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Abstract 
 

Tangible media is a 3D shifting table piece of furniture that mimics the object placed upon 

it along with its characteristics, by replicating its exact shape. The way the table works is by 

modeling the items and therefore creating a container for holding it. The use of the tangible surface 

is to help users with variety of situations where it adds a sense of modernization and uniqueness 

to the technology world. Examples for tangible media are in advertisements; display of 

commercials in an innovative way; and as a smart table that could be used in hospitals, factories, 

homes and offices. The Implementation of tangible table is to be constructed through using 

different types of components such as pneumatic actuators, sensors, camera, pistons, 

programmable logic controller, solenoids as well as a LED lights. The 3D table is user friendly, 

because of its flexibility to change and custom its surface depending on the user needs, from an 

office that can hold your stationeries and gadgets in an organized way to become an entertainment 

tool for having a good time with friends and family. 

Key Words: Tangible Media, Microcontroller, smart, Advertisements, 3D. Entertainment.  
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1 Chapter One: Introduction  
1.1 Executive Summary  
 

Have you ever wondered of a very complicated but yet useful and beneficial invention that 

could facilitate your life? The Tangible Media project is an invention that is a one-step closer to a 

modern but yet exciting lifestyle.  Our project is about a media that is able to change its shape, 

move its bits, and make your life easier. The idea of the project is to understand the motions and 

the angles of the shapes that is placed on the surface of the table or even the movement of the table 

itself or the objects placed on it. We had to read articles to explain the effective one. The Tangible 

Media the proposed project is more useful in hospitals, factories, and even at home. 

1.2 Problem Statement and Solution  
 

The Tangible Media project is a very big project, which can be a solution for many problems 

that humans are facing in their life. It is a great idea for groups with special needs such as children, 

elderly, and handicapped people. For that reason, it is an interactive, immersive, and intelligent 

technology. Having such an invention, as the Tangible Media at your place or work will be 

functioned as a table that has many features to offer. One of the features, it can be an office table 

to work on it. In addition, a regular table that can be change for any accessories you want. 

Moreover, the Tangible Media it can be used in many places for example it can solve the transition 

in the airport it will be easier. Furthermore, the offered project of the Tangible Media can be a very 

useful for architectural engineering that can be designed and built using the Tangible Media and 

see it as 3D. In addition, the project will be useful for professors, teacher, and educators in 

explaining materials especially in Mathematics and designing courses will be more beneficial and 

easier to elaborate.  
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1.3 Goals  
 
At the end of the capstone course, the team has the following goals that will presented:  

i. To provide a tangible table that manipulates and shapes according to the user’s needs 

ii. To evolve a heightened ability to sense the physical world  

iii. To expand the affordances of physical objects, surfaces, and spaces in order to support 

direct engagement with the digital word  

iv. To design three-dimensional (3D) interfaces  

v. To reduce economic spending of different supplements such as office accessories, holders 

and also materials for 3D designing  

vi. To provide an interest and comfort zone in home or workplace  

1.4 Objectives  
 
At the end of the capstone course, the team has the following objectives to be accomplished:  

i. Understanding numerous alternative projects’ designs related to shape shifting tables and 

surfaces and the ideas behind it. 

ii. Testing several prototyping design ideas related to dynamic motion such as, using the 

control boards, like Controlleno plc.   

iii. Performing mathematical equations for choosing the suitable electrical components  

iv. With lower power consumption, and to implement a project that is power effective 

v. Testing and prototyping many different electrical devices such as latte panda, Controlleno 

PLC, Relay boards, Power supply, Solenoids. 

vi. Ensure that our implementation for the entire system function on the proper technique.    

vii. Mastering the usage of different coding language such as, C-language and Python. 
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viii. Understanding how to use the Intel RealSense Depth Camera and integrate into the 

system.  

ix. Establishing a user-friendly interface between the user and the system.   

x. Accomplish the feature of holding and moving objects using pneumatic system. 

xi. Achieve the feature of hand gestures using camera recognition. 

xii. To create an entertaining environment that is friendly with all ages. 

xiii. To acknowledge diverse issues that people usually experience with new technology. 

1.5 Idea Development  

Tangible Media has been conceptualized as a final year capstone project for the team 

comprising of senior year engineering students. The idea of a tangible media table was conceived 

during the initial phase of capstone brainstorming and research. This idea piqued the scientific 

curiosity of the team if anything such as inForm can be automated, then certainly the notion of 

creating a 3D shifting table will be possible. Furthermore, this idea was considered unique and 

thrilling as soon as the project was approved. There are numerous ideas related to the design and 

the implementation of such a system that were visualized. Finally, the team believes that this 

project will provide another alternative lifestyle to its users. One that is with “unmediated 

connection” between physical objects and virtual data. As well as, with intuition and curiosity 

while approaching the technology.  

1.6 Team SWOT Analysis  

In order to evaluate the Team SWOT Analysis, the strength, weakness, opportunities, and 

threats should be considered, and it helps in improving to develop and identify all obstacles that 

might be faced when implementing the project along with other possible opportunities to enhance 

the performance of the proposed project idea, as shown in table 1.1.  
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Table 1.1: Team SWOT Analysis. 

Strength  
 

• Half of the major in CE and the other 

half in EE 

• Diverse team skills  

• Worked as a team in previous courses  

 

Weakness  
 

• Classes time conflict  

• Lack of knowledge in programming 

Arduino  

• Less experience in ordering 

components as shipping  

 
Opportunities  
 

• Reproducibility of the project  

• Team can develop and expand 

tangible media in the future  

• Increase team opportunity in tangible 

media field  

Threats  
 

• Time Constrains  

• The actuators cost a lot of the team’s 

budget  

• Prototype might not match with that is 

needed  

 
 
1.7 Project SWOT Analysis  
 

Project SWOT Analysis provides a brief idea about the strengths and weaknesses, as well as 

certain conditions, which are advantageous such as opportunities or disadvantageous as threats for 

the proposed project the Tangible Media project. Listed below, in table 1.2, are the main points for 

Tangible Media Project SWOT Analysis.  
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Table 1.2: Project SWOT Analysis. 

Strength  
 

• User friendly; easy to use due to its 

connection to smartphone application  

• Increase the focus on groups with 

special needs  

• Facilitate life in different fields such 

as medical, industrial, and architecture 

 

Weakness  
 

• Noise including the movements of the 

actuators  

• Size of the product  

• Not portable  

• No external sponsorship for the 

project  

• Limited menu offered to users  

• Certain ideas filtered out to complete 

the project  

 
Opportunities  
 

• Can be extended to provide different 

surface types to insure multiple jobs 

• Can be sold to varies industries 

•  Very few projects in the current 

market  

Threats  
 

• Possibility of late components 

shipment 

• Competition due to:  

1. Local availability of 
components  

2. Similar project in universities 

• Product has a risk of faulty movement 

while executing some of the tasks  

• Possible failure of components  

 
 
1.8 Conclusion 

  
The project goals and objectives has been identified. In addition, project and team SWOT 

Analysis for the project has been drafted. In the next chapters, the team will be discussed different 

topics that all integrate under tangible media. In chapter two, provides a detailed literature review 

about other Tangible Media applications, their advantages and disadvantages, and looking at 
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whether or not similar implementations can be used in Tangible Table. It also discusses 

experiments done in the field of Tangible user interface. Furthermore, the team detailed the 

explanation of the design and analysis phase of this project in chapter three. Also, highlighting 

essentials components needed for the project as well as providing a brief overview on the expected 

functional and non-functional requirements of the project. The team will discuss the initial 

implementation done on the project, as well as the final prototype in terms of both hardware and 

software. Moreover, the team conducted survey regarding people’s references and thoughts about 

Tangible Media application. Also, will conduct an interview will be in chapter five. Finally, the 

conclusion offers a precise summary about the project as a whole, and future work has been added 

to show the readers what can be done in order to enhance the project further.   

 
 

 
 

 
 
 
 

 
 
 
 



24 
 

 



25 
 

2 Chapter Two: Literature Review   
 
2.1.1 The Design of a Tangible User Interface for a Real-time Strategy Game [1] 
 

 
Figure2.1: Tabletop TUI Construction [1] 

Tangible User Interfaces (TUIs) allow interaction with computer applications using 

physical objects called tangibles, as seen in Figure2.1. TUIs have a number of latent advantages 

over traditional user interfaces including spatial naturalness and immediate haptic feedback where 

users receive both tactile and digital responses from computer systems. This paper presents the 

preliminary design and test results of a tabletop Tangible User Interface for a real-time strategy 

game. A preliminary assessment of the TUI prototype was conducted by comparison with a 

Graphical User Interface (GUI) version of the same real-time strategy game. The results showed 

that users performed better with the GUI and found it easier to use but reported more interest and 

greater enjoyment when using the TUI. However, preferences were split evenly between the two 

interface types. Based on this initial evaluation, suggestions are made for improving the TUI 

design and potential future research is identified.  
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Figure2.2:Summary of Qualitative Data Analysis [1].  

In Figure2.2, Participants were also asked to indicate their preferred interface and share any views 

regarding the overall experience. Qualitative data was processed using thematic analysis and used 

to contextualize the quantitative findings. The themes identified were:  

• Responsiveness - many participants commented that the TUI was not as responsive as 

expected. These views appeared to relate to the general expectation of users that the TUI 

would respond as an extension of human movement and action.  

• Enjoyment - Despite the issues with responsiveness, many participants said that they 

enjoyed the game on both interfaces but especially the TUI because it was more natural 

and had an element of novelty.  

• Naturalness - Some participants said they found the TUI fun because it had more physical 

interaction, and one participant remarked that they liked how the TUI had a good 

combination of physical and intellectual aspects. Some participants felt that strategizing 
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was easier on the TUI because the physicality enabled them to feel “part of the game” and 

more “in control” of what was happening.  

• Novelty - Most participants mentioned novelty as a reason why they considered the TUI 

more entertaining. The TUI was associated with terms such as “futuristic” and “unusual 

experience”.  

