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Abstract 

The Internet of Things' (IoT) explosive expansion has made resource management, 

scalability, and security more difficult. Blockchain is resource-intensive for limited IoT 

devices, but it provides decentralized trust and tamper-resistance. Swarm intelligence 

(SI) offers lightweight, distributed decision-making and optimization capabilities using 

bio-inspired optimization approaches like Ant Colony Optimization (ACO) and Particle 

Swarm Optimization (PSO). In order to protect IoT networks while improving 

consensus setup, intrusion detection, task offloading, and routing, this study suggests an 

integrated system that integrates swarm intelligence with a lightweight, permissioned 

blockchain architecture. We outline the architecture, algorithms, evaluation strategy 

(simulation/emulation), security analysis, and anticipated results that show enhanced 

attack resilience, scalability, latency, and energy efficiency. 

Keywords: Consensus mechanisms, blockchain, the Internet of Things (IoT), swarm 

intelligence, ant colony optimization (ACO), particle swarm optimization (PSO), and 

secure IoT applications. 
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1. Introduction 

IoT installations are seen in transportation, industry, healthcare, and smart homes. Data tampering, 

Sybil attacks, jamming, and unauthorized access are just a few of the attack surfaces that are created 

by these environments, which frequently involve limited equipment (low power, low computation) 

communicating over heterogeneous networks. IoT nodes must bear significant computational and 

storage demands due to blockchain's distributed ledger and immutability, which address trust and 

non-repudiation. Swarm intelligence (SI) algorithms offer lightweight, decentralized optimization 

that works well in dynamic, resource-constrained settings. By (1) optimizing consensus and block 

propagation parameters, (2) directing safe routing and clustering, and (3) facilitating collaborative 

anomaly detection with distributed decision-making, SI and blockchain can combine to create IoT 

systems that are adaptable, secure, and efficient. 

2. Background 

2.1 Security Issues with the Internet of Things (IoT)  

Limited device resources, heterogeneous protocols, centralized single points of failure, 

data privacy issues, and the requirement for secure firmware/firmware upgrades and 

scalable identity/authentication are some of the main obstacles. 

2.2 IoT Blockchain  

Blockchain offers traceability, tamper-evidence, and decentralization. Because of energy 

and latency limitations, permissioned or lightweight blockchains are frequently chosen 

for IoT. Techniques frequently use fog or edge nodes to relieve end devices of 

burdensome blockchain tasks. Although performance trade-offs and the requirement 

for hybrid architectures are mentioned in recent assessments, blockchain's potential to 

boost IoT trust is emphasized.  

2.3 Intelligence in Swarms (SI)   

SI includes population-based optimization methods (such as PSO, ACO, and bee 

colonies) that are modeled after animals or insects. SI has been used to solve IoT issues 

including intrusion detection, routing, and clustering. It is particularly good at 

scheduling, routing, clustering, and optimization in distributed systems. ([PMC][2]) 

 

3. Relevant Work (Review of Literature)  

IoT tasks using swarm intelligence: Reviews describe SI for IoT resource allocation, 

routing, and clustering, showing potential for dynamic situations. In 2023, Abualigah et 

al. ([PMC][2])  

Hybrid techniques combining blockchain, swarm, and AI: In order to protect IoT and 
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WSNs, a number of recent projects combine blockchain technology with AI/SI. WSN 

robustness is increased by a secure clustering routing technique that combines swarm 

intelligence and blockchain. (Xiao and others, 2024). ([Nature][3]) 

 

Blockchain parameter optimization: To lower latency and energy consumption in 

Internet of Things scenarios, research employs PSO/ACO to optimize blockchain-related 

parameters (such as storage location and consensus membership). Examples from 

IJRITCC 2023 and Nartey et al. (2022). ([SpringerOpen][4])  

 

Blockchain security and anomaly detection using AI/ML: Research indicates that 

combining ML/DL (or SI-enhanced ML) with blockchain for collaborative IDS and 

tamper-proof anomaly logging improves detection and traceability. (arXiv and MDPI 

surveys). ([MDPI][5]) 

 

There are also gaps in end-to-end integrated frameworks that simultaneously optimize 

consensus, routing, resource offloading, and anomaly detection specifically designed for 

restricted IoT systems, despite the literature's rising but scattered work combining SI 

and blockchain for IoT.  

