
Embedded Systems

Getting Input from Sensors



Introduction:

• Sensors respond to input from the physical world and convert

this into an electrical signal that Arduino can read on an input

pin.

• The nature of the electrical signal provided by a sensor

depends on the kind of sensor and how much information it

needs to transmit.

• Some sensors (such as photoresistors and Piezo knock sensors)

are constructed from a substance that alters their electrical

properties in response to physical change.

• Others are sophisticated electronic modules that use their own

microcontroller to process information before passing a signal

on for the Arduino.



Introduction:

• Sensors use the following methods to provide information:

 Digital on/off: Some devices, such as a tilt sensor and a motion

sensor, simply switch a voltage on and off. These can be treated like a

switch.

 Analog: Other sensors provide an analog signal (a voltage that is

proportional to what is being sensed, such as temperature or light

level). Light detecting, motion, vibration, sound, and acceleration

demonstrate how analog sensors can be used. All of them use the

analogRead command.

 Pulse width: Distance sensors, such as the PING))), provide data

using pulse duration proportional to the distance value. Applications

using these sensors measure the duration of a pulse using the pulseIn

command.



Introduction:

• Sensors use the following methods to provide information:

 Serial: Some sensors provide values using a serial protocol. For

example, the RFID (radio frequency identification) reader and the

GPS communicate through the Arduino serial port.

 Synchronous protocols: I2C and SPI. The I2C and SPI digital

standards were created for microcontrollers like Arduino to talk to

external sensors and modules. These protocols are used extensively

for sensors, actuators, and peripherals.



Detecting Movement:

• Problem:

You want to detect when something is moved, tilted, or

shaken.

• Solution:

This sketch uses a switch that closes a circuit when

tilted, called a tilt sensor. The switch recipes in Chapter

5 (Recipes 5.1 and 5.2) will work with a tilt sensor

substituted for the switch. The sketch below (circuit

shown in Figure 6-1) will switch on the LED attached to

pin 11 when the tilt sensor is tilted one way, and the

LED connected to pin 12 when it is tilted the other way:



Detecting Movement:



Detecting Movement:



Detecting Movement:



Detecting Light:

• Problem:

You want to detect changes in light levels. You may want

to detect a change when something passes in front of a light

detector or to measure the light level—for example,

detecting when a room is getting too dark.

• Solution:

The easiest way to detect light levels is to use a light

dependent resistor (LDR). This changes resistance with

changing light levels, and when connected in the circuit

shown in Figure 6-2 it produces a change in voltage that the

Arduino analog input pins can sense.



Detecting Light:



Detecting Light:



Detecting Light:



Detecting Motion (Integrating Passive Infrared Detectors):

• Problem:

You want to detect when people are moving near a 

sensor.

• Solution:

Use a motion sensor such as a Passive Infrared (PIR)

sensor to change values on a digital pin when someone

moves nearby. Sensors such as the SparkFun PIR

Motion Sensor (SEN- 8630) and the Parallax PIR

Sensor (555-28027) can be easily connected to

Arduino pins, as shown in Figure 6-3.



Detecting Motion (Integrating Passive Infrared Detectors):



Detecting Motion (Integrating Passive Infrared Detectors):
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Detecting Motion (Integrating Passive Infrared Detectors):



Detecting Motion (Integrating Passive Infrared Detectors):



Measuring Distance:

• Problem:

You want to measure the distance to something, such as a

wall or someone walking toward the Arduino.

• Solution:

This recipe uses the popular Parallax PING)))

ultrasonic distance sensor to measure the distance of an

object ranging from 2 centimeters to around 3 meters.

It displays the distance on the Serial Monitor and

flashes an LED faster as objects get closer (Figure 6-4

shows the connections):



Measuring Distance:



Measuring Distance:
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Measuring Distance Accurately:

• Problem:

You want to measure how far objects are from the Arduino

with more accuracy than in Recipe 6.4

• Solution:

 Infrared (IR) sensors generally provide an analog output that

can be measured using analogRead. They can have greater

accuracy than ultrasonic sensors, albeit with a smaller range

(a range of 10 centimeters to 1 or 2 meters is typical for IR

sensors). This sketch provides similar functionality to Recipe

6.4, but it uses an infrared sensor—the Sharp

GP2Y0A02YK0F (Figure 6-6 shows the connections):.



Measuring Distance Accurately:



Measuring Distance Accurately:
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Measuring Distance Accurately:



Measuring Distance Accurately:



Detecting Vibration:

• Problem:

You want to respond to vibration; for example,

when a door is knocked on.

• Solution:

A Piezo sensor responds to vibration. It works

best when connected to a larger surface that

vibrates. Figure 6-7 shows the connections:



Detecting Vibration:
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Detecting Sound:

• Problem:

You want to detect sounds such as clapping,

talking, or shouting.

• Solution:

This recipe uses the BOB-08669 breakout board

for the Electret Microphone (Spark-Fun). Connect

the board as shown in Figure 6-8 and load the code

to the board.



Detecting Sound:
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Detecting Sound:



Measuring Temperature:

• Problem:

You want to display the temperature or use the value to

control a device; for example, to switch something on when

the temperature reaches a threshold.

• Solution:

This recipe displays the temperature in Fahrenheit and

Celsius (Centigrade) using the popular LM35 heat

detection sensor. The sensor looks similar to a

transistor and is connected as shown in Figure 6-11:



Measuring Temperature:
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Reading RFID Tags:

• Problem:

You want to read an RFID tag and respond to specific IDs.

• Solution:

Figure 6-13 shows a Parallax RFID (radio frequency

identification) reader connected to the Arduino serial port.

(You may need to disconnect the reader from the serial port

when uploading the sketch.)



Reading RFID Tags:
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Reading RFID Tags:



Tracking Rotary Movement:

• Problem:

You want to measure and display the rotation of something

to track its speed and/or direction.

• Solution:

To sense rotary motion you can use a rotary encoder

that is attached to the object you want to track. Connect

the encoder as shown in Figure 6-14:
• /*

• Read a rotary encoder

• This simple version polls the encoder pins

• The position is displayed on the Serial Monitor

• */



Tracking Rotary Movement:



Tracking Rotary Movement:
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Tracking the Movement of More 

Than One Rotary Encoder:

• Problem:

You have two or more rotary encoders and you want to

measure and display rotation.

• Solution:

The circuit uses two encoders, connected as shown in

Figure 6-15. You can read more about rotary encoders

in Recipe 6.10:



Tracking the Movement of More 

Than One Rotary Encoder:
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Tracking the Movement of More 

Than One Rotary Encoder:



Tracking Rotary Movement in a Busy Sketch:

• Problem:

As you extend your code and it is doing other things in

addition to reading the encoder, reading the encoder starts

to get unreliable. This problem is particularly bad if the

shaft rotates quickly.

• Solution:

The circuit is the same as the one for Recipe 6.11. We

will use an interrupt on the Arduino to make sure that

every time a step happens, the code responds to it:



Tracking Rotary Movement in a Busy Sketch:
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Tracking Rotary Movement in a Busy Sketch:
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Tracking Rotary Movement in a Busy Sketch:



Using a Mouse:

• Problem:

You want to detect movements of a PS/2-compatible

mouse and respond to changes in the x and y coordinates.

• Solution:

This solution uses LEDs to indicate mouse movement.

The brightness of the LEDs changes in response to

mouse movement in the x (left and right) and y (nearer

and farther) directions. Clicking the mouse buttons sets

the current position as the reference point (Figure 6-16

shows the connections):
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