
[image: image]



Ultimate
AI-Powered App
Development with Kotlin

[image: ]

Build Intelligent Android Apps with Kotlin,
Jetpack Compose, On-Device AI, LiteRT, ML Kit,
Google Colab, Gemini, ChatGPT, and Machine Learning

[image: ]

Pankaj Kumar


[image: ]

www.orangeava.com




Copyright © 2026 Orange Education Pvt Ltd, AVA®

All rights reserved. No part of this book may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, without the prior written permission of the publisher, except in the case of brief quotations embedded in critical articles or reviews.

Every effort has been made in the preparation of this book to ensure the accuracy of the information presented. However, the information contained in this book is sold without warranty, either express or implied. Neither the author nor Orange Education Pvt Ltd or its dealers and distributors, will be held liable for any damages caused or alleged to have been caused directly or indirectly by this book.

Orange Education Pvt Ltd has endeavored to provide trademark information about all of the companies and products mentioned in this book by the appropriate use of capital. However, Orange Education Pvt Ltd cannot guarantee the accuracy of this information. The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and regulations and therefore free for general use.

First Published: November 2026

Published by: Orange Education Pvt Ltd, AVA®

Address: 9, Daryaganj, Delhi, 110002, India

275 New North Road Islington Suite 1314 London,

N1 7AA, United Kingdom

ISBN (PBK): 978-81-69646-77-2

ISBN (E-BOOK): 978-81-69646-78-9

Scan the QR code to explore our entire catalogue


[image: ]

www.orangeava.com





Get a Free eBook


We hope you’re enjoying your recent book purchase! Your feedback is incredibly valuable to us and helps other readers discover books that truly make a difference.

If you found this book useful or enjoyable, we’d greatly appreciate it if you could leave a short review with a 5-star rating on Amazon. Your review supports our work and allows us to reach more learners worldwide.

As a thank-you, we’re happy to offer you a free digital copy of this book plus a 30% discount code for your next purchase on our official websites:

www.orangeava.com

www.orangeava.in (For the Indian Subcontinent).

[image: ] Here's how:

Leave your review on Amazon, take a screenshot of the confirmation or use the following link to submit the claim and email it to info@orangeava.com. Once received the required detail, we will send your rewards within 24 hours, along with one month free subcription to the book on AVA SkillShelf!

Claim Form
https://rebrand.ly/4d2477

Thank you for your support—it truly means a lot to us.





Enjoy 1 Month of Free Access to AVA SkillShelf!


The future belongs to lifelong learners. With AVA SkillShelf, you go beyond reading books and start building real, job-ready skills curated by industry experts.

Your membership unlocks 200+ learning products covering AI, Cloud, Python, Cybersecurity, Data Science, DevOps, and more—all in one platform. Our bestselling technical books are transformed into structured courses designed for practical, real-world application.

Learn directly from experienced professionals and published authors, with no filler—just actionable insights. Earn verified digital certifications to strengthen your CV, LinkedIn profile, and professional credibility.

Learn anytime, anywhere, on any device, at your own pace. Ideal for students, professionals, career switchers, and tech leaders.

For full access to all current and future courses, choose our Annual Membership. Simply scan the QR to get started!

For 1 month Free access, simply refer to the steps on the previous page titled:
Get a Free ebook!


[image: ]

https://www.avaskillshelf.com/





Downloading the code
bundles and colored images


Please follow the link or scan the QR code to download the
Code Bundles and Images of the book:

https://github.com/ava-orange-education/-Ultimate-AI-Powered-App-Development-with-Kotlin


[image: ]

The code bundles and images of the book are also hosted on
https://rebrand.ly/d6a8a5


[image: ]

In case there’s an update to the code, it will be updated on the existing GitHub repository.

Errata

We take immense pride in our work at Orange Education Pvt Ltd and follow best practices to ensure the accuracy of our content to provide an indulging reading experience to our subscribers. Our readers are our mirrors, and we use their inputs to reflect and improve upon human errors, if any, that may have occurred during the publishing processes involved. To let us maintain the quality and help us reach out to any readers who might be having difficulties due to any unforeseen errors, please write to us at :

errata@orangeava.com

Your support, suggestions, and feedback are highly appreciated.




Dedicated To

My Beloved Parents:
Shri Ranjeet Kumar Singh and Dr. Manju Kumari.

My Brother, Rakesh Roushan,

And Sister-in-law, Babita Kumari.

My Wife, Sangeeta,

And My Daughters, Shanvi and Pankhudi.





About the Author


Pankaj Kumar is a Mobile Architect with more than 15 years of experience designing and delivering secure, scalable mobile applications. Over the course of his career, he has worked across Banking, FinTech, and PropTech, taking on roles ranging from software development and technical leadership to principal engineering and mobile architecture. His work spans across Android, Kotlin, mobile architecture, performance optimization, security, and platform engineering.

Pankaj has led engineering teams and worked on products used across different markets, with a strong focus on building applications that are scalable, secure, and practical to maintain. His experience includes modern Android architecture, Jetpack Compose, modular application design, Server-Driven UI, Backend for Frontend, AOSP, and mobile security. He has also worked extensively on performance optimization and engineering practices that improve development efficiency and product quality.

Currently, his interests have increasingly focused on Artificial Intelligence and its practical use in mobile applications. He has hands-on experience integrating AI into mobile products, including designing and developing an AI-powered chatbot and addressing challenges such as hallucinations, incorrect responses, security, and responsible AI integration. His AI/ML interests include Generative AI, LLMs, LiteRT, ML Kit, prompt engineering, model optimization, and AI integration.

Pankaj has been an active member of the developer community for many years. He has contributed extensively to Stack Overflow, where his reputation has grown beyond 83,000, reflecting years of sharing practical solutions and knowledge with other developers. He also shares technical knowledge through articles and blog contributions, and mentors the technology community through ADPList, helping others with their technical growth and careers. Pankaj is the author of Building Android Projects with Kotlin, published in 2022.





