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Abstract
The Swedish industrial design agency People People has a vision, they want to make people 
mastering the piano by projecting guiding light onto the keys. The light plays along to the 
music, teaching the user in what order to press the keys. Their first design brief was the 
starting point of this master thesis. The aim was to investigate potential technologies for the 
product considering both user experience and interaction aspects as well as software related 
issues. 

The development process is described divided into thee main parts, the development of 
technology, hardware and software. Each part had to be developed simultaneously because of 
their close relation and the short time frame. The two investigated technology concepts, DLP 
projector and Galvanometer scanner, were tested by users in two prototypes. The majority of 
the users preferred the DLP projector since the Galvanometer scanner used lasers that were 
flickering which caused uncomfort to the eyes. 

A prototype software was developed in order to project the sequence of light onto the correct 
key according to the music. The most critical remaining issue is to present the graphic and 
music without latency. The software proved that it is possible to convert a MIDI -file (Musical 
Instrument Digital Interface ) into a projection of the correct sequence onto the keys. 

The device has to be mounted about 700 mm above the piano in order to project onto 4 octaves, 
a size about half of the piano. An important requirement was adaptability to different piano 
models. This requirement resulted in a hardware design development. Multiple iterations and 
design-sessions at the design agency resulted in a device adaptable in both height and length 
to be used with both vertical pianos and keyboards. 

The concept has been brought to the next phase of connecting manufacturers and develop 
a fully functioning prototype. The necessary decisions that are left regards how to form 
a product strategy. Both of the technology concepts are feasible, the best one to go for is 
determined by what kind of  product the agency wants to produce. The DLP projector is a 
high tech product with a lot of possibilities for user interaction but it is more costly than the 
Galvanometer scanner. The Galvanometer is a minimum viable product possible to produce 
to a very low cost. In order for the agency to take the next step, an action plan is presented 
that can be used in the communication with possible partners. 





Examensarbete  MMK 2015:33 IDE162

Utveckling av en interaktiv produkt som gör 
det lättare att lära sig spela piano

Eli Lundberg

Godkänt

2015-06-01
Examinator

Claes Tisell
Handledare

Mikael Hellgren

Uppdragsgivare

People People
Kontaktperson

Per Brickstad

Sammanfattning
Den svenska industridesignbyrån People People har en vision, de vill få människor att lära 
sig spela piano genom att projicera guidande ljuspunkter på tangenterna. Ljuset spelas upp 
tillsammans med musiken, och lär användaren att trycka på tangenterna i rätt ordning. Detta 
examensarbete har sin utgångspunkt i deras först designkoncept. Syftet med examensarbetet 
var att undersöka potentiella tekniska lösningar för produkten med hänsyn till både 
användarupplevelse, interaktionsaspekter samt mjukvarurelaterade frågor. 

Produktutvecklingsprocessen är beskriven i tre huvuddelar, utveckling av teknik, hårdvara 
och mjukvara. Varje del utvecklades samtidigt eftersom de är nära kopplade till varandra och 
tidsramen för projektet var begränsad. Två tekniska koncept har utvärderats noga, tekniken 
från DLP-projektorer och Galvanometer scanners. Koncepten har testats av användare i två 
olika prototyper som framförallt visar att produkten är uppskattad av användare. Majoriteten 
av användarna föredrog DLP projektorn eftersom lasern i galvanometerskannern flimrade 
vilket var obekvämt för ögonen. 

Utvecklingen av en mjukvaruprototyp visar att det är möjligt att konvertera musik till en 
korrekt ljussekvvens för att projiceras på pianotangenterna utifrån en MIDI-fil (Musical 
Instrument Digital Interface). Eftersom musiken och grafiken inte spelades upp från samma 
källa skedde fördröjningar som inte gick att ändra i den befintliga prototypen. 

Enheten måste monteras ca 700 mm ovanför pianot för att projicera på 4 oktaver, ungefär 
hälften av pianot. Ett viktigt krav var att anpassa produkten till olika sorters pianomodeller. 
Flera iterationer och design-sessioner på designbyrån resulterade i en produkt som går att 
justera i både höjd och längd för att användas med både vanliga pianon och keyboards.  

Produktutvecklingen har tagit konceptet till nästa fas vilket är att knyta an tillverkare och 
samarbetspartners för att utveckla en fullt fungerande prototyp. Båda de tekniska koncepten är 
genomförbara, men de skiljer sig åt; DLP-projektor är en mycket teknisk produkt med många 
möjligheter att utveckla interaktionen med användaren, men den är dyrare. Galvanometern 
är en produkt som uppfyller de lägst satta kraven och är möjligt att producera till en mycket 
låg kostnad. För att byrån ska kunna ta nästa steg i produktutvecklingsprocessen avslutas 
rapporten med en produktbeskrivning som kan användas i kommunikationen med möjliga 
partners.
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1.  Introduction 
This chapter describes the background, the problem description, the purpose, the limitations 
and the methods used in the presented project.

1.1. Background
People People is a Swedish industrial design agency that designs for large companies as well 
as startups. Their sister company, People Products, launches products made by the agency 
themselves. Currently the Transparent Speaker is for sale, now the agency is looking for new 
products to form a product family within audio experience, see Figure 1. Two concepts has 
been brought out, the interactive piano, and a laser projector that this master thesis aim to 
develop further. 

Figure 1. A possible future product family by People Products.
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1.2. Problem description
The task is to develop a projector that, in the correct sequence, lights each key to press when 
playing the piano. The device aims to teach how to play any song in an intuitive way. It is 
connected to, and managed by a cellphone. Images from the agency explaining its main 
features are found in Figure 2. Following are the initial challenges stated by the design brief 
from the agency:
   

•	 Achieving a small enough size of components
•	 Achieving the movement of laser to all (88?) keys
•	 Achieving timing, accuracy and reliability
•	 Achieving simultaneous indications on several keys
•	 Achieving a ”nice looking marker” on key even from a wide angle
•	 Achieving a visible enough marker

Figure 2. Designbrief of the concept Playano in an early stage.

1.3. Purpose
The aim of the master thesis is to do a “Proof of concept” of the projector Playano. That is, 
to investigate how the concept can be made feasible into a functioning product. Necessary 
requirements needs to be specified and verified by prototypes confirming both technology 
and user experience aspects. The goal of the thesis is to present a final concept of the product 
Playano with a technical solution to project and direct light at a piano keyboard. The final 
concept should include a description of both the technology, software, hardware and user 
experience parts of the product. 
 



3

1.4. Research question
The research questions to be answered within this thesis are;

•	 Is it possible to construct the Playano device? 
•	 What technology is most suitable? 
•	 What are the necessary components and how could they be assembled?

1.5. Limitations
The thesis focus on evaluating technology and hardware components for directing and flash-
ing light on the keyboard. Figure 3 displays a schematic image of the product and its parts de-
veloped within this thesis. Evaluation based on costs is not covered within this project.  The 
project is limited by a budget of 5000 SEK. The developed CAD-models are not ready for 
manufacturing. The target group of Playano is limited to adults that are beginners in playing 
the piano. The project development will therefor not be focusing on adapting the projector 
to children. 

Figure 3. Schematic description of concept that the thesis will focus on.

App MIDI-file Connection Device

Focus on:
•	 Geometry
•	 User experience
•	 Source of light
•	 Technology
•	 Power supply 
•	 Optics

1.6. Methods
The thesis follows a product development process with focus on the phases; project planning, 
research, specification definition, concept generation, concept evaluation, concept develop-
ment and refinement of final concept. During the project planning, a time schedule and an 
risk analysis was formed, see Appendix B and Appendix A respectively. 
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There is no product as Playano on the market today, therefore, both technology and user 
requirements had to be developed. An extensive research formed the base for a requirement 
specification and mock-ups and prototypes were made to determine the feasibility of the 
product.  

These are the main steps within this project:

•	 Planning report 
•	 Contact people and form collaborations
•	 Define	frame	of	reference
•	 Define	time	schedule
•	 Method
•	 Risk assessment

•	 Theoretical studies
•	 Geometry analysis
•	 User study
•	 Available technology and similar concepts

•	 Requirement	specification	
•	 Concept generation
•	 Concept development
•	 Prototyping and testing
•	 User tests
•	 Analysis & Evaluation
•	 Conclusion

Theoretical studies
The research examines different technologies and includes both articles and talking to ex-
perienced people within the subject. The project involved a number of people and partners. 
One key partner were the web agency Prototyp Stockholm AB, who were incorporated in the 
software development.

User study
An initial user study was performed of how playing the piano is taught. Two different piano 
teachers with slightly different methods were incorporated; Filip Severinson, Piano teacher 
at Sensus Medborgarplatsen [36] and Kristina Eriksson, Piano teacher at Pianoskolan, Öster-
malm [37]. The purpose of the study was to clarify the following issues:

Teaching 
• Are notes used in teaching today?
• What is difficult to teach?
• What can be improved?

Geometry
• Is it OK if light hits the fingers or should the projection be made above the fingers?
• Where on each key is it ideal for the light to be displayed?
• How wide does the projected are need to be/how many octaves?
• Is there certain graphics/geometries that could be helpful to display?

Fingering & Feedback
• What benefits can be achieved by displaying fingering?
• How could that be done?
• Is getting feedback from the device essential?
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Concept generation and development
The initial research of existing and similar technology formed the basis for creating technol-
ogy concepts. These concepts were evaluated by early mock-ups and tests.  

The hardware concepts on how to design the device and the stand were developed through 
workshops and iterations in collaboration with design engineering students and people from 
the design agency. The workshops started with a brief of the product and the requirements. 
One of the key requirements were adaptability to three different piano models. Two products 
of each piano model were presented in images and measurements for the designers to work 
from, one example of the presentation of a keyboard is found in Figure 4. 

During the workshop with students, a 3 by 3 method were used. In this method, each person 
sketches down three ideas during 6 minutes. The papers are then passed to the next person 
who interprets the sketches and continues to sketch ideas from that. This resulted in a total of 
27 conceptual sketches of how to place the projector above the keys of a piano. 

The discussions were based on mood-boards of inspirational designs of similar products or 
details. During the sessions, quick CAD models were presented and discussed for further 
iterations. The software and interaction parts were discussed during the sessions with the 
design agency and when meeting users, piano teachers and engineering students. 

Keyboard

Startone MK-300 Keyboard - 1 063,51 SEK

61 keys with touch response, 64-note polyphony, 

Record & Playback, spaker system 2 x 10 W, incl. power supply, 
connection: headphone, Sustain, USB to Host, 

Dimensions (B x T x H) : 955 x 360 x 145mm, weight: 4,5 kg

955

145

360

[mm]

Figure 4.  The piano model Keyboard. 

Concept evaluation
The evaluation of the early technology concepts within the Frame of reference was made 
through a decision matrix with rated and weighted properties. The final two technology con-
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cepts has been evaluated by sorting out the technical specifications and by making mock-ups 
and prototypes. 

Visualization
The 3D modeling program Rhino Ceros [46 ] was used to visualize ideas and make geometry 
analyses. The geometry analyses were made by modeling light beams onto a piano keyboard 
imported from Grabcad, an on-line 3D library [29]. After finishing the CAD modeling in 
Rhino, renderings were made in Keyshot [47]. 
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2.  Frame of reference
The following paragraphs forms the background study for the development of the require-
ment specification. First the geometry of a piano and aspects of playing the piano is covered. 
Then similar products and possible technologies are reviewed. The chapter also includes a 
geometry analysis and relevant optical calculations. The chapter ends with a summary of 
conclusions before the chapter “Concept Development” begins.

2.1. Piano
A regular piano consists of 88 keys, 36 black and  52 white keys. The keyboard is divided into 
7 octaves all consisting of 8 tonal steps [6] see Figure 5, and measures 1220 mm in width. 
The size of the keys found in Figure 5 are measured on a piano. The top of the white keys 
are placed at 740 mm above the floor. These are the standard dimensions of a piano, other 
measurements differ depending on Piano model. 