 

4. Suggested Integrated Structure  

 

4.1 Design Objectives 

1. Security & Trust: Secure device identity, tamper evidence, and unchangeable 

logging.  

2. Lightweight Operation: When feasible, transfer complex blockchain functions to 

edge/fog.  

3. Adaptivity through SI: Utilize SI agents to optimize routing and clustering, 

coordinate distributed IDS, and dynamically adjust blockchain (e.g., number of validator 

nodes, block size, propagation schedule).  

4. Scalability & Low Latency: Keep resource consumption and transaction latency 

within reasonable bounds for IoT use cases.  

4.2 High-level System Architecture 

IoT End Devices (actuators/sensors): Limited. Engage with local gates and do 

sensing. They sign transactions and execute lightweight agents for local SI choices (such 

neighbor selection). 

Edge/Gateway Nodes: More powerful; can serve as blockchain light clients or host 

local ledger shards. Carry out SI-based optimization activities and execute consensus on 

behalf of devices with constraints.  
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Permitted validators that preserve the entire blockchain and offer additional processing 

power for demanding operations (such as smart contracts and model aggregation) are 

known as fog/cloud validators. 

 

The logical layer of the Swarm Agents Network is where SI algorithms (PSO, ACO, 

and hybrid) operate across edge nodes to optimize the following parameters: block 

production rate, cluster-head election, collaborative anomaly detection thresholds, and 

consensus leader/validator selection.  

Blockchain Layer: Permissioned ledger with smart contracts for firmware integrity 

checks, audit trails, and device onboarding (e.g., lightweight DAG-based ledger or 

Hyperledger Fabric variation). 

4.3 Use scenarios where SI is helpful  

Consensus optimization: To balance security (more validators) against latency/energy 

(fewer validators), use PSO to select the ideal subset of edge nodes to serve as 

validators.  

Secure clustering & routing: Integrate trust measures into pheromone weights and 

use ACO to identify robust, low-latency routing/clustering paths for devices reporting to 

edge nodes. 

Collaborative IDS & Anomaly Detection: Distribute lightweight anomaly detectors at 

edges; utilize SI to aggregate warnings and coordinate reaction; register evidence on-

chain for non-repudiable forensic trails.  

Assigning resources and offloading tasks: Utilize SI-based optimization to determine 

which calculations to offload to the cloud versus the edge while minimizing energy and 

latency and guaranteeing secure attestation logged on-chain. 

 5. Components and Algorithms  

 5.1 Validator Selection Using Particle Swarm Optimization (PSO-Validator)  

 

Fitness function: weighted function of (1) consensus latency, (2) validator 

diversity/trust score, (3) energy budget, and (4) predicted security (resilience to 

takeover). 

 Position vector: binary vector denoting node inclusion in validator set. 

Update step: Traditional PSO modified to manage binary and discrete choices (binary 

PSO). Edge nodes run SI agents and exchange minimal summary statistics.  

5.2 Secure Routing via Ant Colony Optimization (ACO-Routing) 

The pheromone symbolizes previously successful, low-latency, high-trust pathways; 

devices and edge nodes create a graph.  
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Heuristic: comprises energy cost, node trust score (based on blockchain reputation), 

and link quality.  

Result: secure, dynamic routing tables that are updated on a regular basis.  

 

5.3 SI-IDS (Distributed Intrusion Detection)  

Swarm aggregation: SI algorithm chooses which alerts to elevate, weighting by 

confidence and neighbor corroboration; confirmed occurrences are registered on-chain 

(immutable evidence); local detectors:** lightweight signatures/anomaly detectors on-

device/edge.  

Smart-contract response: chain governance-executed triggers (like isolate device).  

6. Security & Privacy Considerations  

Permissioned blockchain: reduces open-network Sybil risk; validators are 

authenticated via PKI and on-chain identity records. ([MDPI][1]) 

 Privacy: store only hashes/metadata on-chain; keep raw data off-chain (in edge or 

encrypted cloud storage) with on-chain access-control policies enforced by smart 

contracts. ([MDPI][6])  

Resilience: SI-driven validator selection and routing increase robustness (diversity in 

validator membership and dynamic rerouting under attack). Recent work demonstrates 

that blockchain + SI clustering improves WSN/IoT resilience. ([Nature][3]) 

  7. Experimental Methodology and Evaluation Plan  

 7.1 Simulation / Testbed Setup Simulator:Use network simulator (ns-3) extended 

with blockchain module, or Hyperledger Fabric running in containerized edge/fog 

nodes and RIOT/Contiki nodes emulating constrained devices. Alternative: use an 

emulation testbed (Edge devices as Raspberry Pi / Pi-zero). 