About the Technical Reviewers


Imran Solanki is a Senior Consultant and Software Architect with over 13 years of experience building scalable software systems across telecommunications, health tech, IoT, logistics, and finance. Passionate about artificial intelligence and modern software engineering, he helps organizations build intelligent, cloud-native applications that solve real-world problems. Imran enjoys mentoring developers through teaching, technical workshops, and conference talks. Born and raised in Pune, with roots in Mandrella (Jhunjhunu), Rajasthan, Imran lives with his parents, wife, and three children. This book reflects his passion for combining AI with sound engineering principles to build reliable, practical software.

Anuj Ashok Potdar is a Senior Software Engineer at Kayak, AI researcher, and Java expert specializing in secure distributed systems and Trustworthy AI. A graduate from Northeastern University, Anuj is an accomplished software engineer with a robust background in designing scalable Java microservices, event-driven architectures, and distributed systems.

Amirtha Saminathan is a Lead Software Engineer with nearly two decades of experience designing and modernizing enterprise applications across retail, financial services, and energy domains. Her expertise spans Java, Kotlin ecosystem technologies, Spring Boot, microservices, cloud platforms, Kubernetes, event-driven architectures, and enterprise AI.

Throughout her career, Amirtha has contributed to large-scale digital transformation initiatives, building scalable systems that improve operational efficiency, customer experiences, and business decision-making. Her current interests focus on practical enterprise AI, including AI-powered application development, responsible AI adoption, governance, explainability, and the integration of intelligent capabilities into business-critical systems.

Beyond her engineering work, Amirtha contributes to the broader technology community as a technical reviewer and innovation judge, evaluating emerging technologies, AI solutions, and software engineering practices. She brings to this book a practitioner’s perspective, emphasizing technical accuracy, real-world applicability, maintainability, and effective AI integration in modern application development.





Acknowledgements


Writing a book is never a solo effort. I am grateful to everyone who supported, encouraged, and guided me throughout this journey.

To my wife, Sangeeta,

Thank you for your constant support, patience, and encouragement. Your understanding, especially through the long days and late nights, made it possible to complete this book. I could not have done it without you.

To my daughters, Shanvi and Pankhudi,

Thank you for bringing so much happiness and warmth into this journey. I hope that one day, when you read this book, you will know how much your love and presence meant to me, while I was writing it.

I am grateful to my teachers, colleagues, friends, and the developer community for the knowledge, discussions, and encouragement that have shaped my learning over the years. Many of those experiences have influenced the ideas shared in this book.

A special thanks to the technical reviewers for taking the time to read the material, and provide valuable feedback. Their suggestions helped to make the explanations clearer and more practical.

Finally, I am grateful to the editorial team at Orange Education Pvt Ltd for their patience, guidance, and support throughout the writing and publishing process.

To everyone who supported this book in big or small ways, thank you!





Preface


Mobile applications have changed a lot over the years. Early apps mostly followed a fixed set of rules. A user tapped a button, the application performed a predefined task, and the result was predictable. Artificial Intelligence (AI) is changing that model.

An application can now understand text, recognize objects, personalize content, generate responses, and adapt its behavior based on data. Some of these capabilities can run directly on a device. Others can use powerful cloud-based models. The challenge is no longer only about adding an AI model. It is about bringing AI into a real application in a way that is useful, responsive, secure, and reliable.

That is where this book begins.

The journey starts with Kotlin, the foundation for modern Android development. From there, it moves through Android application development, machine learning, deep learning, on-device AI, computer vision, natural language processing, recommendation systems, Generative AI, and AI-first user experiences. The later chapters bring these ideas together through practical projects.

Therefore, the goal is not to treat AI as something separate from application development. The focus is on understanding how the two can work together.

Chapter 1: Introduction to Kotlin and AI in Mobile Apps

The journey begins by looking at why Kotlin and AI make a natural combination for modern mobile applications. The chapter introduces Artificial Intelligence (AI), Machine Learning (ML), Deep Learning (DL), and Natural Language Processing (NLP). It also looks at how AI can improve user experiences and why privacy, data usage, and responsible AI matter when intelligence becomes part of an application.

Chapter 2: Understanding Kotlin Basics

Before building intelligent applications, the language behind them needs a solid foundation. This chapter starts with Kotlin fundamentals. Variables, data types, null safety, control flow, functions, Object-Oriented Programming (OOP), and scope functions are introduced through practical examples. These concepts provide the building blocks for the Android and AI work that follows.

Chapter 3: Deep Dive into Kotlin

Kotlin has much more to offer once the basics are in place. This chapter explores collections, functional programming, higher-order functions, sequences, extension functions, DSLs, and functional error handling. It also introduces coroutines, dispatchers, and scopes. Together, these features help create cleaner and more efficient application code.

Chapter 4: Building Your First Android App

The focus now moves from the language to the Android platform. The chapter walks through Android Studio and the structure of an Android project. Activities, Fragments, Services, Content Providers, XML layouts, and Jetpack Compose are introduced along the way. Navigation, resources, localization, and screen-to-screen communication complete the foundation for the applications built later.

Chapter 5: Getting Started with Machine Learning

The next step is to bring Machine Learning (ML) onto a mobile device. This chapter introduces LiteRT, and explains how an ML model differs from traditional programmatic logic. The complete journey is covered, from designing and training a model to optimization and deployment. A small Python foundation helps connect model creation with Kotlin-based Android development.

Chapter 6: Deep Learning for Mobile Apps

Deep learning brings more capability, but it also brings new engineering challenges. Mobile devices have limits on memory, processing power, battery, and thermal performance. This chapter explores those limits and looks at model compression, pruning, quantization, GPU acceleration, and the Neural Networks API. It also considers when processing should happen on the device, and when the cloud is a better choice.