1220 mm

152

22

89 

9.5

black keys are 12.7 mm in height 

[mm]

Figure 5. A piano divided into 7 octaves to the left, and measurements of piano keys to the right.

Piano models
There are a few different piano models, both analog and digital. The analog pianos such 
as grand pianos, organs and vertical pianos uses mechanical components to create sound. 
Digital pianos are electro-mechanical since they turn mechanical sound into electrical sound 
by microphones. A Keyboard creates and plays sound electronically while MIDI (Musical 
Instrument Digital Interface) -keyboards  transmit a signal through a protocol that can be re-
produced by another device. The important aspects of different piano models to this product 
development are the dimensions and design. Three different piano models are seen in Figure 
6. 
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Figure 6. Piano models; keyboard, MID-keyboard and digital piano.

The different piano models of interest to this project is the most common ones that people 
have at home. The biggest on-line piano shop Thomann [7] showed in their bestseller listings 
that keyboards are by far the most popular piano to buy today. Among the top 13 bestsellers, 
three are MIDI-keyboards, one is a digital piano, the rest are keyboards. None of the best-
sellers are acoustic pianos. A summary of the price range for the top 20 bestsellers in each 
category, Figure 7, shows differences in price that might cause the popularity of keyboards. 
The price is also interesting since this gives an indication on how much the customers are 
willing to spend on their musical instrument, which is of great interest during the develop-
ment of Playano. 

Acoustic Pianos

0 1000 10 0002000 3000 4000 5000 6000 7000 8000 9000

Keyboards Digital PianosMIDI -Keyboards

Price range for the 20 best selling MIDI-Keyboards, Keyboards and Digital Pianos

10

5

Price per unit [SEK]

N
um

be
r o

f u
ni

ts

Figure 7. Price	range,	compiled	from	the	store	Thomann	[7],	for	different	piano	models.

Fingerings
When learning how to play the piano, the choice of what fingers to use for each note, the 
fingering, is of great importance. The skill is established by the muscle memory. The learning 
process is simplified by learning the correct fingerings from start [36]. Fingering is taught 
by teachers but also, software as Synthesia [9] displays what fingers to use by numbers on 
a computer or tablet screen. To use the numbers 1-5 for each hand is common practice for 
fingerings. 
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2.2. Similar products 
Products and concepts with the aim of improving piano teaching exists both on the market 
and as research concepts. These and different products and technologies for directing light 
has been researched within this chapter.  

P.I.A.N.O
This concept has an interactive display showing in advanced what keys to press on a board 
above a piano, see Figure 8. The keys are lit and gives live feedback to the user. It was de-
veloped at the university of ULM in Germany in 2014 [8]. The development is supported by 
the two studies: Enhancing instrument learning via interactive projected augmentation [1] 
and the article P.I.A.N.O.: Faster Piano Learning with Interactive Projection [2]. The result 
claims to support faster learning, requires significantly less cognitive load, provides better 
user experience, and increases perceived musical quality compared to sheet music notation 
and non-projected piano roll notation. This device needs a darker room to display the projec-
tion properly. 

Figure 8. The interactive piano concept P.I.A.N.O [8].

Synthesia
The software Synthesia [9], Figure 9, teaches the user how to play the piano by displaying 
“falling notes” on a screen connected to a MIDI-keyboard. The software uses MIDI files 
which can be bought through the app Synthesia. The app gives feedback thorough the con-
nected MIDI- keyboard but the app can also be played onto a tablet or by using the keys on a 
computer keyboard. Different colors are used for the notes played with left or right hand, and 
numbers indicates what finger to use for each key. 
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Figure 9. How the software Synthesia works [9].

Beam
The projector Beam [10] looks like no other projector on the market today, see Figure 10. The 
concept has converted a high tech product into a well designed home gadget. It can be used 
into a lamp socket or plugged into the wall by a cord. It is running on Android and is con-
trolled by buttons or by an app. This enables you to run any app on Android to stream videos 
or project other content. It is also possible to connect mouses or keyboards via bluetooth or 
WIFI. 

Figure 10.  Beam, a projector at kickstarter from Beam Labs Inc [10] .  
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Ritot 
The small mini projector Ritot [11] projects digits onto your hand, Figure 11. It is set up and 
charged wireless by on a special base. The device works in daylight and can also show notifi-
cations from your phone. It is controlled by a certain app. The small size and high luminosity 
(if it is true) proves that this type of technology is possible to develop. However, the projec-
tion distance is very short thou and the technology used is not known.   

Figure 11.   Ritot, A watch projecting at your hand, Ritot [11]. 

Keys
Keys [12] is a small, 320 mm wide, piano-keyboard that plugs into a phone or tablet Figure 
12. It lets the user play and record songs and uses led lit keys to teach piano songs. Keys can 
change sound and octaves by a sweeping gesture and it works with any app that supports 
USB-MIDI. It is also modular which lets you to use two Keys keyboards at the same time 
next to each other. Keys is currently a crowd funding project and not launched on the market 
today (march 2015).

Figure 12.   Keys, a small interactive pianokeyboard with LED lit keys.

Miselu
Another product similar to Keys, is the keyboard Miselu [13]. It is a two octave keyboard 
designed to be run by an Ipad. It has been funded on Kickstarter and the team are working on 
setting up mass production, it seems to be a great interest in the product.
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User study
The User study provided an introduction to how piano is played and taught. Here is a summa-
ry of the different insights that were gathered during the visits to piano lessons.  

Teaching the piano 
At the 3 lessons visited at Pianoskolan, children from 3 years of age and their mothers were 
taking lessons together. The level spanned from young beginners to older, both beginners 
and more experienced. The students were sitting next to the teacher while she guided them 
by showing correct chords and were singing song or directions to get the students to find the 
correct melody and rhythm. Notes are not used at all in Kristina Erikssons teaching, the stu-
dents are taught by repeating a melody they have learned from listening. At home, students 
practice by a booklet and a CD with different songs to play.  

During the advanced piano lesson at Sensus, the teacher and the student uses one piano each. 
The teacher shows an accord before the student plays the same and they also play simulta-
neously. The teacher can comp the student so that the student can learn to play one hand at 
a time. In Figure 13 the piano teacher plays onto the piano, the image shows that the hands 
covers a large part of the keyboard. The device Playano is considered to be a great tool when 
the student is practicing at home. 

Geometry 
Depending on the light beam, its geometry and intensity, it might be okay or even good if 
the beam hits the fingers. Then the user does not need to look underneath the hand to see the 
guiding beams. If it is okay for the beam to hit the 

Fingerings and Feedback
To display what fingers to use would be very appreciated by both teachers. This is considered 
such a difficult part of playing the piano that wish would be helpful in many stages of the 
learning, especially when the student practices at home. The best way to do this is to display 
the numbers 1-5 which is the general way of expressing fingerings for piano. Feedback were 
considered to be an helpful tool but was not considered to be a must for the device. 
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Figure 13. Piano teacher Filip Severinson [36] playing. 

Conclusion from User study
The user study resulted in three different suggestions for the projection. A solution that meets 
the preferences and requirements from a user perspective is to project numbers from 1-5 on 
the keys as close to the upper part of the keys. The second best way of projecting is displayed 
on the top right image in Figure 14. 
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21 4 2

1

4

2

1

4

Figure 14. Three	different	ways	to	project	the	beams,	the	upper	left	image	displays	the	most	
valuable way, the uppper right is the next best solution.

2.3. MIDI Musical Instrument Digital Interface file format
There are two potential solutions for transferring music into the correct sequence of light.  
One is by using MIDI files, Musical Instrument Digital Interface. MIDI is a standard format 
for describing music digitally. A MIDI-file carries information that needs to be interpreted 
into sound by a sequencer, a MIDI compatible electronic instrument or computer. [25]

A MIDI-file is composed into chunks, one Header chunk and one or more Track chunks. 
The Header chunk contains a few global properties of the file and the Track chunk holds 
the MIDI and/or sequencer-specific data. The Track chunks holds event messages with time 
information and is further divided into 3 types of events [26]. The event messages specifies 
properties of the song such as notation, pitch, velocity, volume, vibrato, audio panning, cues, 
clock signals and tempo. [27] 

The playback of a MIDI-file depends on the library of recorded sounds that are used to inter-
pret the MIDI-file. These libraries are referred to as the file format SoundFont. The format 
is supported by many software synthesizers and hardware platforms and different brands of 
SoundFont is available. 
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2.4. Algorithm for transcribing music 
Another option for transferring music into the sequence of light is by an algorithm developed 
by the PhD student in Music Acoustics at KTH, Anders Elowsson [38]. The algorithm con-
verts music into digital representations without the use of a MIDI file. This means that a song 
of any file format can be recorded and translated into notes. In the case Playano, the music 
would be transfered into keystrokes. The technology is used in the program ScoreCloud [48]. 
According to Anders Elowsson, the algorithm he is developing is currently working for “sim-
ple” piano music with few other instruments and less complicated accords. During the late 
2015, the algorithm is supposed to work for pop-songs as well. 

Anders Elowsson proclaims that the algorithm would work for translating music files other 
than MIDI-files into information of the key sequence for a song. This enables a greater free-
dom in designing the interaction of Playano since the user can listen to any song on for ex-
ample Spotify or Youtube and be able to play it using Playano. The positive outcomes would 
be an enhanced user experience and a better quality of sound than from MIDI-files. This is an 
option that can be considered in the future when the algorithm works with pop-songs since it 
is necessary for the product Playano to work with any kind of song. 
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2.5. Galvanometers
Galvanometers directs laser beams by rotating a mirror, see Figure 15. The mirror is driven 
by a DC motor and the motion is controlled by an internal position detector (PD) that pro-
vides the rotation of the motor shaft. Figure 15 illustrates the principle of operation as the 
laser beam is directed to the x-axis galvanometer that deflects it onto the y-axis galvanometer. 
In this figure, the beam is directed through a focal lens after hitting the mirrors, but the focal 
lens can also be placed ahead of the galvanometers. The galvanometers needs an extensive 
calibration in order to rotate the mirror to the correct position given by the input signal.  

Figure 15. Left; Galvanometer scanner from Cambridge Technology [14] and right; mountings of 
two galvanometer scanners [4]. 

Applications
Galvanometer scanning is used where laser as the source of light is required, and the beams 
need to be directed at high speed and precision. A common application is laser shows and 
on stage set-ups where galvanometers enable laser to be directed in high speed which can 
create a numerous number of effects such as vector images and animations, see Figure 16. 
In industry, galvanometer scanning is used for micro machining, marking, rapid prototyping, 
texturing among other things [3]. These applications requires to direct laser in patterns with 
high accuracy and speed.   
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Figure 16. Lasershow, image by Laserimage AB [46].

Laser safety classes
When using lasers, different safety classes needs to be considered. For an application such as 
the Playano device, the laser needs to be of class 2, this means an output effect of less than 1 
mW [30]. A green or red colored laser gives the best visibility with this low effect according 
to the company Laserimage [17].

2.6. Projector types
The technologies LCD, Liquid Chrystal Display, and DLP, Digital Light processing are used 
on the market today for mobile (smaller sized) projectors. Combinations and variations of 
these technologies exists in for example LCOS, Liquid Crystal on Silicon that is a combi-
nation of an LCD and DLP projector [3]. Also a very limited amount of projectors are built 
on MEMS, microelectromechanical systems, technology. The three types LCD, DLP and 
MEMS are described further in the following section.  

LCD
In an LCD projector, light is separated into each wavelength of blue, red and green through 
dicronic mirrors. The beams are then passed through a liquid crystal display which composes 
of thousands of pixels that are turned on or off when an electric current flows through them 
see Figure 17 for a schematic description. The colors are then recombined in an dicrhonic 
prism before the beam is focused by a lens [19].
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Figure 17. Schematic description of LCD Projector [19].

