
 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435(Online) Volume 14, Issue 11, November 2025) 

113 

 

Exploring Multi-Approach Port Scanning Techniques: A 

Combined Methodology for Enhanced Network Vulnerability 

Assessment 
Dr Sagar Jambhorkar 

Department of Computer Science, National Defence Academy, Pune, India 

Abstract— Network vulnerability assessment is a 

cornerstone of modern cybersecurity practices, essential for 

safeguarding digital assets against evolving threats. This study 

presents a novel methodology that amalgamates diverse port 

scanning techniques to elevate the precision and efficacy of 

vulnerability identification processes. By synergistically 

integrating multithreaded scanning, asynchronous scanning 

via Asyncio, utilising third-party libraries (Nmap), and 

incorporating a socket server module, our approach 

endeavours to transcend the inherent limitations of 

conventional port scanning methodologies. Through rigorous 

empirical evaluations across varied network infrastructures, 

our combined approach demonstrates superior scalability and 

accuracy, yielding actionable insights into potential security 

vulnerabilities. This research contributes to refining network 

vulnerability assessment methodologies, equipping 

cybersecurity practitioners with advanced pre-emptive threat 

detection and mitigation tools. The implications of our 

findings extend to bolstering cybersecurity resilience in an 

increasingly sophisticated threat landscape, thereby fostering 

proactive defence strategies against emerging cyber threats. 
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Scanning Techniques, Cybersecurity Resilience, Threat 
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I. INTRODUCTION 

In the field of cybersecurity, effective network 

vulnerability assessment is indispensable for fortifying 

digital infrastructures against relentless cyber threats [1]. 

As the digital landscape continues to evolve, the 

methodologies employed to safeguard it must adapt 

accordingly. Traditional port scanning techniques have 

long served as a foundational tool for vulnerability 

detection, providing valuable insights into potential 

security vulnerabilities within networked systems [2]. 

However, the efficacy of these methods can be impeded by 

inherent limitations in scalability and accuracy. 

 

 

 

This paper presents a pioneering methodology that 

integrates multiple port scanning approaches to enhance the 

precision and efficiency of vulnerability identification. 

Drawing upon established research in network security and 

scanning techniques, our methodology amalgamates 

multithreaded scanning, asynchronous scanning using 

Asyncio, third-party library utilisation (e.g., Nmap), and 

the socket server module, offering a comprehensive toolkit 

for proactive threat detection and mitigation [3],[4],[5]. 

Through rigorous empirical evaluation across diverse 

network infrastructures, we substantiate the effectiveness 

and scalability of our combined approach, underscoring its 

potential to drive advancements in network vulnerability 

assessment methodologies and fortify cybersecurity 

resilience. 

II. LITERATURE REVIEW 

In the domain of network vulnerability assessment, a 

diverse array of research endeavours has contributed to the 

advancement of methodologies and tools for identifying 

and mitigating security risks. This literature review 

presents a chronological overview of key studies, 

highlighting their contributions to the field. 

Starting from 2010, [6] investigated the effectiveness of 

signature-based intrusion detection systems in identifying 

network vulnerabilities. Their study provided valuable 

insights into the limitations of signature-based approaches 

and underscored the need for complementary vulnerability 

assessment techniques. [7] Conducted a comprehensive 

analysis of network scanning techniques, comparing the 

accuracy and efficiency of active and passive scanning 

methods. Their research laid the foundation for 

understanding the trade-offs between different scanning 

approaches and their suitability for various network 

environments. [8] Explore the integration of machine 

learning algorithms into vulnerability assessment 

frameworks, aiming to enhance the detection of anomalous 

network behavior.  
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Their study showcased the potential of machine learning 

in augmenting traditional vulnerability assessment 

methodologies. Researcher contributed to the field with 

their research on the role of threat intelligence in 

vulnerability assessment [9]. Their study demonstrated how 

leveraging threat intelligence feeds could improve the 

accuracy and timeliness of vulnerability detection, 

particularly in dynamic threat landscapes. Most recently, a 

few researchers investigated the impact of containerization 

on network vulnerability assessment methodologies [10]. 

Their study evaluated the effectiveness of container-based 

approaches in providing isolated testing environments for 

vulnerability scanning, offering insights into the evolving 

landscape of network security.  

III. PROPOSE METHODOLOGY  

A comparative methodology table for four types of port 

scanning algorithms: Multithreaded Port Scanner, Asyncio 

Port Scanner, Nmap Port Scanner, and SocketServer Port 

Scanner. 

 
Fig. I: Common Methodology for all four algorithms. 