Chapter 7: Natural Language Processing on Mobile with LiteRT

Language is one of the most natural ways for people to interact with applications. This chapter explores how Natural Language Processing (NLP) can run locally on a mobile device. It covers text inference, memory management, multilingual processing, translation, and practical features such as smart replies and voice assistants. The chapter ends with a hands-on text classification pipeline using LiteRT Task Libraries.

Chapter 8: Object Detection and Image Segmentation

The focus then shifts from language to vision. Images contain a different kind of information, and extracting that information requires different models and techniques. This chapter introduces classification, object detection, and image segmentation, along with architectures such as SSD, YOLO, U-Net, and DeepLab. The concepts lead to a real-time computer vision application that works with live camera input.

Chapter 9: Recommendation System and Personalization

Intelligence becomes more personal when an application can learn from patterns in user behavior. This chapter explores recommendation systems using techniques such as vector embeddings, matrix factorization, and collaborative filtering. The discussion also considers the practical limits of mobile devices, including battery and resource usage, before moving toward hybrid and sequential recommendation approaches.

Chapter 10: Designing User-Centric AI Apps

A model can produce an accurate result and still lead to a poor user experience. AI changes how an interface needs to communicate loading, uncertainty, latency, and results. This chapter brings AI and user experience together using Jetpack Compose. It explores responsive interfaces, accessibility, transparency, trust, and fallback behavior so that AI becomes a useful part of the experience, rather than simply another feature.

Chapter 11: Project: Sentiment Analysis of User Input with TensorFlow

The concepts now come together in the first major project. A sentiment analysis application is built from the ground up. The journey starts with training a text classification model using Python and the IMDb dataset. The model is then converted, optimized, and brought into Android using LiteRT. Jetpack Compose completes the experience with instant, on-device sentiment feedback.

Chapter 12: Image Processing Using ML Kit

The second project moves into real-time computer vision. SmartLens combines CameraX, ML Kit, and Jetpack Compose to process camera frames on the device. Object detection, text recognition, language detection, and translation come together in a single application. The project also addresses practical concerns such as memory usage and UI performance.

Chapter 13: Project: Contextual AI Assistant

Not every AI problem needs to run on the device. This chapter moves into cloud-based Generative AI, and explores the difference between traditional predictive models and Large Language Models (LLMs). Gemini and ChatGPT are integrated into an Android application through network and repository layers. The result is a conversational interface built with Jetpack Compose.

Chapter 14: Testing and Optimization

An application that works during development still needs to work reliably in the real world. AI adds another layer of complexity because model outputs are not always deterministic. This chapter explores testing strategies for AI applications, along with memory management, model reuse, battery consumption, thermal behavior, and performance profiling. The focus is on turning an experimental AI feature into a stable application.

Chapter 15: Deploying Your AI App

Building an application is only part of the journey. The final product also needs to be secure, tested, and ready for distribution. This chapter walks through preparing an AI application for the Google Play Store. It covers code obfuscation, protecting model assets, Play Console testing tracks, AI safety declarations, AICore, asset delivery, Crashlytics, and performance monitoring.

Chapter 16: The Future of AI in Mobile Apps

The final chapter looks beyond the applications built in the book. Mobile AI is continuing to evolve, with more intelligence moving between devices and the cloud. Hybrid execution, edge computing, cloud LLMs, and emerging ideas such as Quiet AI point toward a different kind of mobile experience. The chapter closes by looking at the skills and engineering considerations that will matter as mobile AI continues to grow.

The journey begins with a programming language and ends with a much broader view of intelligent application development. Along the way, the pieces come together gradually: Kotlin provides the foundation, Android provides the platform, machine learning provides intelligence, and thoughtful engineering turns that intelligence into a useful product.

AI is moving quickly. The tools will continue to change. Models will become more capable, devices will become more powerful, and the boundary between on-device and cloud intelligence will continue to shift.

The fundamentals, however, remain important.

A good AI-powered application is not defined only by the model behind it. It is defined by how well the model, application, user experience, performance, privacy, security, and real-world constraints work together.

That is the journey we are about to take together.





DID YOU KNOW

Did you know that Orange Education Pvt Ltd offers eBook versions of every book published, with PDF and ePub files available? You can upgrade to the eBook version at www.orangeava.com and as a print book customer, you are entitled to a discount on the eBook copy. Get in touch with us at: info@orangeava.com for more details.

At www.orangeava.com, you can also read a collection of free technical articles, sign up for a range of free newsletters, and receive exclusive discounts and offers on Books and eBooks.

PIRACY

If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at info@orangeava.com with a link to the material.

ARE YOU INTERESTED IN AUTHORING WITH US?

If there is a topic that you have expertise in, and you are interested in either writing or contributing to a book, please write to us at business@orangeava.com. We are on a journey to help developers and tech professionals to gain insights on the present technological advancements and innovations happening across the globe and build a community that believes Knowledge is best acquired by sharing and learning with others. Please reach out to us to learn what our audience demands and how you can be part of this educational reform. We also welcome ideas from tech experts and help them build learning and development content for their domains.

REVIEWS

Please leave a review. Once you have read and used this book, why not leave a review on the site that you purchased it from? Potential readers can then see and use your unbiased opinion to make purchase decisions. We at Orange Education would love to know what you think about our products, and our authors can learn from your feedback. Thank you!

For more information about Orange Education, please visit www.orangeava.com.







