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Abstract
[bookmark: _GoBack]The overall aim of this report is to try and answer the question, can a fully functioning laser harp that uses a PIC to generate the specific frequencies needed to make sound be constructed?  During this report varies methods of doing this are looked into such as using either the framed style laser harp or the infinite beam style and also using the PIC to control frequencies to generate sound. 
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Chapter 1
Introduction
The central theme of this report is to try and produce a fully functioning laser harp, which will consist of a circuit of lasers, light dependant resistors and various other components that will then be designed in the form of a harp which will be able to produce and emit a sound whenever a beam from one of the lasers is broken.  
To do this I will need to undertake background research into the different forms of laser technology, I will then produce a literature review of the current laser harps on the market and include a comparison table showing the features and benefits of each.  After that I will find a list of what components are needed to build the laser harp, this will include:
· The needed sensors
· Connector specification
· Appropriate microcontroller
· (all selections will be justified)
I will also provide the build costs of the prototype.  Once that is done I will then begin working on the design of the circuit needed for the laser harp to function I will include:
· Full circuit schematic diagram 
· Structure diagram 
· Circuit block diagram
· Flow chart
· Write the code needed to program the circuit
· Produce a rough design of how the final product will look.
After this I, will then begin to build and test my design while recording and evaluating the results, a table of results will then be produced. Once that is completed I will provide a list of suggested improvements to be made to the design for the next one reasons will be provided for these suggestions.
Finally, I will conclude my project and display my references. 
The following chapters of this report will include:
· Research and literature review 
· The methodology and development of the project 
· The design and implementation of the project
· Evaluation of the project
· Conclusion and recommendations
· Reflection of the project
· References




Chapter 2

Background Research and Review of Literature
This section will include the background research and literature reviews of the report and will firstly give a bit of background knowledge into laser technology and talk in detail about the different styles of laser harp and the 
Introduction into Lasers 
A laser is a device that emits light through a process of optical amplification based on the stimulated emission of electromagnetic radiation, the word “laser” was first created as an acronym for “light amplification by stimulated emission of radiation”.   In modern use the term “light” also includes electromagnetic radiation of any frequency, not only visible light, hence the terms infrared laser, ultraviolet laser, X-ray laser, gamma laser and so on and so forth.
“A laser is created when electrons in atoms of special glasses, crystals or gasses absorb energy from either another laser or an electrical current and become “excited” these excited electrons then move from a low energy orbit to a higher energy orbit around the atoms nucleus.  As they return to their normal or “ground state” the electrons then emit photons which are particles of light.
These photons are all at the same wavelength and are “coherent” which means the crests and troughs of the light waves have a constant phase relationship, whereas in contrast normal visible light comprises of multiple wavelengths and is not coherent. 
The light of a laser also differs from that of normal light as it contains only one wavelength (one specific colour) this particular wavelength of light is determined by the amount of energy released when the excited electron drops to a lower orbit.  As well as this laser light is directional and generates a very tight beam when compared to that of a flashlight which produces light that is diffuse which means it reflects at many angles rather than just one angle. 
As laser light is coherent it can stay focused for vast distances, even as far as the moon and back.” [1]

Laser History 

The first functioning laser was built in 1960 by Theodore H. Maiman at Hughes Research laboratory in Malibu, California, this was done ahead of several other research teams including those of Townes at Columbia university, Arthur Schawlow form Bell Labs and Gould at the Technical Research Group (TRG) company.  Maiman’s functional laser used a solid state flash lamp-pumped synthetic ruby crystal to produce a red laser light, with a wavelength of 694 nanometres.  This device however was only capable of pulsed operation because of its three level pumping design scheme. 
Laser Design
“A laser consists of a gain medium, a mechanism to energize it, and something to provide optical feedback. The gain medium is a material with properties that allow it to amplify light by way of stimulated emission. Light of a specific wavelength that passes through the gain medium is amplified (increases in power).
For the gain medium to amplify light, it needs to be supplied with energy in a process called pumping. The energy is typically supplied as an electric current or as light at a different wavelength. Pump light may be provided by a flash lamp or by another laser.
The most common type of laser uses feedback from an optical cavity—a pair of mirrors on either end of the gain medium. Light bounces back and forth between the mirrors, passing through the gain medium and being amplified each time. Typically one of the two mirrors, the output coupler, is partially transparent. Some of the light escapes through this mirror. Depending on the design of the cavity (whether the mirrors are flat or curved), the light coming out of the laser may spread out or form a narrow beam. In analogy to electronic oscillators, this device is sometimes called a laser oscillator.
Most practical lasers contain additional elements that affect properties of the emitted light, such as the polarization, wavelength, and shape of the beam.”[2]

Types of Laser
“There are many types of lasers available for research, medical, industrial, and commercial uses.  Lasers are often described by the kind of lasing medium they use - solid state, gas, excimer, dye, or semiconductor.
Solid state lasers have lasing material distributed in a solid matrix, e.g., the ruby or neodymium-YAG (yttrium aluminium garnet) lasers. The neodymium-YAG laser emits infrared light at 1.064 micrometres.
Gas lasers (helium and helium-neon, HeNe, are the most common gas lasers) have a primary output of a visible red light. CO2 lasers emit energy in the far-infrared, 10.6 micrometres, and are used for cutting hard materials.
Excimer lasers (the name is derived from the terms excited and dimers) use reactive gases such as chlorine and fluorine mixed with inert gases such as argon, krypton, or xenon. When electrically stimulated, a pseudomolecule or dimer is produced and when lased, produces light in the ultraviolet range.
Dye lasers use complex organic dyes like rhodamine 6G in liquid solution or suspension as lasing media. They are tuneable over a broad range of wavelengths.
Semiconductor lasers, sometimes called diode lasers, are not solid-state lasers. These electronic devices are generally very small and use low power. They may be built into larger arrays, e.g., the writing source in some laser printers or compact disk players.
 
