TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org

Optimizing Battery Life in 1I0S Apps with Al-
Driven Energy Management

Darsh Viroja, Cyril Thomas, Khyati Joshi, Piyush Kashiyani

1. Student, Department of Information Technology, Atmiya University, Rajkot, Gujarat, India

2. Student, Department of Information Technology, Atmiya University, Rajkot, Gujarat, India
3. Assistant Professor, Department of Information Technology, Atmiya University, Rajkot, Gujarat, India
4. Assistant Professor, Department of Information Technology, Atmiya University, Rajkot, Gujarat, India

Abstract - Battery life remains a critical challenge in mobile application development, especially for iOS platforms, where users expect
both performance and longevity. Traditional battery optimization techniques are static and struggle to adapt to dynamic usage patterns.
This paper introduces an intelligent, Al-driven framework that leverages Core ML to dynamically monitor, predict, and manage battery-
consuming tasks in real time. By analyzing user behavior and system-level metrics, the proposed system adjusts background task
execution, rendering behavior, and GPS activity to reduce energy consumption. Our results demonstrate up to 40% improvement in
battery performance across various use cases, proving the system's effectiveness and adaptability.
Index Terms - iOS, Battery Optimization, Core ML, Al, SwiftUl, Mobile Applications, Energy Management
I.Introduction
Battery efficiency has become a fundamental concern for both developers and users of mobile applications. Despite Apple’s
enhancements such as Low Power Mode and improved background processing, many apps still experience excessive battery drain due
to inefficient handling of resources like GPS, animations, and networking.
To address these limitations, we propose a machine learning-based solution that predicts high energy consumption scenarios and
proactively optimizes app behavior. By leveraging Apple’s Core ML framework, developers can build smart, on-device models that
respond in real-time to user habits, system states, and power metrics. This approach offers more agility compared to conventional
optimization methods.
1. Problem Statement and Objectives
Challenges:
. Static optimization lacks adaptability to real-time usage.
. No granular energy profiling tool for iOS developers.
. Trade-offs between user experience and battery performance.
. Variation in battery behavior across iOS models.
Objectives:
1. Identify resource-heavy patterns in iOS app behavior.
2. Train ML models to predict battery-intensive operations.

3. Integrate Core ML to manage tasks and reduce battery usage.
4. Ensure app performance is not compromised.
5. Create a scalable solution suitable for all iOS apps.
1. System Architecture
1. Presentation Layer: SwiftUl-based Ul for minimal rendering overhead.
2. Domain Layer: Business logic handles predictions and optimization routines.
3. Data Layer: Captures and processes energy metrics from device APlIs.

4. Al Layer: Implements Core ML models to guide real-time adjustments.
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The architecture follows MVVVM (Model-View-ViewModel) principles for modular and scalable development.
111.Methodology

A. Data Collection

We collected real-world metrics using Apple's Instruments (Energy Log, os_signpost) and synthetic app behavior datasets. Data
included CPU/GPU usage, background refresh duration, animation intensity, and network activity.

B. Machine Learning Integration

. Feature Extraction: Key features like frame rates, GPS intervals, user interaction times.
. Model Type: Decision Trees for lightweight inference, Core ML-based neural networks for real-time prediction.
. Prediction Engine: Provides energy impact scores and triggers optimization modules accordingly.

C. Optimization Engine

. Adjusts animation speeds during low battery.

. Defers non-essential background tasks.

. Throttles GPS and sync activities intelligently.
This engine functions using Core ML inferences and operates entirely on-device to preserve privacy and reduce server dependency
1VV.Results And Discussion

1. Model Performance

The proposed framework was tested across different iPhone models (iPhone 12-15) and apps (fitness, navigation, birthday countdown,
news, etc.).

Metric Without Al With Al
Avg. Battery Drain (10 hrs) 28% 16%
Background Task Time 3.1 hrs 1.4 hrs
CPU Usage (%) 23% 12%
Network Calls 140 92

The Al-integrated version consistently demonstrated 35-40% battery savings without degrading user experience.
2. Security Considerations
Given the sensitivity of user data:
. Data is anonymized in accordance with GDPR guidelines.

. Core ML operates on-device to avoid server communication.

TLS 1.3 encryption is applied for any required cloud communication.
3. Real-World Application
. Fitness Apps: Smartly cluster GPS tracking during active periods.

. Streaming Apps: Lower resolution or refresh rates under low battery.
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. News Apps: Fetch data based on predicted active hours.
. Birthday Countdown App: Reduce widget refresh frequency when inactive.

This framework is already partially implemented in our Birthday Countdown App, enhancing battery efficiency in widget-heavy
screens.

Limitations and Future Work

Current Limitations:

. Lack of large-scale public iOS energy datasets.

. Slight variation in results across iOS versions.

. Requires permission for tracking system metrics.

Future Scope:

1. Incorporate TinyML for even lighter inference.

2. Explore transformer models for advanced usage pattern recognition.

3. Add Explainable Al (XAl) to provide transparency in decisions.

4.  Build a developer SDK for plug-and-play integration into third-party apps.

V.CONCLUTION

This research demonstrates that integrating Al into iOS app development can significantly improve battery performance without
affecting user experience. The intelligent framework introduced here enables real-time energy management based on user behavior and
system metrics. With Core ML, developers now have the tools to build responsive, battery-conscious applications that evolve with user
habits.
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