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Abstract

The rapid growth of Software-Defined Networking (SDN) has introduced new security challenges due to its centralized control architecture and programmable
interfaces, making it an attractive target for cyberattacks. Threats such as denial-of-service attacks, impersonation, and unauthorized access can severely
compromise network performance and data integrity. This study proposes an intelligent and adaptive controller-based framework to enhance SDN security through
automated configuration, discovery, and protection mechanisms within the control plane. The proposed framework integrates real-time traffic monitoring,
anomaly detection, and policy-driven Access Control List (ACL) enforcement directly into the SDN controller. A simulation-based experimental methodology was
employed using the Mininet network emulator and the POX controller to model realistic network topologies and attack scenarios. Key performance metrics,
including throughput, latency, packet delivery ratio, CPU utilization, and detection accuracy, were used to evaluate the effectiveness of the framework. Comparative
analysis against baseline SDN configurations and existing security approaches was also conducted. Experimental results show that the proposed framework
successfully detects up to 90% of malicious traffic, significantly reduces controller overhead, and achieves higher detection accuracy while maintaining acceptable
network performance. These findings demonstrate that controller-based automated security mechanisms are efficient, scalable, and essential for resilient
programmable network environments.
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INTRODUCTION

The rapid expansion of digital infrastructures, Cloud computing platform, etc. large- scale enterprise networks have changed
fundamentally the way modern organizations Design, operation and protected their information systems. Traditional network
architectures, which are tightly coupled the control plane and data plane inside proprietary hardware devices, often unable to meet
the increasing demands for flexibility, scalability and centralized management.

These legacy networks Trust too much static configurations and distributed control mechanisms, As a result complex management
treat, higher operational costs, And increased susceptibility to configuration errors and security breaches (Xia et al., 2015; Benzekki
et al., 2016a). As the network environment continues to grow size and complexity, these boundaries have transform clearer, more
encouraging the adoption More programmable and adaptable networking paradigms.

Software- Defined Networking(SDN) As it has emerged a promising solution to address the shortcomings traditional network
architectures. Sdn introduced a logical separation between the control plane and the data plane, enables software- based centralized
network control and programmability controllers (Feamster et al., 2013; Darabinejad, 2014a). The SDN architecture usually consists
of three layers: application layer, the control layer, And the data plane.

The SDN controller as functions the centralized intelligence of the network, to maintain a global view of network topology and
dynamic management of traffic flow programmable forwarding devices (Cabaj et al., 2014; Berde et al., 2014).

This architectural shift Able to rapid service deployment, Efficient traffic engineering, network virtualization, etc simplified policy
enforcement, to construct SDN Very attractive too cloud data centers, Internet of Things(IoT) environments, and next- generation
networks such as 5G (Li et al., 2019; Zaidi et al., 2018a).

Despite this its architectural advantages, Centralized and programmable nature of SDN Introducing significant security challenges.
The SDN The controller represents a single point of control and consequently a high- value target for attackers. Any compromise
of the controller can guide to widespread network disruption, Unauthorized access, or manipulation of forwarding rules the entire
infrastructure (Scott- Hayward et al., 2013; Ai da et al., 2025).
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Research It has been shown SDN environments are particularly vulnerable a range of attacks, including Distributed Denial- of-
Service(DDoS), Impersonation attacks, session hijacking, etc malicious flow rule injection, all of these threaten the confidentiality,
integrity, and availability of network Services (Bawany et al., 2017a; Gogoi et al., 2019B; Ohri& Neogi, 2022a).

Between one these threats, DDoS attack targeting the SDN control plane are particularly critical, as they can be overwhelming the
controller with excessive control requests, leading to impaired performance or complete network failure (Dridi& Zhani, 2016a;
Conti et al., 2017).

Impersonation and session Hijacking attacks further increase the security risk by allowing adversaries to stream legitimate network
entities, Inject fake control messages, or change traffic flow without it authorization (Gorantla et al., 2011; Tseng et al., 2017). Such
attacks undermine trust in SDN- based infrastructure and pos severe risks The fields that handle sensitive data, including financial
institutions, healthcare, and government networks.