Lasers are also characterized by the duration of laser emission - continuous wave or pulsed laser. A Q-Switched laser is a pulsed laser which contains a shutter-like device that does not allow emission of laser light until opened. Energy is built-up in a Q-Switched laser and released by opening the device to produce a single, intense laser pulse.
· CONTINUOUS WAVE (CW) lasers operate with a stable average beam power. In most higher-power systems, one is able to adjust the power. In low power gas lasers, such as HeNe, the power level is fixed by design and performance usually degrades with long term use.
· SINGLE PULSED (normal mode) lasers generally have pulse durations of a few hundred microseconds to a few milliseconds. This mode of operation is sometimes referred to as long pulse or normal mode.
· SINGLE PULSED Q-SWITCHED lasers are the result of an intracavity delay (Q-switch cell) which allows the laser media to store a maximum of potential energy. Then, under optimum gain conditions, emission occurs in single pulses; typically of 10(-8) second time domain. These pulses will have high peak powers often in the range from 10(6) to 10(9) Watts peak.
· REPETITIVELY PULSED or scanning lasers generally involve the operation of pulsed laser performance operating at a fixed (or variable) pulse rates which may range from a few pulses per second to as high as 20,000 pulses per second. The direction of a CW laser can be scanned rapidly using optical scanning systems to produce the equivalent of a repetitively pulsed output at a given location.
· MODE LOCKED lasers operate as a result of the resonant modes of the optical cavity which can affect the characteristics of the output beam. When the phases of different frequency modes are synchronized, i.e., "locked together," the different modes will interfere with one another to generate a beat effect. The result is a laser output which is observed as regularly spaced pulsations. Lasers operating in this mode-locked fashion, usually produce a train of regularly spaced pulses, each having a duration of 10(-15) (femto) to 10(-12) (pico) sec. A mode-locked laser can deliver extremely high peak powers than the same laser operating in the Q-switched mode. These pulses will have enormous peak powers often in the range from 10(12) Watts peak.”[3]


Laser Safety

“Laser classes
Lasers are classified for safety purposes based on their potential for causing injury to humans’ eyes and skin.
Most laser products are required by law to have a label listing the Class. It will be listed either in Arabic numerals (1 2, 3R, 3B, 4) or in Roman numerals (I, II, IIIa, IIIb, IV). At this website, we primarily use the Arabic numerals, for convenience.
For visible-beam consumer lasers, there are four main classes. Each is described in more detail here: Class 2, Class 3R, Class 3B and Class 4. The first two Classes are relatively safe for eye exposure; the last two are hazardous. The chart below shows how the eye injury hazard increases as the laser’s power increases.
[image: http://www.lasersafetyfacts.com/resources/Arrow---eye-injury-hazard.png]
The detailed information given below is for laser light that is visible -- between 400 and 700 nanometres -- and for an unintentional exposure of less than 1/4 second. Consult other sources for classifications of infrared and ultraviolet lasers, or other visible-light exposure durations.” [4]

Laser Design

“A laser consists of a gain medium, a mechanism to energize it, and something to provide optical feedback. The gain medium is a material with properties that allow it to amplify light by way of stimulated emission. Light of a specific wavelength that passes through the gain medium is amplified (increases in power).
For the gain medium to amplify light, it needs to be supplied with energy in a process called pumping. The energy is typically supplied as an electric current or as light at a different wavelength. Pump light may be provided by a flash lamp or by another laser.
The most common type of laser uses feedback from an optical cavity—a pair of mirrors on either end of the gain medium. Light bounces back and forth between the mirrors, passing through the gain medium and being amplified each time. Typically one of the two mirrors, the output coupler, is partially transparent. Some of the light escapes through this mirror. Depending on the design of the cavity (whether the mirrors are flat or curved), the light coming out of the laser may spread out or form a narrow beam. In analogy to electronic oscillators, this device is sometimes called a laser oscillator.[5]
Most practical lasers contain additional elements that affect properties of the emitted light, such as the polarization, wavelength, and shape of the beam.”

Laser physics
“Electrons and how they interact with electromagnetic fields are important in our understanding of chemistry and physics.
Stimulated emission
In the classical view, the energy of an electron orbiting an atomic nucleus is larger for orbits further from the nucleus of an atom. However, quantum mechanical effects force electrons to take on discrete positions in orbitals. Thus, electrons are found in specific energy levels of an atom, two of which are shown below:
When an electron absorbs energy either from light (photons) or heat (phonons), it receives that incident quantum of energy. But transitions are only allowed in between discrete energy levels such as the two shown above. This leads to emission lines and absorption lines.
When an electron is excited from a lower to a higher energy level, it will not stay that way forever. An electron in an excited state may decay to a lower energy state which is not occupied, according to a particular time constant characterizing that transition. When such an electron decays without external influence, emitting a photon, that is called "spontaneous emission". The phase associated with the photon that is emitted is random. A material with many atoms in such an excited state may thus result in radiation which is very spectrally limited (centred around one wavelength of light), but the individual photons would have no common phase relationship and would emanate in random directions. This is the mechanism of fluorescence and thermal emission.
An external electromagnetic field at a frequency associated with a transition can affect the quantum mechanical state of the atom. As the electron in the atom makes a transition between two stationary states (neither of which shows a dipole field), it enters a transition state which does have a dipole field, and which acts like a small electric dipole, and this dipole oscillates at a characteristic frequency. In response to the external electric field at this frequency, the probability of the atom entering this transition state is greatly increased. Thus, the rate of transitions between two stationary states is enhanced beyond that due to spontaneous emission. Such a transition to the higher state is called absorption, and it destroys an incident photon (the photon's energy goes into powering the increased energy of the higher state). A transition from the higher to a lower energy state, however, produces an additional photon; this is the process of stimulated emission.



