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Lab 1:  Introduction to the Arduino Microcontroller Platform 
 

Microcontrollers are integrated circuit (IC) chips that incorporate a processor core, memory 

(which can include types such as RAM, flash, and EEPROM), and input/output (I/O) capability.  

Smaller and less powerful than the microprocessors on which computers are based, 

microcontrollers are used for embedded applications in which the microprocessor is hard-wired 

and programmed to control a particular system (your car’s fuel injection or your microwave’s 

control sequences, for example).  To program and use a microcontroller requires some additional 

infrastructure including a clock, a power supply, and a way to communicate with the 

microcontroller.  These elements are included in the microcontroller platform you will use in this 

course – the Arduino microcontroller platform. The Arduino platform is the result of an 

open-hardware, open-source software project initiated to provide a microcontroller design and 

integration environment that would be inexpensive and accessible for use by engineering and 

design students.  Since the Arduino platform’s introduction in 2005, its use has spread beyond 

engineering classrooms into the hands of artists, designers, inventors, and hobbyists, spawning an 

on-line network of information, advice, designs, and programs for the platform. 

 

Functionally, an Arduino is a slower, dumber, much cheaper version of the LabVIEW software 

and breakout board you have used in previous labs, providing input and output pins for voltages 

(analog and digital). It employs a Universal Serial Bus (USB) connection to implement serial 

communication between a computer and the microcontroller, providing an interface through which 

the user can write and upload programs to the microcontroller to read voltages from and output 

voltages to the various data pins connected to the microcontroller. Why, then, would we use an 

Arduino board when we already have LabVIEW boards?  The most important reason is cost. An 

Arduino board costs about $30, while the LabVIEW software and breakout board cost over $2000. 

Secondly, Arduinos are really easy to program and control; once programmed, they can operate on 

battery or DC power alone, without connection to a computer. Thus, an Arduino can be a part of a 

stand-alone instrument or apparatus. They do not have the speed, voltage resolution, or 

computational power of LabVIEW, but there are lots of times when a project doesn’t push any of 

those limits, and in such cases the Arduino provides a good platform for a project. 

 

Background: The Arduino Uno and Arduino 1.0 Integrated Development Environment 

 

There are many different types of Arduino boards available for purchase (or you can even buy the 

individual electronic components and solder up your own board, since the hardware design is 

freely available on the web).  The one you will use, the Arduino Uno, is the current version in the 

main series – the Arduino USB, Extreme, NG, Diecimila, and Duemilanove are earlier versions, 

while the Leonardo and Mega are souped-up versions with extra capabilities. The Uno has an 

ATmega328 microcontroller, a 16 MHz crystal oscillator, 32 KB flash memory, 2 KB RAM 

(random access memory, which is used as a temporary “scratch pad” for storing values while the 

device is powered up and operating), 1 KB EEPROM (Electrically Erasable Programmable 

Read-Only Memory, which, like flash memory, keeps its contents even when powered off), and a 

separate microcontroller, the ATmega 16U2, to handle USB communications. 

 

Digital electronic circuits distinguish only between two DC voltage levels (0 V and +5 V, for 

“transistor to transistor logic,” or TTL, circuits like the ones we will build).  In the terminology of 
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digital circuits, these two levels are often designated simply “LOW” and “HIGH” or “0" and “1".  

Most TTL chips and circuits, furthermore, accept a fairly broad range of voltages for each level 

(e.g. anything above about 3 V counts as HIGH and anything below about 2 V counts as LOW), 

making these circuits fairly robust and tolerant compared with analog circuits.  The Arduino Uno 

operates using TTL levels.  Examine your Arduino board. It has fourteen digital I/O pins labeled 

0-13 on the edge of the board opposite the microcontroller (the largest of the ICs on the board). 

Each digital pin can be used to accept digital input or send digital output, sourcing up to 40 mA of 

current.  Some of these pins have additional functions. For example, pin 13 is connected to an 

on-board LED and has an in-line diode protection resistor so that you can plug an LED directly 

into pin 13 and ground without running the risk of drawing too much current. Digital pins 

numbered 3, 5, 6, 9, 10, and 11 can also be used to produce a signal that has the effect of an analog 

output between 0 and +5 V, through a process known as pulse width modulation (PWM), 

described below.  On the opposite edge of the board are six analog input pins (labeled 0-5) which 

can read input voltage values between 0 and +5 V, converting them into digital values from 0 to 

1023, using a 10-bit analog-to-digital converter (ADC) on the microcontroller. 