Table of Contents


1. Introduction to Kotlin and AI in Mobile Apps

Introduction

Structure

Book’s Purpose and Target Audience

Introduction to AI

Types of AI (Machine Learning, Deep Learning, and NLP)

Machine Learning (ML)

Deep Learning

Natural Language Processing

The Importance of AI in Enhancing User Experiences

Ethical Considerations in AI

Accountability and Responsibility

Misuse of AI

Ethical Alignment and Autonomy

Safety

Employment and Economic Impact

Environmental Impact

Overview of Kotlin's Role in Modern App Development

Book Structure and Learning Objectives

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

2. Understanding Kotlin Basics

Introduction

Structure

Syntax Fundamentals

Basic Syntax

Variables

Immutable (Read-only) Variables

Mutable Variables

Strict Initialization

Top-level Variables

Data Types

Integers

Floating Point Numbers

Unsigned Integers

Booleans

Characters

Special Characters

Strings

String Literals

Null Safety

Control Flow

Conditional Expression

Ranges

Common Range Operations

Iterating with Collections

Iterations

For

Syntax

While

Iterations in Modern Kotlin Structures

Fixed Repetition with Repeat

Functional Iteration with forEach

Functions

Named Arguments

Default Parameter Values

Single Expression Function

No Return from Function

Lambda Expressions

Member Functions

Classes

Secondary Constructor

Creating Instance

The Foundation of Kotlin OOP

Inheritance

Member Functions

Data Classes

Sealed Classes and Interfaces

Benefits of Using Sealed Classes

Nested and Inner Classes

Enum Classes

Inline Value Classes

Singleton Class

Scope Functions

let

apply

run

also

with

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

3. Deep Dive into Kotlin

Introduction

Structure

Collections

Lists

Immutable List

Mutable List

Best Practices for Using List

Sets

Immutable Set

Mutable Sets

Best Practices for Using Set

Maps

Best Practices for Using Map

Choosing the Right Collection

Functional Operations

Mapping Elements in Collections

Filtering Elements in Collections

Reducing Values

Folding Values

Chaining Collection Operations

Best Practices

Functional Programming Concepts

Core Functional Programming Concepts

First-Class Functions

Lambda Function Types

Function References

Inline Functions

Higher-Order Functions

Best Practices of Using Higher-Order Functions

Pure Functions

Best Practices While Using Pure Functions

Immutability

Best Practices for Immutability

Function Composition

Best Practices While Using Function Composition

Lazy Evaluation with Sequences

Best Practices While Using Sequences

Functional Error Handling

Functional Error Handling Approaches

Using the Result<T> Type

Best Practices While Using the Result<T> Type

Using Sealed Classes for Custom Error Handling

Using the Either Type (Arrow Library)

Best Practices While Using Either

Functional Retry Mechanism with Tail Recursion

Best Practices While Using Tail Recursion

Kotlin Extensions

Extension Functions

Extension Properties

Nullable Receiver in Extensions

Coroutines

The Need for Coroutines

The Problem with Threads and Callbacks

Solution Using Coroutines

Defining Coroutines

The Suspend Function

Coroutine Context

Coroutine Scope

Coroutine Dispatchers

Dispatchers.Main (UI Thread)

Dispatchers.IO (For Background Work)

Dispatchers.Default (For CPU-Intensive Tasks)

Dispatchers.Unconfined (Inherited Thread)

Coroutine Builders

Launch

async

runBlocking

withContext

Practical Coroutine Use Cases

Parallel Execution

Retry Mechanism

Timeout Handling

Kotlin DSL

Kotlin DSL: Example with an HTML Builder

DSL for Configurations (Gradle Example)

Custom Gradle Task in Android Using Kotlin DSL

Best Practices while Using Kotlin DSL in Android

Conclusion

Multiple Choice Questions

Answers

Points to Remember

Questions

Key Terms

4. Building Your First Android App

Introduction

Structure

Setting up Android Studio

Installing Android Studio

Create a New Project

Understanding the Project Structure

Importance of AndroidManifest.xml

Android Component Interaction

Activities

Basic Structure of an Activity

Activity Lifecycle

onCreate()

onStart()

onResume()

onPause()

onStop()

onRestart()

onDestroy()

Handling System Kills with onSaveInstanceState()

Fragments

Activities and Fragments

Modular UI Design with Fragments

Reusability Using Fragments

Best Practices

Adding a Fragment to an Activity

Intents

Types of Intents

Using Intents with Different Android Components

Intent Handling in the System

Services

Broadcast Receivers

Content Providers

User Interface Design with XML and Jetpack Compose

XML-Based UI Design

Jetpack Compose

Navigation between Screens

Navigation between Activities

Navigation between Fragments

Navigation in Jetpack Compose

Application Resources and Localization

Resources

Localization

Testing the Localization

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

5. Getting Started with Machine Learning

Introduction

Structure

Basics of Machine Learning

Understanding Machine Learning

Foundational Machine Learning Terminology

Machine Learning Workflow

Types of Machine Learning

Traditional Programing versus Machine Learning

The Importance of Machine Learning in Android

Learning without the Cloud

Common Use Cases for Mobile Apps

Developer’s Machine Learning Toolkit

The Step-by-Step Workflow of an ML Project

Define and Design

Specify Inputs and Outputs

Prepare and Train

Collect and Prepare Data

Choose or Build a Model

Train the Model

Evaluate the Model

Optimize and Deploy

Convert the Model (for Mobile Use)

Integrate into Android

Test and Improve

Introduction to LiteRT

Framework Workflow Overview

Add LiteRT Dependency

Add a Pre-Trained Model

Put the Model in Assets

Code Implementation

Python Primer for Machine Learning

Introduction to Python

Python Speaks the Language of AI

Core Python Structural Concepts

Python versus Kotlin

First Python Code

Running the First Python Code

Setting up Your Python ML Powerhouse

Step 1. Install Python

Step 2. Install TensorFlow

Step 3. Quick TensorFlow Check-up

Levelling up Your Python ML Skills

Roadmap for Becoming a Python ML Expert

Model Training and Deployment

Introduction to ML Model

Training a Basic Image Classification Model in Python

Prepare the Dataset

Evaluate the Model

Export the Model as .tflite

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

6. Deep Learning For Mobile Apps

Introduction

Structure

Benefits of Deep Learning for Mobile Applications

Understanding On-Device versus Cloud-Based ML

Advantages of On-Device Machine Learning

Lower Latency and Real-Time Responsiveness

Offline Functionality

Enhanced Privacy and Data Security

Cost Efficiency and Scalability

Real-World Use Cases of On-Device Deep Learning

Technical Considerations for On-Device Deep Learning

Diving Deeper into LiteRT

LiteRT Interpreter: The Core Execution Engine

Leveraging Delegates for Hardware Acceleration

Framework Selection for Mobile ML Deployment

Optimizing Deep Learning Models for Mobile

Quantization

Post-Training Quantization

Quantization-Aware Training (QAT)