Gain medium and cavity

A helium–neon laser demonstration at the Kastler-Brossel Laboratory at Univ. Paris 6. The pink-orange glow running through the centre of the tube is from the electric discharge which produces incoherent light, just as in a neon tube. This glowing plasma is excited and then acts as the gain medium through which the internal beam passes, as it is reflected between the two mirrors. Laser radiation output through the front mirror can be seen to produce a tiny (about 1 mm in diameter) intense spot on the screen, to the right. Although it is a deep and pure red colour, spots of laser light are so intense that cameras are typically overexposed and distort their colour.
Spectrum of a helium neon laser illustrating its very high spectral purity (limited by the measuring apparatus). The 0.002 nm bandwidth of the lasing medium is well over 10,000 times narrower than the spectral width of a light-emitting diode (whose spectrum is shown here for comparison), with the bandwidth of a single longitudinal mode being much narrower still.
The gain medium is put into an excited state by an external source of energy. In most lasers this medium consists of a population of atoms which have been excited into such a state by means of an outside light source, or an electrical field which supplies energy for atoms to absorb and be transformed into their excited states.
The gain medium of a laser is normally a material of controlled purity, size, concentration, and shape, which amplifies the beam by the process of stimulated emission described above. This material can be of any state: gas, liquid, solid, or plasma. The gain medium absorbs pump energy, which raises some electrons into higher-energy ("excited") quantum states. Particles can interact with light by either absorbing or emitting photons. Emission can be spontaneous or stimulated. In the latter case, the photon is emitted in the same direction as the light that is passing by. When the number of particles in one excited state exceeds the number of particles in some lower-energy state, population inversion is achieved and the amount of stimulated emission due to light that passes through is larger than the amount of absorption. Hence, the light is amplified. By itself, this makes an optical amplifier. When an optical amplifier is placed inside a resonant optical cavity, one obtains a laser oscillator.
In a few situations it is possible to obtain lasing with only a single pass of EM radiation through the gain medium, and this produces a laser beam without any need for a resonant or reflective cavity (see for example nitrogen laser).[10] Thus, reflection in a resonant cavity is usually required for a laser, but is not absolutely necessary.
The optical resonator is sometimes referred to as an "optical cavity", but this is a misnomer: lasers use open resonators as opposed to the literal cavity that would be employed at microwave frequencies in a maser. The resonator typically consists of two mirrors between which a coherent beam of light travels in both directions, reflecting back on itself so that an average photon will pass through the gain medium repeatedly before it is emitted from the output aperture or lost to diffraction or absorption. If the gain (amplification) in the medium is larger than the resonator losses, then the power of the recirculating light can rise exponentially. But each stimulated emission event returns an atom from its excited state to the ground state, reducing the gain of the medium. With increasing beam power the net gain (gain minus loss) reduces to unity and the gain medium is said to be saturated. In a continuous wave (CW) laser, the balance of pump power against gain saturation and cavity losses produces an equilibrium value of the laser power inside the cavity; this equilibrium determines the operating point of the laser. If the applied pump power is too small, the gain will never be sufficient to overcome the resonator losses, and laser light will not be produced. The minimum pump power needed to begin laser action is called the lasing threshold. The gain medium will amplify any photons passing through it, regardless of direction; but only the photons in a spatial mode supported by the resonator will pass more than once through the medium and receive substantial amplification.

The light emitted
The light generated by stimulated emission is very similar to the input signal in terms of wavelength, phase, and polarization. This gives laser light its characteristic coherence, and allows it to maintain the uniform polarization and often monochromaticity established by the optical cavity design.
The beam in the cavity and the output beam of the laser, when traveling in free space (or a homogeneous medium) rather than waveguides (as in an optical fibre laser), can be approximated as a Gaussian beam in most lasers; such beams exhibit the minimum divergence for a given diameter. However some high power lasers may be multimode, with the transverse modes often approximated using Hermite–Gaussian or Laguerre-Gaussian functions. It has been shown that unstable laser resonators (not used in most lasers) produce fractal shaped beams. Near the beam "waist" (or focal region) it is highly collimated: the wave fronts are planar, normal to the direction of propagation, with no beam divergence at that point. However, due to diffraction, that can only remain true well within the Rayleigh range. The beam of a single transverse mode (gaussian beam) laser eventually diverges at an angle which varies inversely with the beam diameter, as required by diffraction theory. Thus, the "pencil beam" directly generated by a common helium–neon laser would spread out to a size of perhaps 500 kilometres when shone on the Moon (from the distance of the earth). On the other hand, the light from a semiconductor laser typically exits the tiny crystal with a large divergence: up to 50°. However even such a divergent beam can be transformed into a similarly collimated beam by means of a lens system, as is always included, for instance, in a laser pointer whose light originates from a laser diode. That is possible due to the light being of a single spatial mode. This unique property of laser light, spatial coherence, cannot be replicated using standard light sources (except by discarding most of the light) as can be appreciated by comparing the beam from a flashlight (torch) or spotlight to that of almost any laser.

Quantum vs. classical emission processes
The mechanism of producing radiation in a laser relies on stimulated emission, where energy is extracted from a transition in an atom or molecule. This is a quantum phenomenon discovered by Einstein who derived the relationship between the A coefficient describing spontaneous emission and the B coefficient which applies to absorption and stimulated emission. However, in the case of the free electron laser, atomic energy levels are not involved; it appears that the operation of this rather exotic device can be explained without reference to quantum mechanics.”[5]


Research into the laser harp
The laser harp is an electronic musical user interface / laser lighting display.  It works by projecting laser beams that the user can then play by interrupting the beam to produce certain sounds that are reminiscent of that of a harp.  Laser harps have been popularized by musicians such as Jean Michel Jarre, British electronic musician little boots and also the British electro jazz band 1201-Alarm feature a laser harp as a main aspect of their live show.