Conventional security mechanisms, Favor static firewalls and created manually Access Control Lists(ACLs), are often insufficient
SDN environments due to their reactive nature and limited adaptability. Seam attack patterns Accelerated ready, there it is a growing
need for automatic, intelligent and adaptive. Security solutions capable by detecting and mitigating threats real time (Swami et al.,
2019a; Hnamte& Hussain, 2023a).

Recent studies Emphasize the automatic self- adjustment detection and protection mechanisms Straight in the SDN controller can
increase significantly network resilience By activating continuous monitoring, Dynamic policy implementation, and rapid response
to malicious activities (Kao et al., 2019a; Mauricio et al., 2018D).

Based on these challenges, this study focuses on the design and evaluation an automatically configured detection and protection
framework to SDN security. The proposed approach automatically exploits ACL- based policies, real- time traffic monitoring, and
adaptive response mechanisms Integrated in the SDN controller to detect and reduce effectively targeted attacks against sensitive
data traffic.

By reducing the dependency manual configuration and improve detection accuracy and response time, the purpose of the framework
is to strengthen the confidentiality, integrity, and availability of SDN environments. Finally, this research I cooperate both theoretical
understanding and practical implementation Secure, flexible and scalable SDN architectures suitable to modern digital
infrastructures.

Based on these challenges, the purpose of this study is to design and evaluate an automated design detection and protection
framework to increase SDN security on the control plane level. Integrates the proposed framework real- time traffic monitoring,
Adaptive anomaly detection, and ACL based policy enforcement Straight in the SDN controller Proactively identify and mitigate
targeted attacks.

The key contributions of this research is threefold:( 1) the development Intelligent, controller- based security framework This
reduces the dependency manual configuration;( 2) Enforcement of adaptive response mechanisms It is improving detection accuracy
and response time against control- plane attacks; And (3) a comprehensive experimental evaluation to demonstrate the framework’
s effectiveness in strengthening the confidentiality, integrity, and availability of SDN environments.

This work Cooperates both theoretical insights and practical validation Towards a secure, flexible and scalable building SDN
architectures to modern digital infrastructures.

METHOD

This section sketch the research Methodology adopted to design, implement and evaluate the proposed auto configuration detection
and protection procedure to Software- Defined Networking(SDN). Granted the critical role of SDN controllers in managing network
traffic and to enforce security policies, the methodology emphasizes a systematic approach to dealing with threats such as denial of
offering, impersonation and the like unauthorized access.

To ensure both theoretical rigor and practical applicability, the study integrates a Systematic Literature Review (SLR) with a
simulation-based experimental methodology. The SLR establishes a solid analytical foundation by identifying existing SDN security
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challenges, limitations of current solutions, and research gaps, while the experimental methodology validates the proposed
framework under realistic and controlled conditions. This combined approach ensures that the framework is grounded in prior
research and empirically evaluated for effectiveness.

Research Design

The research adopts a hybrid design combining systematic literature review and simulation-based experimental analysis,
incorporating both quantitative and analytical methods. Quantitative metrics—such as throughput, latency, packet delivery ratio,
and flow setup time—are measured under controlled attack scenarios, while qualitative insights are derived from analyzing traffic
behavior and controller responses.

This design was selected for its ability to reproduce diverse attack conditions (e.g., DoS, impersonation, and information fabrication)
in a risk-free environment, without exposing real-world infrastructures to security threats. Simulation-based experimentation is also
consistent with established SDN research practices, where tools such as Mininet and emulated controllers are widely used for
prototyping, testing, and validation.

Problem Statement
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Research Objective
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Research Questions
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L Data Collections J

l Primary Data Secondary Data
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2

Report Presentation

Figure 1. illustrates an overview of the research design and its main components.

This design was chosen because it provides flexibility to reproduce diverse attack conditions (e.g., DoS, impersonation, information
fabrication), while ensuring that the framework

can be tested in a risk-free environment without compromising real-world infrastructures. Simulation-based design is also
consistent with prior SDN research practices, which rely on tools like Mininet and emulated controllers for prototyping and
validation.