Dataset / Traffic: Produce realistic IoT telemetry (event-driven bursts, periodic sensor 

data). Sybil, data manipulation, MITM, and DDoS at edge are examples of inject attack 

scenarios.  

Baselines: (1) centralized IDS with blockchain logging; (2) SI-only administration 

without blockchain; and (3) blockchain-only design with a static validator set. 

Metrics: throughput (transactions/sec), energy consumption (per device), latency (end-

to-end), consensus overhead, storage footprint, resilience (time-to-recover under 

attack), detection rate (true positive rate) and false positive rate for IDS, and security 

metrics (percentage of tampered data prevented/detected).  

 

7.2 Steps in the Experiment  

1. Integrate a light-client API for devices with a permissioned ledger (like Fabric).  
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2. Install PSO and ACO modules at edge nodes and combine them to make 

recommendations for validator sets and routes on a regular basis. 

3. Put smart contracts and SI-IDS agents into place for incident response and logging.  

4. Conduct controlled studies using attack injection in three different scenarios (low, 

medium, and high device scale). 

5. Compile measurements and contrast them with baselines.  

 

7.3 Anticipated Results (Conjectures)  

By choosing the best validators and block specifications, SI+Blockchain should lower 

average consensus time and energy usage in comparison to a naive blockchain 

deployment. There is evidence in the literature that optimizing blockchain parameters 

lowers IoT overhead. ([SpringerOpen][4])  

 Compared to static routing, ACO-based routing should increase the packet delivery 

ratio while lowering energy consumption and retransmissions. ([PMC][2])  

 Because of distributed corroboration, SI-IDS with on-chain evidence logging should 

produce faster containment and improved detection precision. ([MDPI][5])  

 

8. Comparative Table (example) 

Component                      Baseline Proposed 
(SI+Blockchain)              

Expected 
improvement 

Consensus 
overhead 

High (static 
validators) 

PSO-selected 
validator set 

      ↓ Latency & 
energy 

Routing Static / shortest 
path 

ACO routing with 
trust weights 

  ↑ Delivery ratio, ↓ 
retransmit 

IDS                 Centralized / local-
only 

Distributed SI-IDS + 
on-chain logging 

↑ detection 
precision, better 
forensics 

Scalability                   Limited Edge offloading + SI 
optimization      

↑ devices supported 

 

9. Conversation  

The SI+blockchain hybrid leverages complimentary strengths: SI offers lightweight, 

adaptive optimization appropriate for highly dynamic, resource-constrained IoT 

contexts, while blockchain creates unchangeable trust and access control.  

The granularity of on-chain data (privacy vs. traceability) and the frequency of SI 

optimization (greater frequency = more overhead) are important engineering trade-

offs. Depending on the use-case (e.g., healthcare vs. industrial IoT), the blockchain 

(permissioned vs. public vs. DAG) and SI algorithm versions must be chosen.  
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The viability of this integrated approach is supported by recent efforts (2022–2025) 

that have already utilized SI to routing and blockchain parameter optimization in WSNs 

and IoT. ([Nature][3]) 

 

 

10. Restrictions and Upcoming Projects  

 

Difficulty of real-world deployment: Interoperability between vendors and legacy 

devices.  

Adversarial adaptation: Strong reputation mechanisms and Byzantine-resilient fitness 

metrics are necessary since attackers may attempt to alter trust metrics utilized by SI.  

Formal verification: Look into formal security proofs for blockchain consensus 

behavior and coupled SI-driven governance.  

Energy constraints:More research into SI algorithm simplifications and ultra-low-

power hardware support. 

11. Final thoughts  

In order to protect IoT systems while adhering to resource and latency restrictions, this 

study suggested and described an integrated framework that combines blockchain 

technology with swarm intelligence. Blockchain guarantees auditability and tamper 

resistance, whereas SI is used in the design to enhance distributed intrusion detection, 

routing, and validator selection. Improvements in latency, energy consumption, 

detection performance, and resilience should all be measured in planned simulation and 

testbed assessments. The strategy is in line with an increasing amount of current 

research that combines distributed ledgers and optimization algorithms for safe, 

scalable Internet of Things implementations. ([MDPI][1]) 
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