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Background  
The Internet of Things (IoT) is growing exponentially. New technologies and applications are 
being developed on a regular basis and this creates an abundance of new job opportunities each 
with its requisite skill sets. It is important to stay current with the skills required for this evolving 
job market and to take advantage of the many available learning opportunities currently 
available. This course project covers the fundamental concept of the IoT by integrating hardware, 
software, and networks into a whole system. The project is divided into six parts where each part 
builds upon the previous resulting in an IoT device that will simulate a smart home automation 
and security system. The design and development process of this project truly encompasses 
various aspects of the IoT and will prepare you for your future career in technology.   

Scenario  
Develop a smart home automation and security system by designing the prototype in Tinkercad, 
building the hardware with the components from the IoT Tech Core Kit and programming within 
Arduino IDE. The smart home system will encompass various devices to monitor the condition 
of the home. This includes a door sensor to check whether to door is open or closed, a distance 
sensor to monitor for a possible home intruder, and automated lights that turn on when it is dark. 
Optional components can be added to the smart home system including a water level sensor to 
monitor for possible flooding as well as a temperature and humidity sensor to monitor the 
weather conditions.  

Module 5: Adding Distance Sensor to Smart Home System and Analyzing 
Data 

Objectives 
• To learn how to connect an ultrasonic range finder to the Mega 2560 board 
• To learn how to write code that uses an ultrasonic range finder 
• To learn how to write code that makes the buzzer produce sounds  
• To learn how to display data to the serial plotter  
• To practice analyzing data generated by sensors  

Deliverables  
• Complete the Module 5 Course Project PowerPoint Deliverable  
• Include a picture of complete circuit with green LED on (5 points) 
• Include a picture of complete circuit with yellow LED on (5 points) 



• Include a picture of complete circuit with red LED on (5 points) 
• Include a screenshot of code with your name shown (15 points) 
• Include a screenshot of graph with distances plotted in Excel (30 points) 

Step 1) Gather your complete circuit from Module 4 with the buzzer and red, yellow, and green 
LEDs. You will be adding the ultrasonic sensor to the smart home security system. You can 
remove the wire from the door sensor as the door sensor is more robust and generates useful data 
for the smart home system. When the ultrasonic sensor is activated, it sends a burst of 
ultrasounds and waits for the echo to bounce off an obstacle and come back. The time between 
the outburst of ultrasound and the reception of the echo can be measured. Knowing the speed of 
sound, a quick calculation can convert this time into an actual distance. Based on the distance the 
ultrasonic sensor detects the following conditions will be activated:  

• Buzzer tone will change as the object gets closer to the ultrasonic sensor (i.e. home 
entrance). 

• Green LED indicates no security risk and an out of range (i.e. object is less than 12 
inches away) message will be displayed on the serial monitor.  

• Yellow LED will indicate a warning (i.e. object is between 6 inches and 12 inches away) 
message of a possible intruder  

• Red LED will indicate high security risk  (i.e. object is less than 6 inches away) 

Step 2) Referencing the picture below, mount your ultrasonic sensor to the breadboard.  

 



Step 3) Referencing the circuit schematic below, wire ultrasonic sensor as follows: 
• Vcc connects to 5V from the Mega board 
• GND connects to GND from the Mega board 
• Trig pin connects to pin 8 from the Mega board 
• Echo pin connects to pin 7 from the Mega board 

 

Step 5) Open Arduino IDE, erase all the contents in the sketch and replace it with the code 
shown below. In the code, replace the xxxxx with your name. Take a screenshot of the code. 
Include this screenshot in your PowerPoint Deliverable. Be sure you have the correct board and 
port selected in the Tools menu. Upload the code and run it. You will be prompted to save the 
sketch.  

