VEHICLE ATTRIBUTES & TARGETS

SUDARSHANA KARKALA | EV.ENGINEER | carsoftwaresystems@gmail.com | +91 9845561518 | LinkedIn | CAR SOFTWARE SYSTEMS

INTRODUCTION

What are Vehicle Attributes?

Vehicle attributes define the core characteristics that determine vehicle performance, safety, user experience, and
compliance with industry regulations. In EV Battery Management System (BMS) Software Development, these
attributes play a key role in designing reliable, efficient, and user-friendly electric vehicles (EVs).

Why are Vehicle Targets Important?

Vehicle targets are the quantifiable goals set for attributes, ensuring that performance, safety, cost, and efficiency
expectations are met. These targets are crucial for:

. Aligning engineering efforts with customer expectations.

. Ensuring regulatory compliance (ISO 26262, IEC 61508, ASPICE).

Improving battery performance, durability, and lifecycle efficiency.

VEHICLE ATTRIBUTES RELEVANT TO EV BMS SOFTWARE DEVELOPMENT

Key BMS Specific Attributes in EV Software Development:

o State of Charge (SOC) & State of Health (SOH) Estimation
e Accurate SOC prediction within 2% margin.
e Adaptive SOH prediction using Al-driven analytics.

o Integration with cloud-based battery monitoring for predictive maintenance.

o Battery Thermal Management
o Real-time thermal control with active cooling strategies.
¢ Al-based heat dissipation algorithms to prevent thermal runaway.

o Continuous monitoring for optimal temperature operation.

« Battery Safety & Fault Management
o Overcurrent, over-voltage, and thermal protection.
« Integration of Machine Learning for early failure detection.

« Automated fault recovery via self-healing software protocols.
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« Energy Efficiency & Range Optimisation
» Regenerative braking energy optimisation.
o Al-based energy management algorithms.

« Dynamic battery pack reconfiguration for enhanced lifespan.

¢ Over-the-Air (OTA) Software Updates
« Remote firmware upgrades to enhance performance.
e  Secure update mechanisms with encryption and authentication layers.

« Customisable software settings for range extension modes.

o Battery Pack Communication & Data Analytics
e« CAN, LIN, and Ethernet-based communication protocols.
o Cloud-based battery analytics for performance tracking.

¢ Integration with V2G (Vehicle-to-Grid) energy systems.

Example - Impact of BMS Attributes on EV Software:
o SOC Accuracy: Real-time adaptive estimation prevents unexpected shutdowns.
o Thermal Management: Al-driven cooling reduces battery degradation by 30%.

. Predictive Fault Management: Machine Learning reduces BMS failure rates by 25%.

SETTING TARGETS FOR EV BMS SOFTWARE DEVELOPMENT

Target Setting Approach:
o Customer Expectations Analysis — Understanding user needs for range, charging speed, and durability.
« Benchmarking Against Competitors — Comparing Tesla, BYD, and Rivian battery attributes.
« Engineering Feasibility Assessment — Ensuring realistic targets based on available technology.
« Regulatory Compliance Check — Aligning with ISO, IEC, and ASPICE standards.

« lterative Refinement & Validation — Continuous testing and optimisation.

Examples of BMS Specific Software Targets:

BMS Attribute Target Goal
SOC Estimation Accuracy +2% error margin
Thermal Management Maintain battery at 20°C-35°C under peak load
Fast Charging Optimization 80% charge in 20 minutes with minimal heat generation
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Battery Fault Detection Predict faults 48 hours before failure using Al models

V2G Communication Latency < 100ms response time

Software Update Deployment Time < 10 minutes for full OTA update

Example - Target Setting for Al-Enhanced SOC Prediction:
. Problem: SOC estimation errors cause range anxiety.

. Target: Implement adaptive machine-learning models to maintain accuracy within £2%.

WORKFLOW DIAGRAM FOR EV BMS SOFTWARE TARGETING

Step-by-Step Process for Defining & Achieving BMS Software Targets
o Customer Requirement Gathering — Conduct surveys, study user behaviour.
o Technical Benchmarking — Compare industry best practices.
» Software-Hardware Co-Design — Ensure real-time data exchange efficiency.
« Prototype Testing & Validation — Simulate battery software behaviour.
o lterative Refinement — Improve software energy management based on real-world data.

« Final Deployment & Monitoring — Implement validated BMS software in fleet testing.

(Workflow diagram will illustrate interconnections between target setting and implementation)

CASE STUDY: AI-ENHANCED BMS SOFTWARE TARGETS

Case Study: Fast-Charging Optimisation for EV BMS Software

Challenge: Customers demand shorter charging times without degrading battery health.

Solution Using BMS Software Target Setting:
« Empathise: Analyse user expectations for fast charging.
« Define: Identify issues like battery overheating & charge imbalance.
« Ideate: Develop Al-driven charging profiles and thermal balancing techniques.
« Prototype: Implement dynamic cooling algorithms to regulate temperature.

o Test & Validate: Ensure charge times meet efficiency goals without excess heat buildup.
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Result:
. Charging time reduced by 30%.
o Battery thermal stability improved by 40%.

. BMS fault detection rate enhanced by 25% due to Al-driven predictions.

CONCLUSION & INDUSTRY BEST PRACTICES

. BMS software attributes drive battery efficiency, reliability, and safety.
. Accurate SOC/SOH estimation improves range prediction and battery longevity.
o Thermal management optimisation prevents failures and enhances efficiency.

. OTA updates & Al-driven diagnostics improve BMS adaptability.

Industry Best Practices for BMS Software Target Setting:
« Al-Based Battery Monitoring — Enhancing SOC & SOH prediction accuracy.
« Cloud-Integrated Battery Analytics — Predicting failures before they occur.
o Real-Time Thermal Management — Adapting cooling to driving conditions.
o V2G Communication Efficiency — Optimising energy exchange for smart grids.

o OTA Security & Compliance — Ensuring software updates meet cybersecurity standards.

SUDARSHANA KARKALA | EV.ENGINEER | carsoftwaresystems@gmail.com | +91 9845561518 | LinkedIn | CAR SOFTWARE SYSTEMS


https://ev.engineer/
mailto:carsoftwaresystems@gmail.com
https://www.linkedin.com/in/sudarshanakarkala/
https://carsoftwaresystems.com/