This paper examined a tabletop TUI in the context of a real-time strategy game - 

specifically a tower defense game - utilizing a hybrid of touch and tangible interaction 

techniques. Design of a rear diffuse illumination 100cm x 80cm tabletop TUI was detailed and 

a comparison was made between the tabletop TUI game and its GUI counterpart using an 

experimental approach based on design science research principles. Whilst an entirely 

appropriate method for designing innovative interfaces, the greatest weakness and strength of 

using this method was that its “artifact in use” approach was subject to potential confounding 

due to the large number attributes and affordances involved, and their complex interactions 

with one another.  Users performed better with the GUI and found it easier to use but reported 

more interest and enjoyment with the TUI. Overall, however, preference was split evenly 

between the two interface types. Analysis of qualitative findings provided further insight into 

these results, and the implications for the next stage in the research project.  There is much 

potential for the use of a tabletop TUI for tower defense games. The designed tabletop TUI 

game leverages upon TUIs' fundamental characteristic and advantages noted in the literature - 

coupling of the physical and the digital worlds; and naturalness - creating an enjoyable 

experience for the users. Contrary to the expectations based on existing theory, during the 

initial trials the GUI was found to be better in terms of ease of use and performance outcomes. 
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Feedback received indicated that, in line with existing theory, the TUI can be further enhanced 

by tailoring it to the specific game context [1].  

2.1.2 Tangible Bits [2] 
 

 
Figure2.3: Tangible User Interface [2] 

In Figure2.3, shows the Tangible User Interface is like an iceberg there is a portion of the 

digital that emerges beyond the surface of the water into the physical realm so that it may interact 

directly with it. In 1997, we presented our vision of “Tangible Bits” at the CHI '97 conference. We 

proposed the concept of Tangible User Interface (TUI) that is based on physical embodiment of 

digital information & computation, in order to go beyond the current dominant paradigm of 

“Painted Bits” or Graphical User Interface (GUI). Humans have evolved a heightened ability to 

sense and manipulate the physical world, yet the GUI based on intangible pixels takes little 

advantage of this capacity. The TUI builds upon our dexterity by embodying digital information 

in physical space. TUIs expand the affordances of physical objects, surfaces, and spaces so they 
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can support direct engagement with the digital world. Through the design of a variety of TUIs, 

however, we have learned that TUIs are limited by the rigidity of “atoms” in comparison with the 

fluidity of “bits”. TUIs have limited ability to change the form or properties of physical objects in 

real time. This constraint can make the physical state of TUIs inconsistent with the underlying 

digital models [2].  

2.1.3 Radical Atoms [2] 
 

 
Figure2.4: Radical Atoms [2] 

To address this challenge, we presented our new vision, “Radical Atoms”, in 2012. Radical 

Atoms takes a leap beyond Tangible Bits by assuming a hypothetical generation of materials that 

can change form and appearance dynamically, becoming as reconfigurable as pixels on a screen, 

as seen in Figure2.4. In this figure, the Radical Atoms is the vision for the future of interaction 

with hypothetical dynamic materials, in which all digital information has physical manifestation 

so that it can interact directly with it as if the iceberg had risen from the depths to reveal its sunken 

mass. Radical Atoms is a computationally transformable and reconfigurable material that is 

directionally coupled with an underlying digital model (bits) so that dynamic changes of physical 

form can be reflected in digital states in real time, and vice versa.  
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Radical Atoms is the future material that can transform their shape, conform to constraints, 

and inform the users of their affordances. Radical Atoms is a vision for the future of human-

material interaction, in which all digital information has a physical manifestation so that we can 

interact directly with it. We no longer think of designing the interface, but rather of the interface 

itself as material. We may call it “Material User Interface (MUI) [2].  

2.1.4 Materiable [3] 
 

 
   Figure2.5: Simulating landscapes with flexible and elastic rendered material properties [3] 

Materiable, is an interaction technique to represent material properties using shape 

changing interfaces, as shown in Figure2.5. Specifically, by integrating the multi-modal sensation 

techniques of haptics, our approach builds a perceptive model for the properties of deformable 

materials in response to direct manipulation without precise force feedback. Shape changing 

interfaces give physical shapes to digital data so that users can feel and manipulate data with their 

hands and bodies. However, physical objects in our daily life not only have shape but also various 

material properties. In this paper, we propose an interaction technique to represent material 

properties using shape changing interfaces. Specifically, by integrating the multi-modal sensation 

techniques of hap- tics, our approach builds a perceptive model for the properties of deformable 
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materials in response to direct manipulation. As a proof-of-concept prototype, we developed 

preliminary physics algorithms running on pin-based shape displays. The system can create 

computationally variable properties of de- formable materials that are visually and physically 

perceivable. In our experiments, users identify three deformable material properties (flexibility, 

elasticity and viscosity) through direct touch interaction with the shape display and its dynamic 

movements. In this paper, we describe interaction techniques, our implementation, future 

applications and evaluation on how users differentiate between specific properties of our system. 

Our research shows that shape changing interfaces can go beyond simply displaying shape 

allowing for rich embodied interaction and perceptions of rendered materials with the hands and 

body [3].  

2.1.5 Method of Rendering Dynamic Material Properties [4] 
 

 
Figure2.6: Fsramework to represent material property using shape changing interfaces [4] 
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Figure2.7: Different ways to feel and interact with the rendered materials we propose [4] 

In this paper, we attempt to measure the displacement of a user’s direct manipulation as 

touch input, translate this through physics emulations and have the shape changing interface render 

a dynamic deformable solid or liquid that behaves relative to the calculated physics of this input. 

One can feel and view the simulation from any angle and direction interactively. As with any real-

world material, the user is connected to the simulation through a dynamic physical experience. 

Our goal is to convey deformable material properties recognizable as actual materials in the 

physical world even under the constraint of the interface’s unvarying materials. Thus, our proposed 

approach enables shape changing interfaces to represent dynamic shapes and material proper- ties 

at the same time. 

Figure2.7 shows the interaction framework we propose. The shape changing interface 

detects the user’s direct physical in-put using built-in sensors and changes its overall shape with 

actuators according to a physics emulation that is computed in real time. The deformation is 

provided to users as both visual and haptic feedback. To interact with the rendered material on 

shape changing interfaces, a user can use any part of their body to touch and manipulate the 

rendered material property as shown in Figure2.7. Users can also take advantage of other physical 

tools or objects to manipulate or test the simulation though this paper does not explore this directly 

[4].  

 



33 
 

2.1.6 Explorative Display [4] 
 

 
Figure2.8: Explorative Display [4] 

In this application, we introduce our system as a tool for exploring the material properties 

of objects or anatomical forms through physical manipulation as seen in Figure2.8. In an online 

furniture store, one might get a sense for how flexible a sofa or mattress might be before purchasing 

the item. In education, children can explore various anatomical forms of humans or animals to get 

a sense of their flexibility. They can also understand how materials may combine in chemistry to 

form viscous materials. Finally, in the field of medicine, we can explore different anatomies and 

render variable flexibility for the materials that make up that anatomy. This can potentially aid 

practitioners in understanding patient’s medical data but also the patients themselves who can have 

concerns explained to them with a rich, physical experience [4].  
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2.1.7 Landscape Design + Simulation [4] 
 

 
Figure2.9: Simulating landscapes with flexible and elastic rendered material properties [4] 

Designing complex models such as a landscape or city usually requires the knowledge of 

complex software and of how different structures and features may interact with each other. With 

rendered material properties in combination with the ability to directly manipulate 3D shapes, 

novice users can create and simulate land formations in the same way they might play with the 

materials usually used to create models as shown in Figure2.7.  Prior work such as “Illuminated 

Clay” allowed users to create land forms with the same affordances as a sand pit. Here, rendered 

material properties allow the combination of multiple rendered materials that can each be 

manipulated in different ways. For example, one might create a body of water by deforming a solid 

behaving material and allowing a viscous material to flow into the container. By extension, a user 

could also interact with the rendered material to test complex scenarios such as a tsunami or 

earthquake, invoked by manipulating the interface with considerable force [4].  
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2.1.8 Constructing alterable pin surface to move objects [5] 
 

 
Figure2.10: Construction alterable pin surface to move objects [5] 

 
Figure2.11: Pins can orient objects [5] 

This article is written by the Tangible Media Group, as shown in Figure2.8. This article 

shows the invention of a surface that can move objects that are placed on it. When objects are 

placed on top of pin-based shape displays they are able to move and control them and give physical 

form to digital information. A team at the tangible media group in MIT media lab have focused on 

object manipulation with systems that use underlying configuration change to give movement to 

otherwise inanimate objects. through stacking, scaffolding and catapulting, the team describes the 
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shape’s ability to assemble, disassemble and reassemble structures. the project uses underlying 

pins to sense the special blocks. these blocks translate the movements into other degrees of freedom 

like rotation or horizontal movement. this interplay of the pin surface with objects on its surface 

allows users to render forms and enable more detailed inputs and outputs, as shown in both figures 

2.8 and 2.9 [5].  

2.1.9 Transform [6] 
 

 
Figure2.12: Transform Technology [6] 

This article talks about the implementation of the tangible table, as seen in Figure2.10. 

TRANSFORM fuses technology and design to celebrate its transformation from a piece of still 

furniture to a dynamic machine driven by the stream of data and energy. Created by Professor 

Hiroshi Ishii and the Tangible Media Group from the MIT Media Lab, TRANSFORM aims to 

inspire viewers with unexpected transformations, as well as the aesthetics of the complex machine 

in motion. TRANSFORM was first exhibited in LEXUS DESIGN AMAZING 2014 MILAN in 

April 2014. 

The work is comprised of three dynamic shape displays that move more than one thousand 

pins up and down in Realtime to transform the table top into a dynamic tangible display. The 
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kinetic energy of the viewers, captured by a sensor, drives the wave motion represented by the 

dynamic pins. The motion design is inspired by the dynamic interactions among wind, water and 

sand in nature, Escher’s representations of perpetual motion, and the attributes of sand castles built 

at the seashore. TRANSFORM tells the story of the conflict between nature and machine, and its 

reconciliation, through the ever-changing table top landscape [6].  