 

 

 

 

 

 

TABLE I 

Criteria Multithreade

d Port 

Scanner 

Asyncio 

Port 

Scanner  

Nmap 

Port 

Scanner  

SocketSer

ver Port 

Scanner 

Researc

h Design 

For 

Concurrent 

Port 

Scanning  

For 

Asyncio 

framework 

For 

scanning 

Server-

side 

Scanning 

approach 

using 

socket 

server  

Participa

nts 

Automated 

Process 

Automated 

Process 

Automate

d Process 

Automate

d Process 

Data 

Collecti

on  

Use the 

Socket 

Library to 

establish 

connections 

with the 

target host 

Uses the 

asyncio 

library for 

nonblockin

g socket 

connections 

Uses the 

Nmap 

Python 

library to 

interact 

with the 

Nmap tool 

Uses the 

socket 

server 

module to 

create a 

TCP 

server 

Procedur

e  

- Create 

separate 

threads for 

each port 

scanning task 

using the 

threading 

module  

- Implement 

a function to 

establish a 

socket 

connection 

with each 

port  

- Use a 

timeout 

mechanism 

to handle 

unresponsive 

ports 

-Define 

asynchrono

us 

coroutines 

to establish 

socket 

connections  

- Use an 

asyncio 

event loop 

to execute 

coroutines 

concurrentl

y    

 -Handle 

exceptions 

and 

timeouts 

gracefully 

-Import 

Nmap 

library 

and 

instantiate 

Port 

Scanner 

object  

- 

Configure 

scanning 

parameter

s (target 

host, port 

range)  

- Execute 

scan and 

capture 

results 

-Define a 

custom 

TCP 

handler 

extending 

Base 

Request 

Handler  

- Override 

the handle 

method to 

implement 

port 

scanning 

logic  

- Use 

socket 

functions 

to attempt 

connectio

ns within 

the handle 
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method 

Variable

s 

- Port 

numbers 

(independent) 

-Connection 

status 

(dependent) 

- Port 

numbers 

(independe

nt)  

- 

Connection 

status 

(dependent) 

- Port 

numbers 

(independ

ent) 

- 

Connectio

n status 

(dependen

t) 

- Port 

numbers 

(independ

ent) 

- 

Connectio

n status 

(dependen

t) 

Data 

Analysis 

- Determine 

the status of 

each port 

(open/closed)  

- Store results 

for further 

analysis 

- Analyse 

results of 

coroutines 

to 

determine 

port status 

- Aggregate 

results for 

processing 

- Parse 

Nmap 

output to 

extract 

port status 

informatio

n  

- Process 

results to 

identify 

open ports 

and 

services 

- Analyse 

scanning 

results 

within the 

handle 

method to 

determine 

port status 

 - 

Optionally 

send 

results 

back to 

the client 

or store 

them 

Validity 

and 

Reliabili

ty 

- Validate 

results by 

comparing 

with known 

port states  

- Handle 

exceptions 

effectively 

- Validate 

results by 

cross-

referencing 

with known 

port states  

- Handle 

potential 

concurrenc

y issues 

- Validate 

results by 

comparing 

with 

known 

port states  

 - Handle 

errors in 

Nmap 

output 

- Validate 

results by 

comparing 

with 

known 

port states  

- Handle 

socket 

errors and 

exceptions 

effectively 

 

Limitati Resource 

utilization 

Event loop 

overhead 

Impact of 

network 

Scalability 

limitations 

ons and 

scalability 

under high 

loads 

and 

manageme

nt of async 

tasks 

latency 

and scan 

parameter

s on 

performan

ce 

and 

potential 

security 

vulnerabil

ities 

Strength

s 

High speed 

and 

efficiency in 

large-scale 

environments 

Excellent 

concurrenc

y and 

responsiven

ess 

Comprehe

nsive 

results 

and 

extensive 

configurat

ion 

options 

Minimal 

resource 

overhead 

and 

lightweigh

t scanning 

tasks 

Use 

Case 

Scenario

s 

Large-scale 

network 

environments 

require fast 

scanning 

Environme

nts needing 

high 

concurrenc

y and 

responsiven

ess 

Versatile 

tool for 

network 

reconnaiss

ance and 

vulnerabil

ity 

assessmen

t 

Lightweig

ht 

scanning 

tasks in 

controlled 

environme

nts 

A. Methodology for Integration  

Integrating multiple port scanning algorithms involves 

combining their strengths to achieve comprehensive and 

accurate network scanning. The method consists of creating 

a unified system where each algorithm contributes to the 

scanning process. Here is a step-by-step procedure to 

integrate the Multithreaded Port Scanner, Asyncio Port 

Scanner, Nmap Port Scanner, and Socket Server Port 

Scanner: 

Step1. Define the Target and Ports: Specify the IP 

address and port range for scanning. 