DLP projectors
DLP, Digital Light Processing, uses micro mirrors put in a matrix to reflect light as from 
pixels, see Figure 18. The mirrors are part of an optical semiconductor, called Digital Mi-
cromirror Device, DMD, that decodes a bitstreamed image code. The mirrors tilt +- 12° up 
to 5000 times per second to either reflect light or display the pixel as dark Grey. The light is 
then directed through a lens and onto the screen, creating an image. Before the light hits the 
mirrors, it travels through a color wheel which makes the light either red, blue or green. The 
mirrors are synchronized with the wheel and reflects each colors in such a fast paste that the 
eye perceive it as and image. For example, a purple pixel, is made out of a mirror flashing 
alternating blue and red [20]. 

In industry, DLP technology is used for various applications such as machine vision, 3D-print-
ing, in lithography where laser is used to make patterns in circuit boards or similar, and spec-
troscopy which is to detect certain materials [18]. 

Figure 18. DLP chip from Texas Instrument [18].
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MEMS scanning mirror
While DLP projectors uses multiple mirrors in an array, the MEMS Scanning mirror chip 
consists of one single mirror, see Figure 19. The mirror is controlled by inducing a current 
through a magnetic field oriented 45° to the scan axes. Mechanical properties determines 
the vertical and horizontal movement by sorting the drive signals by frequency [24]. Due 
to a recent review of projector technologies [3], MEMS scanning need to overcome some 
challenges in order to be implemented into commercial imaging systems. The challenges 
important to an application such as Playano are poor image quality (due to aberrations from 
scanning mirror and objective lens), and stability. The review concludes that MEMS laser 
scanner technology has a bright future particularly in mobile consumer displays and medical 
imaging devices once the technology has been improved further. 

 
Figure 19. MicroVision’s patented PicoP®display [21].

Geometry analysis
The spread angles necessary to cover the keyboard of a piano was explored by modeling 
using Rhino Ceros 3D modeling program [46]. Projection lines were modeled on a piano 
model in a various of positions and angles, see Figure 20. The angles were then calculated 
for different cases, an example can be seen in Figure 21 for the cases when 4 octaves of the 
piano is covered of either an angle of 60° or 50°. Further iterations on calculations of spread 
angles are seen in Appendix C. The calculated distances from the piano to the projector from 
different angles concluded that covering the whole piano is difficult, a 50° spread angle is 
necessary from a distance of 1 m. This analysis concluded that  a projection width of 4 oc-
taves is good enough since the full length keyboard rarely is used when playing the piano. 
Also, the required maximum projection distance was specified to 800 mm based on the ge-
ometry analysis. 
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Figure 20. Geometry analysis using Rhino Ceros 3D CAD program [46].

1220

50°

[mm]

full length piano 50° on side

1024704

±25°

328

[mm]

4 octaves (656 mm) 50° spread angle

Figure 21. Geometry analysis on two conditions.

2.7. Optics 
The optical issues are of great importance to the feasibility of the device Playano if us-
ing DLP projection technology. The critical factors are the spread angle and the luminosity. 
These factors are evaluated and tested as follows. For this purpose, an DLP projector were 
tested and evaluated.   

These calculations indicates that this application needs a complex lens system since the focal 
length is very small. After discussion with Research Engineer Jonny Gustafsson and Profes-
sor Lars Mattson, The Royal Institute of Technology, the following conclusion were made 
regarding the optics.

• There are lens systems on the market that can deliver the desired spread angle, such as the 
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HemiStar Dome Lenses from Navitar. This objective is designed for both DLP and LCD 
projectors and gives a spread angle up to 180°, but the price of 78 000 SEK is too high 
too consider this an option. 

• If the projector has a telecentric lens system, then the objective can be switched. See 
Figure 22 for description of a normal and telecentric lens. A telecentric objective has an 
entrance pupil at infinity, meaning that the rays are parallel and therefore the lens system 
can be replaced. Otherwise, if the rays are converging, the objective is adapted to the par-
ticular projector and its light source and it would not be possible to make the replacement 
without interfering with the projected image. 

• To develop a completely new lens system costs about 100 000 SEK in developing costs 
and would most likely be too expensive to manufacture for this application. 

• The projectors on the market today gives a good hint of the possible spread angle, these 
are considered to be optimized for a short throw distance according to Jonny Gustavsson. 
The shortest throw distance on a pocket sized projector is 1.19. This enables a projection 
width of 600 mm to be covered on 700 mm projection distance.  

Figure 22. Sketches of normal and telecentric lenses. 

2.8. Mock-up on luminosity
The luminosity of a LED light source was tested by using a LED lamp and a lens from a 
disposable camera.  The luminosity of the LED lamp is 35 lumen. As the in Figure 23 shows, 
the light is enough to be visible in daylight without using the lens, and the lens focuses light 
to be a clear and fully visible dot. This mock-up was made very early in the project. 
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Figure 23.  A LED light with 35 lumen directed through a lens and without a lens towards a 
wall. 

DLP projector mock-up
To evaluate the luminosity and spread angle a mobile DLP projector from SONEED was 
tested onto a 4 octave cardboard piano. The spread angle was calculated to 35 degrees which 
enables a projection distance of 1150 mm for covering a keyboard width of 600 mm. Differ-
ent graphics and animations with dots made in Photoshop [49] tested and evaluated shapes 
and colors of lit markers and visibility. This mock-up seen in Figure 24 was also used when 
demonstrating the idea for different partners and people involved. 

Figure 24.  Mockup with DLP projector. 
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2.9. Conclusions from Frame of Reference
There are some products on the market today that aims to make playing the piano easier to 
learn, but none of them works like Playano. The idea of making Playano easy to use and 
adaptable to existing pianos is a concept to retain and proceed with.

Projection technology evolves fast and the projectors are getting smaller with better image 
quality. The performance of LCD and DLP projectors are quite similar, the differences ap-
plies mostly to image quality and size. The differences in image quality are significant and 
not of importance to this application, but the size of the device plays a crucial role. DLP pro-
jectors are smaller which makes them more suitable to proceed with than LCD.  

The MEMS scanning technology is not yet adaptable to a product like Playano. There are 
very limited projectors using MEMS on the market today and information from providers 
indicates that the technology needs further development to be able to compete with DLP 
and LCD projectors. The MEMS with large enough aperture for projecting images are more 
expensive, has smaller deflection angle and are generally slower [43]. Also, for projection, 
feedback from the scanner is necessary to communicate the current position of the MEMS 
chip, this is not a standard property of MEMS. 

Table 1 displays a decision matrix for the different technology options presented in the Frame 
of Reference. Important properties are weighted for each technology. The Galvanometer has 
the highest grade followed by the DLP projector. Since the LCD projectors are larger than 
the DLP and the MEMS scanning mirrors are not yet adaptable for such application, the DLP 
projector and the Galvanometer scanner will be subject for further investigations. 

Table 1. Decision matrix with weighted values of properties. 

Type of tech-
nology

Total pro-
jection 
angle

Power-
ing

Connection 
to phone

Luminosity Dimen-
sion of 
device

Price/cost 
(SEK)

TOTAL:

Importance/
weight 

3 1 1 3 2 3 Max: 
39

Galvanom-
eter

60° WIFI/Blue-
tooth

Green or 
red laser 
< 1 mW

ca 
80x80x80

from 100 
to 10 000

3 2 1 3 1 3 32
DLP 44° cable or 

battery
Chorme-

cast (WIFI)
LED 120 
lumen

ca 80x 
40x20 
mm

1500 

3 2 2 2 3 2 31
LCD 44° cable or 

battery
Chorme-

cast (WIFI)
LED 120 
lumen

Larger 
than DLP

1500

3 2 2 2 1 2 27
MEMS less than 

DLP
battery Chorme-

cast (WIFI)
Laser

< 1mW
same as 

DLP
4000

1 3 2 3 3 1 26
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3.  Concept development
This chapter contains the development of the product from a design brief into a verified con-
cept with solutions for technology, hardware and software. Decisions are motivated continu-
ously based on facts from the frame of reference. 

3.1. Structure of development process 
The concept development is divided into three parts, technology, hardware and software. 
These parts makes the final product and are more or less dependent on each other. They are 
developed simultaneously to make the product development process more efficient. The defi-
nition of technology, hardware and software is as follows:

Technology 
• The method of directing light and the light source used. The components inside the casing 

of the device. 

Hardware 
• The casing of the device and the stand that attaches/places the device above the piano.

Software 
• The application used to control the device and the interaction with the light onto the 

piano. The functions, and interface that the user will need to use the device but also the 
software architecture used to run the system. 

3.2. Requirement specification
The requirements displayed in Appendix E are based on the research and applies regardless 
to the technology used.  The most limited factors are the projection distance, projection an-
gle, the luminosity, size of the device and price.

Projection distance and angle:
The dots need to be directed at an area of 656x150 mm from a projecting distance as small as 
possible but preferably at a maximum of 800 mm. The maximum size of the dots are 10 mm 
in diameter and the whole projection should be made with only one light source.

Luminosity
The device must be able to be used in daylight but not in direct sunlight or under a lamp. 
Approximately about 200 lumen. 

Dimensions
The maximum dimensions of the device is 80x80x80 mm, but this depends on the final hard-
ware design.

Price
The price for manufacturing should not exceed 100 dollar. 



 26 

3.3. Technology  
This chapter describes the two different technology options for the product. A schematic 
description contains the key components which are further explained in a table with the in-
terfaces. A CAD model describes how the components can be assembled in a final product. 

Galvanometer scanning 
By using galvanometers in both x- and y direction, a laser beam can be directed onto the key-
board, see Figure 25. The galvanometers are installed into a housing and connected to a con-
trol board and then programmed to convert a MIDI-file with information of keystrokes into 
a sequence of lit beams onto the keys. A schematic description can be seen in Figure 26 and 
the components modeled in CAD are shown in Figure 27. The scanners are controlled by ± 
5 Volt and therefore needs a Digital to Analog converter (D/A) to interpret the code from the 
program into the correct current for rotating the mirrors. The scanner needs to be mounted on 
a stand 568 mm above the keyboard and will have a deflection angle at 60° degrees according 
to William Benner, CEO of the Galvanometer manufacturer Pangolin [50]. The scanner then 
covers an area of 4 octaves, 656 mm wide. The components fit into a box of 85x65x45 mm.

Figure 25. Model of components with laser beam in Galvanometer scanner.
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D/A switch Connection

Galvo scanner

Feedback sensor

MIDI-file

Graphic to 
protocol

Sender app

Application in browser

Control board

Figure 26. Scheme of components in Galvanometer scanner concept.

Digital to Analog converter, D/A

Laser

Ventilation fan 

Scanner - mirrorScanner - motor
Scanner - mounting

On/Off Switch

Power cable

Control board

Figure 27. Model of components in Galvanometer scanner.
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The product is split into components in Table 2 and each interface in between the components 
are specified. The different interfaces requires different expertises to be developed. The struc-
ture identifies a critical interface where no technology solution exists. The interface between 
a MIDI-file and the Laser protocol needs to be developed for this particular product, and for 
this, the expertise of a software developer is needed. 

Table 2. Function breakdown matrix for the Galvanometer scanner concept. 

Interface In between inter-
faces

Expertise needed

User - Phone app Interface User Experience designer
Phone app - Device Code Software developer
Device - MIDI file Code Software developer
MIDI file - Laser protocol Code Software developer
Laser protocol - Bluetooth Code Software developer
Bluetooth - Controller board Code/Hardware Software developer, Electroengi-

neer
Controller board - Light source Code/Hardware Software developer, Electroengi-

neer
Light source - Galvo scanners Light Laser specialist
Galvo scanners - Projection Light Laser specialist
Projection - User User experience Designer
User - Keyboard Interaction Designer
Keyboard - Stand Hardware Designer
Stand - Device Hardware Designer
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1 D galvanometer scanning with x- scanner
An option from using a two scanner galvanometer to direct beams in both x and y directions 
is to use one scanner in x-direction but using two lasers. One laser for lighting the black keys 
and one for the white keys. One of the lasers are put in an angle from the mirror, see Figure 
28 and Figure 29. The mirror needs to be modified differently than seen in these images. It 
needs to be longer and angled to be perpendicular to both of the lasers. Otherwise, the laser 
will display dots in an arch instead of in a straigh line. 

