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Introduction

The concept of 3-D projection has been a subject of science fiction for many years. Over time, many aspects of science fiction are brought closer to reality by advancements in science and engineering. This project continues the blurring of the lines between science and fiction. Cases of 3-D volumetric projection can be found throughout popular film and television. Examples of this include R2-D2 projecting Princess Leia’s plea for help in Star Wars, the Holodeck from Star Trek, and the projection of Shilo’s mother from Mag’s eyes in Repo! The Genetic Opera. This project sought to recreate this seemingly fictional technology.

The idea for this project is based on a previous design by Virand Technologies. This design, however, had several flaws which had to be addressed in the planning stages of the project. The Virand design was modified for simplicity and efficiency. Of course, the results of this project won’t be as advanced as the fictional projections listed above.
The Science Behind the Awesome
The volumetric projector works on several fundamental physics principles. Many of these principles are actually based in the world of optics. The main driving force behind our project is the concave lens that causes the light effect. In a convex lens, the focus is on the opposite side of the glass than the incoming light. Meanwhile, in a concave lens, the focus point is on the side of the lens that the light is being emitted from. This causes the virtual image to appear closer to the lens than an object or light source is from the lens itself. 
[image: image1.png]Virtual image





This presents several interesting opportunities, such as the ability to project light behind the lens, at a closer distance than the light source. At rest, the light effect is not very impressive, but after adding linear vertical movement to the lens, the point of light creates a z-axis. Now that we have an x,y,z axis, we can create three dimensional objects that, when the lens speed surpasses 30 Hz, appear to float in mid-space. But in reality what is being seen is a snapshot of the lights from the LED’s above in mid-space along a 
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z-axis. If timed correctly, these snapshots can be lined up correctly like a film that would create whole objects that appear instead of just patterns of light. 


This creates a small problem in the mounting of our lens upon our wooden frame. If we block the back of the lens whatsoever the image will not appear. This means that we will have to hold our lens by the edges of the glass, as opposed to a more stable and more simplistic center support. However, if thought about logically, this makes sense. We said that the property we were looking for was the virtual image on the other side of the lens, and if we cover up the other side of the lens we will be covering up the image we are trying to view. 
Circuits and Silicon

The electrical portion of this project had three main areas of focus: the light source, its subsequent wiring, and the sensor. Lasers and LEDs were the initial ideas for the light source. Lasers were quickly eliminated because there were deemed too expensive and complicated. Then different sorts of LEDs were considered. Eventually, small LEDs were chosen for their compact size, intense light, and low power consumption. At first, fifty LED’s was the goal, but that number was scaled down because of difficulties in wiring and power consumption. Shift registers would have been needed because the microprocessor did not have fifty ports, and a separate voltage source would have been needed to avoid burning out the microprocessor board. Even with the new number of twenty-five, only fifteen of the LEDs could be turned on at any one time, in order to not draw too much current through the board. Now the process of wiring the LEDs started in earnest. 
The wiring on this project had two major challenges. One was keeping the LEDs secured upside-down and the other was the difficulty in wiring twenty-five LEDs in a very small area. For keeping the LEDs secure, hot glue was quickly decided upon because it was not only effective at securing small objects, it could keep the electrical leads isolated from each other. Each LED required its own resistor so that the correct amount of voltage would be transferred to the LED, and so that each one could be controlled individually. The problem with having twenty-five additional resistors is that they would not fit on the same board as the LEDs, so a second board was obtained to hold the LEDs. The wires were soldered to the LED anodes and ran to the resistors. Then the LED anodes were soldered into three groups and run to a common ground. Lastly wires were run from the resistors to the microprocessor board, one wire per port, thus each LED could be controlled individually. As for the sensor, something was required that could detect up to forty oscillations a second. A mechanical sensor was first suggested, but was not able to keep up with oscillations, and friction may have also reduced performance. An infrared sensor was used so that high speeds could accurately be detected, while the sensor did not impede the lens’ movement. The sensor is mounted at the apex of the lens’ path so that it can accurately detect when each cycle begins and ends. Both the infrared source and the sensor were directly wired to ports on the microprocessor board.
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Deciphering the Code

The programming for the processor was necessary for two functions. First, it was responsible for recording input information. This was the information from the infrared sensor giving the speed of the lens operations. When the device was turned on, the program initiated a loop that continued for four cycles of the lens oscillation. When the lens blocked the infrared beam from reaching the sensor, the loop counter was increased by one. Once the counter reached four, the loop was terminated. While the beam wasn’t blocked, the loop instead added one to a timer variable. By the time four cycles had been completed, the timer contained a value approximately equal to the time it took to complete those cycles.
int timer(void){

int avTime = 0;

while(counter < 4)

{

if(RB0==1)

time++;

if(RB0==0)

counter++;

}

avTime=time/4;

return time;

}

The value of the timer variable was used to control the output of the program. Controlling output was the second function of the processor programming. This section of the program was responsible for lighting the LED’s on the array. A basic function was written that would alternate each LED between two states, on and off. These were represented by the values 1 and 0. This function, called Led_Light, also incorporated the timer variable to time the flashing of the LED’s so that it corresponded with the oscillations of the lens. 
void Led_Light(int LED0A,int LED1A,int LED2A,int LED3A,int LED4A, int LED5A, int LED6A,int LED7A,int LED8A,int LED9A, int LED10A, int LED11A, int LED12A, int LED13A, int LED14A, int LED15A, int LED16A, int LED17A, int LED18A, int LED19A, int LED20A, int LED21A, int LED22A, int LED23A, int LED24A)

{


int j;


LED0 = LED0A;


