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Abstract: 

The goal of this project is to capture images that happen too quickly for the 
human eye to see using an Arduino and sensors (laser tripwire and sound). Using the 
flash method of high-speed photography, an electret microphone and a tripwire made of a 
laser module and photoresistors were both used to trigger the flash. The final product was 
a box that carried all necessary parts and contained a switch that made switching between 
the two sensors easier.  
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I. Introduction 
I chose to explore high-speed cameras after looking through the ASR Ideas Page 

[1]. I have always been fascinated with photos that show a water balloon being popped 
and wondered how photographers were able to capture these photos. I thought that high-
speed photography required expensive cameras and advanced technology. However, 
many articles [2] and DIY websites [3] made me quickly realized such photographs could 
be captured using an Arduino.  

During this project, I wanted to build on my current skills and continue to learn. 
Ever since the weather balloon project, I have wanted to learn more about the Arduino. I 
used the Arduino to calibrate the sensors as Quality Control, but I did not get the 
experience of writing the code for the Arduino. I also enjoyed doing the circuitry for the 
solar car project, which is something I will need in order to succeed. I am also interested 
in learning about the science behind how cameras work. Through this project, I was able 
to learn more about coding and circuitry while also exploring my fascination in 
photography. 

 
 

II. History 
 High-speed photography is commonly referred to either taking photos that appear 
to freeze motion or taking a series of photographs at high sampling frequency or frame 
rate. In 1948, the Society of Motion Picture and Television Engineers defined high-speed 
photography as any set of photographs captured by a camera capable of 128 frames per 
second or greater [4]. 

In 1851, William Henry Fox Talbot’s experiment was the first recorded usage of 
high-speed photography. He attached a page of the newspaper on a wheel, which was 
rotated in front of the wet plate camera in a dark room. Using brief spark illumination, he 
exposed small sections of the fast moving print for about 1/200th of a second [5]. The 
development of the negative showed clearly readable print, which sparked the beginning 
of high-speed photography.  
 The first practical application of high-speed photography was by Eadweard 
Muybridge, who was commissioned to take photographs of a galloping horse to settle the 
argument of whether horses’ feet are actually all off the ground at once during a gallop 
[6].  Muybridge developed a system using multiple still cameras with trip threads 
attached to their shutters (Figure 1). The shutter mechanism consisted of an 
electromagnet connected to a lever, which was attached to a twin-bladed shutter. Once 
the horse ran across the background, the series of tripwires attached to the electromagnets 
were broken, releasing the shutters. A lever was used to hold the shutters in position 
above the lenses and was pulled inward by the electromagnets when the thread was 
broken. On July 14, 1878, a series of photos were taken in less than 0.5 seconds with the 
horse running at 40ft/s [7]. Muybridge successfully proved that there is a phase during a 
horse’s gallop where no hoof is touching the ground. 
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Figure 1: Eadweard Muybridge’s system of multiple cameras and a series of tripwires, 
which was used to capture photographs of a horse galloping [8]. 
  
 Between the 1890s and 1930s, many high-speed photographic systems were 
created around the world. However, a breakthrough in high-speed photography came 
through Dr. Harold Edgerton’s creation of the Stroboscopic Flash System. Edgerton 
created stroboscopic light that contained a bulb full of vaporized mercury, which created 
an instant of bright light when connected to a battery. This light from the flash lasted only 
1/100,000th of a second and was used by Edgerton to capture images like a bullet 
penetrating an apple or a football being kicked. By 1950s, Edgerton and his team had 
managed to cut the shutter’s opening time to as low as 1/4,000,000th of a second. Until 
his death, Edgerton continued to advance the field of high-speed photography [9]. 
 Like Edgerton, many photographers are still capturing photos of water droplets or 
shattering glass. Today, any person with a camera and a quick enough shutter speed or 
flash is able to take high-speed photographs and create pieces of art. 
 
 
IV. Theory 

In order to understand high-speed photography, the science behind how a camera 
and its flash work must be known. Learning about film cameras and cameras in general 
was done by taking apart a disposable camera.  

The most important piece of a disposable camera is the film, which is a long coil 
of flexible plastic coated in chemicals. When exposed to light, the collection of tiny light-
sensitive silver halide crystals in the film undergo a chemical change, which is 
proportional to the amount of light absorbed by each crystal [10]. The energy from the 
light causes oxidation and the ejected electron from bromine would react with the Ag+ to 
form silver in solid form, which is shown in the equations below [11].   