 

In addition, the Arduino Uno supports input and output of alphanumeric characters and binary 

numbers through a process called serial communication.  In this scheme, each character or number 

is represented by a particular pattern of HIGH and LOW values linked together into a pulse train.  

Each character is represented by 10 bits of data – eight bits corresponding to the ASCII code for 

that character, plus one parity bit (for error detection) and one stop bit.  Binary numbers are also 

sent in packets of 10 bits; eight of the bits are the binary representation of the number (or a part of 

the number) plus one parity bit and one stop bit. You can access this information stream via the 

Serial Monitor feature of the Arduino Integrated Development Environment (IDE), a graphical 

user interface that provides tools for writing, compiling, debugging, uploading, and monitoring 

Arduino programs (referred to in the Arduino community as “sketches”).  

 

Arduino sketches are written in a language derived from C, called Processing. Processing uses C 

syntax, data types, and control structures. A valid sketch has global declaration statements (if 

needed), followed by a function called setup() which runs one time at the start of execution, 

and then a function called loop() which runs over and over again until power to the Arduino 

board is removed,  the board is reset by a hardware pushbutton or by an electrical signal, or a new 

sketch is uploaded.  A sketch may also contain code for user-defined functions called from 

setup() or loop(), allowing you to write your own functions using commands or functions 

already defined (in your code or in the basic Arduino command set). In addition, the large user 

community has created software in packages called libraries, whose functions may be added to 

your program using a #include <library.h> statement in the declarations block. It is very 

instructional to examine examples of well written sketches, to develop your own ability to write 

clear, effective, well-documented code. Many such examples can be found from the Arduino menu 

under File | Examples. 

 

Part 1: Getting Started with the Arduino Board and IDE 

 

To begin, download the current release of the IDE, called Arduino 1.0.5-r2, from the following 

URL: http://arduino.cc/en/Main/Software.  Follow the instructions on that website to uncompress 

http://arduino.cc/en/Main/Software
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and install the software on your computer and, if necessary, install drivers as specified.  Arduino 

works well on either the Mac or PC platform; if you choose to install it on the Mac side of your 

laptop, be aware that you will still need to use the PC side for programs such as Open Choice 

Desktop to print copies of your oscilloscope screen, when necessary.  

 

Plug your board into your computer with a USB A-to-B cable, launch the Arduino IDE, and use 

the Tools | Board menu to select Arduino Uno as your board type, and then Tools | Serial Port to 

connect to the COM port or device assigned to your board when you plugged it in.  To test that 

everything works, use Files | Examples | 01.Basics | Blink to open a pre-written example sketch to 

make the on-board LED blink on and off with a period of two seconds.  Upload this program to 

your board. You should see a bit of furious activity by two LEDs labeled Rx and Tx as the program 

uploads.  Then, watch the LED labeled L blink on and off.  Attach your oscilloscope leads across 

the LED (ground clip to ground, 10x probe to pin 13) and look at the signal driving the LED. Alter 

both delay values (in milliseconds) programmed into the sketch to adjust the frequency and duty 

cycle of the signal, recording oscilloscope traces and explaining the correspondence between each 

aspect of the signal (i.e. the voltage levels and durations) and its representation in the code. Make 

your explanations quantitative and specific, connecting oscilloscope measurements with Arduino 

code excerpts. 

 

Part 2: Outputting values – digitalWrite(pin,val) and analogWrite(pin,val) 

 

2a: Digital Output: Wire a green LED with the anode (longer pin) connected to pin 13 and the 

cathode to one end of a diode protection resistor (your kit has a lot of 560 Ω resistors for just this 

purpose). Wire the other end of the resistor to ground, as shown in the schematic below. (While not 

strictly necessary for the special pin, pin 13, get in the habit of including a diode protection resistor 

in series with every LED you use in a circuit to avoid possible damage to the Arduino board.) 

