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Abstract: 
A car was built as a proof of concept for a luggage that follows you using ultrasonic sensors. 
Ultrasonic sensors were attached to a chassis which were used to pinpoint the general direction 
of the person through an ultrasonic sensor located on the person whom it would follow. XBee RF 
modules were used to coordinate when the sensor started pulsing in order to obtain the time for 
the sound to travel from the transmitter to the receiver. Although car was not able to find the 
position of the transmitter, the ultrasonic sensors were able to gain the distance from it to the 
transmitter plus or minus 10 cm, and the car was able to follow the transmitter over open areas. 
 
Motivation and History: 
The purpose of this project is to create a luggage that can follow you. The system the luggage 
will use to locate the person it is following is based on ultrasonic sensors, although it is possible 
infrared proximity sensors may also be incorporated into the design. This project was inspired by 
a review of the luggage 90Fun Puppy1 from the Wall Street Journal.1 Although certain parts of 
the luggage were imperfect, such as an inability to follow a person if they were not within a line 
of sight, the luggage would still be ideal for use in airports and other situations heavy objects 
need to be carried for long distances on smooth terrain. Currently many companies are 
developing robots and other devices that can follow a person around. For example, the company 
Piaggio has created a robot called Gita which carries a person’s items and follows them around.2 
The Gita maps its surroundings with cameras and follows people by matching its view with the 
one provided by cameras on the belt of the person wearing it. A luggage that follows you would 
be extremely convenient in airports and other scenarios where one transports heavy items for 
long distances. Substituting backpacks with a luggage that follows you would also reduce back 
pain. Similar technologies could also be implemented in robots that specialize in human-robot 
interactions. There appear to be many methods to create the following system of the luggage; this 
project explores uses of ultrasonic ranging sensors to locate the person it should follow. 
 
This project was also chosen to further my experience coding for arduinos and working with 
sensors, something I really enjoyed during the balloon launch. I also want to continue learning 
about mechanical design from my experience with the creative piece at the end of the semester. 
By undertaking this project I hope to learn more about arduinos, sensors, and mechanical design 
as well as build a luggage that can carry heavy things for me.  
 
Sonar at ultrasonic frequencies is the most important technology used in this project. The first 
recorded use of sonar was by Leonardo da Vinci in 1490 when he detected the presence of ships 
by inserting a tube into water.3 The first patent for an underwater ranging device was submitted 
in 1912 by Lewis Richardson one month after the sinking of the Titanic. In 1914, the Fessenden 
Submarine Oscillator, the first electric-mechanical sounding system, was successfully tested.4 
The system worked with an oscillating motor generator which oscillated the magnet, a copper 
tube attached to a diaphragm when current passed through the motor. The diaphragm is in 
contact with the water so that sound waves are sent through the water. Sound waves which strike 
the diaphragm also cause it to vibrate, generating a current which can be converted into sound 
using a telephone receiver. The Fessenden oscillator was actually mainly designed for 
communication between ships and its signals could be heard 31 miles away. 
 



 

 
Fig 1. A ship with its Fessenden oscillator ready for use. [4] 

 
As World War I accelerated the development of sonar with the need to detect submarines. In 
1986, 3D ultrasound was developed and used for to capture 3D images of a fetus.5 This project 
explores applications of ultrasound to locate the distance and location of a certain target. 
 
Theory of Operation: 
This project relies heavily on ultrasonic sensors which work by sending pulses of sound waves at 
a specific frequencies out of range of the human ear.6 Using the speed of sound and the time it 
takes for the sound to bounce back, the distance from the sensor to an object can be calculated. 
Sound is the transmission of a disturbance through a medium. Sound travels at the speed 

where is the ratio of specific heats (1.4 at STP),  is the gas constant (286 v = √γRT γ R  
m^2/s^2/K for air), and  is the temperature in kelvin.7 Therefore, at standard conditions, theT  
speed of sound in air is around 345 m/s. Some issues with ultrasonic ranging sensors include 
how sound can be deflected or absorbed by materials such as cloth. The HC-SR04 sensors 
specifically send a pulse at 40 kHz for a cycle of 8 pulses. 



