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ABSTRACT 
The artificial intelligence's rapid expansion and dependence on specialized hardware accelerators have caused 
security issues beyond software flaws. The global AI hardware industry is expected to exceed $250 billion by 2028. 
This expansion coincides with a troubling rise in hardware security incidents, estimated to rise by almost 300% 
between 2022 and 2025. This study thoroughly analyzes AI hardware security concerns, countermeasures, and 
research opportunities. Hardware-based assaults fall into three categories: model extraction, manipulation, and 
service interruption. Hardware Trojans, side-channel analysis, and fault injection are vectors. These can degrade 
model performance, steal proprietary architectures, or misclassify targets. Real-world evidence shows that stealthy 
Trojans can degrade the accuracy of deep neural networks by over 50% without being detected, whereas side-channel 
approaches can retrieve nearly all parameters accurately. Modern countermeasures like hardware-based trusted 
execution environments, runtime monitoring, formal verification, and anomaly detection are also examined. It 
discusses their merits and downsides, economic impact, and performance. Market research system reliability. Finally, 
we discuss emerging research issues, including concerns about the quantum era, vulnerabilities in the semiconductor 
supply chain, and flaws in edge AI devices.  
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1. INTRODUCTION 

The global artificial intelligence market is experiencing unprecedented growth, with the AI hardware sector projected 
to reach $253.5 billion by 2028, representing a compound annual growth rate of 27.3% from 2023 to 2028 [1][2]. This 
exponential growth is driven by increasing adoption across industries including healthcare, automotive, finance, and 
cybersecurity. However, this rapid expansion has created significant security challenges, particularly at the hardware 
level, where specialised AI accelerators introduce novel attack surfaces. 

mailto:jasvant28284@gmail.com


BRICS Journal of Applied Mathematics 
and Engineering Sciences 

Volume 1 • Issue 1 • Year 2026 
ISSN: XXXX-XXXX | Doi:  

━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━ 

2 
 

 

Fig. 1: The expanding attack surface of AI hardware systems (2018-2028), showing the correlation between market 
growth and security incidents [1][2][4] 

 
The hardware security threat landscape for AI systems has evolved dramatically, with reported security incidents 
involving AI hardware increasing by 317% between 2022 and 2025 [3][4]. The average cost of an AI security breach 
reached $8.3 million in 2024, representing a 45% increase from the previous year [5]. These statistics underscore the 
critical need for comprehensive hardware security measures in the deployment of AI systems. 

 

Fig. 2: Growth of AI-related security incidents and associated financial impact (2020-2025), demonstrating the 
escalating threat landscape [3][5][4]. 

This paper presents a systematic analysis of hardware security challenges in AI systems, making three primary 
contributions: 

• A comprehensive taxonomy of hardware-level threats targeting AI accelerators and systems 

• An analysis of state-of-the-art countermeasures and their practical limitations 

• Identification of emerging research directions and implementation challenges 

• Presentation of verified market data and security statistics to quantify risks 
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2. THREAT LANDSCAPE AND ATTACK SURFACES 
2.1 AI Hardware Market Context 
The AI hardware security market is growing rapidly, with hardware security modules (HSMs) for AI systems expected 
to reach $3.2 billion by 2027, representing a 32.1% CAGR from 2023-2027 [6][7]. This growth is driven by increasing 
recognition of hardware-level vulnerabilities in AI systems. The attack surface has expanded significantly as AI 
accelerators become more complex, with modern systems containing over 50 billion transistors and numerous 
specialized processing units. 

2.2 Primary Attack Vectors 
Hardware-based attacks on AI systems typically target three main vulnerability categories: 

• Model Extraction: Stealing proprietary AI models through side-channel analysis 

• Model Manipulation: Modifying model behavior through hardware Trojans or fault injection 

• Service Disruption: Denying service through hardware-level attacks 
Recent statistics indicate that 68% of AI security incidents in 2024 involved hardware-level vulnerabilities, with side-
channel attacks representing the fastest-growing threat category [2][13]. 

3. HARDWARE-BASED ATTACK VECTORS 
3.1 Hardware Trojans in AI Systems 
Hardware Trojans represent a significant threat to AI systems, particularly through malicious modifications inserted 
during design or fabrication phases. Research demonstrates that stealthy Trojans can degrade DNN performance by 
over 50% while consuming less than 0.01% additional power, making detection extremely challenging [8]. The 
TrojanZoo framework has unified Trojan attack methodologies, showing that a single malicious circuit can compromise 
multiple AI models with 92% success rate [9]. 
 

