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Abstract

As of late mobile ad hoc networks (MANETS) have turned into a very popular explore the theme. By giving interchanges
without a fixed infrastructure MANETS are an appealing innovation for some applications, for ex, reassigning tasks, strategic
activities, nature observing, meetings, & so forth. This paper proposes the use of a neuro Deep learning wireless intrusion
detection system that distinguishes the attacks in MANETSs. Executing security is a hard task in MANET due to its
immutable vulnerabilities. Deep learning gives extra security to such systems and the proposed framework comprises a

hybrid conspiracy that joins the determination and abnormality-based methodologies. Executing the partial IDS utilizing
neuro Deep learning improves the identification rate in MANETS. The proposed plan utilizes deep neural networks and a
cross breed neural system. It demonstrates that Recurrent neural networks can successfully improve the identification and

diminish the rate of false caution and failure.
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1. Introduction

Mobile Ad hoc network may be a social event of compact
center points outfitted with both a remote transmitter and an
authority that speak with one another through bidirectional
remote associations either explicitly or by suggestion.
current remote access and management by ways for remote
frameworks are effecting increasingly more customary these
days. one in every of the real central functions of remote
frameworks is its ability to permit information
correspondence between completely different social affairs
and still maintain their flexibility. Regardless, this
correspondence is proscribed to the extent of transmitters.
This infers 2 hubs can't talk with each other once the
detachment between the two hubs is past the correspondence
extent of their own.

Interruption could be any game set up of activities that
endeavor to trade off the validity, puzzle, or accessibility of
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a favorable position and an intrusion detection system (IDS)
is a structure for the distinctive verification of such
intrusions. the development of IDS is incited by the running
with components: Most existing frameworks have security
ways that render them weak to interruptions and finding and
sinking all of those insufficiencies don't seem to be feasible.
Expectation systems can't be adequate. it's in each sensible
sense exhausting to possess an altogether secure system.
Surely, even the foremost secure structures are uncovered
against business executive assaults. New interruptions
unequivocally rise and new ways are needed to defend
against them. Since there are for each circumstance new
intrusions that can't be turned away, IDS is aware of
regarding perceived conceivable infringement of a security
strategy by checking structure exercises and reaction. IDSs
are utterly known as the second line of opposition since IDS
comes into the picture once an intermission has occurred.

If By and substantial, the methodology for Intrusion
Detection (ID). two very important categories rely upon the
showing techniques used: Abuse detection and oddity
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detection. Abuse acknowledgment takes a goose at the use
plans for knowing the systems of wrangling laptop security.
all the same, the means that abuse detection is convincing
against acknowledged intrusion types; it can't understand
new attacks that weren't predefined. The inconsistency area,
on the opposite hand, approaches the problem by attempting
to seek out deviations from the developed instances of
utilization. The abnormality may beyond question
distinguish new attacks Nonetheless, it's going to in like
manner cause an important range of false alerts in light of
the means that the ordinary lead changes comprehensively,
and procuring absolute depiction of common direct is as
usually as potentially troublesome.

Fundamentally, an interruption identification framework
can be composed of sort-based IDS, organized-based IDS
hybrid ID [1]. A host-based interference recognition
framework utilizes the overview trails of the activity
structure as a principal information source. A structure-
based intrusion ID framework, then again, utilizes sorting
traffic data as its focal data source. Mutt intrusion revelation
utilizes the two systems. Structurally, an intrusion detection
system can be arranged into three sorts: host, network, and
hybrid-based IDS [2]. A host-based interruption system
utilizes the review trails of the activity framework, an
essential information source. A system-based intrusion
identification framework, then again, utilizes organized
traffic data as its fundamental source. Hybrid intrusion
detection utilizes the two strategies.

Moreover, the securities against MANETs are
furthermore assembled in two arrangements dependent on
the domain attacks. Outside attacks are finished by
unapproved external center points. To cause over-trouble,
spreading false guiding information, or aggravating the
normal action of the framework. Inside assaults are finished
through indoor toxic centers/haggled middle points (which
might be a piece of the network) to worsen the common
motion of the framework.

The critical trouble is the inconvenience of perceiving
fundamental lead and sporadic directness in PC masterminds
in mild of the fundamental unfold in looking data. This
discovery system makes fake alarms coming approximately
because the Intrusion Detection is reliant on the
inconsistency IDS. The utilization of fluffy bunching might
also additionally decrease the percentage of fake caution, in
which fluffy grouping is used to disengage this unfold
amongst standard and weird leads in PC frameworks[3].