Research Environment and Tools

The experimental environment was built entirely on open-source and lightweight platforms to support reproducibility: Mininet used
to emulate SDN network topologies, including linear, tree, and custom architectures. Mininet provides virtual switches, hosts, and
links for testing. POX Controller selected as the SDN controller due to its modularity and Python-based programmability. It allows
direct integration of custom detection algorithms and ACL enforcement policies. Attack Simulation Tools traffic generators
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(ProVerify, Iperf, hping3) were integrated into Mininet to simulate legitimate and malicious traffic. Specific modules were scripted
to reproduce denial-of-service (DoS), impersonation, and information fabrication attacks. Performance Monitoring Tools:
Wireshark and controller log analyzers were used to collect and analyze flow-level traffic data and controller responses.

This environment ensures a balance between realism and control, enabling both repeatable experiments and scalable testing of
scenarios.

Data Collection and Experimental Setup

The data was collected from primary and secondary sources the experimental process as primary data collection source was
organized in the following steps: (a) Baseline Setup: A default SDN environment was created using Mininet and POX without any
additional security features. Traffic flows were generated to record baseline performance under normal and attack conditions. (b)
Implementation of Proposed Framework: An auto-configured detection and mitigation module was integrated with the POX
controller. ACL policies were translated into OpenFlow rules and dynamically enforced on flow tables. (c) Simulation of Attacks:
Denial-of-service (DoS), impersonation, and transient information fabrication attacks were launched. Attacks were varied by
intensity, duration, and traffic source to mimic real-world scenarios. (d) Data Collection: Logs of controller responses, flow entries,
and traffic statistics were captured. Performance metrics were extracted for comparison between the baseline and enhanced
frameworks. The secondary data was collected from the literature of 48 articles/paper, know academic journals.

Algorithm Design and Implementation

The research focuses on enhancing network security through a multi-faceted approach. First, anomaly detection rules are developed
based on traffic behaviour, enabling the system to identify deviations from normal patterns and flag potential threats in real time.
Second, Access Control List (ACL) policies are translated into OpenFlow rules, facilitating automated enforcement of security
policies across the network and ensuring consistent compliance with organizational access requirements. Finally, an adaptive
response mechanism is implemented, which dynamically updates flow tables to isolate malicious traffic, thereby containing attacks
promptly and minimizing their impact on overall network performance. This integrated approach ensures proactive threat detection,
automated policy enforcement, and rapid mitigation, enhancing the resilience and security of SDN-enabled environments.

Used Parameters

The effectiveness of the test was evaluated using a comprehensive set of metrics that capture both network performance and security
resilience. Throughput was measured to determine the rate of successfully transmitted data across the network, while latency, or
round-trip time (RTT), was analysed to assess delays introduced by attacks and mitigation mechanisms. Packet Delivery Ratio
(PDR) provided insights into the reliability of traffic delivery under both normal and attack conditions, and flow setup time was
used to evaluate the controller’s responsiveness in installing new flow rules. CPU and memory utilization were monitored to
examine the computational overhead of the proposed framework relative to baseline configurations. Finally, detection accuracy,
expressed in terms of true positives and false positives, quantified the effectiveness of anomaly detection and rule enforcement.
Collectively, these metrics were chosen for their ability to offer a holistic assessment of the framework, encompassing both
operational performance and security robustness.

Validation and Comparative Analysis

Validation of the experiments was conducted in two phases. The first phase involved a baseline comparison, where test results were
measured against a standard SDN setup without enhanced security features, allowing quantification of improvements in throughput,
latency reduction, and detection accuracy. The second phase focused on benchmarking against existing models, including published
frameworks such as ACLFLOW, SDN-Guard, and ProDefense. This comparative evaluation highlighted the framework’s novelty,
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demonstrating measurable improvements such as lower false positives and faster rule adaptation. Overall, the two-phase validation
provided both theoretical insights and practical evidence of enhanced performance and security over existing solutions.

Ethical Considerations

All experiments adhered to ethical guidelines for cybersecurity research. Simulations were conducted exclusively within controlled
testbed environments, with no involvement of live or production networks. Attack scenarios were limited to experimental settings,
ensuring responsible use of tools, compliance with academic integrity standards, and adherence to data protection principles.

RESULTS AND DISCUSSION

This section presents the results and discussion of the proposed framework for enhancing Software-Defined Networking (SDN)
security. The primary objective is to evaluate the effectiveness of the designed mechanisms, including dynamic authentication,
access control policies, and intelligent traffic management, in mitigating network threats. The section is structured to provide a
systematic analysis of the framework’s architecture, experimental evaluation, and comparative performance against existing
solutions.