#define trigPin 8 



#define echoPin 7 
#define Rled 2 
#define Yled 3 
#define Gled 4 
#define buzzer 10 

void setup() { 
Serial.begin(9600);  
Serial.println("CEIS101 Course Project Module 5"); 
Serial.println("Name: xxxxx "); //replace xxxxx with your name 

pinMode(trigPin, OUTPUT); 
pinMode(echoPin, INPUT); 
pinMode(Rled, OUTPUT); 
pinMode(Yled, OUTPUT); 
pinMode(Gled, OUTPUT); 
pinMode(buzzer, OUTPUT); 
} 

void loop() { 
long duration, distance, inches; 

digitalWrite(trigPin, LOW); 
delayMicroseconds(2); 
digitalWrite(trigPin, HIGH); 
delayMicroseconds(10); 
digitalWrite(trigPin, LOW); 

// Read the echo signal 
duration = pulseIn(echoPin, HIGH); // Read duration for roundtrip distance 
distance = (duration /2) * 0.0135 ; // Convert duration to one way distance in units of inches 

if (distance <= 12) {  // Outer IF statement units of inches 
  if (distance <=6){   // Alert range condition 
    digitalWrite(Rled, HIGH); // Alert green LED on 
    digitalWrite(Yled, LOW); 
    digitalWrite(Gled, LOW); 
    }  
  if (distance <12 and distance > 6){  // Warning range condition 
  digitalWrite(Rled, LOW); 
  digitalWrite(Yled, HIGH);  // Warning yellow LED on 
  digitalWrite(Gled, LOW); 
  }   



//==================== Beeping Rate Code Start ====== 
digitalWrite(buzzer,HIGH); 
for (int i= distance; i>0; i--) 
delay(10); 

digitalWrite(buzzer,LOW); 
for (int i= distance; i>0; i--) 
delay(10); 
//==================== Beeping Rate Code End ======= 
} 
 else{ //Safe range condition  
  digitalWrite(Rled, LOW); 
  digitalWrite(Yled, LOW); 
  digitalWrite(Gled, HIGH);  // Safe distance green LED on 
  digitalWrite(buzzer, LOW); 
}// end of outer IF statement 

if (distance < 156) // Filter noise to show readings only less than the sensor range of 13 ft = 156 
inches  
  Serial.println(distance); // print distance to show in Serial Monitor 

delay(100); //pause program to stabilize ultrasonic sensor readings 

} //end of loop 

Step 6) Open the Serial Monitor and test the security system by moving a flat object (or your 
hand) closer and further to the ultrasonic sensor. Notice how the beeping rate and LED color 
changes based on distance read by the ultrasonic sensor. Take a picture of each LED that lights 
up and include it in your PowerPoint Deliverable.  

Step 7) Data visualization involves the creation of a visual representation of data. It is both an art 
and a science where the data and the visuals work together for to tell a story. It allows the 
audience to quickly grasp concepts, understand trends, identify patterns and outliers in data. In 
the world of Big Data, where everything generates data, data visualization tools and technologies 
are essential to analyze massive amounts of information and make data-driven decisions.  

Run this code for a few minutes with the Serial Monitor window open to gather data collected by 
the ultrasonic sensor. Unplug the Arduino from the computer. Select all the data in the Serial 
Monitor by pressing CTRL+A on your keyboard. You will see the numbers highlighted in blue. 
Then copy the data by pressing CTRL+C on your keyboard.  



 

Step 8) Now that we have gathered the data, it’s time to plot the data. Open Excel and paste the 
copied data into column A of the spreadsheet by pressing CTRL+V on your keyboard. Select the 
column that the data has been pasted, and toggle to the Insert ribbon in Excel. Select the scatter 
plot with smooth lines and markers.  

 

Step 9) When plotting data, it’s essential we label the axis so the audience can see the meaning 
behind the numbers. Edit the graph such that it includes axis titles, with the vertical axis labeled 
as distance and the horizontal labeled as time. Be sure to include the units for distance as inches 
and time as seconds.  

 



Step 10) Change the y-axis range to start at zero since there are no distances less than zero 
measured by the ultrasonic sensor. Right click on the vertical axis and select Format Axis… Then 
in the window change the bounds from 0 to 100.  

                             

Step 11) Try taking the data analytics to the next level by incorporating some statistics or 
plotting an additional chart. The options are only limited to the story you want to tell with the 
data! Include the edited scatter plot and any additional graphs in your PowerPoint deliverable.  

Step 12) Submit the PowerPoint Deliverable.