Oxidation: Ag+ + Br- + light (energy) -> Ag+ + Br + e- 
Reduction: Ag+ + e- -> Ag(s) 

Through the equation AgBr + 2Na2S2O3 -> Na3[Ag(S2O3)2] + NaBr , the undeveloped 
grains of silver halide are removed using a fixing bath to prevent further reduction [12]. 
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Color film has several layers of light-sensitive grains with each layer recording a 
different color, which results in three separate color pictures on one base. After 
processing, the layer will have a positive image of everything in the picture that is the 
color corresponding that layer. The top is yellow, the middle is magenta, and the bottom 
is cyan. When the layers are viewed together, a complete color transparency is formed 
[13].   

Another important aspect of the camera is the camera lens, which is a curved 
piece of glass or plastic. The lens takes the beams of light bouncing off of an object and 
redirects them so they form a real image. This is possible because as light passes through 
the glass convex lens at an angle, it bends toward the center of the lens. The nature of the 
real image varies depending on the angle of the light beam’s entry into the lens and the 
structure of the lens. The angle of light entry differs when the object is moved closer or 
farther away from the lens (Figure 6). The closer the object, the sharper the angle the 
light beams from the objects enter the lens and vice versa. When turning the lens of a 
camera to focus it, the lens is being moved closer and farther away from the film surface.  

 

 
Figure 6: The distance between the object and the lens affects the angle of the 

light beam’s entry though the lens. The closer the object is to the lens, the sharper the 
angle and vice versa [14]. 
 
The structure of the lens determines the total “bending angle,” which is the total degrees 
the lens bends the light beams.  A rounder shaped lens will have a more acute bending 
angle and vice versa. Focused real images form farther away from the lens when the lens 
has a flatter surface because the light beams do not turn as sharply. Increasing the 
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distance between the lens and the real image increases the total size of the real image 
because the light beams spread out more. When attaching a flat lens, it projects a large 
real image and zeros in on the middle of the frame (magnification). With a rounder lens, a 
smaller real image is produced. The magnification of a lens is called its focal length, 
which is the distance between the lens and the real image of an object in the distance. 
Depending on if the picture is of a mountain range or of a close up portrait, different 
types of lens with different focal lengths will be used [15].  

On the other hand, many cameras today have autofocus. Autofocus uses a 
computer to run a miniature motor that focuses by moving the lens in and out until the 
sharpest possible image of the subjected is projected onto the film. The two types of 
autofocus systems are active and passive. For an active system, the camera emits 
something (ex. sound waves or infrared) in order to detect the distance between the 
subject and the camera.  Passive autofocus determines the distance by computer analysis 
of the image itself. The camera moves the lens back and forth searching for the best focus 
[16]. 

To take a photo, a button is pressed, which operates the shutter. Most cameras use 
a focal plane shutter, which consists of two “curtains” between the lens and the film.  
Clicking the camera’s shutter button slides the first “curtain” open and exposes the film. 
After a certain amount of time, the second shutter slides closed and ends the exposure of 
the film [17].  

In order to achieve to best photos, the amount of light that hits the film and how 
long the film is exposed must be controlled. If too much light is let in, too many grains 
will react and vice versa. The amount of light passing through the lens is dependent on 
the size of the lens opening (aperture). This is controlled by the iris diaphragm, which 
consists of overlapping metal plates that shrink or expand the diameter of the lens. The 
smaller the lens, the less light it captures and vice versa. The amount of time the film is 
exposed is the shutter speed [18].  

For high-speed photography, flash is needed in order to expose the film in a dark 
room. A basic camera flash system involves a battery, a tube filled with xenon gas, and a 
circuit. The battery is used as the power supply to conduct electrical current through the 
gas from one electrode to the other. In order for the gas to be conductive, free electrons 
are needed. The metal trigger plate frees the atom’s electrons through ionization. Once 
removed, the electrons move toward the positively charged terminal. The collisions 
between these electrons and xenon atoms cause the xenon atoms to become energized 
and generate light (Figure 7). Since the metal trigger plate needs relatively high voltage 
in order to make the gas conductive, a transformer is needed to boost the voltage. The 
momentary burst of high voltage provides the necessary energy to ionize the xenon gas 
and ultimately, the energy needed for the flash to light up [19].  
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 Figure 7: The absorption and emission spectrum for Xenon [20]. Xenon emits a 
band of emission lines that span the visual spectrum, but the most intense lines occur in 
the region of blue light.  
 