In terms of design the laser harp has a two main forms, the main design styles are as follows:

Unframed / infinite beam laser harp
“The unframed or “infinite beam laser harp is commonly built using a single laser which is then split into an array of beams in either a parallel or fan formation, the sound is generally produced by using a synthesizer, sampler or a computer. 
The frameless design of this laser harp relies on reflecting light back to a single photodiode.  The fan arrangement of the beam is actually a single beam that is being scanned into a fan pattern, by matching the timing of the reflected beam the harp can determine the exact beam that is being blocked by the player and then produce the sound of the corresponding note. 
There are several techniques generally used to generate more control data, such as a continuous range of values like those found in a typical midi controller:
1. An infrared or ultrasonic rangefinder which is attached to the instrument to determine the position of the players hand when it blocks a beam
2. A laser based rangefinder which determines the distance from the players hand to the start or end point of the laser 
3. A camera that will track the position and motion of the laser dot on the hand of the player or the length of the exposed beam if visible which will then calculate a continuous value based upon a reference.
The first of these is moderately straightforward and inexpensive to implement and can use the same microcontroller that drives the lasers and reads the detectors.
The advantage of having a dedicated sensor mechanism is that the instrument can be self-contained, as opposed to requiring a computer to control it with input from an ILDA (International Laser Display Association) interface and a USB camera.  The PC-based approach however offers more flexibility and can be constructed with mostly off the shelf hardware.
Infinite beam laser harps benefit mostly from the use of high power lasers, this is because they facilitate easier detection by the sensor system.  Because the sensor is exposed to all ambient light, it can be swamped by things such as stage lighting behind the artist if the sensitivity is too high.  Ambient light sensors can be used to avoid this problem to reject the ambient light.  The person playing the instrument can also wear a pair of white or light coloured gloves to improve the performance by scattering more light off the player’s hands, this will provide the sensor with a higher signal to noise ratio with respect to ambient light.  Additionally the gloves will protect the player’s skin from potentially hazardous radiation and will also give the audience a more visual impression of the instrument.
Another version of the infinite beam laser harp is the unframed style, "Image recognition" laser harp.  The image recognition laser harp is also an unframed design, but uses a high-speed USB camera connected to a laptop computer, instead of a photodiode to detect the reflected light from the hand breaking the beam. The digital picture is analysed by the computer software to determine which beam is broken and send the appropriate MIDI signal back to the synthesizer, which is responsible.”[2]
Below is an example of a frameless / infinite beam laser harp in use:

[image: C:\Users\p144337\Desktop\mp pics\FIGO8CMHNTTEFYE.MEDIUM.jpg]
Figure [1]: frameless laser harp
http://www.instructables.com/id/Frameless-Laser-Harp/
This style of laser harp has been investigated by many researchers some of whom being Goran Ferenc and Jelena Popoviü-Božoviü.
When researching the functionality of an infinite beam laser harp, Goran and Jelena found that “using a single laser, splitting its beam into an array of beams in parallel or fan arrangement. This frameless design is more elaborate than the framed style, relying on the light being reflected back to a single photodiode. The fan of laser beams is actually a single beam being scanned into a fan pattern. By matching the timing of the reflected beam, it can be determined which of the beams is being blocked and which note needs to be played. Alternative designs make use of multiple lasers. The image recognition laser harps use a camera to detect the reflected light from the player's hand breaking the beam. The digital picture is analysed to determine which beam is broken. There are also some designs referred as bi-colour and full colour laser harps that use more colours in the beam fan. In some cases several beam colour combinations could be dynamically changed. This is more user-friendly design in the sense of playing, because notes could be visually separated using different colours.”[3]
Through further research of the frameless style laser harp Goran and Jelena found that “A laser harp is built using a single green laser module with wavelength equals to 532 nm and 500 mW output power. It has TTL modulation capability which means it can be switched on and off (very fast) by applying either 5 V or 0 V to its input pin. A laser beam is split into an array of beams in a fan arrangement using the galvanometer mirror that changes its position, waits in every position for 2 ms and reflects the source beam. An 8-bit timer (DelayTimer) from the programmable system-on-chip (PSoC) 5LP chip has been configured to define that 2 ms period, while an 8-bit DAC has been used in order to set positions of the galvanometer mirror. The laser module is switched off when the mirror begins to move from the current to the next position. DAC's output voltage range [0V, +4V] is converted to the voltage range [-10V, +10V] required for the galvanometer driver board. In that way, the galvanometer mirror can be set in the full angular range [-30°, +30°]. Additionally, it is possible to adjust spread and position of the beam fan using two potentiometers. A photo sensor placed on the floor detects light being reflected back from the player's hands. The circuit is based on light-to-voltage optical sensors (TSL12S) connected in parallel. TSL12S is a single monolithic circuit consisting of a photodiode and a trans impedance amplifier. A number of these sensors could be changed, but the optimum number derived from the experiment is three. As the photo sensor is exposed to all ambient light, it can get swamped out by that light if the sensitivity is too high. That is why sensitivity adjustment feature is added using a potentiometer and a comparator circuit (Comparator) integrated in the PSoC 5LP. Which of the beams is being blocked and which note needs to be generated is determined by the current mirror position. Appropriate MIDI messages containing information about notes that should be played are sent to the PC via USB. Using a DAW (Digital Audio Workstation) on a PC or using some other sound generation module, MIDI messages are interpreted and sound is generated. A DAW provides possibility to use different MIDI instrument patches either by manual selection in the DAW or by sending desired MIDI program change message (pressing the second footswitch). The laser harp provides a support for communication with external MIDI equipment as well. In that way, MIDI messages generated by blocking the beams could be additionally enriched using some MIDI keyboard, slider, pedal or any other MIDI compatible device that outputs MIDI data to one of the two laser harp MIDI IN ports. On the other hand, some synthesizer or sound generation module's MIDI IN port could be connected to the laser harp MIDI OUT port. In that way, MIDI messages could be sent back from the PC to the PSoC 5LP via USB and forwarded through MIDI OUT port to the attached external MIDI equipment. MIDI hardware implemented on the PSoC 5LP chip consists of a USBMIDI component (instance of USBFS) with device descriptors configured to support MIDI devices according to the USB MIDI specification and MIDI1_UART and MIDI2_UART components (instances of UART) with the hardware MIDI interface configuration (31.25 kbps, 8 data bits). The USBMIDI component provides plug-and-play connection between the laser harp and the PC, presenting the laser harp to the PC as a class compliant USB MIDI device. MIDI1_UART and MIDI2_UART allow the USBMIDI component to call UART APIs and automatically transfer received data from 879 the PC to the external MIDI OUT port. For the opposite direction, MIDI messages from the MIDI1_UART and MIDI2_UART components have been sent to the PC. The MIDI implementation internally handles running status when communicating with external MIDI equipment in order to reduce serial data traffic on the output and to correctly assemble complete MIDI messages when the external MIDI equipment is sent using running status. Detailed program flow of the C code being written in the PSoC Creator. Program flow of the C code from the PSoC Creator When the PC is in sleep mode, the PSoC 5LP chip also goes into sleep mode and reduces the power consumption. The sleep mode condition is determined using Sleep Timer’s ISR (Interrupt Service Routine). The PSoC 5LP device is suspended, drawing only suspend current from the bus after no more than 10 ms of bus inactivity on all its ports. This ISR is run each 4ms, so in the third turn without USB activity, the device is suspended.”[3]