Figure 28.  2 Lasers mounted with one x-direction scanner 

Figure 29. A pair of lasers mounted on one x-direction scanner, top view.
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DLP projector 
This concept uses all the components of an existing projector plus a Chromecast to connect 
the projector to the phone over WIFI. This Chromecast will be mounted inside the housing of 
the device. A chromecast pluggs into the HDMI-output and connects to WIFI which enables 
the TV or projector to present content wireless from another device such as a computer. A 
schematic description of the concept and its components is seen in Figure 30. An app runs 
MIDI-files and converts notes into graphics for the projection. The product is split into dif-
ferent interfaces where the expertise needed for developing that particular part of the product 
is identified, see Table 3. Similar to the Galvanometer concepts, the critical interface where 
no technology solution exists is between the MIDI-file and graphic displayed onto the piano. 

ProjectorReceiver app ChromeCast

HDMIWIFI

MIDI-file

Graphic for 
projector 

Sender app

Application in browser

Figure 30. Scheme of components in DLP projector concept.
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Table 3. Function breakdown matrix for the DLP projector. 

Interface In between interfac-
es

Expertise needed

User - Phone app Interface User Experience designer
Phone app - Device Code Software developer
Device - MIDI file Code Software developer
MIDI file - Graphic Code Software developer
Graphic - Bluetooth receiver Code Software developer
Bluetooth - Controller board Code/Hardware Software developer, Electroengi-

neer
Controller board - Light source Code/Hardware Software developer, Electroengi-

neer
Light source - Lens system Light Physicists in optics
Lens system - Projection Light Physicists in optics
Projection - User User experience Designer
User - Keyboard Interaction Designer
Keyboard - Stand Hardware Designer
Stand - Device Hardware Designer

The different components in the DLP projector concept are modeled in Figure 31. The com-
ponents are assembled to fit into the final design of the hardware described in the chapter “Fi-
nal hardware design”. The components fit into a box of 85x65x25 mm. The model is based 
on an existing DLP projector of approximately the same size, seen in Figure 32. 

DLP chip

Lens system

LED lamp

Ventilation fanON/OFF switch

Power cable

HDMI - Chromecast

Control board

Figure 31. Components in DLP projector concept. 
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Figure 32.  The inside of the DLP projector. 
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3.4. Hardware 
This chapter covers the development of hardware from definition of requirements, idea gen-
eration and development of concepts, evaluation and conclusions from the development pro-
cess and ends with a description of the final concept. 

One of the requirements of the Playano projector is adaptability to different piano models. 
Three different models were considered when developing the hardware, these are shown in 
Figure 33. The models represents the design of all kinds of pianos, included classic vertical 
pianos but does not include grand pianos. Grand pianos was considered to be too rare for 
adapting the projector to. 

17 out of top 20 with note stand 
(only budget keyboards, price be-
low 500 SEK without note stand)

Keyboards 
•	 Shape looks like an ordinary piano but 

the sound is generated digitally. 
•	 Main advantages against a normal pia-

no - maintenance, portability and sound. 
•	 A digital piano never needs tuning
•	 Weights a fraction of what an ordinary 

piano does while you have more tim-
bres and sounds to choose from. 

Digital Pianos
•	 A MIDI keyboard is a keyboard without 

their own sound 
•	 It controls hardware and software, such 

as software synthesizers in your com-
puter. 

•	 MIDI keyboards are available in several 
sizes, from small portable to large 88-
key weighted with the piano keyboard. 

MIDI Keyboards

20 out of top 20 with note stand 0 out of top 20 with note stand

•	 Has built in sound
•	 Creates the sound digitally
•	 Can record both MIDI and audio
•	 Most popular, out of top 13 bestsellers, 

three are MIDI-keyboards, one is a digi-
tal piano and the rest are keyboards. 

Figure 33. 	Three	different	piano	models	considered	when	designing	the	stand.	

Development of concepts 
Several concepts were developed during the hardware design development. The process and 
the different ideas and design decisions are described in Appendix F.

The design development process resulted in decisions regarding the design of the final con-
cept. Both concerning technical elements and softer aspects of the product. The following 
conclusions regarded hands on decisions about the hardware: 

• The height from the floor to the top of the keyboard is one significant measurement on a 
piano that is close to equal on all pianos. By adapting the stand to this measurement, it 
will be universal to all pianos. The product should therefore be mounted on a stand that 
can be adapted in length in order to be used both on the floor and at a piano or table. 

• A red visible cord relates the product to the product family and its brand. 
• A squared shape of the device better communicates the purpose of the product. 
• The on/off button is logically located on the top of the device as well as the ventilation. 

The soft values of the product design development can be summarized in the following: 
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• Influence from the music industry is favored. 
• The product relates to a lamp but should not look like one.
• The product should be logic rather than artistic, this means that the design elements needs 

to be motivated by a function. 

These conclusions are based on the design development process and discussions with design-
ers from People People. These statements used during the decision making formed the design 
of the final concept. 

 

Final hardware design
The design development process resulted in a product made of a rectangular box containing 
the device on a stand of squared metal rods, see Figure 34. The stand can either be placed 
onto a piano or at the floor using an extra rod, see Figure 35. To enable this modularity, the 
length of the cord can be adjusted, see Figure 36. The extra visible cord loop also catches  
attention and softens out the hard appearance of the perpendicular metal rods.

Figure 34. The	final	design	of	the	product	with	the	short	stand	placed	onto	a	piano.	
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Figure 35. The	stand	can	be	put	onto	the	floor	with	an	extra	rod.	

Figure 36. The cord is places inside the rods and through the joint combining the rods .
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A glass-plate covers the light source, see Figure 37. This communicates the purpose of the 
product better than the earlier ideas of shaping this part like a camera objective. Galvanom-
eter scanners are designed with a glass plate like this one and since the light is displayed in 
a very rectangular shape, it is more logic to have a rectangular opening than a circular one. 

Figure 37. A glass-plate covers the opening for the light. 
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In a full length stand, the rods are connected by another joint and the cord is winded through 
this joint as in Figure 38. The joint tightens the rods together by large cylindric set screws. 
The cord runs loose in the rods and joints, so if the height or length of the rods are adjusted, 
the cord is tightened by pulling in it. 

Figure 38. How the cord is put inside the joint when an extra joint is used. 

The cord pops up from the rod and connects the device as seen in Figure 39. An old-school 
on/off switch is used which is close connected to the music industry. The switch needs to be 
easy to switch on and off in order to not move the device since it is calibrated to the keys. 
Also the ball joint has to be tight enough not to be adjusted accidentally when turning the 
device on and off. 

Figure 39. Details of the device. 
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The components are assembled onto the L- shaped bottom of the device. It is attached to the 
ball joint and the cover by screws. Both a projector and galvanometer can be used with the 
components placed as in the Figure 40. The total dimension of the device is 85x65x45 mm.  
A drawing of the final design can be seen in Appendix G. The projector components can be 
assembled in a smaller box of a size of 85x65x25 mm. However a smaller device does not 
look balanced onto the stand which is quite robust since the stand needs great stability in or-
der to not wiggle and cause vibrations of the projection. The foot of the stand is made thicker 
due to eliminate vibrations and avoid the stand from tilting. The head of the projector has 
a lot smaller volume than the foot and therefor it is lighter too. No exact measurements of 
weights are available at this point but the stand will be possible to balance by adjusting the 
weight of the foot. 

 

Figure 40. The components when using DLP projection technology to the left and galvanometer 
scanning technology to the right. 
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3.5. Software 
This chapter contains the user interface and interaction design of the product. These parts 
were designed along the hardware development. The software requirements were commu-
nicated and visualized to developers and designers through the one-pager seen in Figure 41. 
The software and interaction has been tested by user tests and prototypes described in the 
next following chapters. 

The projector device - software

Projection size projection Information in app

Are 4 octaves enough? Shapes?
Numbers for the fingering?
Colours?
“Alert” what key to press?

Do we want to add or remove 
functions?

functions in app Connection priority

The projector connects to a 
phone or tablet.
An app or web page controls the 
functions on the projector
Connects by Chrome cast

Turn MIDI-file into graphic
Play and pause with phone
 Slow down speed on phone
Repeat sequence
Play with one hand at a time
Repeat sequences and add/
remove accord

656 mm

200 mm

ACCORD SHEET

NOTES

FALLING NOTES

1x

3

PLAY

CHOOSE INSTRUMENT

SPEED

SOLO ON/OFF

REPEAT SECUENCE

COUNT IN

Figure 41. A	visual	description	of	identified	software	requirements.

Application interface sketches
The first software sketches were made to communicate the ideas for the app to developers 
of the prototype. An example of the interface sketch is seen in Figure 42 and the rest of the 
sketches are attached in Appendix D.
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1x

3

REPEAT SECUENCE

Figure 42. An example view of the interface sketches.

Interaction
The interaction with Playano applies to both the application, the projector and the keyboard. 
The application is where you control the projection, the only buttons on the projector is to 
turn it on and off. This is due to make the projector as simple to use and cheap as possible, 
also, updates on new functions can easily be made within the application if the device itself 
is designed without buttons. An  assumed user scenario of the interaction is presented below:

User scenario
1. The stand and projector device are mounted together and the projection area is adjusted 

to the keyboard. 
2. The projector plugs into the wall. 
3. The final adjustment might be executed digitally by camera recognition. 
4. The projector is turned on.
5. The application is started and the following steps are made: Log on, choose song, play. 
6. The phone is put on a convenient place where it can be seen and easily maneuvered
7. The projection starts and the user plays along. 
8. During the song, the projection can be adjusted onto the phone. 

If the DLP projector technology is used, there is a possibility of varying the projected graph-
ic. Different ways of using symbols, letters, numbers and colors could improve the commu-
nication to the user. The different options of graphic are presented in Figure 43. 
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Suggestions for the projection, the top one is 
the most prioritized. 

projection 

Figure 43. Different	designs	of	the	markers.
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3.6. Prototypes
The two technical concepts were evaluated by prototypes. The two prototypes tested the 
concept, interaction aspects, the software and which one of the light sources the users prefers. 

The two different prototypes needs two different software programs. A program for the gal-
vanometer scanner has not been developed due to limited resources. The Galvanometer pro-
totype works with existing software for controlling the laser beams which has been config-
ured manually, meaning, the laser beam sequence is not created automatic from a music file 
as it is supposed to in the final product. For the DLP projector prototype, a new program has 
been developed in collaboration with Stefan Larsson and Oscar Nyqvist from the web agency 
Prototyp [40]. The program converts MIDI-file information into graphic. The two different 
prototypes are further explained in the next chapters. 

DLP projector prototype
A projector from InFocus, model number IN3128 was used in the user tests. The projector 
covered 4 octaves mounted onto the wall 800 mm above a piano keyboard. A chrome cast 
connected the projector to the computer through WIFI. The projector and Chromecast is seen 
in Figure 44. The computer controlled the software to project the sequence onto the keyboard 
and played the song along to the sequence. The users got to play onto the digital piano and 
listen to the music in earplugs at the same time, Figure 45 shows a user testing this prototype. 

Figure 44.  Projector and chromecast mounted onto the wall. 
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Figure 45.  User testing the projector prototype.

DLP projector prototype software 
The software to control the projector is validated through a prototype application that con-
verts MIDI-files into graphic. The application is run in a browser and shared to the projector 
through a Google Chromecast, a device that plugs into the projector through the HDMI input. 
Both the phone or computer and the Chromecast, needs to be connected to the same WIFI 
network. 

To convert music into light, the application uses code from the site Github [33]. Github is 
a site where people share their code for free. The code in the file called MIDI.js is used for 
similar applications where MIDI-files are displayed as piano notes. A MIDI file itself only 
contains data, no audio information. MIDI.js reads this data to determine which notes to play 
and when. 

To play the music from the MIDI-file, soundfonts are used. A soundfont consists of sound 
files representing the instruments, such as the piano. Each sound file corresponds to a certain 
note, equivalent to ordinary text fonts, where images corresponding to different letters.   