 
Examine the Blink sketch; it has two functions, setup() and loop(). These functions are 

required in all Arduino sketches. The bootloader (program interpreter) on an Arduino 

microcontroller executes the commands in the function setup() once, at the start of program 

execution, and then it executes the commands in the function loop() over and over again until a 

hardware or software interrupt occurs or power is removed from the board. The Blink sketch also 

includes a short declarations block (one line, excluding the comments explaining it), defining a 

variable called led and assigning it the value 13, in order to identify the Arduino pin to which the 

on-board LED is connected. This is a good programming habit to develop, rather than using the pin 

number directly in function calls later in the program, because then if you want to change the pin 
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you are using for wiring your external circuit, you only have to change the assignment in the 

declarations block, rather than having to find and replace every instance of the pin number in 

subsequent function calls, making it easier to expand or modify your sketch. 

 

The Arduino microcontroller sets a voltage on a pin using the command digitalWrite(pin, 

val) where pin specifies the number of the digital pin on which the voltage will appear, while 

val specifies the voltage level using the keywords HIGH and LOW (corresponding to +5V and 0V, 

respectively). Note that before setting the output voltage of a digital pin, the pin must already have 

been configured as an output pin, using the command pinMode(pin,OUTPUT), as shown in the 

setup() function of the Blink sketch. The pinMode command usually appears in the setup() 

function, but it is not restricted to that scope – it is possible to reconfigure pins within other 

functions in a sketch. 

 

Timing in the Blink sketch is controlled by the delay(ms) command where ms is an unsigned 

long integer number of milliseconds for the command to wait before returning. (There is also a 

delayMicroseconds command, whose argument is in microseconds.) 

 

Notice that if you make the delays in the Blink sketch short enough, you no longer see the LED 

blinking on and off.  Instead, it appears to stay lit at a constant level which is somewhat dimmer 

than full brightness. For most people, if a visual stimulus blinks on and off more often than about 

16 times each second, a phenomena called "persistence of vision" causes them to perceive the 

stimulus as being continuously on rather than flickering on and off, but at a reduced brightness 

compared to the always-on state. Experiment with the delay values in the Blink sketch, using 

different numbers for each one and watching the resulting pulse train on your oscilloscope.  Find 

combinations of delay values that maintain the perception of a constant LED brightness but make 

the LED brightness appear closer to full brightness, as well as pairs that make the LED appear 

dimmer.  Document the shape of the pulse train for examples of both of these cases, using your 

oscilloscope.  The pulse shapes you create are the essence of pulse width modulation (PWM): by 

providing digital levels of 0 and +5 V for different fractions of each cycle (for a suitably short 

overall cycle period), you can create the effect of lighting the LED with an effective voltage level 

somewhere between 0 and +5 V.  

 

2b: Analog Output: The Arduino environment provides a more streamlined way to perform 

PWM (in place of the code explored in part 2a) through the function analogWrite(PWMpin, 

value), where PWMpin corresponds to certain digital pins designated for this type of use (pins 3, 

5, 6, 9, 10, and 11 on the Uno). As with digitalWrite, the pin being called in analogWrite 

must first be configured as an output, using pinMode(pin,OUTPUT). Then the function 

analogWrite(PWMpin, value) will produce a pulse train with a duty cycle (amount of time 

the signal is held high, as a fraction of the total period) proportional to the variable value. That 

variable must be in the range from 0 to 255 (corresponding to the range of an 8-bit binary number). 

This provides the effect of having 2
8
=256 possible voltage levels from 0 to +5V powering your 

LED’s brightness, since having the LED on at +5V for 50% of the time and off for 50% of the time 

looks like having the LED connected to a steady +2.5V level, though it is actually the duty cycle 

that is changing, not the voltage level.   
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Alter the Blink sketch and your LED wiring to drive your external LED from pin 10, one of the 

PWM-capable pins, using analogWrite(pin, value). Be sure to connect the LED in series 

with a diode protection resistor on your breadboard. Use clear, descriptive comments to make your 

code easy to understand. Print a copy of your sketch for your lab notebook, save it to a location on 

your computer (documenting the file path and name), and then upload the sketch to your Arduino 

board. Document the LED brightness and scope trace appearance for some representative values 

of value. What is the smallest value for which you can see that the LED is on? 