The staying of the little bit of the paper is shaped as well-
known Segment 2 surveys the beyond works associated with
the interruption location. Segment three depicts the shape
show-off and proposed framework with for the maximum
component through and massive beneficial segments.
Segment four dismembers the disclosure precision and the
overhead of the proposed interruption counteractive
movement shape. Segment five evaluates the execution
among neuro-deep learning and Section 6 concludes the

paper.
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2. Related Work

Today, Intrusion detection is a developing field in mobile
ad-hoc network security. Numerous papers center
particularly  around  frameworks-based  arrangement
algorithms. The measure of work to be accounted for
classification-based intrusion recognition in  mobile
unintended systems is less, however, it's loosely utilized for
wired systems. Li & Zhang [4] proposed the most Intrusion
Detection System approach express for mobile ad hoc
networks. A sent an agreeable inconsistency-based IDS
offers a productive structure of IDS in remote, especially ad
hoc networks. an anomaly approach was placed beside
relevancy totally different leading reports on the MAC layer
and mobile application layer. Wang [5] examined cluster-
based IDS that use a heap of applied mathematics options
which was obtained by the leading tables and it had been
characterized by selection tree induction algorithmic rule C
4.5 to spot the conduct as "typical” versus "strange". Song et
al. [6] proposed the Conformal Predictor k-closest neighbor
and also the Distance-based Outlier Detection (CPDOD)
algorithm which was utilized to differentiate different types
of malignant exercises in mobile ad-hoc networks.

The author Rasool et al. in 2021[7] proposed
CyberPulse++, an ML-based security framework that uses a
pre-trained ML repository to analyze collected network
statistics in real-time in order to detect aberrant path
performance on network links.

The author Raihan & Wang et al. in 2020[8] proposed a
thorough assessment of LFA patterns across all layers of the
Software-Defined Network (SDN) ecosystem, as well as a
comparison of mitigation approaches. The research begins
by investigating various LFA Kkinds, strategies, and
behaviors in wired and wireless SDNs. Following that, an
in-depth examination of mitigation approaches is offered,
along with their applicability to each of the SDN versions.
Following that, the importance of pattern matching and
machine learning-based detection and mitigation systems as
a defense against these threats is emphasized.

The evasion algorithm proposed by the author Fuyong
Zhang et al. in 2020[9] is gradient-free and simple to
implement. Our findings show that random forests are
significantly more wvulnerable to evasion attempts than
SVMs, whether single or ensemble, in both white-box and
more realistic black-box conditions.

Yin et al. in 2020[10] The proliferation of SV data
sources, as well as data-driven methodologies like Machine
Learning and Deep Learning, have elevated SV assessment
and prioritization to new heights. Our survey identifies the
best techniques for data-driven SV assessment and
prioritization, as well as a taxonomy of previous research
efforts. We also go over the present constraints and potential
solutions to these problems.

The author [11] projected the modification of Ad Hoc on
Demand Distance Vector Routing Protocol. The proposed
work recommends 2 new ideas, Maintenance of information
Routing info Table, and cross-checking of a hub. A security
convention has been steered which will be wont to
distinguish numerous dark gap hubs during a manet and in
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this approach acknowledge a secure leading way from the
supply node to a destination node avoiding the regional
nodes.

It had been delivered over reasonable framework courses
of action by impersonating a true framework' doable
traditional and sporadic circumstances mistreatment an
event of people in creating traffic [12]. In perspective on its
documentation, we have a tendency to established that its
style method incorporates the attendant needed variable sets:
() x1, y1; (ii) x3, y2 associate degreed (iii) x6, yl. The
absence of access to an enterprise-level real generation
system and business-level infiltration testing devices reflects
the unavailability of different conceivable required take into
account sets of the ISCX dataset [13].

Vincenzo et al [15] proposed an associate degree
Artificial Neural Network (ANN) based mostly mechanized
region hub discovery strategy. The proposed ANN-based
framework is dynamic in nature [16]. dead communication
strategy for characteristic the closeness of region hub
refreshes the guiding table all a lot of powerfully because it
is functioning at the 2 finishes: at CRC aspect and TTR side.