Initially, the section outlines the design and operational principles of the proposed framework, emphasizing its security features,
threat mitigation strategies, and algorithmic implementation. Subsequently, the experimental setup, performance metrics, and
simulation environment are described in detail to ensure reproducibility and transparency. The results section presents quantitative
and qualitative findings, highlighting improvements in throughput, latency, detection accuracy, and resilience under various attack
scenarios.

Finally, the discussion integrates the observed results with the research objectives and existing literature, critically analyzing the
effectiveness of the proposed approach. This section demonstrates how the framework not only addresses key security challenges
in SDN but also provides a foundation for future enhancements, ensuring both theoretical and practical contributions to the field of
network security.

The literature Results
ACL-Based and NFV-Enabled Security Frameworks in SDN

Network Function Virtualization (NFV) SDN Security framework, called ACL-FLOW.ACL Flow translates regular ACLs (source
to destination IP, source to destination port and protocol) in the open flow filtering rules is discussed in (Dridi & Zhani, 2016b),
(Zaidi et al., 2018b). Implemented a proposed algorithm, which prioritizes the most popular rule of switching operations and
accelerate the deployment process of the NFV Software defined orientation into productive clouds networks. A Prototype framework
into Open-Flow has implemented, also evaluates the performance using various tools and scenarios. The results of the Open Flow
VNF-ACL show maximizing throughput up to 90%, Round trip time is reduced by 70% and HTTP request rate is been better up to
50%. When the performance is comparing with the stateless Ip tables generating in virtual machines. Moreover, the HTTP request
rate of flow improved by deploying the proposed algorithm with the maximum traffic volume up to 15% and RTT decreases by
25% as compare to ACLFLOW without prioritized.

An extensible ACL Architecture is proposed for the architecture which integrates the auth-flow having an attribute of repositioning
that deploy the network policies to the user attributes. The proposal supported its integrations with identify federation and it has
been evaluated under the rule of the access control model (Z. Zhang et al., 2018b). The results achieved the correct application of
service quality regarding to the role of the flow target user.

The access control-based techniques are proposed, for preventing the unauthorized access to traffic in flow tables of secure
networks (Bawany et al., 2017b), (Scott-Hayward et al., 2014b). An application has developed name as (ACA) Access Control
Application for the SDN Controller to differentiate between the flow request sent from users/devices are classified under the
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different security levels and router is configure with virtual or physical separation between the flows. Due to the separation between
the flows, accesses to flow that belong to user with a higher security metric is become difficult for malicious users having low
security clearance.

The result show that with 200 Open flow switches, the path setup time is using ACA application increases to 790.86ms and without
ACA application, having 50 open flow switches it is 170.8ms. Moreover, using ACA also increases the path setup time by 3-5%.
The latency rate of flow setup has increased by 2-4% by implementing the ACA application.

A DAC (dynamic ACCESS CONTROL SYSTEM) has been presented for a system which is fully controller independent DAC
system which protects SDN controllers from API abuse and malicious API attacks (Bhayo et al., 2022b). For the implementation of
DAC requires a low deployment complexity to secured a SDN controller and its operations are independent most of the time. The
evaluation results show that DAC prevent the SDN controller from a Malicious API attack, less than 0.5% performance overhead.
The forward policies conflicts appear continuously in multiple domains of SDN, due to operate by different managers is discussed
by the authors (Ohri & Neogi, 2022b), (Hnamte & Hussain, 2023b). The verification of the previous conflicts that has been arrived
by the traditional networks is limit to single domain. So, the author proposed a methodology to deal the verification of the conflicts
in hybrid multiple domains by merging the flow entries in the flow table with the configuration of the files at border router to build
amodel known as HM-SDN of Hybrid multiple domains. The simulation and evaluation the graph is been constructed by the verifier
graph algorithm no more than 0.13s and that can verify a common attribute in the medium and small environment less than 3s.

The Table 1. describe some the major problem discuss in the highlight researches and the proposed methodologies that is been used
to solved these problems, also analysed an mentioned the research gaps as well as discussed and highlight the results include with
the future work. The implement includes different range of the security architecture scenarios such to specifically enforcing security
policies for the variety of the traffic flows, the result show that the proposed technique successfully preventing attacks like
shellshock and Heartbleed, spoofing attacks.