 

Part 3: Inputting values – digitalRead(pin)and analogRead(pin) 

 

3a: Digital Input: While setting voltages on pins allows your Arduino programs to affect the 

world, your sketches can also sense effects from the world by reading voltage values from external 

devices connected to Arduino input pins.  To configure a digital pin as an input pin, you must first 

execute the command pinMode(pin,INPUT). Then to bring sensor information into your sketch, 

use the command val = digitalRead(pin). This will assign val to LOW if the voltage on pin 

is less than about 2 V and will assign val to HIGH if the voltage on pin is more than about 3V. 

(The result is not guaranteed for a voltage on the pin between 2V and 3V, so avoid that situation!) 

 

For a simple example that combines both digital input and digital output, build a device that 

illuminates an LED when a button is pressed but turns it off if the button is not pressed. Mount a 

pushbutton on the Arduino breadboard. Use your DMM to document the relationship between the 

four pins of the pushbutton a) when the button is held down, and b) when it is released. Notice that 

pairs of the pushbutton’s legs are permanently connected to each other. (This extra connection is 

represented by otherwise unconnected terminals on the schematic below. Create a circuit 

corresponding to the schematic below by adding connections to your circuit from part 2b.) Note 

the use of a 10 k resistor (R2) connecting the Arduino input pin to ground. Use your knowledge 

of circuit analysis to explain in your notebook what you expect for the voltage at pin 2 when the 

button is pressed and when it is not pressed. Explain the potential problem you would cause if you 

omitted the 10 k resistor. 

 
Now create a sketch such that the LED is set to full brightness while the pushbutton is held down, 

but is off when the button is not held down. Your sketch should declare variables for the LED pin 

and button pin, set the INPUT/OUTPUT status of those pins, and test whether the voltage at the 

button pin is HIGH or LOW in order to set the digital output of the LED pin appropriately. Verify the 

desired behavior and document your work, including a copy of your sketch and oscilloscope traces 

showing the voltage on the button pin demonstrating a transition from low to high.  
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Important hardware note: Notice that your setup() function makes two calls to pinMode. These 

function calls cause the pins specified to be configured with different physical properties, 

specifically different input impedances.  A pin configured for input will have a large effective 

impedance, making it appropriate for sensing a voltage across an external circuit without 

disturbing the behavior of the circuit.  A pin configured as an output will have a low effective 

impedance, allowing it to source enough current (up to 40 mA) to power an LED or similar 

low-power device.  Forgetting to initialize the pin mode or initializing it to the wrong type for what 

it is connected to can damage your Arduino board, so be careful to set the status of the pins 

correctly when writing sketches involving digitalRead, digitalWrite, and analogWrite 

commands (since analogWrite uses a digital pin, despite its name). 

 

3b: Analog Input: In the next example, you will use the analogRead function to measure the 

voltage from a potentiometer set up in a voltage divider arrangement and use that value to control 

the brightness of an LED.   

 

The analogRead(pin) function returns an integer in the range from 0 to 1023 (corresponding to 

voltages on the analog pin of 0 V to +5 V, respectively)

. Note that only the six analog input pins, 

the ones numbered 0-5 on the edge of the board closest to the microcontroller IC, can convert 

analog voltages into digital values. Also, it is not necessary to use pinMode to configure an analog 

input pin, since those six pins are used only for input, never for output. This function is usually 

used in an assignment statement, as follows: val=analogRead(inPin); . This statement sets 

the variable val equal to an integer from 0 to 1023, proportional to the voltage connected to the 

analog pin specified by inPin (so long as that voltage is in the range from 0 to +5 V). 

 

Replace the pushbutton and resistor on your breadboard with the potentiometer from your Arduino 

kit. Using your DMM, document how the potentiometer is wired and note the resistance between 

the two end terminals. Wire the two end terminals to +5 V and GND and the wiper to analog input 

pin 0. Draw a schematic for this circuit in your notebook and explain what you expect the voltage 

on analog input pin 0 to be as you vary the potentiometer setting from one in which there is no 

resistance between the wiper and ground to one with the maximum resistance between the wiper 

and ground. 

 

Now create a sketch that repeatedly calls num = analogRead(inPin) to set an integer variable 

num to a value between 0 and 1023, proportional to the voltage on analog pin 0 (remembering to 

including a declaration such as const int inPin = 0; in the declarations block of your sketch). 