2.1.10 inFORM [7] 
 

 
Figure2.13: The inForm diagram [7] 

inFORM is a Dynamic Shape Display that can render 3D content physically, so users can 

interact with digital information in a tangible way. inFORM can also interact with the physical 

world around it, for example moving objects on the table’s surface. Remote participants in a video 

conference can be displayed physically, allowing for a strong sense of presence and the ability to 

interact physically at a distance. inFORM is a step toward the vision of Radical Atoms Currently, 

Tangible Media Group is exploring a number of application domains for the inFORM shape 

display, as seen in Figure2.13. One area they are working on is Geospatial data, such as maps, 
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GIS, terrain models and architectural models. Urban planners and Architects can view 3D designs 

physically and better understand, share and discuss their designs. They are collaborating with the 

urban planners in the Changing Places group at MIT. In addition, inFORM would allow 3D 

Modelers and Designers to prototype their 3D designs physically without 3D printing (at a low 

resolution). Finally, cross sections through Volumetric Data such as medical imaging CT scans 

can be viewed in 3D physically and interacted with. The latter would offer the opportunity to 

explore medical or surgical simulations, in addition to the possibilities of remotely manipulating 

objects on the table. Past research on shape displays has primarily focused on rendering content 

and user interface elements through shape output, with less emphasis on dynamically changing 

UIs. The Tangible Media Group propose utilizing shape displays in three different ways to mediate 

interaction: to facilitate by providing dynamic physical affordances through shape change, to 

restrict by guiding users with dynamic physical constraints, and to manipulate by actuating 

physical objects. We explore potential interaction techniques and introduce Dynamic Physical 

Affordances and Constraints with the inFORM system, built on top of a state-of-the-art shape 

display, which provides for variable stiffness rendering and real-time user input through direct 

touch and tangible interaction. A set of example applications demonstrates how dynamic 

affordances, constraints and object actuation can create novel interaction possibilities [7].  

 

 

 

 



39 
 

2.1.11 Wetpaint [8] 
 

 
Figure2.14: Multi-spectral scans (left); scraping the layers using Wetpaint (right)  [8] 

 
Figure2.15: Scraping through image layers(left) and visualization (right) [8] 

 
In Figure2.13, Tangible Media Group introduce a technique for exploring multi-layered 

images by scraping arbitrary areas to determine meaningful relationships. The system is called 

Wetpaint, uses perceptual depth cues to help users intuitively navigate between corresponding 

layers of an image, allowing a rapid assessment of changes and relationships between different 

views of the same area. Inspired by art diagnostic techniques, this tactile method could have 

distinct advantages in the general domain as shown by user study conducted by the group. Scraping 

through image layers can be faster than comparing layers through half-transparency, especially 

when there are more than two layers or when the layers are distinct. They propose that the physical 
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metaphor of scraping facilitates the process of determining correlations between layers of an image 

because it compresses the process of planning, comparison and annotation into a single gesture. 

They relate more future work and applications to the idea for geography, design, and medicine [8].  

2.1.12 Tangible Cityscape [9] 
 

 
Figure2.16: Tangible Cityscape [9] 

Urban massing is a go-between stage which acknowledges urban arrangements by deciding 

suitable sizes, capacities and relations of structures. It additionally encourages organizers to adjust 

the conditions and clashes among different confused urban frameworks, as seen in Figure2.14. 

Better cooperation of area specialists amid the urban massing process evades clashes among 

different urban frameworks. Notwithstanding, current structure apparatuses separately bolster 

diverse pieces of the procedure, because of a gigantic hole between physical (atoms) and advanced 

(bits) data portrayals. In this exploration, we propose Tangible Cityscape comprising of a 2.5D 

activated shape show, a computerized shadow show and a gestalt see show to help the urban 

massing process. With Tangible Cityscape, organizers can change over dynamic data into 

substantial structures and cross-allude unmistakable data of numerous city frameworks. They can 

likewise control both computerized and substantial portrayals and leave explanations with both 

arranged and remote accomplices. We will understand the proposed objectives by a five-advance 
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procedure and lead a subjective client ponders by verbally process convention investigation to 

guarantee a consistent urban massing process [9].  

2.1.13 SoundFORM [10] 
 

 
Figure2.17: SoundFORM [10] 

SoundFORM makes another strategy for authors of electronic music to collaborate with 

their structures. Using a shape-moving showcase, integrated waveforms are anticipated in three 

measurements continuously managing the capacity to hear, imagine, and collaborate with the 

timbre of the notes. Two sorts of music synthesis are investigated: age of oscillator tones and 

activating of pre-recorded sound examples. The incorporated swaying tones have three timbres: 

sine, sawtooth and square wave. The pre-recorded sound examples are drum tracks. Using a 

gestural vocabulary, the client can straightforwardly contact and alter integrated waveforms [10].  
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2.1.14 Illuminating Clay: A 3D Tangible Interface for Landscape Analysis [11] 
 

 
Figure2.18: Illuminating Clay in use [11] 

This paper describes a novel system for the real-time computational analysis of landscape 

models, as shown in Figure2.18. Users of the system – called Illuminating Clay – alter the 

topography of a clay landscape model while the changing geometry is captured in real-time by a 

ceiling-mounted laser scanner. A depth image of the model serves as an input to a library of 

landscape analysis functions. The results of this analysis are projected back into the workspace 

and registered with the surfaces of the model. We describe a scenario for which this kind of tool 

has been developed and we review past work that has taken a similar approach. We describe our 

system architecture and highlight specific technical issues in its implementation. We conclude with 

a discussion of the benefits of the system in combining the tangible immediacy of physical models 

with the dynamic capabilities of computational simulations.  

 
           Figure2.19: System Architecture Diagram [11] 



43 
 

The worktable comprises of a smooth white surface suitable for projection and a platform 

onto which a model of a specific site is placed. This platform can be rotated to the desired viewing 

angle, as seen in Figure2.19. Two sides of the area around the platform are illuminated with 

thumbnails from a library of landscape analysis functions. These thumbnails remain active, 

updating with changes in the model, allowing the easy comparison of different landscape analysis 

results. The remaining two edges of the work surface are used to project cross sections of the model 

enhancing the users’ 3-dimensional understanding of the terrain. Quantitative information relating 

to points on the model selected by the pointer is displayed at the corners of the worktable. These 

variables dynamically adjust according to the simulation function that is currently in use. For 

example, these numbers indicate factors such as “Slope: 64°”, “Shadowing: Yes”, “Aspect: 

South”, etc., depending on the current landscape analysis function. The graphical elements 

projected onto the table are oriented radially around the table in order to allow users to approach 

it from all sides and a wireless trackball allows users to pass the control of the selection pointer to 

each other irrespective of their location around the table. These measures emphasis the intended 

use of the table as a platform for simultaneous collaboration [11].  

2.1.15 Touchable Table [12] 
 

 
Figure2.20: Building the Touchable Table project [12] 
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Figure2.21: GUI of Touchable Table Software [12] 

Innovation has turned out to be so useful to our lives in such huge numbers of ways. 

Innovation is advantageous and effective as shown in Figure2.20 and 2.21. It helps us to live more 

conveniently by enabling us to accomplish more in less exertion. It, at that point, turns out to be 

somewhat hard to undermine the significance in which innovation plays inside our lives. 

Numerous individuals have profited from the innovation and would regularly think that its 

muddled to manage without. After a seemingly endless amount of time, innovations progress 

toward becoming reexamined through new thoughts and the improvement of hardware and 

devices. Therefore, if an old innovation does not get the job done, another one will effectively 

come in support soon after.  Shape changing interfaces give physical shapes to advanced 

information so clients can feel and control information with their hands and bodies. Our approach 

is to constructs an insightful model for the properties of deformable materials. Office desks have 

been created and have been used since quite a while. The most well- known viewpoint about these 

office work areas is that every one of them are nearly the same, much the same as a consistent 

table yet substantially fancier to take a shot at.  The Touchable Table is the perfect arrangement 

that will influence work areas additionally fascinating attempting to space. It can speak with the 

client in different diverse ways. It will be an extraordinary advancement for a work area as it will 
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influence the client to feel better, inventive, and stimulated. As far as ease, the clients will have 

the capacity to change the workstation such that it will influence them to feel calm while sitting in 

their own stance. Subsequently, this table will have the capacity to hold anything that drifts over 

it in that way and thus, you will never need to stress over purchasing any stands [12].  

2.1.16 A New Approach to Hybrid Modeling of Macromolecular Assemblies [13]  
 

 
   Figure2.22: Interface of the Sculptor [13] 

Advanced biophysical imaging techniques, such as cryo-electron microscopy or 

tomography, enable 3D volumetric reconstructions of large macromolecular complexes in a near-

native environment, as shown in Figure2.22. However, pure volumetric data is insufficient for a 

detailed understanding of the underlying protein–protein interactions. This obstacle can be 

overcome by assembling an atomic model of the whole protein complex from known atomic 

structures, which are available from either X-ray crystallography or homology modeling. Due to 

many factors such as noise, conformational variability, experimental artifacts, and inexact model 

structures, existing automatic docking procedures are known to report false positives for a 
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significant number of cases. The present paper focuses on a new technique to combine an offline 

exhaustive search algorithm with interactive visualization, collision detection, and haptic 

rendering. The resulting software system is highly immersive and allows the user to efficiently 

solve even difficult multi-resolution docking problems. Stereoscopic viewing, combined with head 

tracking and force feedback, generates an ideal virtual environment for true interaction with and 

solution of hybrid biomolecular modeling problems [13]. 

 
Figure2.23: Overall software architecture [13] 

Interactive global docking (IGD) consists of two separate steps: first, an offline exhaustive 

search is performed in Eliquis, our new cross-correlation based exhaustive search software. This 

typically takes from a few minutes to a few hours, depending on the size of the system. The 

exhaustive search produces a vector field containing fit- ting scores and orientations of the probe 

structure, i.e., a scoring field. This field is read into our Sculptor visualization package and the 

user interactively explores both the scoring field and any additional docking information generated 

on-the-fly by Sculptor. Figure2.23, how’s an out- line of the software architecture [13].  
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2.1.17 Experiential Learning using HMD-based immersive VR Technologies [14] 

 

Figure 2.24: Relationship between virtual reality and actual reality [14] 

 
This paper examines the possibility of experiential learning in a virtual space using head-

mounted-display-based immersive virtual reality (VR) technologies, as shown in Figure2.24. 

Experiential learning refers to learning through direct experiences in the context of learning. 

Realistically, experiential learning is impossible in most cases, but VR technologies allowing 

direct interaction with virtual environments and objects are being developed and commercialized. 

These technologies are predicted to enhance vividness, interactivity, presence,  ow, and 

experientiality, and increase the expectations of the possibility of experiential learning using VR. 

Thus, in this study, an experiment was conducted to verify such possibility. The analysis of the 

experiment results showed that the tactile interactivity and presence improved with the use of 

enhanced interaction technologies in VR, and in terms of experientiality, the experiment 

participants became highly aware of the “exploratory stage,” referring to the level of experience 

of being exposed to an interesting site and directly touching an object in the currently enhanced 

VR in providing direct tactile and locomotive interactivity. Furthermore, the fact that the learning 

elect is also partially enhanced was discovered. Accordingly, it was determined that experiential 

learning using VR is possible based on the experiment results, which showed that the enhanced 
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vividness and interactivity of VR technologies allow the users to closely recognize virtual 

experiences as direct experiences, and that the learning elect is enhanced. It was also determined 

that experiential learning in a virtual environment that is identical to an experience in reality would 

be made possible in the near future based on continued technological development [14]. 

