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It gives us immense pleasure to present this curated magazine featuring case studies on
Special Purpose Operating Systems, compiled by the second year students of the Department
of Computer Science & Engineering (Al & ML) at Gharda Institute of Technology. This
edition reflects not only academic effort but also a thoughtful exploration of how operating
systems are evolving beyond traditional computing boundaries.

In today’s technology-driven world, operating systems are no longer confined to desktops or
servers. They have become the invisible backbone of a wide range of specialized
applications—from embedded controllers in everyday appliances to real-time systems
powering critical operations in healthcare, automotive systems, aerospace, and industrial
automation. Unlike general-purpose operating systems such as Microsoft Windows or Linux,
special purpose operating systems are designed with focused objectives such as real-time
responsiveness, minimal resource consumption, high reliability, and domain-specific
functionality.

This magazine is an outcome of a structured academic initiative where students were
encouraged to investigate, analyze, and present case studies on diverse categories of special
purpose operating systems. These include Real-Time Operating Systems (RTOS), Embedded
Operating Systems, Mobile Operating Systems, and Network Operating Systems. Each case
study highlights system architecture, key features, real-world applications, advantages,
limitations, and future scope.

The purpose of this compilation is twofold. First, it aims to provide readers with a
comprehensive understanding of how specialized operating systems address unique
computational challenges. Second, it serves as a platform for students to demonstrate their
analytical thinking, research capabilities, and ability to connect theoretical concepts with
practical implementations.

As you go through this magazine, you will observe how these operating systems play a
pivotal role in enabling emerging technologies such as the Internet of Things (IoT), smart
devices, autonomous systems, and advanced communication networks. The insights
presented here underline the importance of designing efficient and reliable systems tailored to
specific needs.

We hope this collection will serve as an informative resource for students, educators, and
technology enthusiasts, and inspire further exploration in the field of operating systems.

- Team SE CSE AIML

Publication Date — 02/05/2026
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Smart Crop Spraying Drone Using Real-Time Operating System
(RTOS)

1. Introduction

Agriculture is one of the most important sectors in the world. With the increasing
population, the demand for food production is also increasing. Farmers are now adopting
modern technologies to increase productivity and reduce manual labor. One of the most
useful modern technologies in agriculture is the crop spraying drone.

Fig 1: Crop Spraying Drone in Field

A crop spraying drone is an unmanned aerial vehicle (UAV) used to spray pesticides,
fertilizers, and nutrients on crops automatically. These drones help farmers cover large
areas in less time and with higher accuracy compared to manual spraying.

To control the drone efficiently, a Real-Time Operating System (RTOS) is used. RTOS
ensures that all drone operations such as flight control, navigation, obstacle detection,
and spraying are executed at the correct time without delay. Real-time performance is
very important in drones because any delay in control signals may cause instability or
accidents.

This case study explains the working of a crop spraying drone and the role of RTOS in
managing drone operations.



2. Objective of the Case Study
The main objectives of this case study are:

To understand the working of crop spraying drones

To study the role of RTOS in drone operation

To analyze system architecture of the drone

To understand task scheduling and memory management in RTOS
To identify challenges in real-time drone systems

To study advantages of RTOS-based drone systems

To explore future developments in agricultural drone technology

3. Overview of Crop Spraying Drone

Crop spraying drones are used in modern agriculture to automate the spraying process.
These drones fly over agricultural fields and spray pesticides or fertilizers only where
required. This method is known as precision agriculture. The drone consists of motors,
propellers, battery, GPS module, sensors, controller, and spraying mechanism. The drone
follows a predefined path using GPS and sprays chemicals uniformly over the crops.

% Key Features of crop Spraying Drone
Covers large agricultural area quickly

Reduces human labor and effort
Provides accurate and uniform spraying
Reduces chemical wastage

Helps in crop health monitoring

Saves time and operational cost

Fig 2: agriculture crop spraying drone in field



4. Core Functionalities of the Drone
The crop spraying drone performs several important functions during operation.
e Autonomous Flight

The drone can fly automatically using GPS and navigation systems. The farmer can set
the path, and the drone follows the route automatically.

e Automatic Spraying

The drone sprays pesticides and fertilizers at specific locations and in specific quantities.
The spraying system is controlled by the onboard controller.

e Sensor-Based Monitoring

The drone uses sensors such as temperature sensors, humidity sensors, ultrasonic sensors,
and cameras to monitor crop conditions and environmental data.

e Obstacle Detection

The drone detects obstacles such as trees, poles, buildings, and birds using sensors and
avoids collisions automatically.

e Real-Time Data Processing

All sensor data and navigation data are processed in real time by the onboard system to
maintain stable flight and accurate spraying.
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Fig 3: Drone sensors agriculture diagram



5. Role of RTOS in Crop Spraying Drone

A Real-Time Operating System (RTOS) is the most important software component in the
drone system. RTOS manages multiple tasks and ensures that critical tasks are executed
on time.

Functions of RTOS

e Provides real-time response

e Manages multiple tasks simultaneously (multitasking)
e Schedules tasks based on priority

e Handles interrupts quickly

e Ensures stable flight control

e Processes sensor and GPS data in real time

e Controls spraying mechanism

Examples of RTOS Used in Drones

1. FreeRTOS
2. NuttX

3. ChibiOS

4. VxWorks

RTOS ensures that critical tasks like flight control and obstacle detection are executed
without delay, which is very important for drone stability and safety.

6. System Architecture of the Drone

The crop spraying drone system follows a layered architecture. Each layer performs a
specific function.

Layers of Drone System Architecture
1. Hardware Layer
This layer includes all physical components:

Motors
Propellers
Sensors
GPS module

Camera



2. Device Drivers Layer

Device drivers act as an interface between hardware and software. They control motors,
sensors, and other hardware components.

3. RTOS Kernel Layer
The RTOS kernel manages:

+  Task scheduling

+  Memory management

+ Interrupt handling

+ Inter-task communication

4. Application Layer
This layer includes the main drone application such as:

« Navigation control
« Flight control
+ Spray control
« Obstacle detection

+  Monitoring system

Crop Spraying Drone System Architecture
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Fig 4: Drone System Architecture Block Diagram



7. Process and Task Management

RTOS divides the drone operation into multiple tasks or processes. Each task performs a
specific function.