 

Considering that the luggage will be designed to stay within 2 m at most, the time it will take for 
the pulse from the transmitting distance sensor to travel to the receiving sensor should be at most 

 seconds. / 345 0.005802 =   

 
Fig 2. Diagram of the usual function of an ultrasonic sensor. [6] 

 
Using distances from an transmitting ultrasonic sensor to three receiving ultrasonic, ,d1 d2 d3  
sensors at positions , , and  respectively we can derive the x- and0, , )( 0 0 a, , )( b 0 c, , )( d 0  
y-coordinates of the position  of the transmitter. The z-coordinate is not needed for thex, , )( y z  
purposes of steering the luggage to the location transmitter. However, this method relies on the 
distances obtained to be fairly accurate and can lead to large errors when this is not the case. 
 
x2 + y2 + z2 = d1

2  
(x )− a 2 + (y )− b 2 + z2 = d2

2  
(x )− c 2 + (y )− d 2 + z2 = d3

2  
ax by2 − a2 + 2 − b2 = d1

2 − d2
2  

cx dy2 − c2 + 2 − d2 = d1
2 − d3

2  

x = 2ad−2bc
d(d −d +a +b )−b(d −d +c +d )

1 
2

2
2 2 2

1
2

3
2 2 2

 

y = 2ad−2bc
a(d −d +c +d )−c(d −d +a +b )1

2
3

2 2 2
1

2
 2

2 2 2

 
 
Design: 
This project relies heavily on ultrasonic sensors to locate the person which the car will then 
follow. Ultrasound was chosen despite its disadvantages because of its greater potential accuracy 
compared to GPS. Sensors were attached to an elevated frame at the top of the DG012-BV 
chassis since ultrasound sensors and infrared sensors would benefit from having less objects 
should block line of sight to sensors on the car. Due to the narrow angle of transmittance from 
the receiver and the fact that sensor must face the general direction of the transmitter in order to 
receive the signal, only a few transmitters will receive the signal, a fact that can be taken 
advantage of to determine the general direction of the sensor.  



 

 
Fig 3. Design of car. Sensors are attached to an elevated acrylic board at the top of the car. 

 



 

 
Fig 4. Image of the car with sensors and arduino. 



 

 
Fig 5. Circuit diagram for transmitter. The XBee which plugs into a XBee Shield and into the 

Arduino is not included in the diagram. 
 
The car uses an h-bridge motor driver to control the motors. The h-bridge is expected to be able 
to power 2 DC motors each and has a supply range of 4.5 V to 36 V and up to 1 A per driver.8 



 

 
Fig 6. 8 ultrasonic sensors, 2 infrared sensors, and another h-bridge with two motors are 

included on the luggage. The XBee which plugs into a XBee shield and into the Arduino is not 
included in the diagram. 

 
To coordinate the timing of the pulse of the transmitting ultrasonic sensor, XBee S1 Pros were 
used. The XBee on the transmitter would send a message to the receiver that indicated that it was 
going to pulse the sensor, wait for the XBee on the transmitter to receive and process the 
message and pulse the sensor. Information on how long the XBee takes to process messages is 
included in Graph 1 in the results section. Thus, the receiver and transmitter would transmit a 
pulse from the ultrasonic sensor at the same time. The time from when the sensor on the receiver 
pulsed to when the echo pin received the pulse would be measured and then used to compute the 
distance between the two sensors. Since the measuring angle of the ultrasonic sensor is 15 
degrees, the receiving sensor will only get the pulse from the transmitting sensor if the receiving 
sensor is aimed towards the transmitting sensor or if the pulse bounces off something and hits the 
receiver within the measuring angle. Under usual circumstances, only sensors aimed in the 
general direction of the car should receive a signal plus one or two others due to sound bouncing, 
but the distances recorded with those should be larger than the distances recorded from the 
sensors directly aimed towards the transmitter. Thus, the general direction of the transmitter can 
be found and the car can steer towards the transmitter using the h-bridge. The car can adjust its 
course as needed since measurements for distances to find the direction of the transmitter are 
constantly being taken. 
 