2.1.18 Flow Blocks – Tangible Media [15] 

 

Figure 2.25: System Architecture of Flow Blocks [15] 

The main element of the project is an elevating block, which is controlled by a linear 

actuator and a microcontroller, as shown in Figure 2.25. There are several sensors placed on the 

table and based on their values the blocks will interact with the user movement or environment. 

For example, if the user moved their hand over the table, the blocks will elevate their levels 

mimicking the user movement creating a wave. This will be done using ultrasonic sensors. If an 
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object is place on the table, the sensors placed on the blocks would detect the object and based on 

the weight of the object different scenarios can occur; either the object is surrounded by blocks or 

the object is moved across the table. These sensors are force/pressure sensors. The system 

architecture shows the 4 by 8 organization and connection of the actuator, along with the motor 

drivers, force sensors, ultrasonic sensors, microcontroller and the power supply [15].  

 

Figure 2.26: Flow Blocks Prototype [15] 

In Figure 2.26, shows the three applications are shown as the first three columns makes the 

ready generated wave, the second three columns show the blocks making a stand for the mobile, 

and the last two rows shows the blocks randomly moving after moving our hands over the 

ultrasonic sensors [15].  
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2.2 Comparison Table  
 

In the table 2.1 below, compares the literature review that were provided in order to focus 

on the implementation, important and significant features of each project. Moreover, Tangible 

Media project is included in the table to differentiate and compare the proposed features.  

Table 2.1: Comparison Table of Literature Review. 

No Project Name Implementation Features Budget 

1 The Design of a Tangible 
User Interface for a Real-
Time Strategy Game 

Graphical User Interface 1. Real time strategy game 
Immediate haptic feedback  

N/A 

2 Tangible Bits  N/A N/A N/A 

3 Radical Atoms  N/A N/A N/A 

4 Materiable  The use of actuators and 
sensors  

1. Shape changing the interface  
2. Users identify deformable properties  
3. Direct touch interaction 

N/A 

5 Method of Rendering 
Dynamic Material Properties  

Transform system  1. Touch detectors  
2. Shape display  
3. Material property emulator 

N/A 

6 Explorative Display  Three shape display pins  
Actuation speed  
Arduino board 

1. Shape changing interfaces give physical 
shapes to digital data 

N/A 

7 Landscape Design + 
Simulation  

Used actuators with 
complex software 

1. Direct manipulate 3D shapes 
2. Create land forms  
3. Used in children education  
4. Used in medicine field 

N/A 

8 Engineers at Tangible Media 
group construct alterable pin 
surface to move objects  

They used sensing pins to 
sense the blocks and 
move them. 
 

1. Move and control objects placed on top 
of them and give physical form to 
digital information. 

2. The pins can orient objects  
3. The system can construct pre-programmed 
structures (assemble, disassemble and 
reassemble structures) 

N/A 

9 Transform  They used actuators and 
sensors and dynamic pins 
 

1. moves the objects placed on it. 
2. takes the shape of the objects placed on 

it.  
3. Used as a playing/working surface 
4. Memorizes the user’s preference. 

N/A 

10 inFORM Overheard depth camera  
Microsoft Kinect 

1. Users can interact with digital 
information  

2. Planners can convert abstract 
information tangible forms 

N/A 

11 Wetpaint  N/A 1. Exploring multi layered images  N/A 
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No Project Name Implementation Features Budget 

12 Tangible Cityscape  N/A 1. Determining appropriate sizes, 
functions and relations of buildings  

2. Planners can convert abstract 
information into tangible forms  

N/A 

13 SoundFORM CooperForm a 24x24 pin 
square dynamic shape 
display  
Web Audio AP 

1. A user can program sound sequences, 
visualize sequence pulses and modify 
sounds with touch.  

N/A 

14 Illuminating Clay: A 3D 
Tangible Interface for 
Landscape Analysis  

Used computer projector 
and ceiling laser  
Angles mirror with two 
devices  

1. The configuration ensured that all 
surfaces visible to the scanner could be 
projected 

N/A 

15 Touchable Table  Used power fader to lift 
the sticks integrated with 
microcontroller  

1. Will interact with the user and show 
different 3D shapes and displays 

N/A 

16 A New Approach to Hybrid 
Modeling of Macromolecular 
Assemblies 

Enable 3D Volumetric  
Hybrid biomolecular 
modeling  

1. Atomic model  
2. X-ray crystallography  
3. Stereoscopic view  

N/A 

17 Experiential Learning using 
HMD-based immersive VR 
Technologies 

Tactile interactivity  
ACR and VR  
Animation  

1. Highly realistic virtual environment  
2. Graphic technologies  
3. Virtual environment  

N/A 

18 Flow Blocks – Tangible 
Media  
 

Used Microcontroller and 
linear actuator 
mechanism  

1. To implement a TUI  
2. To implement a 3D System  
3. To solve health issues  

$7290 

- Tangible Media Used Electrical actuators 
or by 
pneumatic/hydraulic 
pumps. 

1. Will interact with the user, take the 
shape of different 3D objects and hold, 
move objects 

$3338.28 

 
 
2.3 Conclusion  
 

In conclusion, chapter two discusses different topics based on research and each of those 

projects had strengths and weaknesses in order to improve the proposed Tangible Media project. 

Despite the reason of the features that were mentioned in each literature review are different. 

However, most projects met at a common point where they all share the same goal and perspective.  
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3 Chapter Three: Design & Analysis  
3.1 System Architecture of the Tangible Media  
 

 
Figure3.1: System Architecture of the Prototype. 

In Figure3.1, shows the overall system architecture of the Tangible Media which includes 

critical components connecting to perform the required functions as well as to meet the main 

objectives and goals of this project purpose. In Figure3.1, shows the overall system architecture of 

the Tangible Media which includes critical components connecting to perform the required 

functions experienced by the users as well as to meet the main objectives and goals of this project 

purpose. The main component for the project is the Intel RealSense Depth Camera that is 
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connected to the other two main components of our project which is the Single Board Computer 

(SBC or what is called latte panda), and Microcontroller Board (Controlleno plc), that is 

responsible for the programming part of the project. Afterwards, the Controlleno plc is responsible 

for controlling the Relay boards, which acts as a transitioning step to the double active actuator. 

The actuators used in the final design are responsible for executing any system or machine’s 

motions. This is done by using Selenoids, it can be used for controlling the movement of the system 

or device, and to allows the actuator to slide up and down. This is done through a compressor – 

motor connected to the main power supply. Power supply will be needed for the compressor motor. 

The system architecture shown in the Figure 3.1 shows the organization and connection of the Intel 

RealSense Depth Camera, latte panda, Controlleno plc’s, Relay boards, double active actuators, 

along with Solenoids, compressor, and the power supply. The Monitor is used to show the codes 

programmed using the Latte panda (SBC) and the PLC’s, and the user would interact with the table 

by using the camera directed toward the table. The idea of how the components will be connected 

and the structure of the project is shown in Figure 3.1.  
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3.2 Block Diagram of the Tangible Media  
 

 
Figure 3.2: Block Diagram of the Tangible Media  

 
In Figure 3.2, shows the Block Diagram of the Tangible Media. A block diagram in any 

system always represents the principal and functioning parts of the presented system. Moreover, 

block diagrams are mainly used in designing and implementing a hardware engineering.  For our 

system, the camera of the system will be connected to the SBS which is the microcontroller of the 

tangible media project. Afterwards, the latte panda component is connected to two other 
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components knows as the PLC that is responsible for programming the tangible media project. As 

a result of that connection, all of the mentioned components are connected to the solenoid that is 

responsible for the movement of the project.  

3.3 Flowchart of the Tangible Media  
 

 
Figure3.3:Flowchart.of the Tangible Media 



57 
 

In Figure 3.3, shows the flowchart of the project. For our project, we aim to do three 

different applications. Hand gesture detected by intel real sense depth camera. Move objects 

according to the hand motion, object holders are created when objects are detected.  First Start 

the system, the system will require input hand move. After a while (setup time for 5 minutes) if 

there is no input hand move “No” system will turn off. If “Yes” there is a hand move, system 

will check the hand gesture and response with an output according to the hand gesture input. If 

the hand gesture recognized as the follow: 

Ø Hold Setting:  

Camera is ready to scan the object, wait for five minutes if there is nothing  

“Turn OFF”  

If “YES”  

send command to SBC  

send command to PLC  

Then send command to pneumatic system: 

     > if “NO” recheck the command  

     >if “YES” camera check position > if “NO” recheck position 

                                >If “YES” check table clear then STOP!  

Ø Move Setting:  

Camera is ready to scan the object, wait for five minutes if there is nothing  

“Turn OFF”  

If “YES”  

send command to SBC 

send command to PLC 

 Then send command to pneumatic system: 

     > if “NO” recheck the command  

     >if “YES” camera check movement > if “NO” recheck movement 

                                   >If “YES” check table clear then STOP!  
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3.4 Design Alternatives  
 
3.4.1 Design Alternative 1 [16] 
 

 
Figure3.4: Linear Actuator [16] 

At the begging, the idea of our design was based on using Linear Actuators to control the 

movement of our tangible table by controlling the actuators through the Arduino. Electric Linear 

Actuators are electrically powered, mechanical devices consisting of motors, linear guides, and 

drive mechanisms, which are used to convert electrical energy into linear displacement through 

mechanical transmission, electro-magnetism, or thermal expansion to provide straight line 

push/pull motion as shown in Figure3.4 [16].  

Key specifications include the intended application, drive type, motor type, the mounting 

configuration, as well as other physical dimensions and electrical characteristics. Electric linear 

actuators are used primarily in automation applications when a machine component, tool, etc. 

requires a controlled movement to a particular position. They are used in a wide range of industries 

where linear positioning is needed. The actuators are driven by several means including ball or 

lead screws, belts, or voice coils, among others. Typical applications include opening and closing 

dampers, locking doors, braking machine motions, etc. [16].  
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All linear actuators depend on an external, non-linear force to drive some kind of a piston 

back and forth, yet, different types of linear actuator work in different ways. A ‘piston" is defined 

as sliding piece which is moved by or against fluid, air pressure, or electricity. It usually consists 

of a short cylinder fitting within a cylindrical vessel along which it moves back and forth. For 

example: in steam engines, motion is created by steam, and pumps transmit motion to a fluid.  