Important Tasks in Crop Spraying Drone

Flight control task
Navigation task

Sensor monitoring task
Obstacle detection task
Spray control task
Communication task

Features of RTOS Task Management

Multitasking (multiple tasks run simultaneously)
Priority-based task execution

Fast interrupt handling

Task synchronization

Inter-task communication

This ensures smooth, stable, and efficient drone operation.
8. Task Scheduling in RTOS

Task scheduling is one of the most important features of RTOS. The RTOS scheduler
decides which task should run at what time based on priority.

Task Priority
Flight Control High
Obstacle Detection High

Sensors & GPS Medium

Communication Medium
Spraying System Low




Benefits of Priority Scheduling

- Critical tasks execute first

- Ensures safe and stable flight
- Improves system performance
« Maintains accurate spraying

- Prevents system delays
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Fig 5: RTOS task scheduling diagram priority based

9. Memory Management in RTOS

Memory management is very important in embedded systems because memory
resources are limited.

Features of RTOS Memory Management

- Static memory allocation

+  Dynamic memory allocation

- Memory protection between tasks
«  Memory pools

« Avoids memory fragmentation

- Efficient use of RAM

RTOS ensures that each task gets proper memory and system performance remains
stable.



10. Real-Time Challenges in Crop Spraying Drone
Crop spraying drones face several real-time system challenges:

Immediate response required for flight control
Delay can cause drone instability

Obstacle detection must be very fast

Accurate spraying while drone is moving
Limited battery life

Environmental disturbances like wind

Sensor data processing in real time

These challenges require efficient RTOS scheduling and task management.
11. Advantages of Using RTOS in Drones

There are many advantages of using RTOS in crop spraying drones:

Real-time response for flight control

Supports multitasking

High system reliability

Efficient hardware resource usage

Fast interrupt handling

Stable system performance

Better task scheduling
RTOS improves overall drone performance and safety.
12. Future Scope

The future of agricultural drones is very promising. Many new technologies will be
integrated with drones in the future.

Future Developments

Use of Artificial Intelligence (AI)

Integration with Internet of Things (IoT)

Advanced navigation systems

Automated crop disease detection

Precision farming techniques

Swarm drone technology (multiple drones working together)
These technologies will make agriculture more smart and efficient.

NN hAE LD =



Fig 6: smart farming drone Al agriculture

13. Conclusion

Crop spraying drones are an important innovation in modern agriculture. They help
farmers save time, reduce labor, and improve productivity. These drones provide accurate
spraying and efficient field coverage. Real-Time Operating System (RTOS) plays a
crucial role in drone operation by providing real-time control, task scheduling, memory
management, and interrupt handling. RTOS ensures stable flight control, accurate
spraying, and reliable system performance.

This case study shows that RTOS-based crop spraying drones are very useful for smart
farming and future agricultural development.
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REAL-TIME OPERATING SYSTEM IN FIRE ALARM AND DETECTION
SYSTEM

1. Abstract

A Fire Alarm and Detection System is a safety-critical monitoring system designed to detect fire
hazards at an early stage and alert occupants immediately. This case study explores the
architecture and working of modern fire alarm systems, focusing on system components,

detection mechanisms, alarm triggering, and emergency response coordination.

The system uses various sensors such as smoke, heat, and gas detectors to continuously monitor
environmental conditions. Once abnormal conditions are detected, the system generates signals
that activate alarms and emergency systems. The report highlights how reliable system design

ensures early detection, quick response, and safe evacuation.

This study demonstrates the importance of integrating fire alarm systems with emergency
systems and monitoring technologies to improve safety in residential, commercial, and industrial

environments.

Keywords: Fire Alarm System, Smoke Detector, Safety System, Emergency Response, Detection

System



2. Introduction
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Fig. 1 Block Diagram of an Automatic Fire Detection and Alarm System

Fire accidents are among the most dangerous hazards affecting human life and infrastructure.
Fires can start due to electrical faults, gas leakage, overheating equipment, or human
negligence. The impact of fire accidents includes loss of life, damage to property, environmental
pollution, and economic loss.

Modern buildings require reliable fire safety systems to detect fire hazards early. Fire alarm and
detection systems play a crucial role in minimizing fire damage by providing early warnings and
enabling fast evacuation.

A fire alarm system continuously monitors environmental conditions such as smoke,
temperature, and gas levels. When abnormal conditions are detected, the system triggers alarm
signals and alerts occupants. These systems are widely used in hospitals, schools, industries,
shopping malls, and residential buildings.

Similar to safety-critical systems, fire alarm systems must operate reliably and respond quickly.
Any delay in detection can lead to severe consequences.

3. Problem Statement

Fire hazards require immediate detection and response. Traditional manual methods of detecting
fire are unreliable because they depend on human observation.

Common problems include:

e Delayed detection of fire

e Lack of automatic warning systems
e Difficulty in identifying fire location
e Slow emergency response



To overcome these limitations, a system is required that:

e Detects fire hazards automatically

e Provides immediate alarm signals

e Identifies the fire location

e Supports safe evacuation procedures
e Operates continuously without failure

A reliable fire alarm detection system solves these problems and ensures improved safety.
4. System Architecture

A. Components
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Fig 2. Overview of Fire Detection System with Input and Output Devices

A fire alarm system consists of the following components:

e Smoke Detectors- Detect smoke particles generated during combustion.

e Heat Detectors- Detect sudden increase in temperature.

e Gas Detectors- Detect harmful gases such as LPG and carbon monoxide.

e Fire Alarm Control Panel (FACP) Processes signals received from detectors.
e Alarm Devices- Include sirens, buzzers, and flashing lights.

e Emergency Systems- Include sprinklers and emergency exit lights.



B. System Flow

Smoke/Heat Detection =—Signal Transmission —Control Panel Processing —®Alarm
Activation Emergency Response

Fig 3. Operational Flow of Fire Alarm and Emergency Response System

This closed-loop system ensures quick detection and response to fire hazards.
Role of Control Panel

The control panel acts as the central unit of the fire alarm system. It receives signals from
sensors and determines whether a fire condition exists.

