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What is Ultrasound? 
 Sound is best described as vibration, which to us humans can be heard anywhere from 20 Hz to 

20,000 Hz (Hz, or Hertz, is the frequency of a wave, meaning waves per second).  The higher number of 

Hz (faster the waves), the higher pitched the sound.  When the sound is too low pitch for humans to 

hear, it’s called infrasound, and when it’s too high it’s called ultrasound.  (These are different from how 

loud a sound is, which is measured in decibels, or dB.  Too high dB can hurt your ears, even when it’s 

infrasound or ultrasound and you can’t hear it.) 

Many animals can hear much lower or much, much higher pitched sound than we can.  

Elephants can only hear very low sounds, like the rumbling of the ground from an approaching group of 

animals.  Cats and dogs can hear high-pitched whistles that we can’t.  Dolphins and bats make super 

high-pitched sounds, around 100,000 Hz, and use the echo to see how far away things are in the dark. 

 
(Fun fact: nearly 1 in 5 mammals on the planet are part of the bat family.  There are over 1,200 different 

bat species! http://en.wikipedia.org/wiki/Bat) 

 

http://en.wikipedia.org/wiki/Bat
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Ultrasonic technologies are used in a wide variety of applications.  On ships and submarines, 

sonar is used to detect shallow water, other ships, or fish; it usually operates around 10,000-50,000 Hz.  

Ultrasound scanners used in hospitals use extremely high frequency sound in the 1-50 million Hz range.  

You can even find sensors in many car bumpers used to help in parking and prevent accidents; these are 

usually around the 40,000 Hz range. 

 

Ship Sonar Detecting Submarines Computer Aided Sonar Image of a Shipwreck 

 

3D Ultrasound Scan Car Bumper Collision Sensor 

Sonic sensors are starting to enter new, innovative fields, such as augmented human sensing.  

Imagine being able to use these sensors to see in the dark, or better yet, to help blind people to “see” 

obstacles around them.  Don’t let your imagination be limited by what you have in front of you, though. 
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Sonar sensor hat by Ben Heck, which uses ultrasonic sensors with vibration motors to alert blind people 

to obstacles (https://www.youtube.com/watch?v=YtJtbwRb6K0). 

 

Sensory Substitution vest for deaf people, using vibration motors across the wearer’s back to represent 

sound waves, by Dr. David Eagleman (http://www.eagleman.com/research/sensory-substitution 

https://www.youtube.com/watch?v=4c1lqFXHvqI) 

https://www.youtube.com/watch?v=YtJtbwRb6K0
http://www.eagleman.com/research/sensory-substitution
https://www.youtube.com/watch?v=4c1lqFXHvqI
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Smart Car Version 3 - Ultrasonic 

 Say hello to the HC-SR04 Ultrasonic Sensor.  This little guy will help our robot “see” through 

“hearing.”  Just as the bat, the sensor sends out an ultrasonic noise and listens for the echo to 

determine how far away objects are.  Technically, this device is little more than a special speaker and a 

microphone to emit and listen for high frequency sound, and the software program is what does the 

thinking and calculations to understand how long an echo takes means how far away something is. 

The sensor we will be using 

makes sounds around the 40,000 Hz 

range, about twice the highest pitch 

humans can hear, but possibly within 

dog or cat range (they might not like 

this…).  After making the sound, the 

receiver part of the sensor listens for the 

echo, and the microcontroller measures 

the time between the transmission and 

echo to determine distance.  It can 

detect objects between 2 and 200 

centimeters away (about 1-80 inches), 

though this can vary based on material 

and angles (soft stuff muffles echos). 

The sensor has 4 pins: VCC (power), TRIG (make sound), ECHO (listen), and GND (ground). 

We’ll start over with our robot chassis from last time.  We’ll go over how to connect everything 

again, just in case anything came loose. 

Starting with your Ultrasonic Sensor kit, attach the servo to the flat acrylic holder.  Notice the 

orientation of the servo motor, and make sure it looks like the pictures.  Add 4 extension wires to the 

senso, then screw the sensor to the top bent holder.  Wait to screw the top holder onto the servo’s gear 

connection until after the bot is programmed (so we can calibrate the servo). 

 

Notice that when mounted to the chassis, that the wires come out of the right side of the servo motor.  
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Pay special attention to the colors 

of the wires used to connect the 

sensor to the Arduino. 

Also, double check that the servo is 

facing the correct direction!! 