The benefits of linear actuators are endless because they are used in industrial automation 

and machinery, machine tools, computer peripherals such as disk drives and printers, home 

automation, packaging, assembly, electronic manufacturing, data storage, laser processing, and 

test and inspection. Linear actuators are typically used in applications along with motors, valves, 

pumps, switches, dampers, and in many other places where linear motion is required. Linear 

actuators are also used for medical imaging and diagnostics, solar, farming, construction, 

automotive, and robotics applications [16].  

Linear actuators are used in nearly every type of electrical device that requires linear 

motion. Power drills, pumps, and other industrial appliances often rely on linear actuators to move 

other objects. Linear actuators are also used in some types of motors and are often used in the 

robotics industry to provide robots with motor skills. In fact, a simple piston inside of an electric 

motor or fuel-injection engine uses linear motion, and therefore acts as a linear actuator [16].  

There is a huge verity of different types of linear actuators. Although they all do the same 

job, but each one of them does it differently. Some have higher speed than the other, or more power 

consumption, and each one of them will give a different result than the other. We are able to 

implement our tangible table using the actuators. However, in order to have a perfect representation 

of the movement of the surface of the table we need to have small cubes on the top. which will 
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lead us to order more actuators that will coast us heavily. Moreover, if we did not use smaller 

cubes the table will not function effectively as we want it to [16].  

Table 3.1: Design Alternative 1.  

 
 

The Table 3.1 above shows the differences between the Morai Motion (Micro Pen Linear 

Actuator), T16 Micro Linear Actuator, and P16 Linear Actuator. As you can see there aren’t big 

differences between the T16 Micro Linear Actuator and P16 Linear Actuator, except that the P16 

Linear Actuator length is longer than the T16 Micro Linear Actuator, and that a good benefit 

because the more the length is longer the more and better the representation of shapes can be 

developed. Both of them have the same speed and the static load that mean they can handle holding 

stuff. But the Morai Motion (Micro Pen Linear Actuator) has big differences, the length is short, 

not fast, and the static load is less than the others [16].  

We are able to implement our tangible table using the actuators. However, in order to have 

a perfect representation of the movement of the surface of the table we need to have small cubes 

 

Morai Motion (Micro Pen 
Linear Actuator) 

 
T16 Micro Linear Actuator   

P16 Linear Actuator 

speed 15mm 46mm/s 46mm/s 

Voltage  12V 12V 12V 

Length  60mm 200mm 247mm 

Static Load  30N  50N 50N 
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on the top. which will lead us to order more actuators that will coast us heavily. Moreover, if we 

did not use smaller cubes the table will not function effectively as we want it to [16].  

3.4.2 Design Alternative 2 [17] 
 

 
Figure3.5: Actuator [17] 

In Figure3.5, actuators are devices that is used to produce action or motion, with an input 

of mainly electrical signal, air, or fluids, where the electrical signal of low or high power, and an 

output of position or rate, where linear displacement or velocity typically is the output. To add, 

actuation can be from few microns to few meters. There are many types of actuators, and the most 

known are Hydraulic, Pneumatic, Mechanical, and Electrical actuators. In addition, actuators are 

categorized depending on the movement provided according to customers’ needs and usage. There 

are linear actuators such as solenoids of Hydraulic/Pneumatic design, and rotary actuators such as 

motors of Hydraulic/Pneumatic design as well [17]. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure3.6: Coil [17]. 
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In Figure3.6, shows a solenoid is a coil twisted into a tightly packed helix. In physics, the 

term solenoid refers to a long, thin loop of wire, that is wrapped around a metallic core, which 

produces a magnetic field when an electric current is passed through it. A couple of its many 

applications are Pneumatic valve and car door openers [17]. 

 

 
Figure3.7: Types of Motors [17].  

In Figure3.7, motors are actuators that convert the electrical signal to mechanical motion. 

Most common types used with the Arduino are DC motors and servo motors [17].  

3.4.3 Design Alternative 3 [18] 
 

                 
Figure3.8: Hydraulic systems [18] 

In Figure3.8, shows the Hydraulic systems are used to control & transmit power. They 

consist of a pump that is driven by prime mover (electric motor) which creates flow of fluid.  

Hydraulic actuators are of various types. First, Linear actuator (hydraulic cylinder), that provides 

motion in straight line where the linear displacement depends on stroke length. They are usually 

referred to as cylinders, rams (single acting cylinders) or jacks. Second, Rotary actuators 

Hydraulic cylinder 

Single  pressure line 
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(Hydraulic motors), that produces continuous rotational motion, where the pump shaft is rotated 

to generate flow. A motor shaft is caused to rotate by fluid being forced into the driving chambers. 

Third, Semi rotary actuators that produces non-continuous rotational motion, where they are 

limited to less than one revolution (which is less than 360°). They are used to produce oscillatory 

motions in mechanisms. Hydraulic systems are of many applications, such as, Hydraulic jack, 

Hydraulic brake, Hydraulic ram, it is used as sensor in Close loop velocity controlling, and Highly 

precise positioning for heavy loads [18].  

 

 
Figure3.9: types for Rotary hydraulic actuators [18] 

 
There are types for Rotary hydraulic actuators as shown in Figure3.9. First is the Vane 

rotary actuator, where it characterized by the limited angle in both directions, with the maximum 

angle always smaller than 360°, and by the same torque in both directions. Second, is the Piston 

rotary actuator, where it characterized by the rack and gear coupling, with the maximum angle 

may be larger than 360° [18].  

 

 

 

 

 

 

 

 

 

 Limited angle rotary 
actuator 

Parallel piston rotary 
actuator 
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3.4.4 Design Alternative 4  [19] 
 

 
Figure3.10: Pneumatic systems [19] 

In Figure3.10, Pneumatic systems are used to convert energy, formed by gas or compressed 

(pressurized) air at high pressure, into either linear or rotary motion. One of the most sought-after 

characteristics of a pneumatic system is how quickly responsive it is in operation. The principles 

of pneumatics are the same as those for hydraulic, but pneumatics transmits power using a gas 

instead of a liquid. Compressed air is usually used, but nitrogen or other inert gases can be used 

for special applications. With pneumatics, air is usually pumped into a receiver using a compressor. 

The receiver holds a large volume of compressed air to be used by the pneumatic system as needed. 

Atmospheric air contains airborne dirt, water vapor, and other contaminants, so filters and air 

dryers are often used in pneumatic systems to keep compressed air clean and dry, which improve 

reliability and service life of the components and system. Pneumatic systems also use a variety of 

valves for controlling direction, pressure, and speed of actuators. We are surrounded by systems 

based on pneumatics. Many examples include the following [19]:  

• Air brakes on buses and trucks are formally known as compressed air brake systems. 

These systems use a type of friction brake in which compressed air presses on a piston, 

and then applies the pressure to the brake pad that stops the vehicle. 
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• Compressed-air engines, also called pneumatic motors, do mechanical work by 

expanding compressed air. Usually the compressed air is converted to mechanical action 

by rotary or linear motion. 

• Pressure regulators are valves designed to automatically stop the flow of a liquid or gas 

when it reaches a certain pressure. 

• Pressure sensors are used to measure the pressure of gases or liquids. 

• Pipe organs produce sound by pushing pressurized air through pipes that are chosen by 

pressing keys on a keyboard. 

• Inflatable structures, such as balloons, bouncy castles, or blow up figures are inflated 

with a gas – air, helium, nitrogen, or hydrogen. The pressure of the gas keeps the structure 

inflated. 

• Cable-jetting is a technique used to put cables into ducts. Compressed air is inserted and 

flows through the duct and along the cable. 

• Pneumatic mail systems deliver letters through pressurized air tubes. This was invented 

by a Scottish engineer in the 1800s. 

• Gas compressors are devices that increase the pressure of a gas by reducing its volume. 

• A pneumatic bladder is an inflatable bag technology that can be used to seal drains and 

ducts to contain chemical gases or spills, to stabilize cargo within a container, or to float 

an artificial coral reef. They can be used in medical research and have other applications 

as well. 

• Pneumatic cylinders use the power of compressed gas to produce a force. 

• A vacuum pump removes gas molecules from a sealed container, leaving behind a partial 

vacuum. This concept was invented in 1650. 
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• Pressure switches close an electrical contact when a certain amount of pressure has been 

reached. The switch can be set up to make contact either when the pressure rises or when 

the pressure falls. 

• Pneumatic air guns use pre-compressed air as an energy source to put a projectile in 

motion. 

• Barostat systems maintain constant pressure in a closed chamber. They can be used for 

medical purposes. 

• Gas-operated reloading provides energy to run firearms. 

• Pneumatic tires are created with compressed air to inflate and form the body of a tire on 

a bike, car, or other vehicle. 

• A handheld jackhammer is a tool that combines a hammer and a chisel and is usually 

powered by compressed air. 

• Even Legos can use pneumatics! There is a kind of Lego brick that uses air pressure to 

perform various actions using pneumatics concepts [19].  

3.4.5 Design Alternative 5 [20] 
 
 
 

 

 

 

 

 

In Figure3.11, shows the Mechanical linear actuated systems are typically operated by 

conversion of rotary motion into linear motion. There are types for mechanics, such as Screw, 

Wheel and axle, Cam [20].  

Figure3.11: Mechanical linear actuator [20] 
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Figure3.12: Electrically actuated systems [20] 

In Figure3.12, Electrically actuated systems are very widely used in control system, the 

working Principle of motor, is that every motor works on the principle that when a current-carrying 

conductor is placed in a magnetic field, it experiences a mechanical force. There are three types of 

motor used in control system, D.C. motor, A.C. motor, and Stepper motor. Stepper motors are 

electromechanical devices which convert electrical pulses into discrete mechanical movements. 

They are of the types, Permanent magnet type, Variable reluctance type, and Hybrid type. Other 

types of actuators include, first, Lights which are used on almost all machines to indicate the 

machine state and provide feedback to the operator. Examples includes LED, LCD’s, Gas plasma 

display and CRT. Second, Heaters which are used with temperature sensors and temperature 

controller to control the temperature in automated molding equipment and in soldering operation. 

Third, Sirens/Horns which can be useful for unattended or dangerous machines to make conditions 

well known [20].  
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3.5 Components Used  
3.5.1 LEDs  [21] 
 

                
Figure3.13: Light Emitting Diodes (LEDs) [21] 

      

In Figure3.13, shows the Light Emitting Diodes (LEDs), are electronic components that 

emits light in the process, where the shorter leg is the cathode (negative), the longer LED is the 

anode (positive), Where the diode component only allows electricity to flow in one direction and 

not the other [21].  