Framed Laser Harp
Unlike the infinite beam laser harp the framed style is mostly created to look like an actual harp with strings, it uses an array of photodiodes or photo resisters inside the upper and lower parts of the frame to detect the blocking of the laser beam. “The lasers can be mounted on the 'neck' or upper side of the harp, shining down, or on the body, shining up. Typically, the lasers used are very low-powered 5 mW red or green lasers, which are considered safe for public interaction by the FDA. Any number of laser beams can be arranged in this type of laser harp, from as few as one or two, up to 32 or more, depending on the capacity of the MIDI controller(s) and software being used. This style of Laser Harp can be created in any size, from a lap sized harp to a room sized installation, or larger. In this design, only an analogue DC (on/off) trigger is created by the breaking of the beam (and the DC circuit made by the beam shining on the optic sensor), which is sufficient to trigger any number of events (musical or otherwise) as determined by the data analyser/software in question. In the MIDI controller, this analogue DC current interruption is converted to a digital signal, which is then used to trigger many possible events or actions. Some software comes equipped with full wave file editors and synthesizers, and can also trigger video and still imagery via projection units”. [2]
Frame styled laser harps generally have a number of typical software functions in the form of play modes and switch modes.  The typical play modes for the framed style laser harp are as follows:
· “Trigger Mode - In this mode, breaking a beam always triggers the event, sound (a sample, loop or MIDI note), image or video that that particular beam has been preset to trigger. Each beam will always trigger its own preset event when broken. e.g. If the beam number one is set to play a bass drum and beam two a snare drum; then one will always play a bass drum and two a snare.
· Sequence Mode - In this mode, breaking any of the beams plays a preset melody or song one note at a time. Familiar tunes may be played by the breaking the beams in time with the song. Little or no musical ability is required to play a tune. Similarly, a sequence of images could be displayed or an image could be built up one part at a time.
· Event Mode - When broken, a beam set to 'Event Mode' can change octaves, sounds, songs or programmed settings for any or all of the beams”.[2]
The typical switch modes for the framed style laser harp are:
· “On-Off - A sound will play only while a beam remains broken. The sound stops when the beam is unbroken.
· Play to end - Once triggered, a sound will play to the end regardless of when the beam is unbroken.
· Toggle Mode - Breaking a beam the first time triggers a sound which plays to the end (or loops) until the beam is broken a second time.
All beams do not have to be set to the same Play or Switch Mode - each beam may be set up differently.”[2]







Below is an example of a framed style laser harp:
[image: C:\Users\p144337\Desktop\f0d7798d197e7ee1abbda2534d902003.jpg]
Figure 2: framed laser harp [2]

Research into the framed style of laser harp has also been undertaken by the PCC engineering club, the findings for that research is as follows:

“The Laser Harp was a project commissioned in the fall semester of 2011. The mission was to build a big musical instrument resembling a harp but with lasers instead of strings.
The group, led by Charles Song, divided the project in four main parts: frame design, electrical connections, electronics and programming.

Frame Design
The frame design was first drafted in SolidWorks to visualize the shape of the frame, the materials required and the location of the electrical connections and electronics. The frame was built with wood because of its price, availability and flexibility. The wood was bought from Home Depot, and the assembling of the parts took about 2 full days.

Electrical Connections
The Laser Harp used ten lasers and ten photo resistors as the control system. The lasers and photo resistors required much wiring since the lasers were placed at the bottom of the frame, and the photo resistors at the top of the frame. The lasers were set up to use a single common ground, and individual positive wires were arranged to the power supply. The photo resistors were also set up to have a single common ground, and individual wires were arranged to reach the electronics.

Electronics
The electronics consisted mainly of a microcontroller, an Arduino UNO, and a few resistors. The musical instrument functionality was simple. A person would touch one of the lasers, interrupting the laser from reaching its corresponding photo resistor, and the Laser Harp would play a corresponding musical note. Since the use of discrete electronics was avoided by using a microcontroller, programming the Arduino UNO was a crucial part of the project. All the same, simple electronic components were still used to interface the photo resistors to the Arduino. Each photo resistor and a correspondent resistor formed a voltage divider circuit, and the voltage output was connected to the Arduino, which read it as a digital input. On the development process of the electronics, the group explored the tone library on the Arduino and MIDI (Musical Instrument Digital Interface) protocols for generating the musical notes. The first prototype used the tone library on the Arduino, but the sounds were poor in quality and volume. All the same, the group used a small piezo speaker to test it out. At the end, the group opted to use MIDI protocol. The MIDI protocol only required a current limiting resistor to interface the Serial output pin of the Arduino to a MIDI synthesizer. In addition, the Laser Harp had two pushbuttons and a pedal switch used to control the range of the notes. The pushbuttons and the pedal were wired as regular pushbuttons by connecting one side of the switch to an Arduino pin, grounding the pin with a resistor and connecting the other side of the switch to the positive side of power.