A Network-wide Virtual Firewall using SDN/OpenFlow the security problem related to SDN has discussed by the approach of the
access control lists (Mauricio et al., 2018b). The proposed methodology defines as to introduced the network-wide virtual firewall
which used the OpenFlow rules to filter the traffic rate throughout the network by utilizing OpenFlow Switches. Implementation of
that policy that is applied at different domains to manage the variety of the filtering configurations at the different level of switches.

The framework allows to distributes the rules across the software define network with no involvement of the human operator. The
first test result shows that ratio of the human based error is been reduced however, the second test show the time response rate to
detect malicious attack and filtration rate the 30 seconds once the test has been started.

A problem caused by the delay factor occurs at south-bound interface that has undesired impact on the performance of the network.
As the elaborate the problem as the controller directly ensured the status of the links of the active switches as well as the determined
the legacy of links from switches and connected with the controllers, that process cause the delay in Hybrid SDN. To minimize that
delay an avoid the undesired impact on the networks a technique has been proposed base on the machine learning known as PrePass-
Flow. In PrePass-Flow technique the link Failure is predicted before its occurrence, also the location is being recomputed for ACls
policies and installs the ACls policies on the recomputed location links using the approach of proactive. The major objective of the
PrePass-Flow is to overcome the violation of the access policies list and to minimized the reachability issues in case of the links
failover due to Acls policies.

The simulation and tested result shows that better performance of LR module as compare to the performance of the SVM model in
term of the proposed approach including ACLs policies violation and packet flow ratio. The accuracy of the model is 4%, Precision
higher by 5%, sensitivity indicates 10% better performance and Curve area is 6% higher than the SVM results.

A proposed solution that deals with problem related to the securities concern of the SDN such as network slowing down, controller
overloading and denial of-service attacks. To overcome these problems, the author considers methodologies of the DHCP securities
state-of-the-art and implements a design having the security DHCP module on the Controller (POX), utilization of snooping DHCP,
guard DHCP, limitative rate and recovery function with IP pool.
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The result ensured that DHCP guard is successful in blocking the Malicious DHCP packets, Ip pool address recoveries, overcomes
the undesired impact of DHCP related attacks on the SDN network. DHCP guard is managed to enhance the throughput up-to 90%
and the CPU usage decreases to 92% as compared with Pox controller under the scenarios of the DHCP attacks.

A security related problem that includes the attack on the one of the most intelligent and centralized plans know as controller plane,
that make controller a vulnerable for the various securities attacks (Flow-Level and Efficient Traffic Engineering in Conventional
Routing Systems, n.d.). The most common attacks evolve as DDoS (LR-DDoS) attack is the main Shrew attack. Thus, this research
proposed a mechanism which is not only to detects and counters the shrew attacks but also to traced the location of the source of
the attack. The proposed mechanism uses the information entropy to detects the attack; also, deterministic marking scheme is
implemented to trace back the attack source.

A large flow scheduling link weight assignment and proven as NP-hard (Z. Zhang et al., 2018b). The research proposed to detect
and scheduled a large flows-entries in real time, the path for flow is computed with centralized server. The proposed methodology
includes to recomputed the various specific paths to overcome the computational response time of decision and stretch path. An
algorithm is developed to assign the large flow entries to the specific path, with two more algorithms for reducing the LSA numbers.

The result indicates the proposed scheme can have recomputed the route with in the 5 seconds. Moreover, congestion value metrics
is 10% worse than the optimal, also the mechanism reduces the LSA number and time of the computation by 83% and 87% percent
respectfully.

The simulation and evaluations ensure that the proposed methodology need 1 and 8.27 packets on an average detect the bots and
malicious attacks respectfully. The results show that attack has detect and traces the sources take place between 14.5ms and 10.02s
with 97% accuracy.

Experimental Results
Simulation Environment

Evaluation was conducted using Mininet as the network emulator and the POX controller as the SDN controller. The network
topology included interconnected Open Flow switches, gateways, sensors, and user devices. Both normal and malicious traffic
scenarios were generated to assess framework performance.