3.5.2 Relays 1 [22] 
 

 
Figure3.14: Relays [22] 

In Figure3.14, shows Relays are switching devices. Normal switches can be thrown by 

your finger, but these can be thrown by an electronic signal from your microcontroller [22].  
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3.5.3 Wires [23] 
 
 

 
Figure3.15: wires [23] 

   In Figure3.15, Wires are conductors used to connect different circuit components; an example is 

wiring an electrical circuit to make a prototype. In our project we used multiple types of wiring 

such as male to male wires of 20 cm, female to male wires of 20 and 30 cm, and male to female 

wires of 20 and 30 cm. 

3.5.4 Potentiometers [24] 
 

 
 

 

 

In Figure3.16, shows Potentiometers are used in a very wide range of industries and 

applications, it can be used as a control input, position measurement or calibration component and 

much more. The actuators have a built-in potentiometer, and because actuators act like stepper 

motors, they provide linear movement [24].  

 

Figure3.16: Potentiometers [24] 
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3.5.5 Arduino Board  [25] 
 

 
Figure3.17: Arduino Mega [25].  

 
Figure3.18: Arduino Uno [25] 

In Figure3.17 and 3.18, shows the Arduino is a type of microcontroller which is very easy 

to use, and it is programmed via the software program Arduino IDE. There are many types of 

Arduinos and we choose two of them that can support our project which are Mega2560 and UNO 

as shown in figures 1 and 2 respectively. When we compared them together as shown in table 3.5, 

we came to the conclusion that Arduino Mega2560 is the best choice because it has more pins than 

Arduino UNO [25].  
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Table 3.2: Comparison of Arduino. 

Mega	
2560	

ATmega2560	 5	V	/	7-12	V	 16	MHz	 16/0	 54/15	 4	 8	 256	 Regular	 4	

Uno	 ATmega328P	 5	V	/	7-12	V	 16	MHz	 6/0	 14/6	 1	 2	 32	 Regular	 1	

 

 

3.5.6 IBT 2 DC Motor Driver  [25] 
 

 
Figure3.19: IBT 2 DC Motor Driver [25] 

In Figure3.19, In the design implementation motor shield is important to control the three-

different type of actuators. The IBT-2 motor is the best for this operation due to its high capacity 

to handle high current and high voltage. IBT chip rated for 43 amps and it also can be used with 

Arduino. This driver uses two high current half bridge Infineon BTS 7960 chips for motor drive 

applications. This small size driver provides a cost optimized solution for protected high current 

PWM motor drives. Interfacing to a microcontroller is made easy using this driver which features 

current sensing, slew rate adjustment and protection against over temperature, over voltage, under 

voltage, over in current and short circuit. And the features of the motor driver is as follows [25]:  

Name	 Processor	 Operating/Input	
Voltage	

CPU	
Speed	

Analog	
In/Out	

Digital	
IO/PWM	

EEPROM	
[kB]	

SRAM	
[kB]	

Flash	
[kB]	 USB	 UART	
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• Operating Voltage 5 to 27V (B+)  

•  Control motor speed by PWM up to 25 kHz 

•  Motor forward and backward motion control  

•  Switched mode current limitation for reduced power dissipation.  

•  Current limitation level of 30 A Current sense capability  

•  Over-temperature shut down Over-voltage lock out 

•  Large size heat sink is mounted to driver  

•  Size: 4*5*1.2 cm  

•  Weight: 66 gm 

3.5.7 Hydraulic & Pneumatic Actuator 11 [26] 
  

 
Figure3.20: Constructional features of a cylinder [26] 
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Figure3.21: Hydraulic & pneumatic actuators, cylinders [26] 

Another design that we discussed was that to use the pneumatic cylinder. It is also known 

as pneumatic actuator or air cylinder. It is a mechanical device that uses a source of power and 

converts it into a useful motion, which is going to be linear in our project. The pneumatic cylinder 

is a cylindrical shaped container that has a piston inside it, and it uses compressed air that acts on 

this piston to move the load in a linear path. The fluid that controls this movement of this actuator 

or piston is air. As shown in Figure3.21, the pneumatic cylinder is a very simple device and it is 

extremely efficient for many projects because it will not take a large area under the table as the 

linear actuator will. The pneumatic cylinder usually has two open nozzles, where air is inserted in 

order to move the piston of the pneumatic cylinder, which in turn will move the load in a linear 

motion. As per Figure3.21, in the extended port nozzle, when air pressure is inserted in it, the 

piston will move upward. On the other side, in the retracted port, when the air pressure is inserted, 

the piston will be retracted back inside the cylinder. Therefore, we can deduce that the pneumatic 

cylinder would be a possible idea to implement our project with, because it is extremely effective 

in its design and it is cheaper than the linear actuator itself. However, even though it is a product 

that can used easily, it will be extremely difficult to implement it in our project for multiple 

reasons. Firstly, our project requires accuracy when in operation. Therefore, since the pneumatic 

cylinder is a device that focuses on air pressure, it will be quite challenging to measure the amount 

of air pressure that is inside the two nozzles because sometimes the sticks that will be on top of 

table will travel all the way up. Secondly, for future references, the overuse of the pneumatic 

cylinder might lead to air leakage which in turn will affect the accuracy of the system. Lastly, the 
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use of the pneumatic cylinder will be noisy because of the air flow as well as the movement of the 

cylinder. 

 

 

 

 

 

 

 

 

 

In Figure3.22, shows the Double acting cylinder, with and without cushoining: 

• Non cushioned cylinders  are suitable for full stroke working at slow speed. 

• Higher speeds with  external cushions. 

•  Weight: 66 gm 

•  Weight: 66 gm 

3.5.8 Latte Panda Alpha [27] 
 

 
Figure 3.23: Latte Panda Alpha [27] 

 

Figure3.22: Double acting cylinder [26] 
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In Figure 3.23, shows the Latte Panda that is being used in this project. LattePanda is the 

first development board that can run a full version of Windows 10! It is turbocharged with an Intel 

Quad Core processor and has excellent connectivity, with three USB ports and integrated WiFi 

and Bluetooth 4.0. It also includes an Arduino co-processor that enables you to master the physical 

world by controlling interactive devices using thousands of plug and play peripherals. The Core 

m3 processor is the perfect choice for superior performance and low power consumption. We have 

shrunken this computing monster from a laptop to the size of a phone. The Streaming Cable 

enables your Windows-enabled LattePanda device to act like a USB on a Mac or Linux system. 

Just plug & play into your Apple/Linux device! The PiP (Picture in Picture) form also eliminates 

the switching/use of dual mouse and HDMI to connect different systems for seamless interaction 

of two different systems. Lattepanda Alpha Review by Explaining Computers LattePanda Alpha: 

Windows & Linux SBC [27].  

 

Figure 3.24: Latte Panda [27] 
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LattePanda brings single board computers to a whole new level of power and performance. 

Turbocharged with an Intel Quad Core 1.8GHz processor, 2-4GB RAM and 32-64GB onboard 

flash memory, LattePanda can easily carry out image recognition, real-time and CNC control [27].  

3.5.9 Pneumatic Electric Solenoid Air Valve 1/4 [28] 
  

 
Figure 3.25: Pneumatic Electric Solenoid Air Valve [28] 

 

In Figure 3.25. shows the Penumati Electric SolenOID Air Valve. A solenoid valve is an 

electromechanically operated valve. Solenoid valves differ in the characteristics of the electric 

current they use, the strength of the magnetic field they generate, the mechanism they use to 

regulate the fluid, and the type and characteristics of fluid they control. The mechanism varies 

from linear action, plunger-type actuators to pivoted-armature actuators and rocker actuators. The 

valve can use a two-port design to regulate a flow or use a three or more port design to switch 

flows between ports. Multiple solenoid valves can be placed together on a manifold. Solenoid 

valves are the most frequently used control elements in fluidics. Their tasks are to shut off, release, 

dose, distribute or mix fluids. They are found in many application areas. Solenoids offer fast and 

safe switching, high reliability, long service life, good medium compatibility of the materials used, 

low control power and compact design. There are many valve design variations. Ordinary valves 

can have many ports and fluid paths. A 2-way valve, for example, has 2 ports; if the valve is open, 
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then the two ports are connected and fluid may flow between the ports; if the valve is closed, then 

ports are isolated. If the valve is open when the solenoid is not energized, then the valve is termed 

normally open (N.O.). Similarly, if the valve is closed when the solenoid is not energized, then the 

valve is termed normally closed.[1] There are also 3-way and more complicated designs.[2] A 3-

way valve has 3 ports; it connects one port to either of the two other ports (typically a supply port 

and an exhaust port). Solenoid valves are also characterized by how they operate. A small solenoid 

can generate a limited force. If that force is sufficient to open and close the valve, then a direct 

acting solenoid valve is possible. An approximate relationship between the required solenoid force 

Fs, the fluid pressure P, and the orifice area A for a direct acting solenoid valve is:[3] {\displaystyle 

F_{s}=PA=P\pi d^{2}/4}F_{s}=PA=P\pi d^{2}/4 Where d is the orifice diameter. A typical 

solenoid force might be 15 N (3.4 lbf). An application might be a low pressure (e.g., 10 psi (69 

kPa)) gas with a small orifice diameter (e.g., 3⁄8 in (9.5 mm) for an orifice area of 0.11 in2 

(7.1×10−5 m2) and approximate force of 1.1 lbf (4.9 N)) [28]. 