The truth positive (TP) and false positive are used within
the sent intrusion detection approach which is going to be
proposed in progressive circulated methodology for
conspicuous arrangements. Duan et al. [17] proposed a
completely distributed anomaly detection approach. Their
used (FP) location rate was shown by utilizing the K-
Nearest Neighbor algorithmic rule and one-class SVM,
which was planned by creators in for unsupervised
irregularity detection. Particularly, the execution of the one-
class SVM algorithm was contrasted with the standard
managed anomaly detection strategies. Yet, the TP and FP
results aren't accurate. (98% for TP and 10% for FP [18]).
Jaiganesh [19] proposed TCM-KNN (Transductive
Confidence Machines for K-Nearest Neighbors) Al
calculation which has been with success related to set up
affirmation, accuse recognition,, and anomaly discovery.

The precise estimation of KNN was demolished by the
closeness of loud information, inconsequential features,, and
the feature scales. It's something however a reliable one. a
lot of analysis work has been placed into selecting or scaling
the highlights to reinforce grouping [20]. in this paper, our
planned algorithmic rule was used to tell apart anomalies
with high obvious positive rates and low false-positive rates
viably.

3. Intrusion Detection Systems

Starting as of late, we tend to have mentioned the actual
kinds of security risks in MANETSs. The IDS is that the best
security mechanism within the battle against the protection
strikes at totally different estimations. Scarfone associate
degreed Mell delineates intrusion identifying proof as a way
for viewing the occasions happening in an exceedingly
system or organization, uninflected them for indications of
conceivable events that address an infringement of security
approach and standards, and news unapproved and
dangerous exercises cooling accordingly."The IDS is an
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item even as hardware substance to alter the realm of
unusual activities that endeavor to exchange off the
trustworthiness, order, or accessibility of a structure with the
going with helpfulness [22].

Screen the framework traffic or lead of structures.
Automatically see unapproved and pernicious activities in a
framework/structure. Trigger the alarms on seeing the
pernicious development.

Knowledge Collection: This module is in command of get-
together survey data from the checked structure.

knowledge Preprocessing: This module suggests one thing
like one separate preprocessor that's accustomed assess and
altering survey data within the reasonable relationship for
going on modules.

Intrusion Recognition: This module shapes the information
to understand prying development in step with intrusion
models.

»| Monitoring System

Data
Collection

| Data Preprocessing |

| Intrusion Recognition |
A\ i

System . »l A |
Administrator > Intrusion Models Reporting & Response

Figure 1. Generic Intrusion detection system
Architecture

Intrusion Models: The model tends to the expert document
of busy conduct or valiant characteristic of subjects
regarding articles, associate degreed standards for sorting
out new review records against ace reports. It gets and
restores the data regarding normal/sporadic direct from the
survey records.

Reportage associated: This module is actuated by
producing the cautions merely once an intrusion is detected
by the intrusion acknowledgment module. Intrusion
detection issues in MANETS bobbing up next may be a very
little of the most difficulties that have gotten to be thought-
about whereas coming up with the IDS for Manet.

Lack of centralized management: It isn't possible to keep
up the attack marks in focal info as a result of the dearth of
local administration workplace. Therefore, a variety and
agreeable detection approach is required.

Network layer: a variety and helpful detection approach
with elastic vogue are needed due to the dynamic
arrangement of MANETSs. Embraced security mechanisms
among the open system can go beneath the attack from a
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foe. On these lines, a pleasing recognition approach is
foretold to collaborate to differentiate basic attacks.

Restricted Range: The mercantilism of compressed traffic
among the transportable hubs should be as a basic half of
IDS for MANATS. Restricted-energy: In MANETSs, the
mobile hubs have restricted resources, as for example,
battery = management, warehousing, and procedure
management. during this manner, vitality and procedure
productive intrusion detection methodologies are needed in
MANET [23].

Cryptographic: the help is likewise required as there' a
high danger of IDS specialists being caught or bargained
with real consequences in an extremely distributed situation
[24]. The IDS must be a lightweight load to make sure
tokenish overhead over the system as overwhelming
calculations in cryptography will prompt AN unbelievable
lifetime of vitality utilization.

