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Lecture 16 – Arduino Hardware Interface

Objectives:  To become familiar with using photoresistor, LCD screen, ultrasonic distance sensor, motor driver chip and gear motors with MATLAB. 

The overall goal of this lecture is to give students a basic knowledge of how to communicate with photoresistor and make appropriate decisions based on inputs from it, understand how LCD works and display strings on LCD screen, initialize ultrasonic sensor and read its values to make decisions, understand the need for motor driver, its role in controlling gearmotors, and the values to send to it. 

[bookmark: Aesthetics][bookmark: _bookmark83]16.1 Photoresistor
A photoresistor is a variable resistor that changes its resistance (Ω) depending on how much light is shining onto its head. As more light shines on the sensor’s head, the resistance between the two terminals decreases. Sometimes it is also called photocell, photodetector, photosensor, CdS cell (as they are made of Cadmium-Sulfide), LDR (light-dependent resistors), or photoconductive cell. 

16.1.1 Photoresistor Circuit
To use a photoresistor, we can connect one end of the photoresistor to power (5V) and the other side to microcontroller (Arduino in our case) analog input pin. Then a 10KΩ pull-down resistor from the analog pin to ground to create a voltage divider. The circuit schematic is show in the following image:
[image: Image of Arduino Microcontroller communicating with a photoresistor and an LED circuit.]
Figure 16.1: Photoresistor Circuit Schematic

16.1.2 Photoresistor Implementation in MATLAB
After the circuit is built, we need to create a program in MATLAB to control the Arduino Microcontroller so it will turn the LED on when it is dark and turn the LED off when the ambient light is bright. 
To implement that, we can use the readVoltage(a, ‘A0’) command to find the reading for ambient light. Next, cover the photoresistor with your finger and read the value to get a reading of a dark environment. Use the two values (when photoresistor not covered with the finger and when covered with the finger) and calculate a value in the middle of the two readings as the threshold value. This value will help determine whether the LED should be turned on or off based on the environment. After we determine the threshold value we can use conditional statement inside an indefinite (while) loop to turn the LED on or off based on the environmental conditions. 

16.2 LCD Screen
An LCD is a simple screen that can display a string of characters. The screen we have in the kit, as illustrated in Figure 16.2, can display 2 lines of strings. Each line can show 16 characters.
 
[image: Arduino LCD screen image with pin descriptions]
 Figure 16.2: LCD Screen Pin Layout

16.2.1 Install Library
To use the LCD screen, its library has to be defined, and it has to be recognized as an object. To install the library, simply download the folder “+arduinoioaddons” and include it in the folder your script file is saved in. To initialize the LCD object, use the following command:
	a = arduino('COM4','Uno','Libraries','ExampleLCD/LCDAddon’);
lcd = addon(a,'ExampleLCD/LCDAddon','RegisterSelectPin','D12' ...
    ,'EnablePin','D11','DataPins',{'D5','D4','D3','D2'});



16.2.2 LCD Screen Circuit 
To connect the LCD screen to the Arduino microcontroller, you can follow the circuit schematic below:
[image: Image of Arduino Microcontroller communicating with an LCD screen with potentiometer to control contrast on the screen.]
Figure 16.3: LCD Screen Circuit Schematics

Note: The potentiometer is used to control the brightness and contrast of the LCD Screen. 

16.2.3 LCD Screen Program 
After we defined the Arduino object with library and the LCD object as shown in section 16.2.1, we need to initialize LCD with initializeLCD() function and then we can print strings to the LCD screen with printLCD() function. Like the following example: 
	a = arduino('COM4','Uno','Libraries','ExampleLCD/LCDAddon');
lcd = addon(a,'ExampleLCD/LCDAddon','RegisterSelectPin','D12', ...
    'EnablePin','D11','DataPins',{'D5','D4','D3','D2'});
initializeLCD(lcd, 'Rows', 2, 'Columns', 2);
printLCD(lcd,'LCD WORKS!!!')
printLCD(lcd,'GOOD LUCK!!!')



	
16.3 Ultrasonic Sensor
Ultrasonic sensor is a distance sensor which can provide the distance of an object from the sensor. The sensor in out kit has 4 pins, as shown in Figure 16.4. It has a VCC pin which is 5V and a GND connection which is 0V. There is also a Trigger pin to send out ultrasonic sound wave and an echo pin to receive the reflected signal. The echo pin generates a pulse proportional to the time it takes for the transmitted signal to be detected, facilitating the calculation of the sensor’s distance from the object. 