High-speed photography has two methods: shutter speed and flash. The shutter 
method uses very fast shutter speeds in order to capture photos of motion. The 
advantages of the shutter method are that photos can be taken outside and both the 
subject and background can be fully illuminated. However, this method is limited to the 
shutter speed, which reaches a maximum of 1/4000 second to 1/8000 second. These 
shutter speeds may not be fast enough and could cause blurred images. There is also the 
problem of the delay between the shutter release and actual exposure, which may be 
problematic if high timing accuracy is required. The second method is the flash method, 
which takes pictures in the dark by opening the shutter of the camera, activating a flash, 
and closing the shutter. The advantages of this method are that long exposure time will 
not have an effect and there is better timing consistency since electronic flashes can have 
durations of 1/10,000 second or faster. The only disadvantages of the flash method are 
that the room must be dark and uniform lighting will be more challenging [21].  
 
 
V. Design 

Using the flash method of photography, the photos were taken in a dark room 
with a remote control opening the shutter before the flash was triggered. The main 
objective for the design was making it easy for the user to switch between the sensors, 
which was achieved by incorporating a switch. The Arduino, breadboard, and sensors 
were also all placed inside a box to provide the user an easy way of moving all the 
necessary parts around (Figure 2). Since the laser needed to be pointed at the 
photoresistors, two holes were cut on both sides so the wires could stick outside of the 
box (Figure 3). When photos were being taken with the laser tripwire, both the laser and 
photoresistor were elevated and taped to wooden blocks (Figure 4).   
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Figure 2: Top View. Breadboard and Arduino Uno were placed next to each other to 
make the circuitry simpler.  
 
 
 

 
Figure 3: Outside View. Holes on the side allow the laser and photoresistor to extend 
outside of the box. The rectangle cut out in the back of the box allowed the external flash 
to illuminate the room if the top was covered.  
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Figure 4: Set up for laser tripwire photos. The holes on the sides allow the photoresistor 
and laser to be moved around and adjusted in order to provide the best trigger for the 
flash.  
 

In order for the laser tripwire to trigger the flash, the object being captured needed 
to break the laser and the photoresistor would sense a change in voltage.  A prototype of 
the laser tripwire was made with an LED in replace of triggering flash (Figure 5). The 
Arduino turned an LED on and off when the laser was crossed and the photoresistor 
sensed a voltage drop. Once calibrated with the voltage reading of the laser shining on the 
photoresistor, even the slightest voltage change caused the LED to flicker. The code used 
is shown in Appendix B. 
 

 
Figure 5: Circuit Drawing for the Prototype of the Laser Tripwire.  

  
To trigger the flash using sound, an electret microphone was used. By supplying 

the microphone with voltage and connecting it to a ground, the Arduino could give an 
analog reading. By calibrating the sound sensor to the room, a constant can be used to 
trigger the flash when the microphone senses a sound that is above the constant.  
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In order to trigger the flash correctly with the sensors, an optoisolator was needed. 
An optoisolator consists of a tiny LED and a phototransistor. When voltage is sent 
through anode and cathode side of the optoisolator, the LED lights up and triggers the 
phototransistor, which allows current to flow from the collector to the emitter. Using an 
optoisolator, allows these two parts are isolated from each other. In order to test and 
understand optoisolator, the circuit was made with an LED turning on and off when 
voltage was supplied to the optoisolator (Figure 6).  

 
Figure 6:Circuit Drawing for Testing the Optoisolator.  

 
Through understanding the optoisolator, the external flash unit could be 

incorporated. Since the two wires soldered onto the adapter of the flash unit only need to 
be connected in order to trigger the flash, the wires are placed at pin 5 and pin 6 of the 
optoisolator. When the Arduino sends voltage to the optoisolator, pin 5 and pin 6 are both 
grounded so the flash will trigger. By coding the Arduino to send voltage to the 
optoisolator when the laser tripwire or sound sensor senses a change in voltage, the 
external flash unit will be correctly triggered.  
 

In order to create a system that would allow the user to switch between the two 
sensors to trigger the flash, a switch was used. By connecting the switch to the Arduino, 
the analog reading would show if the switch was on or off and which sensor to use. Using 
the code in Appendix C, the sound sensor would be used to trigger the flash when the 
switch was off and the laser tripwire would be used when the switch was on (Figure 7). 

 

 
 
Figure 7: Circuit Drawing that uses the switch and combines both sensors to 

trigger the flash. 
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VI. Results 
 

 
Graph 1: Sound Value vs. Arduino Reading. A LabQuest with a Microphone was used to 
calibrate and was graphed against the sound reading from the Arduino. Once the sound 
value was above 300 dB, the Arduino would reach its limit. 
 
