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4.5. Sensors and Sensor Nodes in 10T

« Introduction to Sensors and Sensor Nodes:

o Sensors are crucial components in 0T systems, responsible for capturing physical or
environmental data and converting it into electrical signals. Sensor nodes refer to the
combination of a sensor, a microcontroller, communication modules, and a power
source, forming a self-contained 10T device that can sense, process, and communicate
data.

e Types of Sensors in loT:
o 1. Environmental Sensors:
= Temperature Sensors:
= Measure ambient temperature using devices like thermistors, RTDs
(Resistance Temperature Detectors), and thermocouples.
* Humidity Sensors:
= Detect moisture levels in the air, commonly using capacitive, resistive, or
thermal conductivity sensors.
= Pressure Sensors:
» Measure atmospheric or fluid pressure using piezoelectric or capacitive
sensing elements.
= (Gas Sensors:
= Detect the presence of gases like carbon dioxide, methane, or oxygen
using chemical, infrared, or catalytic sensors.
o 2. Motion and Position Sensors:
» Accelerometers:
» Measure acceleration forces, detecting movement or orientation changes.
= Gyroscopes:
» Measure angular velocity and rotation, often used in conjunction with
accelerometers.
= Magnetometers:
» Detect magnetic fields, often used for compass functions or metal
detection.
*» Proximity Sensors:
= Detect the presence or absence of objects within a certain range, using
ultrasonic, infrared, or capacitive technologies.
o 3. Optical Sensors:
*» Photodiodes:
= Convert light into an electrical current, used for detecting light intensity.
= Cameras:
» Capture images or video, providing visual data for processing.
= LIDAR:
= Light Detection and Ranging sensors measure distance using laser light,
used in autonomous vehicles and mapping.
o 4. Biomedical Sensors:
» Heart Rate Monitors:
= Measure pulse rate using photoplethysmography (PPG) sensors.
» Glucose Monitors:
= Detect blood glucose levels, using electrochemical sensing.
= Electrocardiogram (ECG) Sensors:
= Measure electrical activity of the heart, used for cardiac monitoring.
o 5. Chemical Sensors:
= pH Sensors:
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= Measure acidity or alkalinity of a solution using glass electrodes.
» Biosensors:
= Detect specific biological molecules, using bioreceptors like enzymes or
antibodies.
o Sensor Nodes:
o 1. Components of a Sensor Node:
= Sensor:
= The primary component that measures physical quantities and converts
them into electrical signals.
= Microcontroller:
» A compact integrated circuit that processes data from the sensor and
controls communication and power management.
» Communication Module:
» Enables the sensor node to transmit data to a gateway or other devices.
Common modules include Wi-Fi, Zigbee, Bluetooth, and LoRa.
= Power Source:
= Provides energy to the sensor node, typically batteries or energy
harvesting systems.
o 2. Types of Sensor Nodes:
= Single-Sensor Nodes:
» Contain one type of sensor for a specific application, such as temperature
monitoring.
» Multi-Sensor Nodes:
» Combine multiple sensors in one node to capture various types of data,
such as a weather station node with temperature, humidity, and pressure
Sensors.
o 3. Sensor Node Architecture:
» Sensing Unit:
* Includes the sensor and the analog-to-digital converter (ADC) that
digitizes the sensor output.
» Processing Unit:
= The microcontroller that processes the sensor data and manages the
node's operations.
» Communication Unit:
= Handles data transmission using wireless communication protocols.
= Power Management Unit:
= Ensures efficient use of power, often incorporating energy harvesting
techniques to extend battery life.
o Challenges in Sensor Node Design:
o Power Consumption:
= Minimizing power usage is critical for prolonging the life of battery-powered
sensor nodes, especially in remote or hard-to-access areas.
o Data Accuracy and Reliability:
= Ensuring sensors provide accurate and consistent data is vital for the 0T
system's overall performance.
o Size and Form Factor:
= Sensor nodes must be compact and unobtrusive, particularly in wearable or
embedded applications.
o Communication Range and Reliability:
= Balancing communication range with power consumption and ensuring reliable
data transmission in various environments.

RCET




BM 3551 EMBEDDED SYSTEM AND IOMT DESIGN

4.6. Interfacing Using Embedded Target Boards

e Introduction to Embedded Target Boards:

o Embedded target boards are development platforms used to build and test 0T systems.
These boards typically include a microcontroller or microprocessor, along with various
interfaces for sensors, actuators, and communication modules. Common examples
include Raspberry Pi, Arduino, Intel Galileo, and ARM Cortex boards.

e Popular Embedded Target Boards:
o 1. Raspberry Pi:
» Overview:
= A popular, low-cost single-board computer that runs on Linux. It is widely
used for IoT applications due to its flexibility and powerful processing
capabilities.
= Key Features:
= Processor:

*» ARM-based processor, typically a quad-core Cortex-A series.