Trade-offs: Accuracy versus Model Size versus Inference Speed

Pruning

Tools and Practical Examples

Other Optimization Techniques

Weight Clustering

Operator Fusion

Lightweight Model Architectures (Stripped-Down Architecture Design)

Efficient Model Design Principles

Making Inference Faster on Mobile

Using Hardware Acceleration

Graphics Processing Unit (GPU)

Neural Networks API (NNAPI)

Digital Signal Processors (DSPs)

Benchmarking and Profiling Model Performance

Benchmarking Model Performance

Profiling Model Performance

Optimizing Batch Size, Threading, and Reducing Latency

Batch Size Optimization

Threading for Parallelism

Reducing Latency through System-Level Optimizations

Integration and Deployment Best Practices

Bundling Models in the APK

Managing Multiple or Large Models Effectively

Handling Model Updates

Update Workflow

Production Update Concerns

Security

Case Studies: Deep Learning in the Real World

Google Translate

Snapchat Filters

Other Examples

Instagram Face Filters

AI Camera Enhancements

Core Design Principles Derived from Case Studies

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

7. Natural Language Processing on Mobile with LiteRT

Introduction

Structure

Introduction to NLP on Mobile

Overview of NLP and Its Importance in Mobile Apps

Challenges of Running NLP Models on Mobile Devices

Multilingual NLP

Supporting Multiple Languages in Mobile NLP Applications

Challenges of Multilingualism in Mobile NLP

Strategies for Multilingual Support on Mobile

Transliteration and Translation Models

Transliteration Models

Machine Translation Models

Case Studies

Real-World Examples of Mobile NLP Applications

Voice Assistants

Smart Reply and Predictive Text

Real-Time Translation

Other Notable Mobile NLP Applications

Hands-on: Building a Mobile Text Classification App

Sentiment Analysis as a Practical Example

Obtain an Optimized LiteRT Model

Create a New Android Project

Add LiteRT and Coroutines Dependencies

Prepare UI

Implement Sentiment Analysis Logic

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

8. Object Detection and Image Segmentation

Introduction

Structure

Introduction to Object Detection and Image Segmentation

Object Detection

Image Segmentation

Key Differences of Object Detection and Image Segmentation

Uses in Mobile Applications

Object Detection in Mobile Apps

Image Segmentation in Mobile Apps

Object Detection Models

Implementing Popular Models

Single Shot Detector (SSD)

You Only Look Once (YOLO)

Step-by-Step Guide to Integrate These Models

Fine-tuning Pre-Trained Models

Transfer Learning

High-Level Overview of Fine-tuning

Image Segmentation Techniques

Implementing Segmentation Models

Step-by-step Guide to Integrate These Models

Use Cases for Segmentation in Mobile Apps

Background Blur and Replacement

Photo Editing and Enhancement

Medical Imaging

Model Optimization for Mobile

Advanced Quantization

Full Integer Quantization

Model Pruning and Other Techniques

Model Pruning

Lightweight Model Architectures

Other Techniques

Implementation of Real-time Object Detection

Real-time Object Detection

Case Studies

Google Lens

Mobile AR Games

Custom Case Study

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

9. Recommendation System and Personalization

Introduction

Structure

Introduction to Recommendation Systems

The Power of Personalization

A Bird's Eye View of How Recommendations Work

Core Approaches of Solutions

Content-Based Filtering

Collaborative Filtering

Hybrid Systems

Building an On-Device Recommender with LiteRT

The Embedding Advantage

Embeddings Matter

Collaborative Filtering in Action: Matrix Factorization

Data Preparation for Recommendations

Advanced Concepts of Recommendation Architectures

Beyond Simple Models

Sequential Models

Hybrid Models

Privacy and Ethics in Recommendations

The Dual Edge of Personalization

Privacy by Design: The On-Device Advantage

Fairness and Bias

Case Studies

Spotify: Real-Time Personalization on Device

Netflix: The Two-Stage Funnel

YouTube: Familiar at Scale

TikTok: Fast Feedback Loop

Implementation of the Recommendation System

Creating a New Android Project

Project Setup and Dependencies

Developing the Design of UI

Architecture Overview

Data Layer

Domain Layer

UI Layer

The Code for the Recommendation

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

10. Designing User-Centric AI Apps

Introduction

Structure

The AI-First UI/UX Philosophy

Shifting the Mindset

The Five Pillars of AI-First UI

Clarity

Control

Feedback

Simplicity

Trust

Jetpack Compose Fundamentals for AI UIs

The Compose-First Approach

The Compose Architecture

Foundational Components and Layouts

Essential Components

Core Layouts

The Reactive Inference Cycle

State Hoisting

State Management with ViewModel and StateFlow

Handling Asynchronous Work

Building Reusable Composables

Introducing the AIResultCard Composable

Visualizing Confidence and Certainty

Seamless Integration and Interaction Patterns

User-Initiated versus Passive AI Flows

User-Initiated Flow

Passive AI Flow

Hybrid Flow

Managing Latency and Responsiveness

Animating for Feedback

Accessibility and Ethical Design

Accessibility for AI UIs

The Modifier.semantics API

Live Regions for Dynamic Updates

Building Trust through Transparency

UI for Privacy and Consent

UI for Fairness and Bias

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

11. Project: Sentiment Analysis of User Input with TensorFlow

Introduction

Structure

Quick Recap: The Role of Sentiment Analysis in Mobile Apps

Training and Converting Your Sentiment Analysis Model

The Dataset: The IMDb Movie Review Corpus

The Training and Conversion Workflow

Beyond the Basics (Notes for Customization)