Initiating Notification
Devices Devices

Hooters

Heat Detectors Sounders

Control
Panel

Communicating
Electrical Devices

Power Repeater Panels
Supply Computer

Fire Alarm System Block Diagram

Fig 4. Fire Alarm System Block Diagram



Core Functions
e Signal Processing
e Alarm Activation
e Fault Detection
e System Monitoring

Emergency Coordination Key Benefits:
e Fast response to fire hazards
e Reliable system operation
¢ Continuous monitoring
e Improved safety

5. Task Scheduling and Management

Similar to real-time systems, fire alarm systems perform multiple tasks simultaneously.

A. Task Priority Table
-
Task Function Priority
Fire Detection Detect smoke/heat Highest
Alarm Activation Activate sirens High
Data Logging Record events Medium
Power Monitoring Monitor Battery Low

B. Scheduling Mechanism

Fire alarm systems typically use Priority-Based Scheduling, which is commonly used in realtime
operating systems. In priority-based scheduling, each task is assigned a priority level based on

its importance. Tasks with higher priority are executed before lower-priority tasks.



If a fire is detected, the system immediately switches to the highest-priority task to activate
alarms and alert occupants.

Operating System Design
Modern fire alarm systems use embedded control software to manage operations.

Functions:

e Sensor Monitoring

e Alarm Processing

¢ Communication Control
e System Diagnostics

Advantages:

e Faster response
e Reliable operation
e Improved efficiency

6. Memory Management
A. Memory Types

ADDRESSABLE FIRE ALARM SYSTEM
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Fig 5. Addressable Fire Alarm System Layout with Zoned Detection



Memory Function
Flash Memory Stores system software
RAM Temporary data storage
Non-Volatile Memory Stores alarms records
(NVM)

B. Techniques

e Data Logging - Data logging is the process of recording important system events and
information in memory.

e Error Detection - Error detection is used to identify faults or failures in the fire alarm
system. The system continuously checks whether sensors, wiring, or components are
working correctly.

e Backup Storage - Backup storage is used to store important data safely so that it is not lost
during power failure or system failure.

7. Real-Time Constraints

A. Critical Requirements

e Immediate detection

e Fast alarm activation

e Continuous monitoring
e Reliable operation

Challenges

False alarms due to dust or smoke
Power failure risks
High installation cost
Maintenance requirements
e Environmental effects.
These challenges require proper system design and maintenance.

Impact and Applications

Fire alarm systems play a major role in protecting life and property.



8. Applications
e Residential Buildings
e Hospitals
e Schools and Colleges
e Industries
e Shopping Malls
e Airports
e Railway Stations
e Data Centers
e  Warchouses

These systems reduce fire damage and improve safety.

9. Future Scope

Future fire alarm systems will include advanced technologies.

Upcoming Technologies:
e Al-based fire detection

e loT-enabled monitoring

e Smart evacuation systems

e Cloud-based alert systems

e Wireless fire alarm networks

These technologies will improve system efficiency and response time.

10.Conclusion

Fire alarm and detection systems are essential safety systems used to protect human life and
property. They provide early warning, quick response, and support emergency evacuation.
Proper installation and maintenance are necessary for effective system performance. With
technological advancements, fire alarm systems are becoming more intelligent and reliable. Future
innovations will further enhance safety and reduce fire-related risks.

11.References
1. National Building Code (NBC)
IS 2189 Fire Detection Systems
NFPA 72 Standards
ISO 7240 Standards
Fire Safety Engineering Handbook
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Automated Teller Machine (ATM) System Using Operating System Concepts

Introduction

The banking sector is one of the most critical infrastructures in the modern world. With the
increasing need for fast and accessible financial services, banks have adopted modern
technologies to reduce manual processing and waiting times. One of the most revolutionary and
widely used technologies in banking is the Automated Teller Machine (ATM).

Automated Teller Machine (ATM) in operation

An ATM is an electronic telecommunications device that enables customers of financial
institutions to perform financial transactions, such as cash withdrawals, deposits, transfer funds,
or obtaining account information, at any time and without the need for direct interaction with
bank staff.

To manage the complex hardware components (like card readers, cash dispensers, and receipt
printers) and ensure highly secure, real-time network communications, ATMs rely heavily on a
robust Operating System (OS). The OS ensures that all banking operations, hardware interrupts,
and security protocols are executed concurrently and without delay. This case study explains the
working of an ATM management system and the role of the Operating System in managing its
critical tasks.



Objective of the Case Study

The main objectives of this case study are:

To understand the working mechanism of an Automated Teller Machine.
To study the role of the Operating System in ATM operations.

To analyze the system architecture of the ATM.

To understand process management and task scheduling in ATM software.
To identify security and real-time challenges in ATM systems.

To study the advantages of using a dedicated OS in banking kiosks.

To explore future developments in automated banking technology.

Overview of ATM Management System

The ATM management system is designed to automate standard banking transactions. These
machines are placed in public locations and bank branches to provide 24/7 access to funds. The
system consists of specialized hardware (secure cryptoprocessors, sensors, dispensers) and

specialized software running on an operating system (often modified versions of Windows,
Linux, or an RTOS). The ATM communicates with a host processor connected to the bank's
database to verify user credentials (PIN) and process the requested transactions accurately.

Key Features of the ATM System

Provides 24/7 banking services without human intervention.

High-level security through encrypted PIN pads and secure network layers.
Multi-functional capabilities (withdrawals, deposits, mini-statements).
Reduces queues and operational loads at physical bank branches.

Handles multiple peripheral devices simultaneously.

Real-time synchronization with central bank databases.




Core Functionalities of the ATM

The ATM performs several important, concurrent functions during a transaction lifecycle.

o User Authentication

The system reads the user's ATM card (via magnetic stripe or EMV chip) and prompts for
a secure Personal Identification Number (PIN). The OS securely transmits this data for
verification.

Transaction Processing

The core banking application processes the user's request (e.g., withdrawing cash),
verifies sufficient balance via the network, and deducts the amount from the account.
Hardware Control & Dispensing

The OS controls the cash dispenser mechanism, counting the notes using optical and
physical sensors to ensure the exact amount is ejected.