3.5.10 DC Inner Guide Type Pneumatic Air Solenoid 12V [29] 
 

 
Figure 3.26: DC Inner Guide Type Pneumatic Air Solenoid 12V [29] 
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In Figure 3.26, shows the DC Inner Guide Type Pneumatic Air Solenoid 12VA. The 

Solenoids are the most important components used in solenoid valves to control the flow of liquids 

and gases. Solenoids are electromechanical devices that convert AC or DC electrical energy into 

linear motion. They usually consist of a helical coil wound concentrically around a movable 

cylinder, called the armature, made from a ferromagnetic material such as iron or steel. Most 

solenoid valves have a replaceable coil and can be used with coils with different voltages. When 

current flows through the coil, it generates a magnetic field inside the coil which attracts the 

armature towards the center of the solenoid using the same basic principles as ordinary 

electromagnets. Since the armature is drawn towards the center of the solenoid regardless of the 

polarity of the current, an opposing force is needed to return the armature into the starting position 

when the coil is not energized. This is achieved by using a spring mechanism. Under ideal 

conditions, in order to actuate the solenoid, the force generated by the solenoid must be larger than 

the combined forces of the spring, and the hydraulic pressure, as well as friction. By lifting the 

armature, a small port in the valve is opened that allows the flow of the media. The flow through 

the valve can be controlled by energizing or de-energizing the coil. While there are several types 

of solenoid valves which differ in their mechanical construction, the basic idea of a solenoid 

actuator acting on a control surface remains the same in all solenoid valve types. The polarity of 

the electrical contacts is not important with AC and DC solenoid valves. With AC valves, this 

might be obvious because the current switches polarity twice per period anyway. With DC valves 

the reasoning is that current passing through the coil creates an electromagnet which produces an 

attractive force on the armature. When current is applied through the coil, the armature will always 

be pulled towards the coil, regardless of the contact and current polarity [29]. 
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3.5.11 8 Row Aluminum Pneumatic Manifold Solenoid for Air Pilot Valves [30] 
 

 
Figure 3.27: Row Aluminum Pneumatic [30] 

 
In Figure 3.27, show the 8 Row Alumimum Penumatic Manifold Solenoid. The Aluminum 

Pneumatic Manifolds. Pneumadyne's aluminum pneumatic manifolds are a convenient junction 

point for the distribution of media in a variety of fluid handling applications. Quickly create an 

organized method of supplying multiple lines from a single source by threading pneumatic fittings 

into the ports. aluminum manifolds provide a convenient junction point for the distribution of 

fluids or gases. Simply thread fittings into the ports to create an organized multi-line supply from 

a single source [30].  
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3.5.12 Pneumatic Air Solenoid Valve 24V [31] 

 
Figure 3.28: Pneumatic Air Solenoid Valve 24V [29] 

In Figure 3.28, shows the Pneumatic Air Solenoid Valve 24V. The solenoid valve is an 

efficient method of converting electrical signals into pneumatic functions. Applying electricity to 

the solenoid quickly directs air through the valve and into the circuit. Pneumadyne’s direct acting 

pneumatic solenoid valves are a cost effective, space saving solution for the use of single or 

multiple valves. Our versatile offering features a variety of voltage, wattage, connector, and 

mounting options to make the selection and installation of your solenoid valves fast and easy. 

Quick response times and high flow rates make our pneumatic solenoid valves suitable for 

numerous applications [31] . 

3.5.13 Intel RealSense Depth Camera D435i [32] 
 

 
Figure 3.29: Intel RealSense Depth Camera D435i [32] 

 
The inertial measurement unit (IMU) is used for the detection of movements and rotations 

in 6 degrees of freedom (6DoF), as shown in Figure 3.29. An IMU combines a variety of sensors 

with gyroscopes to detect both rotation and movement in 3 axes, as well as pitch, yaw and roll. It 
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is used in applications such as gaming and pointing devices as well as image stabilization. The 

Intel® RealSense™ D435i places an IMU into our cutting‑edge stereo depth camera. With an Intel 

module and vision processor in a small form factor, the D435i is a powerful  complete package 

which can be paired with customizable software for a depth camera that is capable of 

understanding it's own movement. The combination of a wide field of view and global shutter 

sensor on the D435i make it the preferred solution for applications such as robotic navigation and 

object recognition. The wider field of view allows a single camera to cover more area resulting in 

less “blind spots”. The global shutter sensors provide great low‑light sensitivity allowing robots to 

navigate spaces with the lights off. The depth camera D435i is part of the Intel® RealSense™ 

D400 series of cameras, a lineup that takes Intel’s latest depth‑sensing hardware and software and 

packages them into easy‑to‑integrate  products. Perfect for developers, makers, and innovators 

looking to bring depth sensing to devices, Intel® RealSense™ D400 series cameras offer simple 

out‑of‑the‑box integration and enable a whole new generation of intelligent vision‑equipped 

solutions [32]. 

3.5.14 Dell S2317HWI [33] 
 

 
Figure 3.30: Dell S2317HWI [33] 
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The Dell Wireless Monitor enables your laptop computer, Tablet & Mobile Phone devices 

to display your screen image via WiFi Direct interface, as shown in Figure 3.30. When you connect 

the Laptop, Tablet & Mobile Phone to the Dell Wireless Monitor, you can access the mouse & 

keyboard connected to the Monitor to control the Compute device (Laptop, Tablet or Mobile 

Phone). Dell Wireless Monitor also enables your Laptop & Mobile Phone to be connected 

simultaneously via WiFi Direct interface. The Laptop displayed in full screen and the Mobile 

Phone will be displayed as an overlay (PiP) image [33]. 

3.6 Software Used  
 

 
Figure3.31: Arduino IDE [34] 

In Figure3.31, shows the open source Arduino Software IDE makes it easy to write code and 

upload it to the board. It runs on Windows, Mac OS X, and Linux. The environment is written in 

Java and based on processing and another open source software. This software can be used with 

any Arduino Board [34]. 

 

 

 
Figure 3.32: Python Software [35] 

 
In Figure 3.32, shows the python software which is an interpreted, object-oriented, high-

level programming language with dynamic semantics. ... Python's simple, easy to learn syntax 
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emphasizes readability and therefore reduces the cost of program maintenance. Python supports 

modules and packages, which encourages program modularity and code reuse [35]. 

 
3.7 System Analysis  
 

 
             Figure3.33: System Analysis. 

In this part, we will talk about how the data is working in the system. As shown in the 

Figure3.33, we have two entities which are the user and the table. Also, it shows the inputs and 

output of the system diagram. The user requests a command to the system which is the Tangible 

media table, the system process the command to the table then the table give a feedback to the 

system and the system gives a feedback to the user. 
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3.8 Estimated Budget  
 

Table 3.3: Estimated Budget. 

Component  Quantity  Price  

Arduino Mega  1 $16.43 

Latte Panda Alpha 1 $409.0 

IBT 2 Motor Shield   1 $36.9 

TIGmicro Linear Actuator   1 $90.0 

P16 Linear Actuator   1 $80.0 

Morai Motion Actuator 12V  1 $110.95 

Female to Female Wire 30cm 10 $24.65 

Male to Female Wire 30cm  10 $24.65 

Male to Female Wire 10 $16.43 

Male to Male Wire 20 $49.30 

Male to Male Wire 10  $16.43 

Hoses 140 meter  1 $16.44  

Soldering  1 $32.88 

Wiring 140 meter  1 $32.88 

Relay Board  7 $197.25 

Power Supply  5 $98.65 

Camera Stand  1 $49.31 

Pneumatic Electric Solenoid Air Valves 
12V 

70 $8.09 

Pneumatic Electric Solenoid Air Valves 
24V 

70  $15.27 

DC Inner Guide type pneumatic air 
solenoid 12V 

1 $10.99 

8 Row Aluminium Pneumatic manifold 
solenoid for air pilot valves  

1 $19.99 

Dell S231HWi Monitor  1 $369.99 

 

Total  

 

$3338.28 
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3.9 Conclusion  
 

To summarize, the chapter captured the alternative designs that possibly could be used to 

implement the planned project. it recaps all the ideas on how each of these designs could be 

structured using diverse types of components. 
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4 Chapter Four: Implementation  
 
4.1 Hardware Implementation 
 
4.1.1 Prototype of the Tangible Media  
 

 
Figure4.1: Actuators Mounted using Glue. 

Using the electrical components, which were discussed in Chapter 3. firstly, we mounted 

the motorized actuators onto the plastic box using a strong glue and connected the wires on the 

motors of the actuators as shown in Figure4.1.  
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Figure4.2: 12V Battery Power Source. 

 
Figure4.3: Battery Power Source and Motor Shield Mounted using Double Tape. 

 
In Figure4.2 and 4.3, shows the next stage where we measured and choose the appropriate 

the length of the wires so that they can reach the outputs of the motor shield. The motor shield was 

mounted using strong double tape on the plastic box.  
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Figure4.4: Top View of the Prototype Connection. 

 
Figure4.5: Assembling the Prototype. 
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In Figure4.4 and 4.5, shows the assembly stage where the unit is placed onto the plastic box. 

Then we connected the second actuator and mounted it carefully beside the first actuator. We did 

that to the third actuator until all the actuators were connected. When we finished with the 

actuators, it was time for the motor shield. we started connecting the wires of the motor shield and 

connected them to the battery and to breadboard digital PWM- pins part of the Arduino. All the 

connections from Motor Shield going to the Battery Power Supply and Actuators as follows:  

• Two wires are taking power supply from the power source or battery.  

• Two wires are giving power to the actuators. 

On the other hand, the rest of the connection that is from the Motor Shield is going to the 

Microcontroller Board the Arduino Mega as follows:  

• Two wires are connected to GND and VCC, correspond to the white and grey wires 

• Two wires are connected to the 5V, correspond to the brown and black wires.  

• Two wires are connected to pins 5,6, correspond to the red and orange wires. 

Then, we placed the components, Battery Power Source, the Motor Shield, and the Arduino 

Board, inside the plastic box, we placed the Arduino beside the motor shield to easily connect the 

wires to the pins and measured and choose the proper length of wires so that it can easily reach the 

motor shield pin. We took small parts of the plastic box out (holes), to be able to connect the USB 

cable for the Arduino board to the computer, as well as to connect the actuators wires to the motor 

shield. 

 
Figure4.6: Connecting the components. 
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Figure4.7: Connection of the components. 

In Figure4.6 and 4.7, shows the next stage where After we finished the connections of the 

components, we should notice that, they should be connected in an organized way to make all the 

actuators operate in the same way at the same time. It is because if one of the connections was 

improper, then its functionality will be different from the others and it will result in an unorganized 

coding experience and failed comparison between the three actuators. 

       
Figure4.8: The VCC and Ground in the Motor Shield. 
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                              Figure4.10:IBT 2 Motor Shield connection. 

 

A B

Figure4.9: Top view of the components connection. 
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In the previous figures 4.8, 4.9, and 4.10, shows the three different types of actuators have 

their advantages and disadvantages as they were under testing each of them has different speed 

and capacity of handling weight. We supplied 12V external source to the motor driver and 

connected its output to the motor of the actuators as shown in Figure4.10. We were able to achieve 

some simple codes for the actuators to move in up and down directions only and they were fast in 

its response. That will be done by connecting the 5V and GND together with the Arduino and 

connecting the reading pin of the actuators to one of the analog inputs in the Arduino, as shown in 

Figure4.9. Then we connected the wires from the Arduino pins to the IBT-2 motor shield. The 

IBT-2 motor which connect the Arduino to the actuators as shown in the implementation Figure(2), 

the wires (A) come from the Arduino and the wires (B) goes to the actuators. We have three 

actuators being tested and each of them need two wires from the motor shield, 6 wires total, as 

shown in Figure4.10. 