The program is written in Java Script and HTML. HTML is used for the GUI, the Graphical 
User Interface, and javascript is used for programming the functions of the program. The GUI 
is seen in Figure 46. Since almost all modern web pages depends on this scripting language, 
the prototype is supported by all modern web browsers such as Safari, Chrome or Mozilla 
Firefox. It also has the advantage that no advanced backend program is needed, only a place 
to store the web page. For convenience, the web page is put in a public folder on Dropbox, 
since the folder is public, the application then runs on the code within the folder.  
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Figure 46. The user interface of the software prototype for the projector.

A Google Chromecast is used to connect the projector to the computer. This is how it works:

A Chromecast app is divided into two parts; A sender “app”, and a Receiver “app”.

• Sender app adress; index.html is the page to control the app from the device. This is the 
interface where the control functions are displayed,. 

• The receiver app’s address must be registered at Google. The receiver app is displayed on 
the projector where the Chromecast is plugged in.

Figure 47 displays a schematic description of the application. The sender app (your browser) 
starts the transmission. It sends a message to the Chromecast to start transmitting. Chrome-
cast calls Google to ask for the Receiver adress and then it displays the web page at that 
address. When the connection is running the GUI controls the Chromecast app simply by the 
sender app sends messages to the recipient app (Chromecast) that says “start playback”, “turn 
on the projection of note name” or similar.
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Chromecast

This is the Sender app dis-
played  on the adress 
index.html in your browser 
and stored in the public drop-
box folder.

Receiver app on receiver.html 
is displayed by the projec-
tor onto the piano. It is also 
storead at the public dropbox 
folder. 

The Chrome-
cast and the 

application Receiver is 
registered at Google. The 

Chromecast then con-
nects to the Receiver 

app .

WIFI WIFI

Dropbox folder containing the application.

Figure 47. The user interface of the software prototype for the projector.

The major technical problem of the prototype is that the graphic is displayed from the Chrome-
cast and the sound is played on the transmitting device, in this case on a computer but a phone 
could also be used. It inevitably involves problems with synchronization between the two. 
The problem is caused by the audio formats that the Chromecast can handle. The library used 
for playing MIDI-files (MIDI.js) is open source, so there is no theoretical obstacle to change 
the code and rewrite it to be adapted to the Chromecast, but this has not been possible in the 
prototype due to limited resources.
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Modifications of the program
Some changes had to be made in the prototype software when doing the set up for the user 
tests. The tempo and delay needed to be adjusted but also the time for showing the markers. 
The interface lets the user show the markers when doing the mapping of the markers to each 
key. The time interval for flashing the markers was set to 4 seconds as default, this was to 
short to be able to do the adjustments of placing the projector and adjusting the number of 
markers. 

To adjust the time for showing the keys, the following change is made, In /javascript/Playano.
cast.js, line 163, “Playano.cast.action.send (‘Christmas tree’, 4000);” 4000 is in milliseconds. 

The delay is adjusted in the file /javascript/Playano.cast.js by changing the “Start Time De-
lay” and “local extraordinary delay” on line 10 and 11. The values are in seconds. Start 
Time Delay is a delay for the play to start and local extra delay is an additional delay for the 
transmitting app, the one with the GUI. The tempo was set to 44% of the original tempo as a 
default in the program, the first user tests indicated that this was too slow. The default tempo 
is changed with two steps by these changes:

• In the file /javascript/Playano.js on line 28. “Player.timeWarp = 1;” to “player.timeWarp 
= 2”;

• In /javascript/Playano.cast.js, line 193, change “MIDI.Player.timeWarp = 1;” to “MIDI.
Player.timeWarp = 2;”

• In /javascript/Playano.receiver.js, line 75, change “MIDI.Player.timeWarp = 1;” to 
“MIDI.Player.timeWarp = 2;”

Galvanometer scanner prototype
The galvanometer scanner was mounted on a stand about 1000 mm above the keyboard, 
Figure 48. This scanner had a laser with higher power than what is allowed in the final prod-
uct due to safety regulations. The scanner connected to a computer through a D/A converter 
which controlled the scanner through Beyond software [50]. One laser beam was mapped to 
each key on the keyboard manually. The users got to play onto the piano along the sequence 
and listening to the music played from the computer through earplugs, see  Figure 49. 
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Figure 48.  Galvanometer scanner prototype mounted above a piano.

Figure 49.  User testing the Galvanometer scanner prototype.  

The galvanometer prototype scanner is built using an existing laser galvanometer scanner 
provided by Laserimage. The same hardware components are to be used in a final product, 
but the software is simplified. The scanner is programmed by Beyond software [50] to light 
dots on the piano keys in a sequence of music. The sequence is set manually by watching 
falling notes in the program Mudcube [34], see Figure 50 and then translating the notes into 
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an Excel sheet, see Figure 51. Finally the sequence was programmed in the Beyond software 
[50] which is used to design laser shows. Laser beams were positioned onto each piano key 
and then programmed in a time-line to light up according to the music, see Figure 52. 

Figure 50.  The mudcube program displaying falling notes ont a piano. 

Figure 51.  The song “Someone like you” by Adele translated into an Excel sheet, each row rep-
resents one key.
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Figure 52.  The song “Someone like you” by Adele translated into the Beyond software [50] .
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User tests of Prototypes
Both prototypes were tested by users playing the piano. The same song, “Someone like you” 
by Adele, were used in both prototypes because it is a beginner piano song, known by most 
people.  
The aim of the user tests were to investigate:

• If the light is helpful or disturbing in some way
• How to design the markers
• If the light dazzles the eyes 
• The importance of different features
• How to mount the device
• How the user prefers to control the projector
• Which one of the prototypes the user favor
• What can be improved and what works well

The users were given a short introduction before testing the prototypes one at a time. A ques-
tion form, see Appendix E, with questions and ratings of different features was filled out by 
the users during the tests. The user got to try out the two prototypes as long as they wished 
and ask questions during the time.  
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4.  Result 
This is the chapter with the final evaluations of the technology, hardware and software. It 
starts with the results from the user test of the prototypes. 

4.1. Result from user tests of prototypes
12 users participated in the test, they were all beginners or had very little experience of play-
ing the piano. Some of them would like to learn how to play the piano but mentioned lack of 
time, space and money as reasons not to learn. An equal number of men and women in the 
ages from 25-30 participated in the test. The following headings sums up the output from the 
question forms that the users filled out, the original form is found in Appendix E. The num-
ber after each heading corresponds to the number of users that has commented on the related 
issues. 

Repeating sequence (1)
When repeating a sequence, there needs to be a short paus when the sequence repeats to indi-
cate the restart. Otherwise it is difficult to know when the sequence is repeated. 

Tempo (3)
The original song is 4 minutes and 44 seconds long. The projector were first tested at a tempo 
of 44% of the original tempo. This appeared to be too slow for the user, it was difficult to 
recognize the song. The tempo was then set to 57% of the original tempo which made it a lot 
easier to the user. The Laser were programmed in a tempo of 59%. Three persons suggested 
the function to change the tempo to be a way of improving this product. 

MIDI-file
There are differences in the delay depending on the quality of the MIDI-file. This was discov-
ered when changing to another MIDI-file with the same song. This problem might be fixed if 
songs from the same library are used, but it needs to be tested further. Also, one of the tested 
MIDI-files displayed the song as notes on the piano. This needs to be fixed since it is distract-
ing and impossible to play at the same time as the real Piano music. 

Connection and delay
The prototype needed some adjustments in the code when doing the set up. Since it was coded 
using another WIFI than in the test, the music and graphic were not synced. It is programmed 
to display a delay since the hardware used to run the music file has a lot more powerful CPU 
than the Chromecast that displays the music, but the delay differs when using different WIFI 
networks. The delay was adjusted by changing the values of “Start Time Delay” and “local 
extraordinary delay” in the file /javascript/Playano.cast.js. Different values were tested be-
fore the projector graphic and music were synced fairly well. Even if the music and graphic 
got synced when starting the program, differences occurred later during the playback or when 
making changes to the tempo, markers etc or repeating the song. Also, a certain marker some-
times were delayed, not all of them at the same time. 
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Colored markers (5)
The software enables the markers for the white and black keys to be adjusted respectively. 
Different colors were tested by users. This showed that there is a great advantage of having 
the white and black keys displayed by different colors. When playing, it is difficult to register 
what key is lit because the hand shadows the keys. By displaying different colors on white 
and black keys, it is a lot easier to know which key is lit. For the black keys, white markers 
are the most visible and for the white keys, orange is the color that makes the markers stand 
out the most, this is displayed in Figure 53. 

Figure 53.  Projection with white markers on the black keys and orange markers onto the white 
keys. 

Fingerings (5)
Five of the users found it difficult to use the correct fingers. This was mentioned in the ques-
tion suggestions for improvements, without the user being familiar of the importance of fin-
gerings to playing the piano. Fingerings for playing the piano are indicated with the numbers 
1-5 which easily could be displayed by the projector. For this, an algorithm which determines 
the appropriate fingers for each note needs to be programmed into the software. This type of 
software already exists in other piano applications such as Synthesia [9]

Left and right hand (4)
A total of four users suggested to improve the product by displaying left and right hand mark-
ers and being able to play one hand at a time. This because it would be easier to focus on one 
hand without the other markers distracting. It is a common way of learning how to play the 
piano, also seen at the piano lessons within the user study. This feature needs the same soft-
ware as when displaying fingerings, it is also used in other applications and it is technically 
feasible. 
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Alert what keys to press ahead of the music (5)
Five of the users suggested to alert the notes ahead of the music, a short instance before press-
ing each key. Four of them suggested to use different colors and one to use falling notes as 
described in the interface sketch. This is a feature possible to implement with the developed 
software used in the prototype. This user test shows that this feature would add a lot of extra 
value to the product without a lot of extra developing costs. 

Feedback (4)
To develop this product with a feedback function is outside the scope of this project. This 
probably requires a camera and image analyzing software or a music recognition software. 
Anyhow, the feature of giving feedback if the user plays correct or not were brought up by 
four people during the user tests. The users suggested a light indicating if the correct notes 
were played, to see the progress and turn the playing into a competition. These are interesting 
aspects to consider during further development of the product. 

Mounting
Eight of the users suggested the device to be mounted on a stand and put on the floor or at 
the piano. Only one of the users suggested the device to be mounted onto the wall, yet two 
users pointed out that the device should not be mounted onto the wall. To have the projector 
mounted as a light bulb from the roof was a suggestion from one of the users. This suggestion 
is exactly like the existing product Beams, described in the chapter “Frame of reference”. The 
number of users that preferred the different ways of mount the device were:

• Stand on the floor or piano - 5 preferences
• Floor - 2 preferences
• On piano - 1 preference
• Light-bulb hanging - 1 preference
• Wall but decide yourself -1 preference
• Not attached to wall, should be mobile - 2 preferences

The result when the users got to rate the importance of certain features are displayed in Table 
4. The most interesting results are how the song should be chosen. This feature determines 
which of the two completely different softwares that needs to be used. Either the song is cho-
sen from a library within the app, and then the software can run MIDI-files to determine the 
graphic, as in the prototype. If songs are to be played from Spotify or Youtube, an algorithm 
described in the chapter “Algorithm for transcribing music to sequence of light” needs to be 
used. The result shows a slightly higher grade for the option of choosing song from Spotify 
or Youtube. 

Table 4. Result	from	user	test,	grade	different	feature
Feature Rate of importance
Choose any song in the world  3,5
Choose song from a list within the application 3,6
Choose song from Spotify, Youtube etc. 3,9
Adjust the tempo 4,8
Loop a sequence of a song several times 4,5
Display accords on the piano keys 3,4
Display notes on phone 2,4
Display accord-sheet on phone 2,8
Display “falling” notes on phone 3,2



 54 

The comparison of properties of the prototypes resulted in better grades for the projector, see 
Table 5. Mostly because of the light source. This is due both to the size of the markers, the 
type of light of course but comments were also made that the laser flickered. The flickering 
might be improved by an Galvanometer scanner with higher scanning frequency.