Error and Exception Handling

If the network drops, power fails, or the dispenser jams, the OS must immediately halt the
process, reverse the transaction if necessary, and display an out-of-service message.

ATM Hardware & Sensor Block Diagram

Role of Operating System in ATMs

The Operating System is the backbone of the ATM, acting as the bridge between the banking

application and the physical machine hardware.

Functions of the OS in an ATM:
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Manages multiple hardware peripherals (card reader, screen, keypad, printer, dispenser).
Provides a secure environment (sandboxing, firewalling) against malware.

Manages multiple background tasks simultaneously (multitasking).

Handles hardware interrupts (e.g., when a user presses a physical button or inserts a
card).

Manages network stacks for encrypted communication with the bank's host servers.

Examples of OS Used in ATMs:

Windows CE / Windows loT

Embedded Linux

OS/2 (Historically)

Specialized Real-Time Operating Systems (RTOS)

System Architecture of the ATM

The ATM system follows a layered architecture to ensure modularity and security.

Layers of ATM System Architecture:

Hardware Layer:

This layer includes all physical components: Cash Dispenser, Encrypting PIN Pad (EPP),
Card Reader, Display Screen, and Receipt Printer.

Device Drivers / XFS Layer:

The eXtensions for Financial Services (XFS) layer acts as a standardized interface
between the hardware devices and the software. It translates OS commands into
mechanical actions.

OS Kernel Layer:

The kernel manages task scheduling, memory management, interrupt handling, and
hardware resource allocation.

Application Layer:

This includes the bank's custom User Interface (UI) and the transaction state machine that
guides the user through their banking process.
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ATM System Architecture Block Diagram
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The OS divides the ATM's operations into multiple concurrent processes.

Important Tasks in an ATM System:

User Interface (UI) rendering task

Card reader monitoring task

Network communication and encryption task
Hardware monitoring (sensors for cash/paper levels) task
Security and anti-skimming watchdog task

Features of OS Task Management in ATMs:

Multitasking (e.g., printing a receipt while simultaneously returning the card).
Fast interrupt handling (instantly pausing if the cash trap is forced open).
Task synchronization (ensuring cash isn't dispensed until the network confirms the

deduction).



Task Scheduling in the OS

Task Priority
Security/Tamper Detection High
Hardware Interrupts (Dispenser/Card High
Reader)
Network Communication Medium
Communication Medium
User Interface/Display Low

Task scheduling ensures that the ATM operates smoothly without freezing. The OS scheduler
assigns priority to critical operations.Benefits of Priority Scheduling:

e (ritical security events are processed immediately.
e Prevents timeouts during network communication.
e Ensures the user interface remains responsive.

Memory Management in the OS

Memory management is vital in an ATM to ensure security and prevent crashes.

Features of OS Memory Management:

e Secure Memory Allocation: Sensitive data like the user's PIN is stored in encrypted
memory and is never written (paged) to the hard drive to prevent extraction.
e Memory Protection: The banking application is isolated from other background

processes.
e Prevention of Memory Leaks: Ensures the ATM can run 24/7 for months without

needing a reboot due to RAM exhaustion.



Real-Time Challenges in ATM Systems

ATM systems face several critical challenges that the OS must manage:

Concurrency Issues: Handling scenarios where a user withdraws money from an ATM
at the exact same millisecond an online transfer occurs on the same account.

Hardware Failures: Managing sudden jams in the cash dispenser or out-of-paper errors
gracefully.

Security Threats: Defending against malware (like jackpotting/logical attacks) and
physical skimming devices.

Network Latency: Ensuring the system does not hang if the connection to the central
bank server drops mid-transaction.

Advantages of Using a Robust OS in ATMs

High system reliability for 24/7 continuous operation.

Secure abstraction of complex mechanical hardware (dispensers, readers).

Standardized API (like XFS) allows banks to change hardware without rewriting the core
application.

Fast interrupt handling ensures immediate response to user inputs and physical
tampering.

Conclusion

Automated Teller Machines are a cornerstone of modern banking infrastructure, providing
customers with secure, efficient, and 24/7 access to financial services. The Operating System
plays a crucial role in the ATM's functionality by managing complex hardware peripherals,
scheduling concurrent tasks, ensuring memory security, and maintaining stable network
communications. By efficiently handling processes, interrupts, and security protocols, the OS
ensures that the ATM delivers a fast, reliable, and highly secure user experience. This case study
demonstrates that a well-optimized OS architecture is essential for the seamless operation and
future development of automated banking technologies.
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Snack Vending Machine Using Real-Time Operating System (RTOS)

1. Introduction

Snack food consumption is one of the most common and frequent daily activities in modern
life. Whether in schools, offices, hospitals, railway stations, or shopping malls, people
constantly need quick and easy access to packaged snacks and beverages. Snack vending
machines have become one of the most widely deployed automated retail solutions in the
world, offering customers a fast and convenient way to purchase chips, chocolates, biscuits,
cold drinks, and other packaged food items at any time of the day without any human
assistance.

A snack vending machine is an automated retail device that stores and dispenses packaged
snack items and beverages when a customer selects a product and inserts payment. These
machines are installed at fixed indoor locations and must operate continuously and reliably. A
snack vending machine must process customer payments, verify selections, activate the
correct product coil or tray, monitor the drop sensor to confirm dispensing, and update
inventory records — all within a few seconds.

Fig 1: Snack Vending Machine

To perform all these operations accurately and on time, snack vending machines rely on a
Real-Time Operating System (RTOS). RTOS ensures that critical tasks such as payment
validation, motor coil control, drop detection, and display updates are all executed within
strict timing deadlines. Any delay in these operations — for example, a coil running too long
and dispensing two items, or a payment timing out — results in a direct loss for the operator
or customer dissatisfaction.



This case study explains the working of a snack vending machine and the important role that
RTOS plays in managing its real-time operations.