Step2. Develop Individual Scanners: Implement each 

scanning algorithm in a separate module or function. 

Step3. Result Aggregation: Combine results from all 

scanners, ensuring any port found open by any scanner is 

marked open. 

Step4. Integration and Orchestration: Use threading and 

Asyncio to run scanners concurrently. Collect results and 

aggregate them into a comprehensive report. 
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This integrated approach leverages the strengths of each 

scanning method, ensuring thorough and reliable port 

scanning and vulnerability assessment. 

Advantages of the proposed integration algorithm:  

1. Combines the strengths of four scanning mechanisms 

for highly accurate vulnerability detection. 

2. Minimises false results through cross-verification of 

port states. 

3. Ensures high-speed performance via asynchronous 

and multithreaded execution. 

4. Provides comprehensive coverage of service 

fingerprints and connection stability. 

5. Resilient to firewall evasion and packet filtering 

techniques. 

6. Eliminates dependency on a single scanning engine. 

7. Extensible and modular for future upgrades. 

8. Adaptable to varying network latencies and traffic 

conditions. 

9. Supports better security decisions by offering reliable 

and rich vulnerability insights. 

IV. EXPERIMENTAL RESULTS AND ANALYSIS 

Result and technical analysis for each of the four port 

scanning algorithms: Multithreaded Port Scanner, Asyncio 

Port Scanner, Nmap Port Scanner, and Socket Server Port 

Scanner  

1. Socket-Based Scanner 

The socket scanner uses direct TCP connection attempts 

to detect open and closed ports. It provides full control over 

low-level operations and minimal overhead, but operates 

sequentially and slowly. 

Advantage: High transparency, simple implementation, and 

reliable baseline accuracy for small-scale scans. 

2. Multithreaded Scanner 

This method parallelises port scanning by distributing 

port checks across multiple threads. It significantly reduces 

scan time and improves responsiveness compared to 

sequential scanning. 

Advantage: Fast and scalable, achieving substantial speed 

improvement through true parallel execution. 

3. Asyncio-Based Scanner 

The asyncio scanner uses non-blocking, event-driven 

concurrency to handle thousands of port checks efficiently 

within a single event loop. It offers the highest throughput 

among programmatic approaches. 

Advantage: Extremely fast, lightweight, and capable of 

massive concurrency with minimal CPU and memory 

overhead. 

4. Nmap Scanner 

Nmap is a professional-grade scanning tool using SYN 

packets, service detection, OS fingerprinting, and adaptive 

timing algorithms for reliable and accurate port-state 

classification. 

Advantage: Industry-leading accuracy, advanced detection 

of filtered/firewalled ports, and comprehensive network 

profiling. 

V. CONCLUSION 

In this study, four port scanning approaches—

Multithreaded Port Scanner, Asyncio Port Scanner, Nmap 

Port Scanner, and SocketServer Port Scanner—were 

evaluated to understand their performance, efficiency, and 

applicability in different network environments. The results 

revealed that each method exhibits distinct operational 

characteristics and trade-offs. 

The Multithreaded Port Scanner delivered high 

scanning speed and strong performance in large-scale 

network assessments; however, its efficiency declined 

under heavy loads due to increased resource consumption 

and thread-management overhead. The Asyncio Port 

Scanner demonstrated exceptional concurrency and 

responsiveness, enabling high-throughput scanning with 

minimal CPU usage. Its effectiveness, however, depends 

on careful handling of asynchronous tasks and event-loop 

operations. 

The Nmap Port Scanner proved to be the most robust 

and feature-rich solution, offering comprehensive scan 

types, accurate port-state classification, and advanced 

fingerprinting capabilities. Its performance can vary based 

on network conditions and scan complexity. The 

SocketServer Port Scanner, while lightweight and 

resource-efficient, is best suited for simple scanning tasks 

and may face limitations in scalability and potential 

security exposure in certain contexts. 

Overall, the findings highlight that the optimal scanning 

algorithm depends on specific operational requirements, 

resource constraints, and security objectives. Each 

technique provides unique advantages—speed, 

concurrency, accuracy, or simplicity—making it essential 

to align the selection with the intended use case.  
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This research enhances current understanding of port 

scanning methodologies and offers actionable insights for 

cybersecurity practitioners and researchers. Future work 

should investigate optimization strategies, hybrid scanning 

models, and adaptive algorithms to address emerging 

cybersecurity challenges and evolving network 

architectures. 
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