 



 

The flowchart for the code currently written for the receiver is shown below.  

 
 
The flowchart for the code for the transmitter is shown below. 
 

 
 



 

Results: 
With the transmitter at 50 cm from the front of the car, at least one sensor from the car was able 
to sense the transmitter 100% of the time. 2 sensors could be sensed most of the time, and three 
sensors could be sensed some of the time. The following measurements were made to assess the 
accuracy of the ultrasonic sensors in determining the position of the transmitter.  
A large portion  of the error in sensing the arduino is from the difference in time for the XBee to 
receive and process messages.  

 
Figure 7. The boxplot above shows various times for the arduino to send and receive a message. 
Given that the time it takes for a pulse from the ultrasonic sensor to travel 2 m is 0.0058 s, the 

time for the XBee to transmit and receive information is a large source of error.   
 



 

 
Figure 8. Graph of measured distance vs true distance for the distance between the transmitter 

and a sensor on the car. 
 
0.9941% of the variance can be predicted by the model, showing that the relationship between 
the measured distance and true distance is linear. Ideally the measured distance would be equal 
to the true distance. The slope of the measured distance vs true distance is slightly under 1. 
According to this linear model at a distance of 1.50 m, the ultrasonic sensors will underpredict by 
the distance by 3.7 cm. The y-intercept is close to 0, as expected. 



 

 
Figure 9. Plot of true distance minus predicted distance vs true distance. 

 
At some distances, the predicted distance is often smaller than the actual distance. The measured 
distance seems to deviate within 10 cm of the true distance, which may explain why when the 
transmitter was placed at (0, 50), a location 50 cm in front of a sensor, positions of (32.00, 
-460.00), (18.00, -565.00), (49.00, -264.00), (22.00, -484.00), (23.00, -559.00), and (23.00, 
-424.00) were calculated where (0, 0) is the front of the car, the y-axis lies along the middle of 
the car, and the x-axis goes along the front of the car. Especially considering all sensors are 
placed fairly close together on the car, errors in distance can create a larger discrepancy in the 
calculating the location of the transmitter. 
 
Conclusion: 
Some errors in distance measurements are from the XBee. The time to process a send and 
receive a message is not always the same due to processing the XBee does. While the car is not 
able to determine the location of the transmitter, the car can obtain the general direction of the 
transmitter and follow it in locations without too many obstacles. This project demonstrates the 
advantages and disadvantages of using ultrasound on a mobile object to locate and follow 
people. The narrow range of transmittance creates restrictions on how many sensors can receive 
the signal at the same time but also makes it easier to determine the general direction of the 
transmitter. Due to requirements for line of sight as well as inaccuracies from sound bouncing off 
objects, ultrasound would probably not be suitable in crowded environments such as an airport. 
However, it could still be useful in a less busy environment like a construction site where there 
are less moving obstacles and people need to carry objects to a variety of locations over changing 
paths.  



 

 
 
Next Steps: 
Possible improvements include adding more control to the direction of the movement of the car. 
The XBees could also be replaced with a more consistent RF module to decrease error in 
measurements. More work can be put into detecting obstacles and finding a more efficient path 
for the car to follow the transmitter. The car can also be modified so it can carry objects or a cart 
with the following system could be built and tested. The car also could have better obstacle 
avoidance and use infrared or other sensing systems to map out its surroundings. Other 
improvements which would improve user experience with the car include a switch for the car to 
stop moving and an alarm for when the car is out of range. 
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Appendix A  
Parts List 