2. Objective of the Case Study
The main objectives of this case study are:

» To understand the working of snack vending machines

* To study the role of RTOS in snack vending machine operation

* To analyze the system architecture of a snack vending machine

* To understand task scheduling and memory management in RTOS

» To identify real-time challenges specific to snack vending machines

* To study the advantages of RTOS-based snack vending machine systems
» To explore future developments in smart snack vending technology

3. Overview of Snack Vending Machine

Snack vending machines are widely deployed automated retail devices used to dispense
packaged food and beverage items such as chips, chocolates, biscuits, cold drinks, water
bottles, and energy bars. These machines are installed in indoor public spaces and operate 24
hours a day, 7 days a week without any human operator. The machine stores snack products
in a grid of spiral coil dispensers or tray-based slots, each assigned to a specific product.
When a customer selects a product and completes payment, the RTOS activates the
corresponding coil motor, which rotates and pushes the product off the shelf so it falls into
the collection tray at the bottom.

Modern snack vending machines connect to remote management servers over the internet,
allowing operators to monitor sales, check inventory levels, and receive alerts when items run
out or when the machine requires maintenance.

R/

% Key Features of Snack Vending Machine

» Stores and dispenses a wide variety of packaged snacks and beverages

* Accepts multiple payment methods — coins, notes, debit/credit cards, UPI, and NFC
» Operates 24/7 at fixed indoor locations without human staff

» Uses spiral coil motors or tray-based dispensing for different product sizes

* Drop sensor confirms successful product dispensing before closing transaction

* Real-time inventory tracking with low-stock alerts to operators

* Remote monitoring and sales reporting via internet connectivity

4. Core Functionalities of the Snack Vending Machine

The snack vending machine performs several important functions during each customer
transaction and during continuous background operation.
* Payment Processing

The machine accepts coins, currency notes, debit/credit cards, and mobile payments such as
UPI and NFC tap. The payment module validates the amount within a strict time deadline. If



payment is not completed within the timeout window, the transaction is cancelled and any
inserted coins are returned automatically.

e Product Selection and Coil Motor Control

Once payment is confirmed, the customer selects a snack product using the keypad or
touchscreen. The RTOS identifies the corresponding coil motor slot and sends a timed
activation signal to rotate the spiral coil. The coil makes exactly one rotation, pushing the
selected snack product off the shelf into the drop chute.

* Drop Sensor Verification

An infrared drop sensor located in the collection chute detects whether the product has
successfully fallen. If the sensor does not detect a product within the expected time window,
the RTOS triggers a jam recovery routine — it may retry the coil rotation or issue a refund to
the customer.

* Inventory Monitoring

Each product slot has a stock counter maintained in RTOS memory. After every successful
dispensing, the counter for that slot is decremented. When a slot reaches zero, the product
display shows 'Sold Out' and that slot is locked from selection. Low-stock alerts are sent to
the operator remotely.

* Real-Time Display and User Interface

The display screen shows the product menu, prices, payment status, and transaction messages
to the customer. The display update task runs as a low-priority background task, ensuring it
never interferes with the critical payment and dispensing operations.
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Fig 2: Snack Vending Machine Internal Components — Coil Motors and Slots



5. Role of RTOS in Snack Vending Machine

A Real-Time Operating System (RTOS) is the most critical software component in a snack
vending machine. Without RTOS, the machine cannot reliably coordinate payment validation,
coil motor timing, drop detection, and display updates simultaneously. RTOS manages all
these tasks concurrently and ensures that each one executes within its required time
constraint.

Functions of RTOS in a Snack Vending Machine
» Provides precise real-time response to payment inputs and hardware events
* Manages multiple concurrent tasks — payment, motor control, sensing, display
» Schedules tasks by priority to ensure critical operations always execute first
» Controls coil motor activation with exact timing to prevent over-dispensing
» Handles hardware interrupts instantly — such as coin insertion or card tap events
* Processes drop sensor and inventory data in real time

* Manages payment timeout and automatic refund routines

Examples of RTOS Used in Snack Vending Machines
o FreeRTOS
e VxWorks
e ChibiOS
e Proprietary Embedded RTOS

RTOS ensures that the coil motor runs for exactly the right duration, the drop sensor is
checked at the right moment, and the payment is settled correctly — all happening in a
coordinated sequence without any task conflicting with another.

6. System Architecture of the Snack Vending Machine

The snack vending machine system follows a four-layered architecture. Each layer performs a
specific function and communicates with the layers above and below it through defined
interfaces.

Layers of Snack Vending Machine System Architecture
1. Hardware Layer
This layer includes all the physical components of the snack vending machine:

» Spiral coil motors (one per product slot) for snack dispensing
» Coin acceptor, note validator, card reader, and NFC payment sensor

* Infrared drop sensor in the collection chute



» LED display screen and product selection keypad
» Slot occupancy sensors and weight sensors for inventory detection
* Network communication module (Wi-Fi or cellular modem)

» Security lock and tamper detection sensors

2. Device Drivers Layer

Device drivers act as the interface between hardware components and the RTOS software.
Each hardware device — coil motors, payment readers, sensors, and display — has a
corresponding driver that translates RTOS software commands into the correct hardware
signals and returns hardware status data back to the RTOS.

3. RTOS Kernel Layer

The RTOS kernel is the core of the vending machine controller and is responsible for:

* Priority-based task scheduling and preemption
*  Memory allocation and protection between tasks
* Hardware interrupt handling and ISR management

* Inter-task communication using message queues and semaphores

4. Application Layer

This layer contains the main vending machine application logic:

* Payment validation and transaction management

* Product selection and coil motor actuation control

» Drop sensor verification and jam recovery logic

* Inventory tracking and low-stock alert management
* Display and user interface rendering

» Remote sales reporting and diagnostics
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7. Process and Task Management

RTOS divides the snack vending machine operation into multiple tasks. Each task is assigned
a specific responsibility and runs independently under the supervision of the RTOS scheduler,
which ensures that higher-priority tasks always preempt lower-priority ones when needed.