Table 5. Result	from	user	test,	rate	different	properties.
Property Laser Projector
Visibility of markers/dots 3,7 3,5
Shape of markers/dots 3,6 3,8
Placement of markers/dots 3,4 3,5
Light source 3,6 4,3
Overall impression of product 3,5 3,8

Users choice
The users were asked to pick a favorite prototype and motivate their choice. The result were 
as follows:

Laser
Four of the users preferred the laser prototype with the following motivations:
• Easier to follow the marks, liked the small dots
• Better software, no delay
• Projector had better markings but they were shadowed by the hand

Both/depends
Two people could not decide which prototype they favored, 
• Laser was better because the dots were easier to see but the projector got better when the 

color was changed.
• Laser had better software but the projector had better markings but they were shadowed 

by the hand

Projector
Six of the users preferred the projector based on the following motivations:
• Visibility and shape of projection
• The laser flickers which makes it confusing
• The projector had the best light and displaying notes is good
• Better design and form of markers
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4.2. Evaluation of technology
The technology requirements specified are fulfilled by both a DLP projector and a Galva-
nometer scanner. This evaluation compares the two technology concepts in order to conclude 
the best technology option for Playano. The most important aspects of the technology in this 
product is the luminosity and spread angle.

Luminosity
The prototypes used in the user tests did not have the correct sources of light. The projec-
tor prototype had greater luminosity than expected in a final product and the Galvanometer 
scanner used in the prototype had a much stronger laser than what is allowed in the product 
due to safety classes of laser. Figure 54 displays the dots created by the scanner used in the 
prototype. These dots are a lot more visible than the dots from a laser pointer with an effect of 
1 mW, displayed in Figure 55. The visibility of the dots is sufficient on the white keys but not 
as good on the black keys. In terms of visibility, the projector is a better option for the product 
Playano. The luminosity is sufficient and the user test resulted in better grades for the pro-
jector with users referring to luminosity and that the laser flickered. The projector prototype, 
shown in Figure 56, did not hold the luminosity expected in a final product. The luminosity 
of the mobile projector is 120 lumen compared to the larger projector with the luminosity of 
4000 lumen. Although when comparing the projection from the larger prototype projector 
with a smaller mobile projector the differences were insignificant. This result is very valuable 
to this technology evaluation of this product since the luminosity determines both the price 
and size of the product. A stronger light requires more cooling and is more expensive.  

Figure 54.  Laser dots from the Galvanometer scanner prototype.
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Figure 55.  Dot from a laser pointer. 

Figure 56.  Projection by DLP projector onto a piano.
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Spread angle
The spread angle is better for the Galvanometer scanner than in the projector. William Ben-
ner, president of the Galvanometer scanner provider Pangolin laser [42] offers a scanner 
with spread angle of 60°. Extensive research on mobile DLP projectors proves that the best 
scanning angle is 50°. The distance between a projected area of 4 octaves and the device is 
568 mm with a spread angle of 60° and 704 mm if the spread angle is 50°, see Figure 57. The 
spread angle is sufficient with both the Galvanometer scanner and the mobile DLP projector 
but better with the Galvanometer scanner. 

1220

568

±30°

328

[mm]

4 octaves 60° spread angle

1220

703

±25°

328

[mm]

4 octaves 50° spread angle

Figure 57.  Spread angle for galvo scanner to the left and DLP projector to the right.  

Size and cost of Galvanometer Scanner 
Four different sources has given estimations on the cost and size of Galvanometer scanners. 
The cost estimations differs a lot, from 800 to about 10 000 SEK. This is explained by the 
lowest cost estimation being from the provider Pangolin, while the other cost estimations are 
from suppliers of scanners from Pangolin. Unfortunately, Pangolin has given information 
that they cannot license their smallest Galvanometer scanner with two scanners because of 
license agreements towards another company. An important aspect is the cost for the devel-
opment of the product. The prototype development costs depends on the prototype features. 
If new electronics needs to be developed, or just a new housing with limited features is to be 
used. 

William R Benner, Pangolin Laser [42]
Total size of 80x80x80 with a spread angle of 60°
Total cost for scanners, motors, laser, powering - 
100 units = 800 SEK/unit
1000 units = 200SEK/unit

Dubec, KVANT Ltd. [43]
ScannerMax 506 Compack from Pangolin [35]
Very reliable, new generation of scanners from Pangolin 
Scanner + mount is approximately 40x50x60mm
Driver 100x60x30mm
Total size, as compact as possible about 150x150x150mm
As for serial production, a laser with basic construction with Ethernet input, without MIDI 
recognition feature, actually scanners+driver+PSU+ethernet+laser) may cost 7500-8500 
SEK.
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Johan Lindell, Laserimage [ ]
Cost estimation based on 200-600 units
Prototype development 160 000 SEK
All components necessary 8000 SEK /unit
The control board is included but development of software is not included in these costs. 
Total size of the unit 100x100x150 mm

Grace Cao, Beijing Sino-oper Tech CO. LTD [44]
For scanners, motors, drivers, (EXW BEIJING including the 7mm mirrors @CO2 10600nm) 
power supply and cables - 9960 SEK

Cost and size of DLP projector
Regarding the projector, no extensive research has been made since the price of 2000 SEK 
for buying a mobile projector is reasonable. This indicates that the costs for manufacturing is 
okay. Since the size and performance of the mobile projectors meet the requirements, these 
aspects are not limiting this concept. Also, now that the hardware is designed showing that 
the size of the device does not need to be super small, the choice of projector is greater. A 
larger number of projectors can be used, also the type called Pico or Portable projectors are 
possible to use. These are a little bigger but the price and quality is somewhat better for some 
of the projectors. 

4.3. Evaluation of hardware
The design of the stand and device fulfills the specified requirements. It is adapted to all 
different piano models and is possible to demount. The size of the device is 85x65x45 mm 
instead of 80x80x80 mm as specified, but this does not limiting the product. The device is 
adapted to either of the technology choices and if necessary it can be made larger. Galva-
nometer providers estimates the size of the device to be of the size from 80x80x80 mm to 
150x150x150 mm. This indicates that it is possible to produce the device of the designed size 
but it needs to be specified when choosing provider. The choice of technology is therefore not 
dependent on the hardware design. 

4.4. Evaluation of software
The software prototype running the projector worked well except from the delay and the 
mapping of markers onto the black keys. These issues applies to the Galvanometer scanner 
concept as well. The latency seems to have different origins since it occurred depending on 
different WIFI networks, changed during the song and changed when the song was repeated 
without restarting the connection to the Chromecast. Through discussions with the program-
mer the latency was explained and evaluated. 

Latency
Latency that occurs during the song (transmitter and receiver operate apart) is not connected 
to the WIFI communication over the network. It is rather a “javascript hiccup” on either the 
transmitter or the receiver. The solution is to program the display and playback to run from 
the same source. If latency hiccups occurs, they will occur at the same time for both the 
graphic and the music. 

Latency that changes from the first to the next run is probably caused by the WIFI communi-
cation. The quality of the network connection has changed over time from the first run to the 
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second, so the programmed delay does not work as good during the second run. A low-tech 
solution to this particular prototype is to have the user adjust the delay in the interface. Again, 
it is ideal to have the graphic and music run from the same source, in this case the projector, 
then there is no synchronization issues to take into account whether the communication is via 
WIFI or bluetooth. Bluetooth would probably give less latency since bluetooth traffic travels 
straight from sender to the receiver without Internet connection. 

One solution to this problem is to implement some kind of advanced error-correction which 
makes the transmitter and receiver continuously communicating and timing each other. But 
this is very complicated to program in order to not get hiccups due to this correction instead. 

Mapping of markers
The mapping of the markers were enabled in the interface by changing the number of keys to 
project. The markers on the white keys were almost perfectly mapped but the markers for the 
black keys were not mapped very well, demonstrated in Figure 58. This is a pure program-
ming issue that can easily be fixed, but this was not possible in the prototype.

Figure 58.  The black key markers in the DLP projector prototype were not accurat mapped onto 
the piano.  
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5.  Discussion and conclusions
This chapter discuss the important results within this master thesis. The analyses are based 
on the initial purpose stated in the chapter “Introduction”. 

5.1. Discussion
The product Playano is concept possible to realize in a product. Both of the evaluated tech-
nologies are feasible but to use a DLP projector is the best option due to user aspects and per-
formance. The desired functions that the user asks for, like presenting numbers for fingerings 
onto the keys, different colors for the different hands are possible. Also a disadvantage to the 
Galvanometer is the flickering of the laser and the poor visibility of the laser beams onto the 
black keys. The flickering might be solved by using a scanner with higher frequency. The size 
of the dots are unfortunately not possible to improve because of the safety classes that limits 
the output effect of scanners for commercial use. The Galvanometer needs calibration of the 
mirrors in order to respond with the correct deflection angle for a certain input. This might 
cause difficulties in manufacturing that not yet has been investigated. 

Regardless of the chosen technology, the connection between the device and the phone needs 
further attention to eliminate the delay. This issue can be solved by developing the software 
and will not stop the product from being possible to implement but it will affect the devel-
oping cost. This is an important issue since it might be the difference between a functioning 
product and a great product with great user experience. The quality of the product is deter-
mined by a sharp response and how easy it is to connect to the phone. For further develop-
ment of the program, one key decision is whether the music will be played from the phone or 
the projector. The programming would be a lot easier if the music is played from the projector 
as well but this might not give a great user experience. The sound from speakers built into 
projectors is most often not as good as from a phone and certainly not as good as from an 
external speaker. The sound quality might be better when using headphones but the next issue 
to solve is where the headphone cord will be placed in order not to be hanging in front of the 
eyes when playing. 

The cost is important and vital but has not been covered in an extensive evaluation in this 
report. The costs has only been roughly estimated to determine weather the product is feasi-
ble or not. However, the estimations indicates that the galvanometer scanner might be more 
costly if there are problems with licensing a Galvanometer with two scanners from Pangolin 
Laser. This is solved by the concept using one scanner and two lasers. One scanner Galva-
nometers are used today but not with two lasers. Pangolin Laser indicates that this concept is 
feasible and also might be less costly than using two galvanometer scanners. It is determined 
by how costly it is to customize a scanner and use two lasers. Both the mounting into the 
housing and the software controlling the scanners needs to be adapted to two lasers. Finally, 
a thorough cost estimation will determine the feasibility of this product, a recommendation is 
to let a sourcing company take part in this analysis. 

The quality aspect is of great importance to the product. This was noticed when the projector 
bought for the user test broke down before the test started. The charging connection were 
not working which made the projector to shut down randomly. This is not acceptable in the 
final product, except from looking for high quality components, this could be prevented by 
another design of the casing. 

During the set up for the user tests, the issue of matching the projection to the correct key was 
noticed. If the projection will cover 4 octaves of the keyboard, the user needs to be guided to 
know what key the projection will cover. This is an important user interaction issue that needs 
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to be solved if no camera recognition will be used in the final product. 

One of the difficulties in this project was finding accurate information about the concept. 
Since this product is new to the market nobody really knows how it can be made into reality. 
Also, the project had a very limited budget. Evaluation kits and to buy single piece compo-
nents was too expensive for the budget of this project. 

Since this thesis developed the given concept and confirmed the feasibility in both of the 
evaluated technology concepts, the next step is to form a product strategy, partner up with 
manufacturers, develop a fully functioning prototype and cover the costs through Kickstarter. 
For this purpose, the thesis ends with an Action Plan for the agency to use in their commu-
nication with potential partners, found in the chapter “Recommendations and future work”. 

5.2. Conclusions
The following are conclusions regarding the product development of Playano. 

• Both of the technology concepts are feasible but the DLP projector is the best technology 
choice for Playano based on the user experience. It has sufficient brightness, spread angle 
and is possible to program for this purpose and meets user requirements.

• The hardware design brought out fulfills the requirements of this product and is adaptable 
different technology concepts if necessary. The design also supports the soft design val-
ues established during the design process. 