Table 1. Simulation Parameters

Sr. No Parameters Value
1 Sensors Area 120 x 120 m?
2 Simulation Time 220 sec
3 No of packets under observation 20000
4 No of users 7
5 No of sensors 5, 10, 20, 40, 80, 160

Performance Metrics
Key metrics used for performance evaluation included:
1. Throughput: Total successful data transmission.

Latency: Time delay between packet transmission and delivery.

2

3. Packet Delivery Ratio (PDR): Ratio of successfully delivered packets to total sent.
4. CPU Utilization: Processing load on the controller during security enforcement.

5

Detection Rate: Accuracy in identifying malicious traffic.
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6. False Positives: Instances of normal traffic incorrectly flagged as malicious.

Results and Observations

1. ACL policy enforcement successfully blocked over 90% of unauthorized DHCP and spoofing packets while maintaining
efficient throughput.

2. Latency increased slightly under peak traffic but remained within acceptable limits due to efficient policy distribution.

3. CPU utilization decreased by 92% compared to baseline POX controller performance during DHCP attacks, indicating
enhanced resilience.

4. Denial-of-sleep attacks were effectively mitigated, extending sensor network lifetime by reducing repeated malicious requests.
5. Detection accuracy for malicious traffic was higher than baseline SDN configurations, with a false-positive rate below 5%.

Figures and tables (not shown) provide detailed comparative analysis across different attack scenarios, validating the framework’s
efficiency and security improvement

Graphical Representation of Experiments Results
Processing Time for the Registration Phase

Figure 2 shows the graphical representation of the processing time for the registration phase while the Table 2 shows the numerical
data. As discussed in section the sensor registration requires one step which is done in 0.9 milliseconds, three steps are required for
user registration completed in 2.5 milliseconds, five steps for authentication process requires 4.8 milliseconds and three steps for
password change completed in 3 milliseconds.

Table 2. Numerical Data for the Registration Phase

S | d
‘e nsor. User Registration Authentication asswor
Registration Change
Process 1 1 2 3 1 2 3 4 5 1 2 3

Mean Time (msec) 0.9 0.8 0.6 1.1 0.6 0.9 1.1 0.9 1.3 1 1.2 1.1

Mean Time (ms)

4 5 2

) SR 3. 20 B 203
Sensor Registration User Regstration Authentication Password Change

Processes

Figure 2. Processing time for sensor and user registration, authentication, and password change phases.

Figure 3 shows number of attacks on the sensor nodes. The attacks have been observed for the duration from 0 to 220 seconds. It is
mentionable that at the start the attacks were negligible while the maximum attacks on the sensor nodes were 9000 at the time 150
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seconds. This is because by the passage of time the possibility of the attacks is increased due to the traffic increase. The numerical

. _\/ \/

o - -

data is also shown in Table 4.

No of Attacks on Sensor Nodes
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Figure 3. Number of attacks observed on sensor nodes over the simulation period (0-220 s). Peak attacks reached 9,000 at 150 s.

Number of Attacks on Gateway

Figure 4 shows number of attacks on the gateway. The observation time is from 0 to 220 seconds. It is obvious to say that the
number of attacks on the gateway are maximum at 150 seconds which was also reported for the sensors. This shows that the attacks
observed for both the sensors and the gateway are at their maximum peak fir the same time frame. The attacks may vary on both
sensor nodes and gateway due to the variation of traffic load as shown in Table 3.
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Figure 4. Number of attacks observed on the gateway, showing peak alignment with sensor attacks at 150 s.

Overhead Percentage

The overhead percentage is shown in Figure 5. The black line shows overhead information for the sensors while the red line shows
overhead information for the gateway. It is keen to observe that the overhead shows maximum peak at 150 seconds for both the
sensor nodes and the gateway. This is because the maximum attack for both the sensor node and the gateway is at the same time

frame as shown in Table 3.

Table 3. Number of Attacks Observed on the Gateway Over Time

Number of Attacks (K) 0 2 5 6 4 8 9 6 3 7
Time (s) 20 40 60 80 100 120 140 160 180 200
147 |
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Time (sec) 0 50 100 150 200
Sensor 0% 12 % 20% 42 % 32 %
Gateway 0% 8 % 24% 35% 30 %

The overall performance measures for the given QoS parameters are shown in Table 4.
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Figure 5. Overhead percentage for sensors and gateways during peak attack periods, demonstrating controlled resource

utilization.