Important Tasks in Snack Vending Machine
» Payment validation and transaction processing task
* Coil motor activation and timing control task
* Drop sensor monitoring and jam detection task
* Inventory counter update task
» Display and user interface update task

* Remote communication and sales reporting task

Features of RTOS Task Management

*  Multitasking — payment processing, motor control, and sensing run simultaneously
* Priority-based preemptive execution — critical tasks interrupt lower-priority ones
» Fast interrupt handling — coin insertion or card tap triggers instant response

» Task synchronization — prevents conflicts when multiple tasks access the same
hardware

» Inter-task communication — tasks safely exchange data through message queues

This ensures that every customer transaction is completed smoothly, accurately, and within
the expected time, with no product dispensing errors or payment failures.

8. Task Scheduling in RTOS

Task scheduling is one of the most critical features of RTOS in a snack vending machine. The
RTOS scheduler assigns a priority level to each task and ensures that higher-priority tasks
always execute before lower-priority ones. Priority-based preemptive scheduling is used so
that payment validation and coil motor control are never delayed by background tasks such as
display updates or remote reporting.

Task Priority Table
Task Priority Level Type
Payment Validation Very High Hard Real-Time
Coil Motor Timing Control Very High Hard Real-Time
Drop Sensor Verification High Hard Real-Time




Jam Detection and Refund High Hard Real-Time
Inventory Counter Update Medium Soft Real-Time
Display and UI Rendering Low Soft Real-Time
Remote Sales Reporting Very Low Background

Benefits of Priority Scheduling

Payment validation always executes first — no transaction failures due to delays
Coil motor runs for exactly the correct time — prevents double dispensing

Drop sensor is checked promptly — jams are detected and handled immediately
Background tasks like reporting never interfere with active customer transactions

Predictable system behavior ensures consistent performance across all transactions

9. Memory Management in RTOS

Memory management is very important in snack vending machine embedded systems
because the onboard microcontroller has very limited RAM and storage. The RTOS must
carefully allocate memory to each task so that no task runs out of memory during operation,
and no task can accidentally overwrite another task's data.

Features of RTOS Memory Management in Snack Vending Machines

Static memory allocation — memory for task stacks and buffers is fixed at compile
time, ensuring no surprises at runtime

Memory pools — fixed-size blocks are reserved for specific purposes such as
transaction logs, inventory tables, and sensor buffers

Memory protection — Hardware MPU isolates each task's memory space, so a bug in
the display task cannot corrupt the payment data

Avoids memory fragmentation — ensures RAM is always cleanly available without
gaps caused by dynamic allocation

Efficient use of limited RAM — typical snack vending machine controllers have only
256 KB to 1 MB of RAM

Deterministic allocation — memory usage is fully predictable at all times, which is
required for hard real-time systems

RTOS ensures that each task always has its required memory available and that the overall
system remains stable throughout continuous 24/7 operation, even when handling hundreds
of transactions per day.




10. Real-Time Challenges in Snack Vending Machines

Snack vending machines face several specific real-time system challenges that must be
addressed through careful RTOS design and task management:

Coil motor must run for exactly the right duration — running too short means no
product drops; running too long means two products are dispensed, causing a loss to
the operator

Payment validation must complete within a strict timeout — if the customer takes too
long, the transaction must be cancelled and coins returned automatically

Drop sensor must detect the product fall within milliseconds — delayed detection
leads to incorrect jam detection and unnecessary refunds

Multiple customers cannot transact simultaneously — the system must properly queue
and reject simultaneous inputs

Product jams inside the coil are common — the RTOS must detect and handle jams
gracefully without crashing

Limited embedded controller resources — all tasks must run efficiently within very
limited RAM and CPU power

Payment fraud and tampering attempts — the RTOS must isolate payment processing
in protected memory and handle tamper events through interrupts

These challenges require efficient RTOS scheduling, precise interrupt handling, and robust
process synchronization to ensure every customer transaction completes correctly without

CITors.

11. Advantages of Using RTOS in Snack Vending Machines

There are many advantages of using RTOS in snack vending machine systems:

Precise coil motor timing — RTOS controls motor activation to the millisecond,
preventing double dispensing or missed dispensing

Reliable payment processing — hard real-time scheduling ensures payment tasks
always complete within their deadline

Multitasking support — payment, motor control, drop sensing, and display updates all
run simultaneously without conflict

High system reliability — continuous 24/7 unattended operation with no crashes or
hang-ups

Fast interrupt handling — coin insertion, card tap, and jam events trigger instant
hardware responses

Accurate inventory tracking — stock counters are updated after every transaction with
no data loss

Reduced product waste and losses — precise motor control and drop verification
prevent over-dispensing

Better security — payment data is protected in isolated memory regions inaccessible
to other tasks



RTOS greatly improves the operational accuracy, reliability, and security of snack vending
machines, making them profitable and dependable retail devices for operators and customers
alike.

12. Conclusion

Snack vending machines are an important and widely used innovation in modern automated
retail. They provide customers with fast, convenient, and round-the-clock access to packaged
snacks and beverages without requiring any human staff. These machines must perform
multiple time-critical operations — including payment validation, coil motor control, drop
detection, and inventory management — all within very strict timing constraints and
simultaneously. Real-Time Operating System (RTOS) plays a crucial role in snack vending
machine operation by providing deterministic task scheduling, precise motor timing control,
fast interrupt handling, and secure memory management. RTOS ensures that every customer
transaction completes correctly, every product is dispensed accurately, and the machine
operates stably and securely throughout its continuous unattended deployment.

This case study demonstrates that RTOS-based snack vending machines are a powerful
example of real-time embedded systems in everyday life, and an important foundation for the
future of smart automated retail.
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Automotive Airbag System Using Real-Time Operating System (RTOS)

1. Introduction:

Automobile safety is a cornerstone of modern vehicle design. Airbags are among the most
critical safety features, designed to protect passengers during collisions. The airbag system
continuously monitors vehicle dynamics using crash sensors and accelerometers. When a
collision is detected, the airbag must deploy within 20-30 milliseconds. Even a slight delay
can result in severe injury.

Automotive Airbag System Overview

RTOS

CONTROL UNIT
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Crash Sensors Processes Data AIRBAG DEPLOYMENT
Detect Impact Within 20~30 ms

@ Deployment Time: 20~30 milliseconds
& Hard Real-Time System
@- Zero Delay Tolerance

o Passenger Safety Critical
Fig 1: Functional block diagram of Automative Airbag System

To meet this strict timing requirement, a Real-Time Operating System (RTOS) is used. RTOS
ensures deterministic behaviour, immediate task execution, and reliable system performance.
This makes the airbag system a Hard Real-Time Embedded System.



