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Abstract: The increasing complexity of modern automotive software systems has intensified the demand for robust Software
Quality Assurance (SQA) mechanisms aligned with Automotive Software Process Improvement and Capability Determination
(ASPICE) standards. Traditional manual audit approaches are often time-consuming, error-prone, and insufficient for handling
large-scale automotive software projects involving continuous integration, over-the-air updates, and safety-critical
functionalities. This research proposes an Al-driven SQA Audit Automation Framework designed to enhance compliance
verification, process monitoring, defect prediction, and audit traceability within the ASPICE-compliant automotive
development lifecycle. The framework integrates Artificial Intelligence (AI), Machine Learning (ML), Natural Language
Processing (NLP), and predictive analytics to automate evidence collection, process assessment, anomaly detection, and
compliance scoring. A comparative evaluation was conducted between traditional manual auditing and the proposed Al-
enabled framework across key metrics such as audit accuracy, defect detection rate, compliance validation time, and resource
utilization. Experimental findings indicate that the proposed framework improves audit efficiency by 42%, increases
compliance accuracy to 96%, and significantly reduces human intervention during process assessments. Furthermore, the study
identifies major research gaps in adaptive compliance intelligence and real-time audit orchestration for automotive DevOps
ecosystems. The proposed model offers substantial practical implications for automotive OEMs, Tier-1 suppliers, and quality
engineering teams aiming to achieve higher ASPICE maturity levels while reducing operational overhead. The framework
contributes toward intelligent software governance for next-generation autonomous and connected vehicle systems.
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1. Introduction

The automotive industry is rapidly transitioning toward software-defined vehicles characterized by autonomous driving,
connected mobility, advanced driver assistance systems (ADAS), and intelligent embedded architectures. Consequently,
automotive software complexity has increased exponentially, making quality assurance and regulatory compliance critical
aspects of product development. Automotive SPICE (ASPICE) has emerged as a globally recognized framework for evaluating
software process maturity and capability in automotive engineering environments.

Traditional Software Quality Assurance (SQA) audits within ASPICE-compliant organizations rely heavily on manual
inspections, document reviews, interviews, and evidence verification. These approaches are resource-intensive and susceptible
to inconsistencies, delayed feedback cycles, and human bias. With agile methodologies and continuous integration/continuous
deployment (CI/CD) pipelines becoming standard practices, conventional auditing mechanisms struggle to maintain scalability
and real-time compliance validation.

Artificial Intelligence (AI) technologies have demonstrated transformative potential across software engineering
disciplines, including defect prediction, intelligent testing, anomaly detection, and automated documentation analysis.
Integrating Al into ASPICE audit ecosystems can significantly enhance process intelligence, predictive compliance
monitoring, and audit automation capabilities.

This research introduces an Al-Driven SQA Audit Automation Framework specifically designed for ASPICE-compliant
automotive development environments. The framework leverages machine learning models, NLP-based evidence analysis, and
automated process intelligence to improve audit effectiveness and operational efficiency.

1.1. Research Objectives
e To design an Al-enabled SQA audit automation architecture for ASPICE compliance.
e To evaluate the effectiveness of Al-based compliance monitoring.
e To compare traditional auditing methods with intelligent automated auditing.
e To identify practical implementation challenges in automotive organizations.

1.2. Research Hypothesis
e HI: Al-driven audit automation significantly improves ASPICE compliance accuracy and audit efficiency compared
to traditional manual auditing methods.



2. Literature Review

Automotive software quality assurance has evolved significantly with the adoption of ASPICE, ISO 26262, AUTOSAR,
and agile engineering methodologies. Several studies emphasize the importance of automated quality governance in modern

automotive ecosystems.

Software Quality Assurance research highlights the need for intelligent compliance frameworks capable of handling
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complex development artifacts and continuous delivery pipelines.

According to Machine Learning-based software analytics studies, predictive models can identify process deviations and

defect-prone modules with higher accuracy than conventional statistical techniques.

Table 1: Comparative Review of Existing Studies

Author Focus Area Methodology Limitation
Becker et al. (2021) | ASPICE assessment automation | Rule-based validation Limited scalability
Kim & Park (2022) Al defect prediction ML classification Lack of audit integration
Sharma et al. (2023) | Automotive DevOps compliance CI/CD analytics No predictive intelligence

Liu et al. (2024) NLP-based requirement auditing Deep learning Limited ASPICE mapping

Proposed Study

Al-driven SQA audit automation | Hybrid Al framework

Real-time intelligent auditing

2.1. Research Gaps
Despite recent advancements, several gaps remain:

Limited integration of Al with ASPICE process assessment.

Absence of adaptive learning mechanisms in SQA audits.

Inadequate real-time compliance intelligence.

Lack of predictive audit orchestration in automotive DevOps environments.
Minimal research on NLP-assisted evidence validation.

3. Research Methodology

3.1. Proposed Framework Architecture
The proposed framework integrates Al-enabled audit intelligence across the automotive software lifecycle.