Integrating the Model with LiteRT in Android

Project Setup and Dependencies

The SentimentAnalyzer Class

Building the UI with Jetpack Compose

Developing ViewModel SentimentViewModel

Developing UI screen

The Reusable Component SentimentResultCard

The Main Screen SentimentAnalysisScreen

The Entry Point MainActivity

Output of the Project

The Full Application Flow

Real-Time Feedback with Emojis and Colors

Optimization and Future Extensions

Advanced Model Architectures

Multilingual Support and Datasets

Optimization Techniques

Live Input Integration

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

12. Image Processing Using ML Kit

Introduction

Structure

Quick Recap: Image Processing

Understanding SmartLens Architecture

The Frame-to-UI Pipeline

Importance of Translation and Object Detection

Real-World Applications

Setting up the Project

Creating the Project

Adding Dependencies

Implementing Real-Time Object Detection

Working of ML Kit’s Object Detector

The ObjectAnalyzer Implementation

Preparing the Camera Frame

Configuring the Detector

Preventing Multiple Frames from Being Processed

Processing Detection Results

Returning Results to the UI

Releasing the Frame

Integrating Object Detection into Compose

Setting up Camera Analysis

Connecting the Analyzer to Compose

Binding and Displaying the Results

Performance Considerations

Implementation of OverlayBoxes

Implementing Real-Time Text Recognition, Language Detection, and Translation

Handling OCR, Language Detection, and Translation

The TextAnalyzer Implementation

Integrating Translations into Compose

Implementation of TranslateTextScreen

Bringing Features Together in the SmartLens Main Screen

Performance and Security for AI Camera Apps

Performance Optimizations

Security Best Practices

Advanced Use Cases and Extensions

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

13. Project: Contextual AI Assistant

Introduction

Structure

Project Introduction

Understanding the Ecosystem and Pricing Models

Google Gemini

OpenAI ChatGPT (via GitHub Models)

The Economics of API Calls

Example 1: The "Tokenization" Trap

Example 2: Input versus Output Costs

Example 3: The Context Window (The "Memory" Tax)

Project Setup and Architecture

Step 1: Dependencies

Step 2: Securing API Keys

Step 3: The Unified Repository Pattern (A Clean Way)

Configuring Google Gemini

The Gemini Project Setup

The Gemini Repository

Configuring ChatGPT (OpenAI)

The ChatGPT Project Setup

Defining the Data Structure (DTOs)

The OpenAI Repository

Connecting UI to Logic (ViewModel)

Building the UI with Jetpack Compose

The Chat Screen

The Tab Screen

The MainActivity Screen

The Final Output

Best Practices and Safety

Handling Wait Times

Guiding the AI (Prompting)

Privacy and Trust

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

14. Testing and Optimization

Introduction

Structure

Foundations of Testing AI Apps

The Unique Challenges of Testing AI-Driven Applications

The AI Testing Mindset

The AI Testing Pyramid

Test Data Strategy

Testing AI Code (Core Engineering)

Testing Preprocessing Logic

Testing Post-Processing Logic

UI Testing for AI Features

Integration Testing AI Pipelines

Running AI Work off the Main Thread

Debugging AI Applications

Debugging Input Data Issues

Debugging Preprocessing Logic

Debugging Post-processing and Thresholds

Debugging Camera-Based AI Pipelines

Debugging Concurrency and Threading Issues

Common Android AI Pitfalls

Performance Measurement and Optimization

Measuring AI Performance

Profiling on Real Devices

Reusing Models Instead of Reloading Them

Input Optimization Strategies

Balancing Speed and Visual Quality

Model Optimization for Mobile

Model Compression and Validation

UX Considerations after Optimization

Battery and Thermal Awareness

Production Checklist for Optimized AI

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

15. Deploying Your AI App

Introduction

Structure

Introduction to AI App Deployment

The Production Mindset

Unique Challenges of AI Apps

Model Binary Management

Hardware-Dependent Performance

The "Data-Model-Code" Versioning Triangle

Preparing Your App for Release

Build Variants and Optimization

Code Shrinking and Obfuscation

Resource Shrinking

Proguard Rule Configurations

Importance of This Configuration Block

R8/ProGuard Rules for AI Libraries

Asset Handling

Play Asset Delivery (PAD) for Large Models

Developer’s Preparation Checklist

Publishing on the Google Play Store

The Power of the Android App Bundle (AAB)

Introduction to Google Play Testing Tracks

Internal Testing

Closed Testing

Open Testing: The Real-World Sandbox

Moving to Production

AI Compliance and Safety

The Generative AI Declaration

Data Safety and Transparency

Hardware Filtering in Reach and Devices

Google Play Publishing Checklist

App Store Optimization (ASO)

Keyword Strategy for AI

Visualizing the "Invisible"

Trust as a Conversion Metric

Iterative Optimization

Monitoring AI Performance and User Behavior

Tracking the Inference Lifecycle

Monitoring Hardware-Specific AI Failures

Building User Feedback Loops

Master Deployment Checklist

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

16. The Future of AI in Mobile Apps

Introduction

Structure

Evolution of AI in Mobile Applications

Thinking about the Future as an Engineer

From Experiments to Everyday Features

Path for Early-Career Developers

Emerging Trends

More AI Running Directly on Devices

Mixing On-Device and Cloud AI

Context-Aware Mobile Experiences

Real-Time AI in Everyday Applications

Personalization That Respects Users

Quiet AI: Features That Work in the Background

Challenges Worth Solving

Performance and Battery Constraints

Device Diversity and Fragmentation

Testing and Debugging AI Features

User Trust and Clear Behavior

Long-Term Maintenance of AI Features

Opportunities for Growth

AI as a Practical Product Tool

AI for Accessibility and Inclusion

AI That Helps Developers Work Better

Responsible and Sustainable AI

Turning Opportunities into Skills

Project Ideas and Future Direction

Practical AI Project Ideas

Multimodal Mobile Experiences

AI Features That Improve over Time

Preparing for the Next Few Years

Final Thoughts

Conclusion

Points to Remember

Multiple Choice Questions

Answers

Questions

Key Terms

Index





CHAPTER 1

Introduction to Kotlin and AI in Mobile Apps


Introduction

The integration of Kotlin and Artificial Intelligence (AI) represents a paradigm shift in mobile software engineering. This synergy has fundamentally transformed the development of intelligent, interactive, and user-centric applications. By leveraging Kotlin’s modern syntax and safety features alongside advanced AI frameworks, developers can now transition from static, logic-based interfaces to dynamic systems capable of real-time learning and environmental adaptation. This evolution ensures that mobile applications are no longer merely tools, but proactive assistants capable of sophisticated data interpretation and predictive user engagement.