4. Neural network approaches for IDS

A neural system might be a parallel sent procedure in
planning containing a social event of procedure units
alluded to as neurons, that are horrendously entomb
associated amid a given topology. NN is incontestable by
the movement of the human personality. The NN has been
usually utilized within the sector of interruption discovery,
noticeable by its capability and adaptableness to the natural
changes within the assault dynamic framework [14]. The
NN systems are significantly compelling in taking in the
purpose of reference and theory from restricted, noisy, and
unsure information. Partner degree variation from the norm
notices technique snared into NN to identify the bundle
dropping assault is anticipated by Mancilha et al. [21].

This procedure is formed out of varied neighborhood
IDSs specialists. Every IDS operator is guilty of recognizing
the intrusions regionally and what is more information
alternate hubs regarding the episode of intrusions by
producing the worldwide alarms. This setup utilizes the
highlights of the waterproof layer as review info and rising
self-sorting out maps (OEMs) formula (a class of neural
systems) for creating prepared the framework as a classifier
thus on the cluster the quality or uncommon exercises. In
[25], they broadened their previous methodology of
counterfeit NNs and watermarking systems. In this
methodology, some are wont to create a degree information
structure stated as a U- matrix to speak to information
categories. They accepted that the constituent esteems are
changed merely once another attack happens at intervals in
the system. the explanations and watermarking strategy
work thus on characteristic the modification in any
constituent in some. This joined methodology makes the
projected setup viable towards characteristic the vital
attacks.

D EA

This model is a part of a device that assembles statistics
from associates in a data supply, and a locator, that performs
the examination. The model contains some sensors and
some exceptional indicators. For instance, in all real
circumstances, it gathers statistics from several assets which
might be then tested via way of means of one identifier. It
contains an identifier that perceived prestigious interruption,
adapts new types of interruptions, and takes sports upheld
on activities that happen, elevating an alert if fundamental.

Alarm
Sensor Detector Stored information/
Output
Y
Information
Source

Figure 2. Artificial Neural Network Based IDS Model

Sensors: during this model, sensors are systems that
rework the data provided by associate information provide
into a type applicable for added analysis by the detector.
Sensors used here are really easy and easily offer some basic
parsing of the knowledge equipped by the data supply and
by operating the diagnostic output the detector generates
alongside the alarms.

Detectors: The model utilizes numerous unattended Neural
Network — Self Organizing Maps (SOM) — to analyze and
news the qualities of a customary association to Illustrate
learning investigation and data assembling, which is of
express enthusiasm here because of their prudent refresh
topic and talent to precise topological connections. This
property of some makes it awful useful for act connections
between terribly stunning teams of associations. though
directed, counterfeit neural systems are utilized for
framework discovery that perceived oddities, raised caution,
and reportage.

Processing: Indicators and information basically supported
best-realized Intrusion shaped the procedure obstruct, which
will be the core of the interruption discovery framework. it'
here that one or many calculations are dead to look out
verification (with a point of sureness) within the review
means of suspicious conduct. Alarm: This piece of the
framework handles all yields from the framework,
notwithstanding whether or not it' a programmed reaction to
suspicious movement, or further generally the notice of a
website Security Officer.

A three-layer perceptron was planned with k input hubs,
2k shrouded hubs, and a couple of yields (interruption and
non-intrusion). Info layers with four neurons (input states)
were used as an instance discovery k = 4 as appeared in
figure 2.
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Figure 3. Neural Network layer

5. Deep Learning

The DNN finds the proper numerical management to rework
the contribution to the yield, notwithstanding whether or not
it's an on-the-spot relationship or a non-straight relationship.
The system travels through the layers ascertaining the
probability of every yield. For instance, a DNN that's ready
to understand willing varieties can reconsider the given
image and ascertain the likelihood that the canine within the
picture is a certain variety. The client can survey the
outcomes and choose the chances the system should show
(over a specific limit so on.) and come back to the planned
mark. every numerical management in and of itself is
viewed as a layer, and sophisticated DNN has varied layers,
so the name “DNN " systems. DNNs will demonstrate
complex non-direct connections. DNN styles turn out
integrative models wherever the item is communicated as a
bedded piece of primitives. the extra layers empower the
synthesis of highlights from lower layers, probably
displaying complex info with fewer units than a relatively
playing shallow network. Profound styles incorporate
numerous variations of a few of basic methodologies. each
design has discovered accomplishment in explicit spaces. It
isn't typically conceivable to look at the exhibition of varied
designs, except if they need to be assessed on similar
informational collections.