2. Objectives of the case study

Understand the working of automotive airbag systems
Study the role of RTOS in airbag operation

Analyze system architecture of the airbag system

Explore task scheduling and memory management in RTOS
Identify challenges in real-time airbag systems

Highlight advantages and limitations of RTOS-based airbag system

3. Overview of Automotive Airbag System

The airbag system is a safety-critical embedded system that protects passengers during
accidents. It uses crash sensors to detect sudden deceleration, processes signals through
conditioning circuits, and triggers the inflator module via a microcontroller running RTOS.

T Key Features:

Detects collision instantly

Deploys airbag within strict time limits
Provides deterministic real-time response
Improves passenger safety

Complies with ISO 26262 safety standards

4. Core Functionalities of the System

Collision Detection: Sensors detect sudden deceleration.

Signal Processing: Conditioning circuits filter and amplify sensor signals.
Crash Analysis: Microcontroller evaluates severity of impact.

Airbag Deployment: Inflator module activates within milliseconds.

Diagnostics: System health monitoring ensures reliability.



5. Role of RTOS in Airbag System
RTOS ensures predictable and stable operation by:
« Providing fast response times
«  Managing multiple tasks simultaneously
«  Using priority-based scheduling (critical tasks first)
« Handling interrupts efficiently

« Guaranteeing deterministic execution under strict deadlines

6. System Architecture

Layers of Airbag System Architecture:
1. Hardware Layer — Sensors, signal conditioning circuits, inflator module
2. Device Drivers Layer — Interfaces for sensors and ignition driver
3. RTOS Kernel Layer — Task scheduling, memory management, interrupts

4. Application Layer — Crash detection, deployment control, diagnostics

System Architecture
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Fig 2: Block Diagram



Crash Sensors / Accelerometers :

These sensors detect sudden deceleration during an accident.

Signal Conditioning Circuit :

It filters and processes the sensor signals.

Microcontroller :

It processes the sensor data and controls airbag deployment.

RTOS (Real-Time Operating System :

RTOS manages task scheduling and ensures timely execution.

Airbag Inflator Module :
It inflates the airbag when triggered.

HOW AIRBAGS WORK

Crash Sensor Inflator Module Airbag
Cushion

Igniter

Dashboard

Airbag Control
Unit (ACU)

Steering
Wheel

Crash
Sensor

Crash
Sensor

Fig 3: Working of Automotive Airbag System using RTOS



7. Process and Task Management
RTOS divides the airbag operation into multiple tasks:
« Sensor Monitoring Task
+  Crash Detection Task
« Airbag Deployment Task
+ Diagnostic Task
T Features of RTOS Task Management:
+  Priority-based execution
+  Pre-emptive scheduling
« Fast interrupt handling

+  Task synchronization and communication

8.Operating System Design
In this system, RTOS divides the work into different tasks. Each task is assigned a priority.

High-priority tasks like crash detection are executed immediately. Lower-priority tasks like
diagnostics are executed when the processor is free.

RTOS uses pre-emptive scheduling to handle tasks efficiently and meet strict deadlines.

9.Task Scheduling in RTOS

Task Description Priority
Crash Detection Detects sudden deceleration High
using sensors
Airbag Deployment Triggers inflator module High
within 20-30 ms.
Sensor Monitoring Continuously reads Medium

accelerometer signals

Diagnostic task Performs system health
checks




10. Memory Management in RTOS

Static memory allocation for predictability
Separate stack memory for each task

No dynamic allocation during runtime
Memory Protection Unit (MPU) for safety

Ensures deterministic and reliable operation

11.Task Synchronization and Data Sharing

Multiple tasks share sensor data in the system RTOS uses:

* Semaphores for resource control
* Queues for data transfer

* Interrupt Service Routines (ISR) for quick response

These mechanisms help prevent data conflicts and improve system stability.

12.Real-Time Challenges

Deployment within 20-30 milliseconds
Zero tolerance for delay

Handling multiple interrupts simultaneously
Limited hardware resources

Compliance with ISO 26262 safety standards

13. Applications

Passenger vehicles
Commercial vehicles
Smart cars

Advanced safety systems



14. Advantages
« Fast real-time response
- High reliability
- Improved passenger safety
+ Deterministic task execution

« Compliance with safety standards

15. Limitations
« High development cost
«  Complex system design

« Requires certified safety standards

16. Conclusion

The automotive airbag system using RTOS is a Hard Real-Time Embedded System that
ensures fast and reliable deployment during accidents. RTOS provides priority scheduling,
efficient task management, and predictable response time. Thus, RTOS plays a vital role in
automotive safety systems and helps save lives.

This case study shows that RTOS based automotive airbag systems are very important for
ensuring passenger safety and reducing injury during accidents.



GHARDA e W
GF i GHARDA FOUNDATION’S Gl Tz

GHARDA INSTITUTE OF TECHNOLOGY cageerszco

(Approved by AICTE New Delhi, Recognised by DTE Maharashtra State and Affiliated to University of Mumbai) ~ Rating- A A +

AJ/P - Lavel, Tal - Khed, Dist - Ratnagiri. Pin - 415 708, M.S.Tel. : 02356 - 273134, Fax : 02356 - 262980
Email : info@git-india.edu.in Website : www.git-india.edu.in

CASE-STUDY REPORT ON

REAL-TIME OPERATING SYSTEM IN PACEMAKER

SUBMITTED TO

SECOND YEAR ENGINEERING CSE (AIML) DEPARTMENT
Academic Year: 2025-26

FOR THE TERM-WORK OF

OPERATING SYSTEM
BY
ROLL NUMBERS 65 to 77

UNDER THE GUIDANCE OF

Mr. Amey Phanse

Gharda Institute of Technology, Lavel



REAL-TIME OPERATING SYSTEM IN PACEMAKER: A
LIFE-CRITICAL EMBEDDED SYSTEM

Abstract

A pacemaker is a life-critical embedded medical
device designed to regulate abnormal heart
rhythms. This case study explores the integration
of a Real-Time Operating System (RTOS) in
pacemakers, focusing on its architecture,
scheduling mechanisms, memory management,
and real-time constraints. The study demonstrates
how RTOS ensures deterministic behavior,
reliability, and precise timing—qualities essential

for safety-critical healthcare applications. By

examining the interplay between hardware and
software components, this report highlights how
CARDIAC PACEMAKER

RTOS-based pacemakers achieve life-sustaining

performance and pave the way for future innovations in medical technology.