Part Description What is the part needed for Cost Where to buy 

~10 HC-SR04 
ultrasonic ranging 
modules  

Detect distance from person to the sensors 
on the luggage to detect position 

~$2.00 
each 

Amazon 

Arduino Uno Operate transmitter --- from lab 

Arduino Mega Operate motors and sensors on car --- from lab 

2 Arduino shields Assist with wiring XBees to arduinos --- from lab 

2 Series 1 XBees  Communicate with arduinos --- from lab 

2 infrared ranging 
modules 

Obstacle detection $14.95 
each 

sparkfun  

DG012-BV multi 
chassis kit  

Car to follow person and carry arduino and 
sensors 

--- from lab 

 
  



 

Appendix B 
Transmitter code: 
#include <SoftwareSerial.h> 

SoftwareSerial XBee(2, 3); // RX, TX 

 

#define trigPin 4 

#define echoPin 5 

 

 

 

void setup() { 

  XBee.begin(9600); 

  Serial.begin(9600); //Baud rate must be the same as xBee 

module 

 

  pinMode(trigPin, OUTPUT); 

  pinMode(echoPin, INPUT); 

 

} 

 

void loop() { 

  while(XBee.available() > 0) 

  { 

    char msg = XBee.read(); 

    if (msg == '1') 

    { 

      XBee.write('1'); 

      delayMicroseconds(9000); //wait for transmitter to receive 

 

      //send pulse 

      digitalWrite(trigPin, LOW); 

      delayMicroseconds(2); 

      digitalWrite(trigPin, HIGH); 

      delayMicroseconds(10); 

      digitalWrite(trigPin, LOW); 

    } 

  } 

 

} 

 
 
 
 
 
 



 

Receiver code: 
#include <SoftwareSerial.h> 
 
//initialize variables 
SoftwareSerial XBee(50, 3); // RX, TX 
 
const int numSensors = 7; 
int trigPin[numSensors] = {22, 30, 34, 38, 42, 46, 26}; 
int echoPin[numSensors] = {24, 32, 36, 40, 44, 48, 28}; 
 
//ir sensors 
const int irFront = A0; 
const int irBack = A1; 
 
//to h-bridge motor driver 
const int leftForward1 = 4; 
const int leftBackward1 = 5; 
const int rightForward1 = 8; 
const int rightBackward1 = 9; 
const int leftForward2 = 6; 
const int leftBackward2 = 7; 
const int rightForward2 = 10; 
const int rightBackward2 = 11; 
 
void setup() { 
  //xbee and serial communication 
  Serial.begin (9600); 
  XBee.begin(9600); 
  
  //ultrasonic sensors 
  for (int i=0; i < numSensors; i++) 
  { 
    pinMode(trigPin[i], OUTPUT); 
    pinMode(echoPin[i], INPUT); 
  } 
 
  //motors for car 
  pinMode(leftForward1, OUTPUT); 
  pinMode(leftBackward1, OUTPUT); 
  pinMode(rightForward1, OUTPUT); 
  pinMode(rightBackward1, OUTPUT); 
  pinMode(leftForward2, OUTPUT); 
  pinMode(leftBackward2, OUTPUT); 
  pinMode(rightForward2, OUTPUT); 
  pinMode(rightBackward2, OUTPUT); 



 

  
} 
 
void loop() { 
  //declare variables 
  long distances[] = {0, 0, 0, 0, 0, 0, 0}; //distances obtained from 
transmitter to receiver  
 
  getDistances(distances); 
  carDirection(distances); 
 
} 
 
//get distances reading from an ultrasound sensor (label later) 
void getDistances(long dists[]) { 
  for (int i=0; i < numSensors; i++) 
  { 
    bool getMsg = false; 
    XBee.write('1'); 
  
    while(!getMsg) 
    { 
      if (XBee.available() > 0) 
      { 
        char msg = XBee.read(); 
        if (msg == '1') 
        { 
          pulse(trigPin[i]); 
          long duration = pulseIn(echoPin[i], HIGH, 6000); 
          dists[i] = (duration / 29.1) - 34.5; 
          getMsg = true; 
          if (dists[i] >= 200 || dists[i] <= 0) { 
            dists[i] = 0; 
          } 
        } 
      } 
    }  
  } 
  