DNNs are regularly feed-forward systems in that
information streams from the data layer to the yield layer
while not circling back. From the start, the DNN makes a
guide of virtual neurons and allocates impulsive
mathematical qualities, or "loads", to associations between
them. the masses and data sources are duplicated and come
back with a yield somewhere within the vary of zero and 1.
On the off probability that the system didn't exactly
understand a particular example, a calculation would modify
the weights. That approach the calculation will make sure
boundaries a lot of compelling till it decides the correct
numerical management to utterly handle the information.

6. Proposed Neuro Deep Learning based
Intrusion Detection Systems in MANET

Our neuro Deep learning intrusion detection system location
framework is implied particularly for the remote specially
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appointed system but it may be sent within the wired
system. We have a tendency to tend to require into a concern
once thinking of our crossbreed interruption discovery
framework, the attributes of the remote specially appointed
system, associate degrees during this mean the problems that
the present framework face once being conveyed in an
extremely remote impromptu air. The dynamic and useful
nature of the remote specially appointed system
recommends that the interruption recognition framework
ought to be meant to be dynamic and agreeable too. every
hub should have its very own interruption identification
module since it can't bank upon elective hubs which can
leave the system at whenever to assist it to perform
interruption location[26].

Because of characteristics such as node mobility, lack of
centralized control, and low bandwidth, MANETS are more
vulnerable to security assaults. To address these security
issues, traditional cryptography schemes cannot completely
protect MANETs in terms of novel threats and
vulnerabilities; therefore, by utilizing deep learning methods
in IDS, the system is capable of adapting to the dynamic
environments of MANETSs and enables the system to make
intrusion decisions while continuing to learn about their
mobile environment. IDS are the second line of defense
against malicious conduct in MANETs because they
monitor network activity and detect any malicious effort by
Intruders. Deep neural networks (DNNs) have recently been
used by an increasing number of researchers to solve
intrusion detection difficulties. DNN architectures are
classified into two categories. The two primary types of
DNN architectures are being extensively researched to
improve the performance of intrusion detection systems.

Remote specially appointed systems jointly don't have a
traffic concentration purpose that allows for intrusion
detection at a centralized location and this addition
emphasizes the requirement for each to possess its own
intrusion detection module.

xl
f\.(”
x XN
- f(zl
1
@
(1)
'Yﬁ fl /
]{'(Zl
J2 Output Layer
X4 Z ~(1)
S
X5
Hidden Layers

Input Layer
Figure 4. Deep neural network CLASSIFIER

The portrayal of the NDL model is finished making use
of fluffy with inside the occasion that requirements and it's
far defined in an accompanying manner:
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Figure 5. Flowchart Proposed Model

Where and are the middle of the road hubs of the
transmission area. Be the downy entry set capability to
every standard and y is that the discovery results for the ith
rule. downy set at layer for each hub result has the structure.

{ (1 —m;; dI
) 3 Tij 4

1)

Where mjj denotes centre and ojjis the measurement

of A correspondingly to detect the results of detection.

Similarly, antecedent parts such as m & o in the NDL model
for black hole detection are optimized through RLS.

Wix; Wix; W

"1 1

WaXy WoXp Wy X |j:-_,
B
Vi .-!;:III

WoX; WpXz; W
)
These parameters are known as forerunner hubs. Dark
opening identification after-effects of Neuro deep learning is
acquired by weighting the parameters estimations of
resulting portions of n leads through the comparable
enrolment assessment.
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n
W
’ it Xiz1 Wi

i=1

Where

W, = ]_[_:1”.[_1'[]
j=1

¥i= Jllnl:ﬂr} = (2, + byxz + )

®)

Where is the hub set of Neuro deep learning target
capability and it's named as succeeding hubs? the load
estimations of layer a pair of and layer three are diminished
straight starting amid the popularity process. Since the
appropriate call of the weight esteem simply provides the
simplest recognition results among dark gaps to boost
succeeding items of Neuro deep learning is numerically
indicated.

Data collector: The learning authority gathers information
at the association layer, the system layer, and thus the
applying layer. info is needed from these three wholly
distinctive layers to perform multi-layered interruption
locations [27]. Multilayered interruption identification is
required as on the far side any doubt assaults that target the
upper layer might show up totally real to the lower layers.