Programming
The Arduino code suffered many changes from the first prototype to the current version. For the first prototype, which used the tone function, the Arduino only contained 8 if-statements that read 8 digital input pins and played a corresponding note on a piezo speaker. The electronics attached to the Arduino were only 8 pushbuttons and a piezo speaker. Then, the code and electronics started evolving one step at the time. After some tests, the group realized that using the tone function would generate very poor quality sounds, so they decided to use the MIDI protocol. The Arduino used its Serial interface to send MIDI commands to a MIDI synthesizer. Then, the pushbuttons were replaced by photo resistors. The most logical way to read from the photo resistors was to read them as an analogue input; however, the Arduino UNO only has 6 analogue input pins. Hence, the group decided to read them as digital inputs. The Arduino had to read when a photo resistor was covered, play a note while it was covered, and turn off the note when the photo resistor was enlighten again.

Improvements
After the first alpha version of the Laser Harp was showcased in fall 2011 at the Engineering Club Expo, the code and the electronics were improved during spring 2012. The group added a multiplexer to read all the photo resistors as analogue inputs. The code inherited a booting calibration system to account for ambient light and the algorithms reading the sensors were improved. The system included an array of LEDs that turned on according to which sensor was triggered and a 7-segment display that showed the major scale on which the Laser Harp was tuned. Due to the need of more digital outputs, two shift registers were added to the system, one for the array and one for the 7-segment display. After the spring 2012 PCC STEM expo, the Arduino UNO was replaced by a Teensy 2.0 which had HID (Human Interface Device) capabilities to connect with a computer an act as a MIDI instrument. The new microcontroller allowed the Laser Harp to be connected to any computer and be played by using free MIDI synthesizer software, such as MIDI-OX.

Future plans for the Laser Harp
The groups is working on drawing the circuitry in CAD software for electronic circuits, such as EAGLE, and printing a PCB (Printed Circuit Board) to accommodate all the components and make the system more stable. In addition, a miniature version of the Laser Harp has been highly requested, so the group is working on a small musical instrument that would use the same electronics but might not resemble a harp because of its size.”[3]





This section of the report will look into the research and projects that has been undertaken by others into laser harp technology and will discuss their methods and results and how they relate to others research.
The first research paper looked at in this report is “The infinite beam laser harp with external MIDI I/O functionality” paper by Goran Ferenc and Popovic-Bozovic.  The paper starts by talking generally about the what a laser harp is and how 


Generating frequencies using a PIC
Sound can be generated using any alternating signal, but the frequency of that sound has to be within a specific range to be perceptible to humans and animals.  Generally the range of Human hearing is from 20Hz (low) to 20,000Hz (high), frequencies beyond this range exist, but are in audible to humans. [3]
Frequency can be modified in a number of ways when using a PIC one of which is the use of timers.
Timers 
As proposed by the name Timers are used to measure the time or generate the accurate the accurate time delay.  This can also be done by the microcontroller by running loops, however by using the timer/counter it relieves the CPU from doing an unnecessary repetitive task and allows it to allocate maximum processing times to other tasks therefore making the system more efficient.
Effectively a timer is nothing but a simple binary counter that can be configured to count clock pulses (internal or external).  Once a maximum value is reached the timer will return back to zero creating an overflow flag and then generates an interrupt if enabled. [4]
PIC’s come in all sorts of different forms and each one could have a different number of timers for example the PIC16F877a has three independent timers.  These can be used for timer, counters or for PWM generation.

The details of these three timers is provided in the table below:
	Timer 
	Size
	Control Register
	Count Register
	Min Delay
	Max Delay

	Timer0
	8-bit
	OPTION_REG
	TMR0
	0.2usec
	13.107ms

	Timer1
	16-bit
	T1CON
	TMR1H,TMR1L
	0.2usec
	104.857ms

	Timer2
	8-bit
	T2CON
	TMR2
	0.2usec
	819usec


Table 1:
Timer0
The Timer0 module timer/counter has the following features:
· 8-bit timer/counter
· Readable and writable
· 8-bit software programmable prescaler
· Internal (4 Mhz) or external clock select
· Interrupt on overflow from FFh to 00h
· Edge select (rising or falling) for external clock

Timer0 has a register called TMR0, which is 8 bits in size.
A desired value can be written into this register which will then increment as the program progresses.  The frequency will vary depending on the prescaler.  The maximum value that can be assigned to this register is 255.

Timer1
The timer TMR1 module timer/counter with the following features:
· 16-bit timer/counter with two 8-Bit register TMR1H/TMR1L
· Readable and writable
· software programmable prescaler upto 1:8
· Internal or external clock select
· Interrupt on overflow from FFFFh to 00h
· Edge select for external clock

Timer2
The TImer2 module is an 8-bit timer/counter with the following features:
· 8-bit timer/counter
· Readable and writable
· Software programmable prescaler/PostScaler upto 1:16
· Interrupt on overflow from FFh to 00h[4] 

Pulse Width Modulation (PWM)
“A PWM Signal is a method for generating an analogue signal using a digital source. A PWM signal consists of two main components that define its behaviour: a duty cycle and a frequency. The duty cycle describes the amount of time the signal is in a high (on) state as a percentage of the total time of it takes to complete one cycle. The frequency determines how fast the PWM completes a cycle (i.e. 1000 Hz would be 1000 cycles per second), and therefore how fast it switches between high and low states. By cycling a digital signal off and on at a fast enough rate, and with a certain duty cycle, the output will appear to behave like a constant voltage analogue signal when providing power to devices.
Example: To create a 3V signal given a digital source that can be either high (on) at 5V or low (off) at 0V, you can use PWM with a duty cycle of 60% which outputs 5V 60% of the time. If the digital signal is cycled fast enough, then the voltage seen at the output appears to be the average voltage. If the digital low is 0V (which is usually the case) then the average voltage can be calculated by taking the digital high voltage multiplied by the duty cycle, or 5V x 0.6 = 3V. Selecting a duty cycle of 80% would yield 4V, 20% would yield 1V, and so on.