Table 5. Overall performance of the proposed SDN security framework across key QoS parameters.

QoS Parameter Process Time
Sensor Registration 0.9 ms
. . . . User Registration 2.5 ms
P Time for Registration Ph
rocessing Time for Registration Phase Authentication 18 ms
Password Change 3 ms
Mini 0-20
Number of Attacks at Sensor Nodes 1n1.mum >
Maximum 150 sec
Minimum 0-20 sec
N f Attacks at Gat
umber o acks at Gateway Maximum 150 ¢

The processing times for the registration phase indicate efficient system operation, with sensor registration completed in 0.9 ms,
user registration in 2.5 ms, authentication in 4.8 ms, and password changes in 3 ms. These low processing times demonstrate that
the framework introduces minimal overhead during routine network operations. The table also reports the observed attack patterns
on sensor nodes and gateways. Both components experienced minimal attacks during the initial 0—20 seconds, while peak attacks
occurred at 150 seconds, reflecting the network’s vulnerability under high-traffic conditions and validating the framework’s real-

time threat monitoring capabilities.

Proposed Mechanism (Framework)
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Figure 6. Proposed Mechanism (Framework)

The framework illustrated in the bellow flowchart delineates a structured protocol for packet management and security enforcement
within a Software-Defined Networking (SDN) architecture. This approach leverages the centralized control inherent to SDN, where
the controller oversees network switches to ensure efficient packet forwarding while mitigating potential threats such as fabricated
or unauthorized traffic. The process is initiated at the "Start" node, which transitions to the reception of connectivity information
from all switches at the SDN controller.

This initial step aggregates real-time topology and status data from the network devices, enabling the controller to maintain an
accurate global view of the network state.

Following data reception, the framework proceeds to update the tables and packet flows. In SDN contexts, this involves modifying
flow tables on the switches typically using protocols like OpenFlow to reflect current routing rules, traffic priorities, or policy
adjustments. These updates ensure that packet handling aligns with the network's operational requirements, such as load balancing
or quality of service enforcement.

The subsequent decision node evaluates whether a change has been detected through inquiry and look-over procedures. This
detection phase scrutinizes incoming packets or network events for anomalies, such as alterations in flow patterns, source addresses,
or topology shifts that could indicate legitimate updates or security risks. If no change is detected (the "No" branch), the packet is
permitted to proceed: it is allowed and forwarded directly to its intended destination. This path culminates in a "Destination" action,
signifying successful delivery, before terminating at the "End" node. This streamlined branch optimizes for normal, unaltered traffic,
minimizing latency in benign scenarios.
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Conversely, if a change is detected (the "Yes" branch), the framework escalates to the application of policies, represented by an
orange decision node. Policies in this context likely encompass security rules, access controls, or behavioral analytics defined by
the network administrator, such as firewall-like filters or intrusion detection mechanisms. If the policies are successfully applied
(the "Yes" sub-branch), the framework invokes protective measures: the network is safeguarded from fabrication by dropping
unknown or suspicious packets. Fabrication here refers to threats like packet spoofing, injection, or forgery, which could
compromise network integrity. This protective action directly leads to the "End" node, preventing potential exploitation.

Should the policies fail to apply (the "No" sub-branch from the policy node), the framework opts for an alternative resolution by
updating the controller. This update may involve logging the event, recalibrating flow rules, or notifying administrators for further
intervention, thereby adapting the system to unresolved anomalies. This branch also concludes at the "End" node, ensuring closure
of the process cycle.

Overall, this framework embodies SDN's separation of control and data planes, promoting proactive security through centralized
decision-making. It balances efficiency in routine operations with robust threat response, potentially reducing vulnerabilities in
dynamic network environments. While the flowchart provides a high-level abstraction, implementation details would depend on
specific SDN platforms, such as ONOS or Ryu controllers, and integration with monitoring tools for change detection.

Discussion

The experimental results Show it the proposed Software- Defined Networking(SDN) security framework is significantly stronger
network protection through the integration of dynamic authentication, Real- time access control list(tACL) enforcement, and
intelligent traffic monitoring. By exploiting centralized control on the SDN controller, the frame ensures efficient routing decisions
while maintaining strong resilience against adversarial behaviors.