This book will guide you in fully utilizing AI and Kotlin. We will examine the various uses of AI, dive into the fundamental ideas of Kotlin, and discover how to combine these technologies to produce innovative mobile applications. This book will give you the information and abilities you need to create the mobile development of the future, regardless of your level of experience.

Structure

In this chapter, we will discuss the following topics:


	Book's Purpose and Target Audience

	Introduction to AI

	Types of AI (Machine Learning, Deep Learning, NLP)

	The Importance of AI in Enhancing User Experiences

	Ethical Considerations in AI



	Overview of Kotlin's Role in Modern App Development

	Book Structure and Learning Objectives



Book’s Purpose and Target Audience

This book is intended to provide you with the necessary knowledge and abilities to create cutting-edge mobile applications with Kotlin and AI. Whether you are an experienced developer or a newbie, this comprehensive book will help you use these technologies to create unique and user-centric programs.

This book does not require prior knowledge of mobile development, Kotlin, or AI. This book will explain each basic concept that will help you develop applications using Kotlin and AI. After reading this book, you will have a basic understanding of Android mobile development, the use of AI in mobile applications, optimization techniques, testing, and deployment.

You can also refer to the GitHub repository to revise the code discussed in this book. We will develop three Android mobile applications that utilize different AI solutions in various use cases. The code will be available in the GitHub repository https://github.com/ava-orange-education/-Ultimate-AI-Powered-App-Development-with-Kotlin.

Introduction to AI

According to IBM, Artificial Intelligence is the technology that enables computers and machines to simulate human learning, comprehension, problem-solving, decision-making, creativity, and autonomy. In simple terms, AI is a set of technologies that enables machines to perform tasks such as humans. Those machines can make decisions, solve problems, and be creative, just like humans.

There are many areas where AI is helping humans, and its use is increasing day by day. Applications or machines can see and identify objects. They can understand human language and communicate with users. They can analyze the data and provide you with a summary, detailed report, recommendations, and so on. For example, AI can analyze a player's past performance, performance at different venues, and other relevant factors to identify areas where the player may be vulnerable. We can then use these insights to develop a strategy for playing against that player.

The term, "AI" was first used in 1950, and it has evolved in many phases since then. Figure 1.1 will help you understand this evolution.


[image: ]

Figure 1.1: Evolution of AI

You can see how AI has evolved over the years.

Let us see the timeline as follows:


	1950: Artificial Intelligence: Alan Turing published "Computing Machinery and Intelligence," introducing the theoretical benchmark for machine intelligence and sparking the foundational debate on whether machines could eventually simulate human thought.

	1980: Machine Learning: The focus shifted from hard-coded logic to statistical algorithms, enabling systems to "learn" patterns and improve performance directly from historical data.

	2010: Deep Learning: The resurgence of multi-layered neural networks, fueled by massive datasets and GPU power, allowed models to achieve human-like accuracy in vision and language tasks.

	2020: Generative AI: A leap from analyzing data to creating it; these models leverage Transformer architectures to produce original text, images, and code that feel indistinguishable from human work.



Types of AI (Machine Learning, Deep Learning, and NLP)

AI has various techniques and ways of creating intelligence. The following are some commonly used types of AI:


	Machine Learning (ML)

	Deep Learning (DL)

	Natural Language Processing (NLP)



Machine Learning (ML)

Machine learning is the technique of developing systems that can learn from experience and improve over time without explicit programming. It can evaluate and understand the data, find patterns, and make predictions or judgments based on the given data.

The following are some key characteristics of Machine Learning:


	Requires structured data

	Learns from the given data

	Models improve with more data and iterations

	Finds patterns and insights in given data or unseen data



Machine Learning can be divided into a few categories, depending on what the model does:


	Supervised Learning

	Unsupervised Learning

	Reinforcement Learning



Supervised Learning: In this category, we train models on labeled data. Data labeling is a process of adding meaning to different types of datasets, so the dataset can be used to train the machine learning model.

The following Figure 1.2 will explain how supervised learning with data labeling works and how it helps us:
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Figure 1.2: Supervised Learning

In the preceding Figure 1.2, you can see labeled data and labels, which are used to train the model, and when we input the data to the group, it can successfully group the given data.

Unsupervised Learning: Unlike supervised learning, in this category, models find patterns in unlabeled data. It means the system learns from the dataset, which has no predefined labels or tags.

Clustering and associations are two of the most commonly used types in unsupervised learning.


	In clustering, algorithms put a collection of items into groups, where these groups are called clusters.

	In associations, algorithms apply some rules to discover interesting relations between items from a given dataset.



According to Google Cloud, unsupervised learning algorithms are better suited for more complex processing tasks, such as organizing large datasets into clusters. They are useful for identifying previously undetected patterns in data and can help identify features useful for categorizing data.
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Figure 1.3: Unsupervised Learning

The preceding Figure 1.3, represents Unsupervised Learning. Imagine that you have a large dataset about the weather. An unsupervised learning algorithm will go through the data and identify patterns in the data points. For instance, it might group data by temperature or similar weather patterns.