PWM signals are used for a wide variety of control applications. Their main use is for controlling DC motors but it can also be used to control valves, pumps, hydraulics, and other mechanical parts. The frequency that the PWM signal needs to be set at will be dependent on the application and the response time of the system that is being powered. Below are a few applications and some typical minimum PWM frequencies required:

Heating elements or systems with slow response times: 10-100 Hz or higher
DC electric motors: 5-10 kHz or higher
Power supplies or audio amplifiers: 20-200 kHz or higher” [5]



[image: C:\Users\p144337\Desktop\pwm.gif]
Figure [2]
The graph above shows an example of the duty cycle in PWM	


Low Pass Filters

A low pass filter is a filter that passes signals with frequencies lower than a certain cut off frequency and attenuates signals with frequencies higher than the cut off frequency.  The precise frequency response of the filter depends on the filter design.  
An electronic low pass RC (resistor-capacitor circuit) filter for voltage signals, high frequencies in the input signal are attenuated, but the filter has little attenuation below the cut off frequency which is determined by its RC time constant. 
Electronic low pass filters can be used on inputs to things such as subwoofers and other types of loudspeakers, to block high pitches that they can’t efficiently reproduce.  Low pass filters are also used in radio transmitters to block harmonic emissions that might interfere with other communications. [8]


The figure below shows an active noninverting op amp low pass filter 
[image: Image result for low pass filter]
Figure [3]



Chapter 3
RESEARCH AND METHODOLOGY
Hypothesis
The hypothesis of this assignment was to see if I could create a fully functioning framed style laser harp.
The components I used to accomplish this were as follows:
· 7 x Laser diodes (signals)
· 7 x Light dependant resistors (LDR’s)(Inputs)
· PIC16F877a
· Resistors
· Capacitors
· Potential divider (POT)
· Amplifier
· Speaker
· Battery
The software I used to design and implement my circuit was:
· Proteus 8 professional (designing my circuit)
· PIC C compiler (implementation of the code)
I will conduct the experiment by testing the implemented code to find out whether or not a sound is generated.
The experiment that will be undertaken is should be valid because by the end of it I will have proved whether or not it is possible to create a fully functioning framed style laser harp while using a PIC to control the output frequency to then produce a sound.  
The experiment should also be a reliable one as once the correct results are achieved there should be no problem recreating them as nothing would have changed in the circuit from when the results were correct. The results should then be replicable by anyone who has used the same method.



Chapter 4
Design
When it came to designing my project the first thing I had to decide is which style of laser harp I was going to create to do this I conducted background research into the different styles of laser harp and then decided which one I was going to use based on the cost and the amount of time it would take to build it.  The two main styles of laser harp I had to choose between were the infinite beam style laser harp and the framed style laser harp.
The unframed or “infinite beam laser harp is commonly built using a single laser which is then split into an array of beams in either a parallel or fan formation, the sound is generally produced by using a synthesizer, sampler or a computer. 
The frameless design of this laser harp relies on reflecting light back to a single photodiode.  The fan arrangement of the beam is actually a single beam that is being scanned into a fan pattern, by matching the timing of the reflected beam the harp can determine the exact beam that is being blocked by the player and then produce the sound of the corresponding note. 
Below is an image of an infinite beam style laser harp:
[image: C:\Users\p144337\Desktop\mp pics\FIGO8CMHNTTEFYE.MEDIUM.jpg]
The framed style laser harp however “is mostly created to look like an actual harp with strings, it uses an array of photodiodes or photo resisters inside the upper and lower parts of the frame to detect the blocking of the laser beam. “The lasers can be mounted on the 'neck' or upper side of the harp, shining down, or on the body, shining up. Typically, the lasers used are very low-powered 5 mW red or green lasers, which are considered safe for public interaction by the FDA. Any number of laser beams can be arranged in this type of laser harp, from as few as one or two, up to 32 or more, depending on the capacity of the MIDI controller(s) and software being used. This style of Laser Harp can be created in any size, from a lap sized harp to a room sized installation, or larger. In this design, only an analogue DC (on/off) trigger is created by the breaking of the beam (and the DC circuit made by the beam shining on the optic sensor), which is sufficient to trigger any number of events (musical or otherwise) as determined by the data analyser/software in question. In the MIDI controller, this analogue DC current interruption is converted to a digital signal, which is then used to trigger many possible events or actions. Some software comes equipped with full wave file editors and synthesizers, and can also trigger video and still imagery via projection units”. [2]
Below is an example of a framed style laser harp:
[image: C:\Users\p144337\Desktop\f0d7798d197e7ee1abbda2534d902003.jpg]
The style of laser harp that I eventually ended up choosing to use in my project was the framed laser harp style this is because it is generally a lot cheaper to build this style and also due to time constraints it was the more viable option.
The next component I then needed to decide upon then was what sort of laser I was going to use for the signal.  I needed a laser that was going to be strong enough to be visible in the ambient light of the day but not so strong that it would cause damage to people’s eyes if they were too accidentally look into it.  I ended up narrowing it down to three different lasers:
1. The first of the three was the Neuftech 4x 650nm 5mW 5V Red Dot Laser Diode Module Copper Tube Head
[image: ]
 The features of which were 
· This item is a pack of 4pcs laser module heads
· Output power: 5mW ; Wavelength: 650nm ;Diameter: 6mm
· Working voltage: 5V; Laser shape

2. The second was the Green + Purple + Red Laser Pointer Light Pen Beam 1mw Laser
[image: ]
The features of which were:
· Power Source:	Battery
· Wavelength:	650nm	
· Laser Colour:	Red, Green, Purple
· Power:	1mW

3. And finally the third was the RS Pro Red Laser Pointer

[image: ]
The features of which were:
· Red laser beam
· Metal housing
· Range: 50 m
· Wave length: 640 → 660 nm

The laser I ended up going for to use in my project was the Neuftech 4x 650nm 5mW 5V Red Dot Laser Diode Module Copper Tube Head, the reason I chose this laser diode over the other two laser pointers was that this one was a lot cheaper than the other two and also it came with four laser module heads instead of one or three.