Your sketch should then use analogWrite(ledPin,value) to output a PWM signal to light up 

the LED. Compute value from num such that the duty cycle of the PWM signal is the same 

fraction of the maximum possible value (255) as the result of the analogRead(inPin) is to its 

                                                 

 Actually, you have more control of the digitization process than this, though you won’t need it 

for this lab. If the maximum analog voltage you need to read is less than +5 V, you can increase the 

resolution of the analogRead function by first calling the analogReference function. (See the 

Arduino Reference page accessible from the Help menu for details. The documentation explains 

the role of the AREF pin in this process.) 
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maximum possible value (1023). The result should be a device with which you can vary the LED 

brightness from completely off to its maximum brightness by varying the potentiometer through 

its full range. Document the operation of your device, including a few illustrative cases where you 

measure the voltage on analog pin 0 with your DMM and print oscilloscope traces of the resulting 

PWM signal to the LED. Also include a copy of your sketch. 

 

Part 4: Serial Communication 

 

You have already used some of the Arduino platform’s serial communication capabilities to 

uploaded sketches to your board via the USB connector. There are also tools that allow you to 

interact with your sketch while it’s running, though, to receive values being read by a sensor 

attached to the board or to store a value in a variable interactively, by capturing keystrokes from 

the computer.  

 

As an example, we will use the same hardware configuration as in part 3b (LED on pin 10, 

potentiometer with wiper connected to analog pin 0). Add the lines below to the sketch you wrote 

for part 3b:  

 

To the setup() function, add the line: 

 
Serial.begin(9600); // open serial port to send data to serial  

// monitor at 9600 bits per second 

 

To the loop() function, somewhere after you have used the analogRead function to store a 

number in the variable num, add the line: 

 
Serial.println(num);  // print num to serial monitor, setting  

// next print to go to start of next line 

 

These additions should modify your sketch to print the integer value read on analog pin 0 to the 

Arduino "serial monitor", a pop-up window associated with the Arduino IDE.  Upload the revised 

sketch to your Arduino board and then pop up the serial monitor's window by clicking on the serial 

monitor icon (a magnifying glass) on the right hand side of the IDE’s icon toolbar.  You may want 

to adjust the delay value in your sketch to regulate the rate at which readings come onto the serial 

monitor. Verify that the levels reported are consistent with oscilloscope or DMM measurements of 

the voltage on analog pin 0. Your notebook should include a formula that converts the value 

returned by the analogRead() function to the voltage on the pin. 

 

Summary: 
Include a summary of your work on this lab – encapsulate what you have learned about the 

Arduino and its capabilities, for future reference.  
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Appendix: brief Arduino programming language reference, focusing on Arduino-specific 

functions for I/O and serial communication. See http://arduino.cc/en/Reference/HomePage. 

 

pinMode(pin, mode) ;  // mode = INPUT or OUTPUT, defined constants in Arduino 

digitalRead(pin); // returns int value equivalent to HIGH if senses voltage > 3V  

// on pin specified, LOW if senses voltage < 2V on pin 

digitalWrite(pin, value); // outputs voltage of 5 V or 0 V on pin specified; voltage specified  

// as value = HIGH or LOW, which are defined constants 

analogRead(pin);  // returns int value from 0 to 1023, corresponding to voltage from  

// 0 to +5 V on analog input pin specified 

analogWrite(pin, value); /* outputs a square wave pulse with duty cycle proportional to 

number between 0 and 255, passed by argument “value”.  This technique, called pulse width 

modulation (PWM) simulates an analog output voltage level using only digital levels 0 and 5 V by 

producing a digital output composed of a rectangular pulse chain whose time average equals the 

desired analog level between 0 and 5 V.*/ 

 

Serial.begin(speed)  // sets data rate for serial communication, in bits per second 

Serial.print(val)  // prints serial data to monitor, as ASCII characters 

Serial.write(val)  // prints serial data to monitor, as decimal numbers or ASCII 

                                                // strings 

Serial.available()  // returns int = number of serial bytes available to read 

Serial.read()   // returns int =  first byte of incoming serial data 

 

delay(value)   // pauses execution for number of milliseconds in value 

delayMicroseconds(value) // pauses execution for number of microseconds in value 

millis()    // returns unsigned long int = number of milliseconds elapsed since  

// program execution began.  Overflows around 50 days. 

micros()   // returns unsigned long int = number of microseconds elapsed  

// since sketch execution began.  Overflows around 70 minutes. 

 