= Memory:

= Varies by model, generally ranging from 1GB to 8GB of RAM.

» Interfaces:

» GPIO (General Purpose Input/Output) pins for connecting sensors
and actuators, USB ports, HDMI output, and Ethernet/Wi-Fi for
connectivity.

» Operating System:

= Runs Raspbian OS or other Linux distributions, supporting a wide
range of programming languages and IoT frameworks.

o 2. Arduino:

» Overview:
= An open-source platform with a microcontroller at its core, Arduino is
popular for its simplicity and ease of use, particularly in prototyping loT
systems.
= Key Features:
= Microcontroller:
» Typically uses an Atmel AVR series microcontroller (e.g.,
ATmega328P).
= Programming:
» C/C++ based programming using the Arduino IDE.
» Interfaces:

» Multiple analog and digital 1/0 pins for sensor and actuator
connections, along with SPI, I2C, and UART communication
protocols.

= Power Supply:

= Can be powered via USB or an external power source, making it
suitable for portable applications.

o 3. Intel Galileo:

» Overview:
= A development board designed by Intel, compatible with Arduino shields,
but with more powerful processing capabilities. It bridges the gap
between microcontroller-based systems and full-fledged microprocessors.
= Key Features:
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= Processor:

= Intel Quark SoC X1000, a 32-bit single-core processor running at
400 MHz.

» Operating System:

= Can run Linux-based operating systems, making it suitable for
more complex loT applications.

» Interfaces:

» Arduino-compatible GPIO pins, Ethernet, USB, and support for
PCle and microSD storage.

= Applications

= Used in applications requiring more processing power than typical
microcontroller-based systems, such as advanced data
processing or running machine learning models.

o 4. ARM Cortex Boards:
» Overview:

» ARM Cortex boards include a variety of development kits based on
ARM’s Cortex-M series microcontrollers, which are widely used in
embedded and IoT systems for their low power consumption and high
performance.

= Key Features:

= Processor:

= ARM Cortex-M series microcontrollers, ranging from Cortex-M0O+
(low power) to Cortex-M7 (high performance).

= Development Tools:

» Supported by a range of development environments, including
Keil MDK, IAR Embedded Workbench, and GCC-based
toolchains.

» Interfaces:

= GPIO, SPI, I12C, UART, ADC/DAC, and timers, allowing for flexible
sensor and actuator integration.

= Power Efficiency:

» Designed for low-power applications, making them ideal for
battery-powered loT devices.

e Interfacing Sensors and Actuators:
o 1. Sensor Interfacing:
*» Analog Sensors:

= Interfacing analog sensors typically requires the use of an ADC (Analog-
to-Digital Converter) to convert the analog signals into a digital format that
can be processed by the microcontroller.

= Example:

» Interfacing a temperature sensor (e.g., LM35) with Arduino
involves connecting the sensor’s output to an analog input pin and
using the ADC to read the temperature value.

= Digital Sensors:

= Digital sensors provide data in a digital format, often using communication
protocols like 12C, SPI, or UART. The microcontroller reads the digital
data directly, making the interfacing process straightforward.

= Example:

= Connecting a digital humidity and temperature sensor (e.g.,
DHT22) to Raspberry Pi involves using the GPIO pins and a
specific library to read the sensor data.
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o 2. Actuator Interfacing:
= DC Motors:
= Interfacing a DC motor with a microcontroller typically requires a motor
driver (e.g., L298N) to control the motor’s speed and direction using PVWWM
(Pulse Width Modulation) signals from the microcontroller.
= Example:
= An Arduino controlling a DC motor’s speed and direction involves
connecting the motor to the L298N driver, which is then controlled
by the PWM output of the Arduino.
= LEDs and Displays:
» Interfacing LEDs and displays involves using GPIO pins to control the
on/off state of LEDs or sending data to the display.
= Example:
= Connecting an LCD display to an ARM Cortex board involves
using 12C communication to send data to the display, allowing for
text or graphical output.
o Challenges in Interfacing:
o 1. Signal Compatibility:
» Ensuring that the voltage levels and signal types of the sensors/actuators are
compatible with the microcontroller’s input/output pins.
o 2. Timing Constraints:
= Managing the timing requirements of sensors and actuators, especially when
dealing with real-time data processing or communication protocols.
o 3. Power Management:
= Balancing power consumption between the microcontroller and connected
components, particularly in battery-powered systems.
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