• The software to create graphic sequences to display onto the keys are possible to program 
into the DLP projector. The critical issue with the software is the connection between 
the device and the phone in order to not get latency between the music and the graphic 
sequence.  To connect the device to the control device, such as a phone, over WIFI is not 
recommended based on results in the DLP prototype, instead bluetooth is recommended. 

These conclusions regards the user interaction aspects of the product and results from the 
user tests. 

• The tempo can not be too slow, it makes it difficult to follow the tempo and recognize the 
song. Tempo adjustments in the intervals 50%, 60% 75% of original speed and full speed 
is sufficient.  

• Different delays and in MIDI-files needs to be considered.
• The MIDI-file should not display the song as piano notes, some MIDI-files do. 
• When repeating a sequence, there needs to be a short pause when the sequence restarts to 

indicate the restart.
• It is preferable to display different colors on different keys. 
• Eight of the users suggested the device to be mounted on a stand and put on the floor or 

at the piano
• The feature of giving feedback if the user plays correct or not were brought up by four 

people during the user tests.
• Five of the users suggested to alert the notes ahead of the music, a short instance before 

pressing each key. 
• A total of four users suggested to improve the product by displaying left and right hand 

markers and being able to play one hand at a time. 
• Five of the users found it difficult to use the correct fingers. 
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6.  Recommendations and Future work
This chapter provides a basis for using the result of this thesis to develop the product Playano 
into a commercial product. The advices are presented in an action plan to use as a tool for 
decision making in the next phase. 

Some important decisions regarding profitability and forming a strategy for this product is 
needed. Since both of the technologies are possible to implement the main question is, which 
technology gives the most profit? There are two possible future scenarios for Playano;

HIGH TECH WITH DLP PROJECTOR
Projector Playano is a new high tech product with cool features that the user asks for (as 
supported by the user tests). New functions and features are possible to develop and the pro-
jector device can easily be adapted to other applications, such as projecting accords onto a 
MIDI-board (where one key can be set to different accords) maybe to other instruments. This 
product is also easy to adapt to different target groups such as disabled or kids. When learning 
kids to play the piano, the teacher might for example use animals to describe different notes 
such as bird or frog, these figures could be projected onto the piano for faster and more fun 
learning. Other positive aspects apart from the unlimited projection possibilities is the light 
source which is comfortable to the eyes of the user. The only downside with this product is 
the cost which, with todays information, is higher than if using Galvanometer scanners. The 
spread angle is also somewhat smaller, 50° which enables it to project onto 4 octaves, 656 
mm in width, from a distance of 703 mm above the keys. 

CHEAP MINIMUM VIABLE PRODUCT (that yet looks expensive)
Laser Playano solves a problem in an innovative way and is an easy to use gadget. This prod-
uct gives a lot of value to the company because of the low manufacturing costs. The Galva-
nometer uses one scanner and two lasers, one of them projects dots onto the black keys, and 
the other laser at the white keys. The scanner has a 60° spread angle which gives a projection 
width of 4 octaves, 656 mm from a distance of 568 mm above the keys. 

The Action plan in Appendix J contains explanations of the product design, the software and 
the two different technology options. The aim of this action plan is to describe the product 
for possible partners and people involved. This is for the agency to hand over to sourcing 
companies and manufacturers. 
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Probabili-
ty 1,3 9

Conse-
quence 
1,3,9

Risk 
factor

Measures

Time risks Delayed deliverance of
parts and prototypes

3 3 9 Good planning and follow up

Hard to predict time
needed for different
phases of the project

9 3 27 Continuous follow up, Gantt 
and
diary, sum up every Friday

Busy supervisors 9 1 9 Good planning and check-
points

Neglected report 3 9 27 Continously writing of report 
and  sum up weekly

Quality 
risks

Not enough technical 
height

1 9 9 Do a thourogly research

Student does not have 
enough expertise

9 3 27 Thorough background re-
search, connect to experts early

Time consuming learn-
ing prototyping

9 9 81 Get help from experts

Internal 
risks

Miscommunication
regarding the project 
scope

1 9 9 Thorough description of task 
and good sum ups with super-
visors

Injury during prototyp-
ing

1 9 9 Study theory well, go through 
experimentation and ask for 
help in doubt

Risk analysis

Appendix A. Risk analysis

8.  Appendix
The appendices contains valuable information not included in the report. Each appendix 
appear in the order presented in the report. 

This table is a risk analysis made in the planning phase of the project. The purpose is to iden-
tify the risks in order to avoid making mistakes along the project. 



71

•	 Planning      
•	 Send thesis application   23 Jan
•	 Start Master thesis   26 Jan
•	 Find supervisor
•	 Contact people
•	 Define	frame	of	reference
•	Method
•	Risk assessment
•	 Planning report   17 Feb

•	 Background study   13 Mar
•	Geometry analysis   13 Feb
•	User studies    27 Feb
•	Available technology   
•	 Similair products
•	 Requirement	specification	 	 	
•	 Formulate concepts 1st iteration 17 Feb
•	 Test and experiment (on DLP) 20 Feb
•	 Choose concept    27 Feb

•	 Implementation    
17 Apr
•	Develop concepts 2nd iteration 
•	 Plan	prototype	&	get	stuff
•	Half way report to supervisor  27 Mar
•	 Final prototype    8 May
•	
•	

•	Wrap up
•	 CAD
•	 Prepare presentation
•	Opponent
•	Report to supervisors  8 May
•	Report to opponent    15 May
•	 Final report hand in              12 June
•	 Presentation    12 June

Appendix B. Time schedule

Deadlines
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Appendix C.  - Geometry analysis, different cases

full length piano 60° middle

1220

[mm] 30°

1056

Full length piano spread angle of ±50° Half piano, 510 mm above keys

Full length piano, projector on note stand

1220

510

±50°

610

[mm]

1220

510

±32°

305

[mm]

[mm]

1220

300
±64°

610

[mm]

1220

300

±45.5°

305

Half piano, projector on note stand

This appenidx holds calculation on different projection angles tested for different cases. 
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1220

600

±28.7°

328

[mm]

4 octaves 600 mm above keys

1220

700

±25.1°

328

[mm]

4 octaves 700 mm above keys

Full length piano 600 mm above keys Full length piano 700 mm above keys

1220

600

±45.5°

610

[mm]

1220

700

±41°

610

[mm]

1220

60°

[mm]

full length piano 60° on side

886

1220

568

±30°

328

[mm]

4 octaves 60° spread angle

1220

50°

[mm]

full length piano 50° on side

1220

1220

704

±25°

328

[mm]

4 octaves 50° spread angle
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Info from interviews
Lecturer at BIOMED PHYSICS & X-Ray Physics, Anna Burvall, [39] considered both the 
use of galvanometer and DLP chips as potential solutions regarding the optics. In both solu-
tions, a wide enough spread angle to cover the whole 1220 mm keyboard would be possible, 
and also the luminosity would be sufficient. The DLP chip however might need a special 
designed lens-system, A. Burvall supposed a condensor lens to concentrate light and a toric 
lens to focus light in a line. 

Testing of DLP projector 
An DLP mini-projector, SONEED - SP-1200W  [22], were used to measure spread angle and 
the luminosity. The spread angle is 35° which gave a projection distance of 1150 mm when 
projection an area of 4 octaves, 656 mm. The following calculations were made to determine 
if the projection distance can be improved by another lens system, to the desired maximum 
distance of 600 mm. 

Calculation on focal distance 
Calculations determines the desired focal distance for a lens to  direct light at the keyboard. 
Figure 22 illustrates a simplification of the projector, lens and the projected area. 

b

c

d

Figure 59. Illustration of projector, lens and projected 
area.

a

Appendix D. - Calculations on focal distance
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The focal distance is calculated by equation (1). The lateral magnification of the projector is 
given by the usual formula magnification equation (2), but there is a modification regarding 
projectors, [23]. Since the distance to the screen is much larger than the focal length of the 
projection lens, the object distance becomes very close to the focal length (a ≈ f):

1
a
+
1
b
=
1
f

m =
b
a
=
d
c

The ratio of c over d is equal to the ratio of b over a. For the enlargement of 4 octaves, 656 
mm, the desired projection distance, b, is 600 mm. The length a is assumed to be 10 mm. This 
gives a total focal length, ftot, of 9.85 mm. 

Since the projector has a lens system built in. The focal distance for the additional lens adds 
on to the existing lens system as in equation (3) below. The ftot is the total focal length for 
the desired projection distance, fp is the focal length of the projector and f1 the additional 
lens that needs to be added. 

         

1
ftot

=
1
fp
+
1
f1

The focal length of the projector is calculated from the measured values of b and a of the 
SONEED projector used in the test. The focal length, fp, is 9.9 mm for b 1150 mm and a 10 
mm. 

The focal length of the lens that needs to be added, f1, is then 235 mm. 

(1)

(2)

(3)
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Table 6. Requirement	specification.	

Requirements Phase: Measured in

HARDWARE

Size of projector Maximum 80x80x80 mm

Adapted to piano models Keyboards and Digital pianos

Power supply Cord into electric outlet

Not too complex projection on keys Consider not to make it too high tech

Attachment stand to keyboard Possible to move and demount

Attachment device to stand Possible to demount device from stand

TECHNOLOGY

Connection, to phone Preferably bluetooth, otherwise usb or WIFI

Connection, to charge usb, or cord in stand

Projection area Minimum cover 4 octaves = 656x150 mm

Projection distance Maximum 800 mm above keyboard

Light source LED or Laser

Feedback Not included in this project

Laser (or light) color No limitations but preferably white or red

Luminosity Enough to be used in daylight

SOFTWARE

Run any MIDI-file

Repeat sequence

Slow down tempo of music and pro-
jection

Three tempos: Normal, 30% and 50% of normal 

Choose song, play, pause, rewind 

Include teaching fingerings In app

COST Max. 100 dollars for manufacturing

Appendix E. - Requirement specification
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To start off the ideation of concepts, two workshops with industrial designers were per-
formed. One with industrial designers at the design agency People People and the other in 
collaboration with two other design engineer students that are doing their thesis on similar 
products. These workshops were a starting point in an iterative process together with the 
design agency and the final concept ended up very different from the first ideas. The given 
feedback were never straight recommendations on how to construct or design. Suggestions 
and advices were for example; “explore different forms of the projector” or “bring forward 
some design solutions on how to combine different mountings and materials” and feedback 
were for example; “It feels too unstable” or “it looks too much like a lamp”. Sketches from 
the ideation process is seen in Figure 60. 

Figure 60. Some of the sketches made during  the process.  

Requirements
The projector and the stand that positions the projector above the keys are developed due to 
the requirements presented to the workshop participants seen in Figure 61. These require-
ments makes sure the hardware is adapted to the software as well as both of the technology 
concepts.

Appendix F. - Concept development process
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The projector device - hardware

size adjustable Height above keys

The size of the projector device itself is 
about 80x80x80 mm.

The projector needs to be adjustable in 
order to calibrate to the di� erent piano 
keyboards. 

To projector needs to be fastened around 
600 mm from the keys in order to light 4 
octaves.

Powering connections adaptable

• The galvoscanner might be able to run 
on two AA batteris. 

• A similar projectos has 1-2 hour bat-
tery time and charges through USB or 
similar. 

• The projector connects to a phone 
or tablet by bluetooth and therefore 
needs a bluetooth search button.

• An app controls the functions
• Maybe the tablet or phone needs a 

stand?

To di� erent types of piano, descirbed 
forther on.

1220

568

30°

328

[mm]

4 octaves 60° middle

Figure 61.  Requirements for the projector and its stand.  

A number of design proposals were presented and discussed during the process. The discus-
sions started in a number of pre-made inspiring mood-boards with images collected for this 
particular project. These were a great tool when communicating ideas. The mood-boards 
were also updated with new images before every discussion. Thumbnails of the mood-boards 
can be seen in Figure 62.