Detection optimizer: owing to the confined battery life that
the transportable hub has, we'll normally hold that
interruption location ought to be done on the explanation of
various dimensions of venture up going from the simplest
and least battery overpowering interruption recognition
activity to a ton of convoluted and processor targeted task.
the popularity streamlining agent pre-processes all the
review info gathered from the various layers and sends the
superior pertinent review information to the identification
motor upholding the mode that the versatile hub is by and by
inactivity in.

Detection engine: The discovery motor plays out each
abuse and abnormality location. Either the stack or data
handling calculations can be upheld within the detection
engine.

| Response NDL Engine |

K

Detection NDL Engine L—: Secure > Nei :
| g Communication Ne&:ﬁ;r;ng
,l, A Module  [€
| Detection NDL Optimizer
A
v v
| LinkLayer | |Network Layer| | Application Layer |

Figure 6. NDL MODEL

Response engine: At the purpose once Associate in
interruption is recognized, the framework has to react
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appropriately. it'll either stable a locality caution on the host
or an overall alert on the system. The hubs will at that time
answer to the interruption either domestically or hand and
glove.

Secure  communication  module; the  protected
correspondence module is required once the hub wants to
perform a flip in glove interruption location what is more as
once sounding associate owverall caution. transportable
operators, the ANFIS approach, or burrowing are often
approved for this correspondence module.

6. Results and discussion

The quantity of malignant hubs and records streams is
exclusive to symbolize the execution of the proposed
adaptive neuro-fuzzy system protocol.

6.1. Overview of Simulink Model of ANFIS
IDS

Now we tend to proceed a step additional in the Simulink
model wherever we've got used the Embedded MATLAB
operate to permit solely the conventional information to
propagate and can detect the attacks from propagating
through the network shown in Figure 7. The Intrusion
Detection

[Comrae)

v

00133

Classifier Output

ﬁ —
IDPS Blodk Output g
I —

—

Intiusion Detection

ANFIS CLASSIFIER Subsystem

Input Signature

L "

1032 P

Intrusion Detection
& Pravention Subsystem
v A

Classifier Input 1PS Outr 4o,
ar

Figure 7. Simulink model of Neuro deep learning for
IDS

6.2 Dropping intruders vs.

delivery ratio

packet

The performance of NDL( neuro-deep learning intrusion
detection system), Neural Network(NN), is thought about by
shifting the dropping intruders from five to 25% quite one
hundred hub topology, as shown in Fig.8. Once the amount
of dropping intruders could be a smaller amount, the packet
delivery quantitative relation of NDL( neuro-deep learning
intrusion detection system), and NN approach nearly 80%.
The FS fails to figure out the variability of dropping

2 EA

intruders that cause a poor packet delivery magnitude
relation. Even in an exceedingly high threat atmosphere, the
NDL( neuro-deep learning intrusion detection system),
delivers the packets of
course.
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Figure 8. Dropping Intruders vs Packet delivery ratio
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Figure 9. Dropping Intruders vs Detection accuracy

Compared to the three strategies NDL( neuro-deep
learning intrusion detection system), systems have
additional accuracy detection at 80%. The FS fails to verify
the variability of dropping intruders that result in poor
detection

accuracy.
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Figure 10. Data Flow vs Detection accuracy (%)
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Contrasted with FZ, NN, and NDL( neuro-deep learning
intrusion detection system), builds the discovery precision,
owing to the thought of system attributes. For example, in
Fig. 10, the NDL, NN, and FZ accomplish identification
exactitude of 90%, 72%, and 62% singly beneath high
helpless conditions. Nevertheless the individual unwelcome
person discovery, the taken utilization NDL( neuro-deep
learning intrusion detection system), to boost the location

exactness over a community-oriented risk condition.
100

\\

50 \.\ i
40 \

=4—=HIDS

—-nN

FZ

10 20 30 40 50 60

Figure 11. Data Flow vs Packet delivery ratio

For instance, in Fig. 11, the NDL( neuro-deep learning
intrusion detection system),, NN, and FZ attain Packet
delivery quantitative relations of 90%, 70%, and 62%
respectively  underneath a  extremely  vulnerable
environment. In addition to the individual intruder detection,
the distributed usage of supports HIDS to boost the Packet
delivery ratio over a cooperative threat environment.
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