It is still central programmable approach arrangement with prior findings which emphasizes the security advantages of SDN
architectures Along with when adaptive policy enforcement mechanisms (Cabaj et al., 2014; Ai da et al., 2025).

The results obtained directly support the research objectives I explain Section One. First, the framework sheep secure auto-
configuration of SDN security policies, Reduce addiction manual intervention and in the least configuration errors. Second,
intelligent detection malicious traffic is achieved through dynamic policy Updates based on real- time monitoring, Enables timely
identification abnormal traffic patterns.

Third, Resilience under attack conditions has improved significantly, as evidenced by this stable throughput and packet delivery
ratios During attack scenarios. These results confirm this dynamic ACL enforcement can reduce controller overhead and improve
scalability in comparison static ACL mechanisms Traditionally employed SDN environments (Mauricio et al., 2018a; Ohri& Neogi,
2022a).

Compared to related works, including Ohri and Neogi(2022a), Mauricio et al. (2018a), and Bhayo et al. (2022a), shows the proposed
framework superior mitigation of Distributed Denial- of- Service(DDoS) and Dynamic Host Configuration Protocol(DHCP)- based
attacks. On the contrary conventional approaches Which basically depends predefined rules or traffic thresholds, the framework
includes cryptographic pseudonyms and session- specific randomization.

These features to increase forward secrecy and reduce significantly the risk of impersonation attacks, to separate the proposed
scheme from the current SDN security solutions This deficiency dynamic identity protection mechanisms (Bawany et al., 2017a;
Tseng et al., 2017).

From a performance perspective, the framework is satisfied key operational requirements. High detection rate with low false-
positive ratios Confirm effective mitigation of DDoS and impersonation Attack, completion the first research objective. Less
registration delay and reduced flow setup times demonstrate efficient ACL policy enforcement, address the second objective.

In addition, minimal processing overhead and sustained throughput under attack conditions Factor it out the framework guaranteed
overall network performance, Satisfactory the third objective. These results are reinforced earlier studies to emphasize the
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effectiveness Based on ACL security architectures I SDN Highlights it extra benefits of automation and adaptability (Mauricio et
al., 2018a; Bawany et al., 2017a).

Despite this these promising results, some limitations must be acknowledged. The experiments I was done a simulated environment
by using Mininet, which cannot be fully understood the complexity K large- scale production Network Future Validation On
hardware- based testbeds or cloud- based SDN Implementation is required for verification real- world scalability and robustness.

However, the results Confirm the practical viability K the proposed framework in elevation SDN security while maintaining network
efficiency, and they establish a strong foundation to future research Based on adaptive and machine learning SDN security
mechanisms.

CONCLUSION

This study addressee critical security challenges I Software- Defined Networking(SDN) By designing and evaluating automatically
generated ACLs detection and protection framework. The framework is added SDN security against targeted attacks, Appreciate
Distributed Denial- of- Service(DDoS) and impersonation, while maintaining network performance and scalability.

By integrating real- time monitoring, role- based authentication and flow- level policy enforcement, the framework Effectively
reduces exposure unauthorized access and malicious traffic, to demonstrate the benefits Control integrated automation to protect
privacy, integrity and availability I SDN environments.

Experimental results Confirm it the framework Enforce security without any introduction significant overhead, to maintain stable
throughput, Low waiting time, and acceptable controller resource utilization. Compared to static configurations, It gives greater
automation, adaptation, and resilience, In Bridging gaps current SDN security approaches And offer a practical solution and for the
organization critical infrastructure networks.

However, the study There are limits. The evaluation was kept inside simulated environments, who can't catch everything real- world
network dynamics. In addition, the framework Currently dependent a single controller, limited its resilience against multi- controller
or distributed attack.

These constraints highlight the need to future research to increase the framework on a large scale, production- grade SDN
deployments and add machine learning or predictive threat detection to address sophisticated multi- vector attacks.

Overall, this research makes both theoretical and practical contributions: it advances the understanding of automatism, adaptive
security mechanisms I SDN and shows a viable, scalable approach to increase network protection Without compromise operational
efficiency. Provides a proposal for a framework a foundation to next- generation secure programmable networks, Assistant broader
adoption of SDN in multifaceted and critical network infrastructures.
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