Figure 62. A summary of the moodboards created during the design process.
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The first viable sketches and ideas were made into CAD models using Rhino Ceros [46]. 
These models visualized dimensions and forms in an easy and simple way without focusing 
too much on details. The models are seen in Figure 63. In this early stage of the design pro-
cess, steel and wood was considered to be used. After this first ideation phase, a structured 
phase of the design process took place. The product was broken down into different functions 
and features to make it easier to sort out and develop ideas. The functions and features were:

• Mountings
• Angles and dimension of stand
• Cross section geometries of stand
• Shapes of projector
• Joints

Figure 63. The	first	CAD-	models	of	the	device	and	stand.

Mountings
The different mountings considered were onto the wall, attached to a keyboard by a screw 
clamp and a stand to put onto the floor or a table. To mount the device in the ceiling was not 
considered as an option, first of all because it is not necessary and most people prefer not to 
make holes in their ceiling. Also it is either difficult to maneuver the device because you need 
a chair to reach it, or it is a weird looking design having something that has adjustable arms 
coming down from the ceiling. Different heights of the ceiling might also cause difficulties 
in designing the device. The following pros and cons evaluated the mountings respectively:

Wall
• Pros: Simplicity, only one rod is needed.
• Cons: Not all pianos are standing in front of a wall

Table
• Pros: The stand will be small and handy, similar to a lamp
• Cons: Cant be fit to a keyboard

Screw clamp
• Pros: Can be mounted onto a keyboard, a table or other things 
• Cons: Difficult to get a one piece fit all since different Keyboards look very differently 
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and has a lot of buttons and speakers onto them.
• Vibrations when playing might make the light quiver. 
Floor
• Pros: Fits to all piano models since the distance from the floor to the keys are the same 

on all piano models. 
• Cons: The product gets very large, might be perceived as bulky

Several ideas were developed on how to make the product adapted to several of these mount-
ings by making the product modular. Two concepts for modularity was developed further, 
one combined the stand with a mounting plate that could be used both for a table and a wall, 
but also make it possible to attach the stand to a Keyboard by fixating it with a screw. Another 
mounting combination is to make the stand adjustable in length and then be able to use it both 
on a table and to put it on the floor. These concepts are illustrated in Figure 64 and Figure 65. 

Figure 64. The stand can be mounted both onto a keyboard and on a foot placed at the piano.
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Figure 65. A	stand	placed	onto	the	floor	or	at	a	piano	or	table.	

Angles and dimension of stand
Different models of the stand evaluated angles and the volume created, see Figure 66. It is 
important to the product not to be big and bulky but to look robust. By experimenting with 
different angles and geometries, the options suitable for the product were narrowed down. 
Important to consider when experimenting with the angles is the different directions that the 
device needs to be adaptable in to suit different piano geometries. Depending on the mount-
ing, different angles need to be adjustable. The angles of the stand also needs to be adaptable 
to different dimensions of the stand. 

Figure 66. Different	angles	and	sizes	of	the	stand.
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Cross section geometries of stand
Different cross sections and thickness’ of the stand were iterated through modeling. The three 
cross sections considered were a round, a squared and a rectangular rods. The cross section 
of the stand affects the choice of joints and how the stand can be adjusted. Different cross 
sections look better with a certain type of joints. Figure 67 displays models with rectangular 
and round rods. 

Figure 67. A rectangular and circular cross section of a stand. 



83

Details
The product only holds a few components and no other buttons except an on/off switch. It 
needs a cable for electricity, ventilation and an opening for the light source. For easy ship-
ping and assembling, the device would take advantage of being possible to unmount from the 
stand. This means that the cord both needs to be removable and adapted to a stand that can 
be adjusted in length and height. A red cord is a design detail from the Transparent speaker, 
a product by the design agency within the same product family as Playano. Different ways 
of turning the cord into a functional design detail of the product is illustrated in Figure 68. 

Figure 68. Different	ways	of	wiring	the	cord	onto	rectangular	rods.	
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Design of device
The core of this product is the device, regardless of the stand used, the device itself will be in 
focus when marketing the product. It needs to demonstrate its function, to be technical and fit 
to a keyboard but yet adapted to such and old and classic product as the piano. Also, both size 
and positions of the inside components needs to be considered. Inspiration was taken from 
old piano lamps, camera objectives and microphones. A lot of different shapes were modeled 
with focus on cylindric shapes and boxes. The boxed shapes were favored because of the 
close connection to a technical product rather than a lamp. The box also communicates the 
projected light better since the light beams are projected onto a rectangular area and not a cir-
cular. The process resulted in a wide variety of designs, some of them illustrated in Figure 69.  

Figure 69. Models	of	a	box-shaped	device	with	different	details.	

Joints
The joints are a key component in this product since it adjusts the stand and device to make 
the projection hit the correct keys onto the keyboard. If mounting the device on a floor, or 
table -stand, the stand needs to be adapted in x, and y-directions. The device will always need 
to be planar to the keyboard. The model in Figure 70 displays a design with only two joints 
The bending joint that attaches the device to the stand is only needed for small adjustments if 
there are small deviations in the stand or at the floor. This bending joint in Figure 71 is look-
ing good on lamps when it is bended, but since it is most often straight in this application, a 
ball joint was considered a more logic and better looking choice. 

In Figure 45, two small variations of a joint connecting the rods are modeled, the left one 
does not communicate the function of a joint as the one to the right does. The joint to the right 
also looks more like a robust component suitable for this product. 
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Figure 70. A bending joint adjusting the projection from the device. 

Figure 71. Small	differences	in	a	joint	combining	the	rods.
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Appendix G. - Drawing of final hardware design 
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Appendix H. - Interface sketches
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PLAYANO PROTOTYPE USER TEST

Playano wants to give you the feeling of mastering the piano in a fun and intuitive way. It is 
a product under development where you will get the chance of trying out the first prototypes. 
The device is run by an app and will either project light by a regular projector or by laser 
beams, theese two technologies are evalueted here in this test. 

Please take your time by each piano and compare the two different prototypes in this form. 
Don’t hestitate to ask questions!

How old are you?

What is your relation to the piano?

Would you like to learn to play or improve your piano-skills but are not doing anything about 
it? If yes, what stops you?

Please grade and comment on the following:

Laser 1-5 (5 is the best) Projector 1-5 (5 is the 
best)

Visibility of markers/dots
Shape of markers/dots
Placement of markers/dots
Light source
Overall impression of product

Grade the importance of the following features for this product.

Feature Grade 1-5 (5 is the best)
Choose any song in the world 
Choose song from a list within the applica-
tion
Choose song from spotify, youtube etc. 
Adjust the tempo
Loop a sequence of a song several times
Display accords on the pianokeys
Display notes on phone
Display accord-sheet on phone
Display “falling” notes on phone

Appendix I. - User test question form
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Do you have any suggestions of other features for this product and its program?

How would you prefer to mount the device? On a stand at the floor, wall etc. 

Which one of the protoypes do you prefer the most, the laser or the projector?
Why ?

Do you have any suggestions on how to improve the product?

Other thoughts or comments

       Thanks a million for participating!!!
 
           Eli
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ACTION PLAN - HARDWARE DESIGN AND FUCNTIONS

Playano can be placed onto a piano or beside a keyboard by using either one or 
two rods. 

Appendix J. - Action plan
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ACTION PLAN - HARDWARE DESIGN AND FUNCTIONS



 96 

Camera 
recognition

Set-up 
projection

Launch music 
from Spotify

Algorithm for 
transcription

Algorithm for 
Fingerings

Algorithm for 
camera rec.

  A
pl

ic
at

io
n 

pl
at

fo
rm

Digital adjust 
markers

Adjust the 
number of markers, 

the size of them, and the 
space inbetween them by 

scrollers in app.

Choose 
song

MIDI-Library in 
app

This function is 
both a fun feature but also 

necessary since some of the 
MIDI-files displays song as piano 
music and it is impossible to play 

that at the same time.

Show 
Fingerings

Show 
Left/Right hand

Repeat 
Sequence

Choose 
instrument

Adjust tempo

Functions in the 
app and the priority 
of them with the top 

one - the most important 
function.

It is important 
to being able to 

toggle the markers on 
and off while doing 

the set-up.

Feedback is a 
great extra function 

dependent on camera 
recognition but migh also 

be doable by music 
recognition.

“wait” for cor-
rect note

Feedback

Display markers

This function 
awaits for the user 
to press the correct 

note before showing 
the next.

Might only be 
possible with projector 

(unless a galvo with 2 scan-
ners projects the dots on differ-
ent positions, or different colors 

can be used in a smart way.)

ACTION PLAN - SOFTWARE KEY DECISIONS AND FUNCTIONS

Where to play 
the music from is 

the most critical issue 
on order to not present 
latency between music 

and graphic. 
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1x

3

INTERFACE - MEDIA LIBRARY

1x

3

PLAY

CHOOSE INSTRUMENT

SPEED

SOLO ON/OFF

REPEAT SECUENCE

COUNT IN

FUNCTIONS

FAVOURITES

ACCORD SHEET

NOTES

FALLING NOTES

3 DIFFERENT VIEWING MODES

MUSIC LIBRARY

ACTION PLAN - SOFTWARE INTERFACE SKETCHES
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DLP chip

Lens system

LED lamp

Ventilation fanON/OFF switch

Power cable

HDMI - Chromecast

Control board

ProjectorReceiver app ChromeCast

HDMIWIFI

MIDI-file

Graphic for 
projector 

Sender app

Application in browser

This is a projection by the prototype 
showing all the markers. The black 
key markers needs to be matched 
better. 

ACTION PLAN - DLP PROJECTOR TECHNOLOGY

An assembly of the nec-
essary components.
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Suggestions for the projection, the top one is 
the most prioritized. 

projection 

Best option is to project rectangular 
markers in the size of 15x10 mm.

There is unecessary to project notes 
onto the keys for beginners, that is too 
much info for them. 

Different colors should be used on 
white and black keys. Yellow or orange 
on white keys, and white onto black 
keys - for the best visibility.

Cirkular dots might also work if they 
are bright enough. 

ACTION PLAN - DLP PROJECTOR TECHNOLOGY

Control board
Wireless 
receiver

LED lamp

DLP chip

Power connec-
tion

ON/OFF switch

Color wheel

Ventilation fan

Camera 
recognition

Processor

Temperature 
sensor

Suggests 
to use bluetooth 
instead of WIF.

Specific 
components for 

DLP projector

This block diagram 
needs to be specified 
more in detail.
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Digital to Analog converter, D/A

Laser

Ventilation fan 

Scanner - mirrorScanner - motor
Scanner - mounting

On/Off Switch

Power cable

Control board

ACTION PLAN - GALVANOMETER SCANNER TECHNOLOGY

D/A switch Connection

Galvo scanner

Feedback sensor

MIDI-file

Graphic to 
protocol

Sender app

Application in browser

Control board

An assembly of 
the necessary com-
ponents.
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Control board
Wireless 
receiver

Laser

Position sensor

Power connec-
tion

ON/OFF switch

Scanner

Cooling fan

Camera 
recognition

Processor

Temperature 
sensor

ACTION PLAN - GALVANOMETER SCANNER TECHNOLOGY

This block diagram 
needs to be specified 
more in detail.

This is a projection by the prototype 
showing all the markers. The black 
key markers needs to be matched 
better. 

The images below explains the con-
cept using one scanner and two la-
sers. 
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Table 7, and Table 8 are two uncompleted Bill Of Materials for sourcing companies and 
manufacturers to complete. 

Table 7. Bill Of Material, BOM, for DLP projector product.
Manufacturing Assembling

Lens system
DLP chip
Lamp
Circuit board
Wireless connection
Wiring
Power switch
Mount plate
Casing
Stand
Cord

Software development
Software maintenance  

ACTION PLAN - BILL OF MATERIAL DLP-PROJECTOR
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ACTION PLAN - BILL OF MATERIAL DLP-PROJECTOR GALVANOMETER SCANNER

Table 8. Bill of Material, BOM, for Galvanometer scanner product.
Manufacturing Assembling

Scanner + motor
Laser
Microprocessors
Support components
Power switch
D/A processor
Scanner positioning sensor
Wirings
Temperature sensor
Fan
Mount plate
Casing
Stand
Cord
Wireless connections 

Software development
Software maintenance