Keywords: RTOS, Pacemaker, Embedded Systems, Hard Real-Time System, Scheduling,

Medical Devices



Introduction

The evolution of embedded systems has
transformed healthcare technology, enabling the
creation of intelligent, responsive, and reliable
medical devices. Among these, the pacemaker
stands as one of the most critical innovations,

designed to maintain a stable heart rhythm in

patients suffering from arrhythmias.

A pacemaker’s operation depends on precise timing and immediate response to cardiac signals.
Any delay or missed signal can result in severe physiological consequences. General-purpose
operating systems cannot guarantee such deterministic performance, making the use of a

Real-Time Operating System (RTOS) indispensable.

RTOS ensures that every task—such as sensing, decision-making, and pulse generation—occurs
within strict time constraints. As a hard real-time system, the pacemaker must meet every

deadline without exception, as even a single failure could be fatal.

Problem Statement

Cardiac arrhythmias require immediate detection and correction. Traditional embedded systems

often fail to meet these demands due to:

e Unpredictable response times
e Lack of task prioritization

e Delays in signal processing
To address these limitations, a system is required that:

e (Guarantees real-time responsiveness

e Efficiently manages multiple concurrent tasks



e Operates reliably over extended periods with minimal maintenance
System Architecture
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B. System Flow
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This closed-loop system ensures continuous monitoring and immediate corrective action,

maintaining synchronization between the pacemaker and the patient’s cardiac rhythm.

Role of RTOS

The RTOS serves as the central control unit of the pacemaker, orchestrating all operations with

precision and predictability.
Kernel
Core Functions:

e Task Scheduling: Prioritizes critical tasks
. . ReatTime
such as heart signal monitoring. Constraints o——
e Interrupt Handling: Responds instantly to / ‘ \
)
cardiac events. mpozents

Inter-Process
Communication (IPC)

e Resource Allocation: Manages CPU and —

Delays

memory resources efficiently.
e Real-Time Decision Making: Ensures
timely pulse generation based on sensor

Synchronization
input.

Key Benefits:

e Deterministic execution
e High reliability and fault tolerance

e Rapid response to physiological changes



Task Scheduling and Management

A. Task Priority Table

Task Function Priority

Heart Signal Monitoring Detect and analyze cardiac signals Highest
Pulse Generation Deliver corrective impulses High

Data Logging Record operational and patient data Medium
Battery Monitoring Track power levels and efficiency Low

B. Scheduling Mechanism

The pacemaker employs priority-based preemptive scheduling, allowing high-priority tasks to

interrupt lower-priority ones. This ensures that critical operations, such as pulse generation, are

never delayed by background processes.

This scheduling strategy guarantees immediate response to cardiac events, maintaining the

pacemaker’s life-critical reliability.




Operating System Design

The pacemaker’s RTOS is built on a microkernel architecture, which isolates essential

functions within a minimal kernel.

PACEMAKER RTOS OPERATING SYSTEM DESIGN:
MICROKERNEL ARCHITECTURE

MINIMAL KERNEL
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Kernel Responsibilities:

e Task scheduling
e Interrupt management

e Inter-Process Communication (IPC)
Advantages:

e [ow latency and fast context switching
e High reliability through modular design

e Simplified testing and certification processes

This architecture enhances system stability and allows for easier updates and maintenance

without compromising safety.



Memory Management

A. Memory Types
Memory Function
Flash Memory Stores firmware and control algorithms
RAM Holds temporary runtime data

Non-Volatile Memory
(NVM)

Stores patient-specific and diagnostic data

B. Techniques

e Static Allocation: Ensures predictable
memory usage and prevents
fragmentation.

e Error Detection: Implements parity
checks and redundancy to prevent data

corruption.

Efficient memory management is crucial for
maintaining consistent performance and ensuring

data integrity over the device’s lifespan.
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Real-Time Constraints

A. Critical Requirements

e Response time within milliseconds
e (Continuous monitoring of cardiac activity

e Ultra-low power consumption for long-term operation

B. Classification

Pacemakers are hard real-time systems, where missing a single deadline can result in

catastrophic failure.

Pacemaker Hard Real-Time Pacing Timeline: On-Time vs. Missed Deadlines

- Deterministic
Execution

Missed Pulse
Deadline -
Catastrophic

The RTOS ensures that every task meets its deadline, maintaining the pacemaker’s

life-sustaining function.



Challenges

1. Battery Life: Must sustain operation for 5-10 years with minimal energy consumption.

2. Reliability: Requires zero tolerance for system failure.

3. Certification: Must comply with stringent medical standards such as FDA and IEC
62304.

4. Security: Needs robust protection against cyber threats and unauthorized access.

These challenges demand meticulous design, rigorous testing, and continuous monitoring

throughout the device’s lifecycle.

Impact and Applications

RTOS-based pacemakers have revolutionized cardiac care by providing:

e Life-saving intervention: Immediate correction of arrhythmias.
e Improved patient outcomes: Stable heart rhythms and enhanced quality of life.

e Continuous monitoring: Real-time data collection for medical analysis.

The deterministic nature of RTOS ensures that pacemakers operate with precision, reliability, and

safety—qualities that define modern medical technology.
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Conclusion

The integration of a Real-Time Operating System in pacemakers
represents a milestone in embedded medical technology. By ensuring
deterministic task execution, efficient scheduling, and robust memory
management, RTOS enables pacemakers to operate with unmatched
precision and reliability. As healthcare technology advances, the fusion of
RTOS with artificial intelligence and IoT will redefine the future of
life-critical medical devices, ensuring safer, smarter, and more responsive

patient care.
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