3.2 Data Collection

The study collected data from:

((}:: Al-Driven SQA Audit Automation

Requitement Analyzer (NLP Engine)
S} EXracts and ANAlyIeu (s mmonte. Wiaps 1 rocees
W campliance craeria using NLP

M Dufect Pradiction Module (ML Models)
‘ul Prodcts dolec)-Orume components aod srees

uning machine lnarning rmadels

B Campliance Mapping Engine
. Maps progoct aetlocts ard activibes to ASPICE
LLE. Srodies indicetons ar euicemes

AL at Coll
|.' Actmuticwity cofects, validutes and stores

wviedursew fram Sooks et reges ilodes

Process Monitaring Dashboard
Providen tesl- Lrnim visibity silo Orocaws perdormene s
anet KP.

campliance wlutus

Risk Scoring & Predictive Analytics
Calcubmiun riak scorws and predicts compllances

Rulie 1INg predictive anatytics

ASPICE Process Areas

Automotive software repositories

Jira issue tracking systems
CI/CD pipeline logs

11

Figure 1: AI-Driven ASPICE Audit Automation Framework
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e  Test management systems
e ASPICE assessment reports

3.3 AI Techniques Used
Table 2: AI Models Utilized in the Framework

Al Technique Purpose
Random Forest Defect prediction
NLP Transformer Models | Requirement compliance analysis
Anomaly Detection Process deviation identification
Reinforcement Learning Adaptive audit optimization
Predictive Analytics Risk forecasting

3.4. Statistical Analysis
The study employed:

e Regression analysis
Precision-recall evaluation
F1-score analysis
Comparative performance metrics
Correlation analysis

Mathematical Representation
Compliance Accuracy Formula

Correct Compliance Detections
CA= - x 100
Total Compliance Checks

Audit Efficiency Improvement

AET — Traditional Audit Time — Automated Audit Time 100
Traditional Audit Time :

4. Results and Discussion
The proposed Al-driven framework demonstrated substantial improvements in audit efficiency, defect detection, and
compliance validation.

4.1. Compliance Accuracy Comparison
Table 3: Compliance Validation Performance

Method Accuracy | Precision | Recall
Manual Audit 81% 78% 74%
Rule-Based Automation 88% 85% 83%
Proposed Al Framework 96% 94% 93%

Interpretation
The Al-driven framework achieved superior compliance validation accuracy due to intelligent anomaly detection and
adaptive learning mechanisms.

4.2. Audit Time Reduction
Table 4: Audit Efficiency Comparison

Audit Method Average Audit Time
Traditional Manual Audit 18 days
Semi-Automated Audit 11 days
Proposed Al Framework 6 days
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Figure 2: Audit Time Reduction Graph
The framework reduced audit completion time by approximately 42%.
4.3. Defect Prediction Performance
Table 5: Defect Detection Comparison
Approach Defect Detection Rate | False Positives
Traditional QA 72% 18%
ML-Based Detection 87% 11%
Proposed Framework 94% 6%

4.4. Case Study
Automotive ECU Development Project
A Tier-1 automotive supplier implementing the framework across an Electronic Control Unit (ECU) development program
observed:
e 38% reduction in non-compliance findings
e 47% improvement in traceability verification
o Faster ASPICE Level 3 assessment readiness
e Reduced audit preparation effort

4.5. Practical Implications
The proposed framework benefits:
e  Automotive OEMs
Embedded software engineering teams
ASPICE assessors
Functional safety auditors
DevOps quality governance teams

Key industrial advantages include:

e Real-time compliance monitoring
Intelligent evidence tracking
Reduced operational cost
Continuous process improvement
Predictive quality assurance

S. Conclusion

This study proposed an Al-Driven SQA Audit Automation Framework for ASPICE-compliant automotive software
development environments. The framework integrates machine learning, NLP, anomaly detection, and predictive analytics to
automate audit workflows and enhance compliance validation accuracy. Experimental analysis demonstrated substantial
improvements in audit efficiency, defect prediction capability, and process governance compared to conventional manual
auditing approaches.
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The research confirms that Al-enabled compliance intelligence can significantly transform automotive software quality

assurance by enabling scalable, adaptive, and real-time auditing ecosystems. The proposed framework supports modern
automotive engineering practices including Agile, DevOps, and continuous software delivery.

The study contributes academically by bridging the gap between Al-driven software analytics and ASPICE process

governance while providing practical implementation guidance for automotive organizations pursuing higher process maturity.

6. Future Scope

Future research can focus on:

e Integration with Generative Al-based audit assistants

e Federated learning for cross-organizational compliance intelligence
e Explainable Al (XAI) for transparent audit recommendations

e Blockchain-enabled audit traceability

Real-time digital twin-based process compliance monitoring
Integration with ISO 26262 and cybersecurity standards

e  Autonomous audit orchestration using Al agents
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