the interlayer on the same packet, since the values 

that will be used will be retrieved from previous communications. 
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