  //debugging 
  Serial.print("distances:"); 
  String distString = "(" + String(dists[0]) + ", " + String(dists[1]) 
+ ", " + String(dists[2]) + ", " + String(dists[3]) + ", " + 
String(dists[4]) + ", " + String(dists[5]) + ", " + String(dists[6]) 
+")"; 



 

  Serial.println(distString); 
  
} 
 
void pulse(int pin) { 
  //clear all dist sensors 
  digitalWrite(pin, LOW); 
  delayMicroseconds(2);  
  //pulse thru sensor 
  digitalWrite(pin, HIGH); 
  delayMicroseconds(10); 
  digitalWrite(pin, LOW); 
} 
 
 
void forward() 
{ 
  //run forward 
  digitalWrite(leftForward1, HIGH); 
  digitalWrite(leftBackward1, LOW); 
  digitalWrite(rightForward1, HIGH); 
  digitalWrite(rightBackward1, LOW); 
  digitalWrite(leftForward2, HIGH); 
  digitalWrite(leftBackward2, LOW); 
  digitalWrite(rightForward2, HIGH); 
  digitalWrite(rightBackward2, LOW);  
} 
 
void backward() 
{ 
  //run backward 
  digitalWrite(leftForward1, LOW); 
  digitalWrite(leftBackward1, HIGH); 
  digitalWrite(rightForward1, LOW); 
  digitalWrite(rightBackward1, HIGH); 
  digitalWrite(leftForward2, LOW); 
  digitalWrite(leftBackward2, HIGH); 
  digitalWrite(rightForward2, LOW); 
  digitalWrite(rightBackward2, HIGH); 
} 
 
void left() 
{ 
  //turn left 
  digitalWrite(leftForward1, LOW); 



 

  digitalWrite(leftBackward1, HIGH); 
  digitalWrite(rightForward1, HIGH); 
  digitalWrite(rightBackward1, LOW); 
  digitalWrite(leftForward2, LOW); 
  digitalWrite(leftBackward2, HIGH); 
  digitalWrite(rightForward2, HIGH); 
  digitalWrite(rightBackward2, LOW); 
} 
 
void right() 
{ 
  //turn right 
  digitalWrite(leftForward1, HIGH); 
  digitalWrite(leftBackward1, LOW); 
  digitalWrite(rightForward1, LOW); 
  digitalWrite(rightBackward1, HIGH); 
  digitalWrite(leftForward2, HIGH); 
  digitalWrite(leftBackward2, LOW); 
  digitalWrite(rightForward2, LOW); 
  digitalWrite(rightBackward2, HIGH); 
} 
 
void stopcar() 
{ 
  digitalWrite(leftForward1, LOW); 
  digitalWrite(leftBackward1, LOW); 
  digitalWrite(rightForward1, LOW); 
  digitalWrite(rightBackward1, LOW); 
  digitalWrite(leftForward2, LOW); 
  digitalWrite(leftBackward2, LOW); 
  digitalWrite(rightForward2, LOW); 
  digitalWrite(rightBackward2, LOW); 
} 
 
//decide direction to move car towards transmitter 
void carDirection(long distance[]) 
{ 
  int closest = 0; //index of closest sensor 
  long shortest = 200; //shortest distance 
 
  
  for (int i=0; i < numSensors; i++) {  
    if (distance[i] != 0 && distance[i] < shortest) { 
      shortest = distance[i]; 
      closest = i; 



 

    } 
  } 
 
  Serial.println(closest); //debugging 
  
  if (closest == 1) 
  { 
    int irFrontVal = analogRead(irFront); 
    Serial.println(irFrontVal); 
    if (irFrontVal < 100) 
    { 
      forward(); 
    } 
  } 
  else if (closest == 2 || closest == 3) 
  { 
    right(); 
  } 
  else if (closest == 6 || closest == 7) 
  { 
    left(); 
  } 
  else if (closest == 5 || closest == 4) 
  { 
    backward(); 
  } 
  else 
  { 
    stopcar(); 
  } 
} 
 
 