Table 1: Hardware Trojan Impact on AI System Performance 

Trojan Type Performance Degradation Detection Difficulty Activation Rate 

Performance Degradation 40-60% High 0.001% 

Accuracy Reduction 25-75% Medium 0.01% 

Backdoor Insertion 0% (Stealth) Very High 0.0001% 

 

3.2 Side-Channel Analyssis Attacks 
Side-channel attacks have emerged as particularly effective against AI systems. The EM-Leak attack demonstrated 
successful reconstruction of human speech from electromagnetic emanations of GPUs processing audio-based AI 
models with 95% accuracy [10]. Power analysis attacks can extract complete DNN architectures using as few as 
100,000 power traces, achieving 99.8% parameter extraction accuracy. 
The economic impact of side-channel attacks is substantial, with organizations spending an average of $2.4 million 
annually on protection measures [5]. The number of detected side-channel attacks increased by 184% in 2024, 
targeting primarily cloud-based AI services and edge computing devices [3]. 
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3.3 Fault Injection Attacks 
Fault injection attacks represent a growing threat, with voltage glitching and laser injection enabling precise 
manipulation of AI model behavior. Research shows that a single bit-flip in critical weights can alter model predictions 
with 98% confidence, enabling targeted misclassification [11]. These attacks are particularly dangerous because they 
can be deployed remotely in cloud environments and require minimal physical access in edge devices. 
The global cost of fault injection attacks on AI systems reached $1.7 billion in 2024, with the automotive and healthcare 
sectors experiencing the highest incidence rates [11][5]. 
 

4. DEFENSE MECHANISMS AND COUNTERMEASURES 
4.1 Architectural Protection Schemes 
Modern defense architectures employ multi-layered protection strategies. The Aegis TEE framework provides secure 
execution environments for DNN accelerators with only 15% performance overhead, implementing hardware-
enforced isolation for critical parameters [12]. Formal verification techniques have advanced significantly, with recent 
approaches capable of verifying complex IP cores for AI accelerators with 99.97% coverage [13]. 
 

Table 2: Comparative Analysis of Hardware Security Solutions 

Solution Type Security Level Performance Overhead 

Hardware TEEs High 15-20% 

Runtime Monitoring Medium 5-10% 

Formal Verification Very High <1% 

Anomaly Detection Medium-High 8-12% 

 

4.2 Detection and Prevention Systems 
Advanced Trojan detection systems using temporal neural networks achieve 95% detection accuracy with minimal 
false positives [114]. These systems monitor side-channel signatures and can identify malicious activity with 200ms 
response time, enabling real-time protection. The market for AI hardware security solutions is growing at 38.4% CAGR, 
reflecting increasing adoption of these technologies [6][7]. 
 

5. MARKET ANALYSIS AND ECONOMIC IMPACT 
5.1 Market Size and Growth Projections 
The AI hardware security market demonstrates robust growth, with hardware security modules for AI systems 
expected to reach $3.2 billion by 2027 [6][7]. North America holds the largest market share at 42%, followed by the 
Asia-Pacific region at 35% and Europe at 18%. The healthcare and financial services sectors show the highest adoption 
rates, driven by regulatory requirements and high-value data protection needs. 
 

5.2 Cost-Benefit Analysis 
Organizations investing in AI hardware security measures report an average ROI of 3.2:1 over three years, primarily 
through reduced breach costs and improved system reliability [5]. The average cost of implementing comprehensive 
hardware security represents 15-25% of total AI system deployment costs, but this investment typically pays for itself 
within 18-24 months through risk mitigation. 
 

6. FUTURE RESEARCH DIRECTIONS AND CHALLENGES 
6.1 Emerging Threat Vectors 
Future research must address several emerging challenges: 
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• Quantum Computing Threats: Quantum attacks could break current encryption schemes protecting AI models 

• Supply Chain Vulnerabilities: Global semiconductor shortages create pressure to reduce security verification 

• Edge Computing Risks: Proliferation of edge AI devices expands the attack surface significantly 
 

6.2 Defense Technology Evolution 
Key areas for future development include: 

• Lightweight Cryptography: Developing efficient encryption for resource-constrained AI devices 

• AI-Based Security: Using machine learning to detect and prevent hardware attacks 

• Standardized Frameworks: Establishing industry-wide security standards and certification processes 
The hardware security market for AI systems is projected to grow at 32.1% CAGR through 2028, reflecting increasing 
recognition of these challenges and opportunities [6][7]. 
 

7. CONCLUSION 
This comprehensive analysis demonstrates that hardware security has become a critical requirement for deploying AI 
systems. The increasing sophistication of attacks, combined with the growing value of AI assets, necessitates robust 
protection mechanisms at the hardware level. While current solutions provide effective protection against known 
threats, the rapidly evolving threat landscape requires continuous innovation and investment. 
The economic analysis shows that investment in hardware security provides substantial returns through risk mitigation 
and improved system reliability. Organizations must prioritize hardware security throughout the AI system lifecycle, 
from design through deployment and maintenance. Future research should focus on developing more efficient 
protection mechanisms, standardised security frameworks, and AI-driven defence systems capable of adapting to 
emerging threats. 
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