LED1 = LED1A;


LED2 = LED2A;


LED3 = LED3A;


LED4 = LED4A;


LED5 = LED5A;


LED6 = LED6A;


LED7 = LED7A;


LED8 = LED8A;


LED9 = LED9A;


LED10 = LED10A;
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LED11 = LED11A;


LED12 = LED12A;


LED13 = LED13A;


LED14 = LED14A;



LED15 = LED15A;


LED16 = LED16A;


LED17 = LED17A;


LED18 = LED18A;


LED19 = LED19A;


LED20 = LED20A;


LED21 = LED21A;


LED22 = LED22A;


LED23 = LED23A;


LED24 = LED24A;


 
for(j = 0; j < time/5; j++)


{



continue;


}


}

Other functions were written to code for specific light patterns. Each of these functions called the Led_Light function multiple times, using different arguments to get different arrangements of lighted LED’s. Examples of these included the square function, which made a square pattern, and the sequence function, which lighted each LED individually and in order.
void square(void)

{


Led_Light(1,1,1,1,1,




  1,0,0,0,1,




  1,0,0,0,1,




  1,0,0,0,1,




  1,1,1,1,1);

Led_Delay(20000);


Led_Light(1,0,0,0,1,




  0,0,0,0,0,




  0,0,0,0,0,




  0,0,0,0,0,




  1,0,0,0,1);

Led_Delay(20000);


Led_Light(1,0,0,0,1,




  0,0,0,0,0,




  0,0,0,0,0,




  0,0,0,0,0,




  1,0,0,0,1);

Led_Delay(20000);


Led_Light(1,0,0,0,1,




  0,0,0,0,0,




  0,0,0,0,0,




  0,0,0,0,0,




  1,0,0,0,1);

Led_Delay(20000);


9-6

Led_Light(1,1,1,1,1,




  1,0,0,0,1,




  1,0,0,0,1,




  1,0,0,0,1,




  1,1,1,1,1);

}

The Mechanical Conundrum

The physical device included a lens-oscillating system contained within a wooden frame. The wooden frame was fairly simple, consisting of two compartments, one on top of the other. The bottom compartment contained the lens-oscillating system cushioned by dense foam to reduce vibrations and noise. The top was mostly a space for the projected image. It also contained the oscillating lens, which connected to the bottom compartment through a hole in the center shelf. The LED array, processor, and circuit structure were located above the lens, with the array facing down into the top compartment. 

The lens-oscillating system itself was powered by a jigsaw. The jigsaw was connected to an assembly which held the lens, and when powered on, it could oscillate the lens at speeds up to 50 hertz. Because the lens’ support structure was top-heavy, a constraining piece had to be developed that could both hold it in place and allow it to move smoothly. 

Procedure


The project had two major components that needed to be completed for the device to work: the mechanical and the electrical. The mechanical component consisted of the framework for the device, the lens, and the oscillating force. The framework was constructed with wood to create two compartments. One compartment housed the oscillator, and the other held the image projection equipment. Once a suitable concave lens was obtained from the Optics department, the oscillator was the only mechanical component left.

In the Virand design, a fan was used to create radial motion, which was then converted into horizontal linear motion. This was then transformed into vertical linear motion. This seemed too inefficient, so several alternate designs were tried. The first idea proposed was to use a linear actuator. However, it was abandoned because it could not oscillate the lens fast enough to produce the desired image. The next design incorporated a solenoid to oscillate the lens, but a suitable solenoid could not be obtained. The third plan involved building a linear motion system that resembles the flywheel of a locomotive. This proved infeasible and was dropped in favor of a fourth design. The final plan used a jigsaw attached to the lens. The jigsaw was easy to procure, already manufactured, and able to oscillate the lens fast enough for the image. When the jigsaw was attached to the lens, it was secured in the bottom compartment of the frame and insulated with dense foam to minimize vibrations. Foam was also added to the front of the bottom compartment after engaging the system to reduce noise.

9-7

The electrical component consisted of a microprocessor, an LED-and-resistor array, an infrared sensor, the programming to control the processor, and the circuitry connecting everything. The LED array was created on a separate board. Twenty-five 
LED’s were glued to the board, and a like number of 330-Ohm resistors were placed in a breadboard. Each LED’s anode was soldered to a wire whose other end was soldered to a resistor. The cathodes of the LED’s were soldered together and wired to the ground on the breadboard, which in turn was wired to a ground on the microprocessor. The other end of each resistor was wired to an individual output port on the microprocessor. This allowed control of the lighting of each individual LED.

The job of the programming was to control which LED’s were lit and to time the flashing of the LED’s with the oscillations of the lens. First, the microprocessor had to be programmed to receive input from an infrared sensor which detects the speed of the lens’ oscillations. The sensor was placed in the framework across from the infrared source, with the path of the oscillating lens between them. The lens’ movement interrupted the infrared beam at specific intervals, which the sensor transmitted back to the microprocessor.

With this information, the program times the flashing of the LED’s to match the lens’ movement, allowing the production of coherent images. That timing was incorporated into other functions, each of which programmed a specific pattern into the LED lighting. 

Conclusion

While this project is not as advanced as the Holodeck in Star Trek or Mag’s eyes in Repo! The Genetic Opera, it was still able to produce what appeared to be a 3-D image. After several design ideas and lots of trial and error, the separate systems were constructed successfully. Once each component was completed individually, they had to be debugged and integrated into one unified machine. When everything was put together, the final process had to be tested and modified for timing and synchronization of the LED’s to the lens’ oscillations. After that, the only remaining task was to create patterns for the device to display.