 

 

 

 

 

 

As before the Arduino microcontroller and Motor Shield board should be attached to the chassis. 

 

 

We won’t be using the Prototype Breadboard shield board this time. 

The wire connections are pretty straightforward this time; everything plugs in to the Adafruit 

Motor Shield board.  Again: pay extra special attention to the direction of the servo connection plug! 

 



4H Robotics Beginner Group 2015-2016 

 
82 

 

Wiring Diagram 

 

 FRONT BACK  

 

 

 

 

All connected?  Let’s tell it what to do!  

Front Right 

Front Left 

Back Right 

Back Left 

Motor Power Pack 

Ultrasonic Sensor 

Servo (plug in 

top row, servo 1) 

5V GND 

7   6 
Trigger   Echo 
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Ultrasonic Program (page 1 of 2) 

//Ultrasonic 2.0 
//By Jason Groce 
//2016-04-15 
#include <Wire.h> 
#include <Adafruit_MotorShield.h> 
#include "utility/Adafruit_PWMServoDriver.h" 
#include <Servo.h> 
#include <NewPing.h> 
Adafruit_MotorShield AFMS = Adafruit_MotorShield(); 
Adafruit_DCMotor *firstMotor = AFMS.getMotor(1); //front right 
Adafruit_DCMotor *secondMotor = AFMS.getMotor(2); //front lef 
Adafruit_DCMotor *thirdMotor = AFMS.getMotor(3); //back left 
Adafruit_DCMotor *fourthMotor = AFMS.getMotor(4); //back right 
NewPing sonar(7, 6, 100);  //trigger, echo, max distance 
Servo servo; 
unsigned int pos = 90;  //head position start, max/2 
unsigned int minpos = 45;  //head position minimum 
unsigned int maxpos = 135;  //head position maximum 
unsigned int distance = 100; 
 
void setup() { 
        Serial.begin(9600); 
       AFMS.begin(); 
        servo.attach(10); 
       firstMotor->setSpeed(150); 
       firstMotor->run(FORWARD); 
       secondMotor->setSpeed(150); 
       secondMotor->run(FORWARD); 
       thirdMotor->setSpeed(150); 
       thirdMotor->run(FORWARD); 
       fourthMotor->setSpeed(150); 
       fourthMotor->run(FORWARD); 
        servo.write(pos); 
        delay(2000); //wait 2 seconds; used for calibration 
} 
void loop() { 
        while(pos < maxpos){ //turn head left to maxpos 
                pos += 2; 
                check(); 
        } 
        while(pos > minpos){ //turn head right to minpos 
                pos -= 2; 
                check(); 
        } 
} 
                checkRight(); 
        } 
} 
void checkLeft() { 
        while(distance < 15 && distance > 0){ //turn right 
                firstMotor->run(BACKWARD); 
                secondMotor->run(FORWARD); 
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Ultrasonic Program (page 2 of 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Well, the servo motor slowly 

sweeps left and right, 2 degrees at a time.  

Each time the angle changes, the sonar 

sensor scans in the direction it’s pointing, 

checking for obstacles.  If the sonar 

sensor detects an object within 15 

centimeters (about 6 inches) while the servo is pointing to the left, the robot will turn right; if an object 

is detected while the servo is pointing right, the robot will turn left. 

To give our microcontroller instructions for how to use this new sensor, we’re using a special 

“library” for the sensor control, which was downloaded from the Arduino website 

(http://playground.arduino.cc/Code/NewPing).  This package of software makes the code much simpler 

and easier to understand. 

Ready? Power it up! 

void check() { 
        servo.write(pos); 
        distance = sonar.ping_cm(); 
        if(pos>(maxpos/2)){ 
                checkLeft(); 
        }else{ 
                checkRight(); 
        } 
} 
void checkLeft() { 
        while(distance < 15 && distance > 0){ //turn right 
                firstMotor->run(BACKWARD); 
                secondMotor->run(FORWARD); 
                thirdMotor->run(FORWARD); 
                fourthMotor->run(BACKWARD); 
                distance = sonar.ping_cm(); 
        } 
        forward(); 
} 
void checkRight() { 
        while(distance < 15 && distance > 0){ //turn left 
                firstMotor->run(FORWARD); 
                secondMotor->run(BACKWARD); 
                thirdMotor->run(BACKWARD); 
                fourthMotor->run(FORWARD); 
                distance = sonar.ping_cm(); 
        } 
        forward(); 
} 
void forward() { 
        firstMotor->run(FORWARD); 
        secondMotor->run(FORWARD); 
        thirdMotor->run(FORWARD); 
        fourthMotor->run(FORWARD); 
} 