After the lasers had been chosen I then had to choose the receivers which were either going to be light dependant resistors (LDRs) or photodiodes there were a few options that I could choose from such as:
1. The Silonex NORPS-12 LDR (Light Dependent Resistor) 1MΩ Dark, 2-Pin TO-18

[image: ]
Of which the features were:
· Power Dissipation at 30°C1- min- - max 250 mW -
· Operation Temperature min -60 to max +75 °C -
· Storage Temperature min -60 to max+75 °C -
· Voltage (peak AC or DC) min - - max +250 V
· Light Resistance 1 ftc.2 – min 5.4 – max 12.6 KΩ
· Dark Resistance 15 sec after removal of test light. Min1.0 - max- - MΩ
· Spectral Peak min - -  max 550 - nm


2. The Hamamatsu S1223-01 Full Spectrum Si Photodiode, Through Hole TO-5

[image: ]
The features are:
· Reverse voltage of 30v max
· Power dissipation of 100mW
· Operating temperature of -40°C to +100°C
· Storage temperature of  -55°C to +125°C

3. Vishay BPW21R Visible Light Si Photodiode, 50 °, Through Hole TO-5
[image: ]
The features of this are:
· Reverse voltage VR 10 V
· Power dissipation PV 300 mW
· Junction temperature Tj 125 °C
· Operating temperature range - 40 to + 125 °C
· Storage temperature range - 40 to + 125 °C

I ended up choosing the Silonex NORPS-12 LDR (Light Dependent Resistor) 1MΩ Dark, 2-Pin TO-18 out of these three as it was a lot cheaper than the other two and it could also give a good power dissipation.

Once the LDR was chosen I could then choose the PIC needed to control my circuit. The PIC needed to have a Timer0 a Timer1 and a Timer2 in order to be able to vary the frequency to produce a sound 
The pic I eventually chose was the PIC16F877A, the reason I chose this PIC is because it had everything that I needed for my project to be successful such as:
· Timer0: 8-bit timer/counter with 8-bit prescaler 
· Timer1: 16-bit timer/counter with prescaler, can be incremented during Sleep via external crystal/clock
· Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler
· Two Capture, Compare, PWM modules
· Capture is 16-bit, max. resolution is 12.5 ns
· Compare is 16-bit, max. resolution is 200 ns
· PWM max. resolution is 10-bit
· 10-bit, up to 8-channel Analog-to-Digital
· Converter (A/D)
· Brown-out Reset (BOR)
· Analog Comparator module with:
· Two analogue comparators
· Wide operating voltage range (2.0V to 5.5V)
[image: PIC16F877A microcontroller]

After the PIC was chosen the only things left to choose were the speaker and the battery
The speaker I chose was just a simple Visaton 2901 8 Ohm Mini Speaker K50
[image: ]
My reasons for choosing this speaker were:
· Magnetically shielded
· Plastic diaphragm and metal basket
· Full-range driver with good efficiency
· Broad frequency response and good voice reproduction
· Extremely small size due to a neodymium magnet system
· Typical applications include electronic devices and outdoor systems
· CE approved
· Easily available and was also very inexpensive.

Finally the battery I chose for the circuit was just a simple 12v battery, I also had resistors, capacitors and a 4 MHz crystal in the circuit.


Implementation
Unfortunately due to time restraints and other unforeseen problems like parts not being delivered on time, I was unable to build the final version of the project, but 



Chapter 5
Evaluation
From this report I can assume that the data would back up my literature review as even though the circuit was not implemented by myself, there has been a great deal of work done out there by other researchers that would validate my points.  Unfortunately as I was unable to implement my circuit and therefore did not achieve all of the aims and objectives that I originally set out too, however if I were to have a chance to do it again I would attempt to build the infinite beam style laser harp instead of the framed style and maybe use an Arduino instead of a PIC to generate the sound, something else I would like to try if I were to this project again is add more lasers to be able to generate more sounds and also I would likely add an LCD screen which would display the number or name of whichever beam was being broken and maybe even display the note that is being played.

Chapter 6
Conclusions and Recommendations
The question of whether or not it is possible to build a fully functioning framed style laser harp can be disregarded as even though not all of the aims and objectives were reached in this report it is still clear that problem at hand can and has been solved by other researchers as shown in the background research / literature review.  However further work could still be done to improve upon this project.  For example instead of varying the output frequency of the PIC to produce the sound a MIDI protocol could be used, this is because MIDI provides event messages that specify notation, pitch and velocity it also provides control signals for parameters such as volume, vibration, audio panning, cues and clock signals that set and synchronize tempo between multiple devices.  These messages are then sent to other devices where they control sound generation and other features.  Another feature that could be added for further work is the implementation of an LCD screen to display which laser I being triggered every time a beam is broken.














Chapter 7

Block Diagram
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Proteus Design 
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*Eye injury hazard descriptions above are valid for for exposures relatively close to the laser. Because the beam spreads, less light will enter the pupil at greater
distances. The hazard decreases the farther a person is from the laser, and the shorter the exposure time (e.g., do not deliberately look or stare into the beam).
For example, a 1mW Class 2 laser beam is eye safe for unintentional exposures after about 2 ft (7 m), a 5mW Class 3R beam is eye safe after about 52 ft (16 m),
a 500 mW Class 3B beam is eye safe after about 520 ft (160 m), and a 1500 mW Class 4 beam is eye safe after about 900 ft (275 m).

(Calculations are for visible light, a 1 milliradian beam, and a 1/4 second Maximum Permissible Exposure limit.)