Differences between Supervised and Unsupervised Learning

The following Table 1.1 shows a few differences between supervised and unsupervised learning.








	
	
Supervised Learning


	
Unsupervised Learning





	
Data


	
Labeled data


	
Unlabeled data





	
Goal


	
Predict outcome or label for new data


	
Discover hidden patterns or structure





	
Algorithms


	
Classification


	
Clustering





	
Applications/ Uses


	
Medical diagnosis, Spam detection


	
Market segmentation, Anomaly detection





	
Evaluations


	
Accuracy, precision, and so on.


	
Involves assessing the quality of clusters






Table 1.1: Supervised Learning versus Unsupervised Learning

Reinforcement Learning: This type of machine learning focuses on how machines learn to interact with their surroundings to maximize the cumulative reward. As we know, supervised learning teaches from labeled data, unsupervised learning identifies patterns in unlabeled data, and reinforcement learning is based on trial-and-error learning.

There are four main components in reinforcement learning:


	Agent

	Environment

	Action

	Reward



The agent interacts with the environment by selecting actions. After each action, the environment provides a reward that indicates how good or bad the action was. The agent learns from this feedback to make better decisions over time.

In this category of the learning process, the agent receives rewards or punishments based on its actions. Rewards represent positive reinforcement that the agent wants to maximize, and punishments represent negative results that the agent wants to minimize.

This is how the machine learns to optimize its behavior to achieve the goal. Let us try to understand it more with the following Figures 1.4 and 1.5.

Case 1: Punishment
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Figure 1.4: Reinforcement Learning - Punishment

Case 2: Reward
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Figure 1.5: Reinforcement Learning - Reward

Deep Learning

Deep learning is a subset of Machine Learning. It performs tasks such as classification, regression, and representation.

Unlike machine learning, which uses algorithms and learns independently but needs human intervention to correct errors, Deep learning uses neural networks and advanced computing to reduce human intervention.

The word, “deep” refers to using multiple layers in the network.

As we already know, deep learning is an evolved version of Machine learning. Let us understand the basic difference between Machine learning and Deep learning by following Figure 1.6.
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Figure 1.6: Machine Learning versus Deep Learning

In the preceding Figure 1.6, the Machine Learning workflow relies on a manual “Feature Extraction” step where a human identifies specific characteristics of the input, such as the shape or color of an apple, before passing that data to a classification algorithm. In contrast, the Deep Learning workflow represents an automated, end-to-end process where the neural network performs both “Feature Extraction” and “Classification” simultaneously, eliminating the need for manual intervention to define the object's attributes.

The following are commonly used deep learning network architectures:


	Convolutional neural networks

	Recurrent neural networks

	Fully connected networks

	Generative adversarial networks

	Deep belief networks, and so on.



These architectures are being applied to computer vision, speech recognition, bioinformatics, material inspection, drug design, medical image analysis, natural language processing, games, and so on, to produce better results than humans.

Natural Language Processing

Have you ever thought about how machines [robots or computers] understand and respond to human language




	Content generation

	Enhanced search, data analysis, and insights

	Automation of repetitive tasks





	Speech recognition

	Chatbots and virtual assistants

	Text summarization

	Sentiment analysis

	Text generation



The Importance of AI in Enhancing User Experiences






	Transparency: AI-generated decisions may not always be transparent. Users find it challenging to comprehend how and why particular suggestions or actions were made. Building user confidence and trust is facilitated by making AI procedures transparent and comprehensible.

	Biases: It is possible for AI algorithms to unintentionally reinforce biases found in training data. Discriminatory outcomes or unequal treatment will follow. By leveraging representative, varied datasets, and developers can lessen prejudice.

	Data Privacy and Security: When involving AI, data privacy and security are the most important considerations. User data is crucial to AI-based UX. It brings up issues with security and privacy violations. Businesses must put strong safeguards in place to preserve private data and guarantee adherence to data protection laws.




Ethical Considerations in AI




	Transparency

	Biases

	Data Privacy and Security

	Accountability and Responsibility

	Misuse of AI

	Ethical Alignment and Autonomy

	Safety

	Employment and Economic Impact

	Environmental Impact





Accountability and Responsibility



Misuse of AI





Ethical Alignment and Autonomy




Safety




Employment and Economic Impact




Environmental Impact




Overview of Kotlin's Role in Modern App Development









Book Structure and Learning Objectives




	Understanding of Kotlin and AI

	Basics of Kotlin

	Advanced features of Kotlin

	Basics of Android and the first Android project using the template

	Introduction to TensorFlow, ML Kit, AR, etc., and creating Android applications using these AI platforms.

	Uses of Gemini and ChatGPT

	Testing and optimization of the application

	Releasing the application



Conclusion





Points to Remember


	The first time the world heard about artificial intelligence was in 1950.

	Deep learning is a type of machine learning that can simulate how the human brain works.

	We train models on labeled data. That is supervised learning.

	Data privacy, biases, and safety are some ethical considerations for AI.

	Kotlin can be used to develop Android, Web, Backend, and iOS apps using Kotlin Multiplatform.



Multiple Choice Questions


	What are some benefits of NLP?

	Content Generation

	Enhanced search, data analysis, and insights

	Automation of repetitive tasks

	All of the above



	Where can NLP be used?

	Speech recognition

	Chatbots and Virtual Assistants

	Text generation

	All of the Above



	Unsupervised learning is a type where we train models on labeled data.

	True

	False



	Generative AI is a model of deep learning for producing original/unique content.

	True

	False



	What are the ethical considerations of AI?

	Biases

	Data Privacy and Security

	Accountability and Responsibility

	Safety





Answers


	d.

	d.

	b.

	a.

	d.



Questions


	What is machine learning, and how has it evolved today?

	What is supervised learning?

	What is the difference between supervised and unsupervised learning?

	How can AI help us enhance user experience?

	Can you explain why ethical considerations are required?

	Which types of applications can be developed using Kotlin?
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