[image: image of Arduino Microcontroller circuit to integrate ultrasonic sensor to read distance of object from the sensor.]
Figure 16.4: Ultrasonic Distance Sensor

16.3.1 Ultrasonic Sensor Implementation  
Similar to the LCD screen we will need to include the library when we define the Arduino object and define the ultrasonic sensor objects. Like the following example: 
	a = arduino('COM4','Uno','Libraries', 'Ultrasonic');
ult_obj=ultrasonic(a, 'D11', 'D12');  % D11 is Trigger Pin, D12 is Echo Pin
dist = readDistance(ult_obj)        % read the distance with the sensor



16.3.2 Implementation of Ultrasonic Sensor with LCD Screen  
If the LCD screen and the ultrasonic sensor would need to be connected at the same time so that the LCD screen can show the distance the ultrasonic sensor reads, then both the LCD screen and the ultrasonic sensor would need to be initialized. To do this, use braces { } when mentioning the two libraries. Like the following example:

	a = arduino('COM4','Uno','Libraries',{'ExampleLCD/LCDAddon' ,'Ultrasonic'});



Note:  To display the numbers on the LCD screen you will need to represent them as strings, as the LCD only displays strings. You can convert numbers to strings using num2str( ) function and collect multiple values in a string using square brackets [ ].

16.4 DC Motors
DC gearmotors can be used to turn wheels and many more applications. These gearmotors require a 4.5V and without any load on the motors, it has a current of 190mA and a wheel speed of 140 RPM (Revolutions Per Minute). The Motor Driver chip board can control up to two DC motors at a constant current of 1.2 A (3.2A peak). Two input signals (IN1 and IN2) can be used to control the motor in one of four function modes: CW, CCW, short brake, stop. Two motor outputs (And B) can be separately controlled. The speed of each motor is controlled via a PWM input signal with frequency up to 100 KHz. The Motor Driver chip board is shown in Figure 16.5 with details of it in the next section. 
[image: SparkFun Motor Driver - Dual TB6612FNG (with Headers)]
Figure 16.5:  Motor Driver Chip

16.4.1 DC Motor Driver Board
The Motor Driver Board included in your Sparkfun kit helps in controlling 2 motors and the integrated H-Bridge allows us to control the direction of the motors. The following table indicates the pin connections for the motor driver board: 

Table 16.1: The Pin Connection of the Driver Board
	VM
	Motor power Source (2.2V to 13.5V)
	PWMA
	PWN signal for controlling the speed of motor A

	VCC
	Chip voltage (3.3 V)
	AIN2
	Motor A Input pin 2 for Direction Control

	GND
	Common Ground
	AIN1
	Motor A Input pin 1 for Direction Control

	A01
	Motor A connection
	STBY
	Standby HIGH board ON, LOW for board OFF

	A02
	Motor A connection
	BIN1
	Motor B Input pin 2 for Direction Control

	B02
	Motor B connection
	BIN2
	Motor B Input pin 1 for Direction Control

	B01
	Motor B connection
	PWMB
	PWM signal for controlling the speed of motor B

	GND
	Ground
	GND
	Ground




16.4.2 Implementation of one DC Motor with the DC Motor Driver Board
 If we follow the pin connection table to wire one DC motor, the circuit should look like the following schematic: 
[image: image of Arduino Microcontroller circuit to operate a DC Motor in Clockwise and Anticlockwise direction and to stop the DC Motor.]
Figure 16.6: One DC Motor Schematic with Switch

Notice, we also have a switch connected to digital pin 7 to read the user input for direction. 

To set up the DC Motors for the Autonomous Robot that will stop and turn to the side to avoid obstacles in its way, we need to initialize the pins first. After that we can create four functions: Forward Movement, Stop (brake), Backup Movement, Rotate Right Movement. Table 16.2 illustrates the values the motor needs for ClockWise (CW), CCW (CounterClockWise), braking (Stop) and Rotating motions (right or left).

Table 16.2 – Pin Configurations for Motor Movements
	PWMA
	PWMB
	AIN1
	AIN2
	BIN1
	BIN2
	Mode

	5
	5
	1
	0
	1
	0
	CW

	5
	5
	0
	1
	0
	1
	CCW

	5
	5
	0
	0
	0
	0
	Stop

	5
	5
	1
	0
	0
	0
	Rotate Right/left




16.5 Explore Further
To further explore details about each component in the Sparkfun kit and its operating fundamentals, download the Sparkfun Inventor’s Kit Experiment Guide or visit the Sparkfun Tutorials.

16.6 Conclusion/Summary of Key Points
The overall goal of this lecture was to familiarize with the photoresistor sensor, the ultrasonic sensor, the LCD Screen, and the use of DC motors with the Arduino Sparkfun kit. A few key points are captured below:
1) To use any sensor, first communicate with the sensor individually, before fully connecting it in the full circuit. This will help to make sure how the sensor works so its values can be controlled as needed for the rest of the circuitry.
2) Determine threshold of the photoresistor before writing a program to work in a specific environment.
3) LCD screen can only display 16 characters on each line, so write sentence smaller than that many characters.
4) LCD can display only characters (strings), so convert any numbers to strings before displaying them.
5) It is important to download the LCD library and have it in the correct folder before it will work as expected.
6) For the ultrasonic sensor, make sure to put the trigger and echo pins in the right location on the circuit and in the program, make sure their order is correct, otherwise an inf value will be returned. 
7) In the DC Motor circuit schematic, pay attention to the switch configuration. Use the same configuration if using two motors (The guide uses only two wires for the switch which does not work with MATLAB as should be expected).


Last modified May 12, 2024
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Figure 16.1: Photoresistor Circuit Schematic
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