,

?

http://playground.arduino.cc/Code/NewPing


4H Robotics Beginner Group 2015-2016 

 
85 

 

 

  

 



4H Robotics Beginner Group 2015-2016 

 
86 

 

Sources 
Arduino Coding 

http://playground.arduino.cc/Code/NewPing 

About the Sensor 

http://www.micropik.com/PDF/HCSR04.pdf 

https://mwakachikopela77.wordpress.com/2014/12/08/the-hc-sr04-ultrasonic-sensor/ 

http://aimagin.com/blog/pwm-capture-data-acquisition-and-ultrasonic-sensor/ 

http://letsmakerobots.com/node/30209 

http://randomnerdtutorials.com/complete-guide-for-ultrasonic-sensor-hc-sr04/ 

http://arduino.cc/en/Tutorial/Ping?from=Tutorial.UltrasoundSensor 

https://www.youtube.com/watch?v=MrkyIOtG6ok - How To Connect HC-SR04 Ultrasonic Sensor 

https://www.youtube.com/watch?v=PG2VhpkPqoA - Arduino Tutorial - HC-SR04 Ultrasonic sensor Bots 

http://apcmag.com/arduino-basics-1-using-an-ultrasonic-sensor.htm/ 

http://letsmakerobots.com/node/34118 

http://letsmakerobots.com/robot/project/arduino-tank-project 

http://www.instructables.com/id/My-Sixth-Project-Smart-Tank-Chassis-with-Ultrasoni/?ALLSTEPS 

http://www.instructables.com/id/How-To-Make-an-Obstacle-Avoiding-Arduino-Robot/ 

http://www.instructables.com/id/Arduino-HC-SR04-Ultrasonic-Rover/ 

http://www.foxytronics.com/learn/robots/how-to-make-your-first-arduino-robot/programming 

http://arduinobasics.blogspot.com/2012/11/arduinobasics-hc-sr04-ultrasonic-sensor.html 

http://www.instructables.com/id/Simple-Arduino-and-HC-SR04-Example/ 

http://www.instructables.com/id/Ultrasonic-Range-detector-using-Arduino-and-the-SR/ 

http://robottini.altervista.org/tag/ultrasonic-sensor 

http://www.duino-robotics.com/james.html 

https://www.youtube.com/watch?v=gfEOJ4F91E8 - Arduino Board + Ultrasonic Sensor + Servo Motor 

http://playground.arduino.cc/Code/NewPing
http://www.micropik.com/PDF/HCSR04.pdf
https://mwakachikopela77.wordpress.com/2014/12/08/the-hc-sr04-ultrasonic-sensor/
http://aimagin.com/blog/pwm-capture-data-acquisition-and-ultrasonic-sensor/
http://letsmakerobots.com/node/30209
http://randomnerdtutorials.com/complete-guide-for-ultrasonic-sensor-hc-sr04/
http://arduino.cc/en/Tutorial/Ping?from=Tutorial.UltrasoundSensor
https://www.youtube.com/watch?v=MrkyIOtG6ok
https://www.youtube.com/watch?v=PG2VhpkPqoA
http://apcmag.com/arduino-basics-1-using-an-ultrasonic-sensor.htm/
http://letsmakerobots.com/node/34118
http://letsmakerobots.com/robot/project/arduino-tank-project
http://www.instructables.com/id/My-Sixth-Project-Smart-Tank-Chassis-with-Ultrasoni/?ALLSTEPS
http://www.instructables.com/id/How-To-Make-an-Obstacle-Avoiding-Arduino-Robot/
http://www.instructables.com/id/Arduino-HC-SR04-Ultrasonic-Rover/
http://www.foxytronics.com/learn/robots/how-to-make-your-first-arduino-robot/programming
http://arduinobasics.blogspot.com/2012/11/arduinobasics-hc-sr04-ultrasonic-sensor.html
http://www.instructables.com/id/Simple-Arduino-and-HC-SR04-Example/
http://www.instructables.com/id/Ultrasonic-Range-detector-using-Arduino-and-the-SR/
http://robottini.altervista.org/tag/ultrasonic-sensor
http://www.duino-robotics.com/james.html
https://www.youtube.com/watch?v=gfEOJ4F91E8