 

 
 
Figure 8: First testing of laser tripwire. A pen was dropped to test of the laser tripwire 
was working correctly.  
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Figure 9-12: Using the laser tripwire, these photos depict a quarter being dropped into a 
glass of water. The delay time was adjusted to capture the quarter as it enters the water.  
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Figure 13-14: Using the sound sensor, the flash was triggered when the balloon was 
popped.  
 
 
 
VII. Conclusion 

Overall, I am excited that I was able to capture photos using the sensors as 
triggers for the flash. The photos with the laser tripwire were successful, but I was 
somewhat disappointed with the photos that used the sound sensor. I think I would have 
been more successful if the duration of the flash was shorter and I used water balloons. I 
am happy that we were given the freedom to choose our own projects second semester. 
This project allowed me to work independently and strengthen my skills in Arduino 
coding and circuitry.  
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VIII. Next Step 
 If I were to continue this project, I would first get a better external flash that 
would allow me to change the duration of the flash. A shorter flash would improve the 
photo quality and allow me to capture the balloon immediately as it was popping. I would 
also like to experiment with popping water balloons, shooting bullets through fruits, and 
breaking glass. I decided not to try breaking glass in this project because breaking glass 
would be more dangerous and the cleanup would be more difficult. Lastly, I would 
continue to improve my current design and add more sensors that would allow me to 
capture the best photos.  
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XI. Appendix 
 
Appendix A: Parts List 

Part Description Needed for? Cost Where you’ll buy 
it 

Arduino Uno Control interactions between 
laser trigger and flash 

n/a ASR Cabinet 

Disposable Camera Learning about how 
disposable cameras work 

$10 Amazon 

External Flash Flash n/a Borrowed from 
Mr. Zivkov 

Hotshoe Adapter Adapter for external flash  $10 Amazon 
Remote Control Control the shutter n/a Borrowed from 

Mr. Zivkov 
Laser Module Used to trigger flash $20 Apinex.com 
Optoisolator Trigger the flash n/a ASR Cabinet 

Photoresistors Sense the change in voltage 
for laser trigger 

n/a ASR Cabinet 

Resistors, etc. Circuitry n/a ASR Cabinet 
 
 
Appendix B: Laser Tripwire Prototype Code 
const int sensorPin = 0; 
const int laser = 4; 
const int LED = 13; 
int sensorValue = 0; 
 
void setup() { 
  // put your setup code here, to run once: 
pinMode(laser, OUTPUT); 
pinMode(LED, OUTPUT); 
Serial.begin(9600); 
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
digitalWrite(laser, HIGH); 
sensorValue = analogRead(0); 
if(sensorValue > 1017) 
{ 
  digitalWrite(LED, HIGH); 
}  
else 
{ 
  digitalWrite(LED, LOW); 
} 
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} //end of loop 
 
 
Appendix C: Arduino Code  
const int button = 5; 
const int photoresistor = 0; 
const int laser = 4; 
const int flash = 7; 
const int tripwireLED = 13;  
const int soundPin = 1; 
const int soundLED = 12; 
 
int buttonValue = 0; 
int photoresistorValue = 0; 
int soundValue = 0; 
 
void setup()  
{ 
  pinMode (button, INPUT); 
  pinMode(laser, OUTPUT); 
  pinMode(tripwireLED, OUTPUT); 
  pinMode (flash, OUTPUT); 
  pinMode (soundLED, OUTPUT); 
  Serial.begin(9600); 
} 
 
void loop()  
{ 
  buttonValue = analogRead(button); 
   
  if (buttonValue > 900) // button is on, laser tripwire being used 
  { 
    digitalWrite(laser, HIGH); 
    photoresistorValue = analogRead(photoresistor);  
    if(photoresistorValue < 1017) 
    { 
      digitalWrite(tripwireLED, LOW); 
 
      digitalWrite(flash, HIGH); 
      digitalWrite(flash, LOW); 
    }     
    else 
    {  
      digitalWrite(tripwireLED, HIGH);   
      digitalWrite(laser, HIGH); 
    } 
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  } 
   
  else if (buttonValue < 900) // button is off, sound sensor being used 
  { 
    digitalWrite(laser, LOW); 
    digitalWrite(tripwireLED, LOW); 
    soundValue = analogRead(soundPin);  
    if (soundValue > 600)  
    {      
    // turn LED on: 
    digitalWrite(soundLED, HIGH); 
    digitalWrite(flash, HIGH); 
    digitalWrite(flash, LOW); 
    }   
    else 
    { 
    // turn LED off: 
    digitalWrite(soundLED, LOW);  
    }   
  } 
  
} 
 
 
 