4.1.2 Recognizing Object  
 

In this part of the capstone I as in terms of prototyping. We are in the testing and trying 

process we still could have more idea to add for the capstone II. For actuators, we are not decided 

what we going to use to control their flow, movements, and to function the tangible table. However, 

we have the ideas in mind but still need to recognize the best suitable one for the tangible table. 

Below are the possible ideas that we decide to use it for capstone II.  

4.1.2.1 Pressure Sensor  
 

 
                        Figure4.11: Pressure Sensor. 

 
In Figure4.11, show the pressure sensor is a device that senses pressure and converts it into 

an electric signal where the amount depends upon the pressure applied. From this point of the 
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pressure sensors idea we could function the tangible table as it can sense any object according to 

their pressure and immediately take it shape or hold and left the object. 

4.1.2.2 3D Camera  
 

 
Figure4.12: 3D Camera. 

In Figure4.12, shows adding 3D-camera to the tangible media would be very interesting, 

as we could apply any movement by hand (input) to the table and get the desirable function 

(output).  

 

4.1.2.3 Ultrasonic Sensor  
 

 
Figure4.13: Ultrasonic Sensor. 

 
In Figure4.13, shows the Ultrasonic Sensors measure distance by using ultrasonic waves. 

The sensor head emits an ultrasonic wave and receives the wave reflected back from the target. 

Ultrasonic Sensors measure the distance to the target by measuring the time between the emission 

and reception.  
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4.2 Software Implementation  
 

For the software we have two codes for the camera and the PLC. The camera has two main 

codes the depth code and the gesture, for both of them we use python. The PLC we have one code 

and we use Arduino which is c language.  The depth is when the camera take the image in 3D. In 

the depth code we have three main libraries pyrealsense2, numpy, and cv2. These libraries are very 

important and make it easier for us that why we chose python. pyrealsense2 combine the function 

camera to python. Open cv "cv2" which is for the image processing. Numpy is creating a grid for 

the image. After the libraries the code will pull the video string from the camera from "pipeline". 

Then before the loop we have some function that we will be y=using for our code.  We have two 

configure function for depth and color, and full it according to our camera resolution and depth. 

We have the depth scale and sensor; the depth sensor will start the depth sensor of the camera. The 

align function allows us to perform alignment of depth frames to others frames. Then we have the 

loop to run the program. In the loop we have the images save in frame, and then align the depth to 

color frame. After that he will check if the depth and the color are in the same ratio if not exit 

program. We create an array for the color and depth. Then we have the clipping distance function 

which is one meter, it will measure if it greater than one meter the image will be gray, and if it less 

it will be color. The render is for cutting the image to only show the object on the table. At the end 

of the code it will show the image.  
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Figure 4.14: Hand Gesture 

 

 
Figure 4.15: Hand Detection 

The second code is the gesture code, this code will take the gesture of the hand and we 

have 5 gestures in our code. First we define region of the image processing of the place, it will 
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draw then a rectangle to know where we can put the hand. After that we define the range for the 

skin color and extract the color skin of the image. The HSV function for erosion will take the 

image the needed part will make it white and the other part will be black, and then we have dilation 

that is the opposite of erosion. The contour it will put a limitation for the hand, then it will take the 

max area of the contour and approximate it Figure 4.14. convexHull is the function that will take 

the shape of the hand in more detail without the space between the fingers. The defects are the 

space between the fingers which are like the letter V, if it one finger that means zero defects, as 

shown in Figure 4.15. The rest of the code is all if statement that will print corresponding gestures 

of the hand which is in their ranges.  

 The PLC we use Arduino which is in c language. In Arduino, we have to main void setup 

and loop. Void setup what inside it will run once in the program, the void loop it what will be 

repeated several time. For the PLC we need a specific library which is controlling. Then we declare 

each pin as an output. To control the pins we have a high and low for each one and delay between 

them. Using if statement we be able to control all the pins as we like.  
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4.3 Hardware Assembling  
 
 

 
Figure 4.16: Assembling the hardware 

 
In Figure 4.15, shows the designing table housing by 2D design as its shown in the figure.  
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Figure 4.17: Assembling the hardware 

 
In Figure 4.16, shows the second step of the assembly after it is lasered cut for the plastic 

shape of it as its shown in the figure.  
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Figure 4.18: Assembling the hardware 

 
In Figure 4.17, shows the installation of the actuators and connection them to the solenoids.  
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                       Figure 4.19: Assembling the hardware 

 
In Figure 4.18, shows the wiring of the solenoids to the PLC.  
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Figure 4.20: Assembling the hardware 

In Figure 4.19, shows the installation of the cubes on the actuators and adjusting spacing 

between the cubes for clearance.  
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Figure 4.21: Assembling the hardware 

 
In Figure 4.20, shows the installation of the 3D Camera and adjust positioning. Connection 

the PLC and the 3D Camera to the latte panda.  
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4.3.1 Final Assembling of the Tangible Media Project  
 

 
Figure 4.22: Final Assembling of the Tangible Media Project 
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Figure 4.23: Final Assembling of the Tangible Media Project 
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Figure 4.24: Final Assembling of the Tangible Media Project 

In Figure 4.21, 4.22, and 4.23, shows the final implementation of the Tangible Media 

project. To design our table for the final project, We choose between various shapes, we first, 



107 
 

thought of designing a surface that takes the shape of a circle or a triangle for a modern look, and 

we stayed away from the conventional square or rectangular shapes, we finally choose the 

hexagonal shape, which would allow the table to have many sides to it, it would make room for 

the users to interact with the table as well as the beautiful architecture to the table. 

4.4 Testing  
4.4.1 Power Consumption  
 

This section will talk about the power consumption. It will talk about how much 

the prototype is going to consume power and the calculations that were made to achieve it. In order 

to calculate the power consumption of a component in a circuit, we need the voltage of that 

component in the circuit and the current that is passing through it. That way we can find the power, 

i.e.  P = VI. However, this is just the power of the component, not the power consumption. To 

calculate the power consumption, we have to find the energy, E=PT Energy is the product of power 

in Watts and time in hours.  

Ah= !(#$%&'()$)
+,--$%&'()$

   where, 

A is the amps drawn   

T is the time spent in seconds   

3600 is one hour in seconds   

Ah is the amps hour, or the battery needed  

Now, for the prototype, we used external power supply of 12V battery, the way we are 

supplying energy for the prototype at this level is we are using the cable from the computer or 

from Arduino itself , however, in case we want to use a battery, that could hold a definite known 

capacity of energy in a close system, we will convert Ah to watts, to get the total power needed. 

Next, we need to know the power of each component as follows:  

o Power consumption for the PLC:  

12V and 300mA  

o Power Consumption for Latte Panda Alpha: 

12V and 2A  

o Power Consumption for the Relay Board:  

It is being consumed from the PLC 
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o Power Consumption for the 3D Camera  

It is being consumed from the Latte Panda Alpha  

o Power Consumption for Solenoids  

24V and 100mA 

o Power Consumption for the Power Supply  

12V and 150mA  

o Power Consumption for item holding/moving  

Holding will be using around 20 cubes  

o Power Consumption for wave  

Wave will be around 35 

4.4.2 Power Calculation of DC Motor Shield:   
 

Let us say that the actuators are all off and their DC motors are set to low and the Arduino 

is not powered up. Only one motor shield is powered with the 12V, 12Ah battery. To calculate the 

power in this case, we found that the current that is passing through the motor shield was 300 mA. 

That means:   

P= 12*300= 3.6W 

The motor shield supplies the voltage so it’s not going to consume much energy but for 

calculations we can say it’s the supply power, it supplies 12V, 300mA. To find how many hours 

it will take for the batteries to run out in this case:  
12	𝐴ℎ
300𝑚𝐴 = 40ℎ 

Therefore, the battery will stay up to 40 hours.  The power consumption in this case will 

be E= 3.6*40= 144Wh 

 

4.4.3 Power Calculation of Arduino:   
 

To calculate the power consumption of the Arduino in a standby mode without having any 

load connected to it, we applied a 12V battery to it and found the current to be almost 400mA. The 

power will be:  

P= 12V*400mA= 4800mW 

Therefore, for Arduino it is 12V, 400mA  
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4.4.4 Power Calculation of Actuators:   
 
For Actuator it is 12V, 150mA. 

 
4.4.5 Power Calculation Motor Shield and Actuators:   
 

In our prototype, we operated on motor shield. We found that the current that is passing 

through actuators was about 150mA and the voltage that was provided by the motor shield was 

12V. This means that the actuators have a power:  

P= 150mA*12V= 1.8W 

To get the total power that is being used by the system from the external power supply, we 

used a 12V, 12Ah battery as an external power supply to the DC motor shield. From the battery’s 

features we can deduce that its energy is: 

E= 12V*12Ah= 144Wh 

which is the energy that this battery will provide.  

 
 
4.5 Conclusion  
 

In conclusion, chapter 4 recaps the implementation and execution of capstone I project. The 

execution of the prototype is done as shown previously. First of all, the chapter started with testing 

the hardware design such as the basic components through the boards. Also, by assembling each 

of the units together. Power consumption analysis of the entire prototype was done and completed 

based on the testing that were done on the purchased components. Moreover, the implementation 

is done by demonstrating the software codes for some of the features such as a linear movement 

which will lead to the future functions such as holding and forming the shape of objects. In 

addition, we explained the system’s analysis and acquisition that was introduced earlier in chapter.  
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5 Chapter Five: Evaluation  
 
5.1 Project Evaluation  
 
5.1.1 Survey  
 

The team processed a survey to get people feedback on what they think about the tangible 

media future and what feature they like the most or what feature they would like to add. As the 

team thought that most people wouldn’t be familiar to the tangible media concept, the team provide 

a short video of MIT tangible media transform. The survey included ten questions and 100 

responds of people in Kuwait only most of them are colleagues. The first Three questions were 

general about age, gender and profession/major to know the population of sample further and 

tangible media target age and target gender. The respondents were 83.16% female and 16.84% 

male (13 skipped), mostly of the age 21-25 years (63%), and 70% of them were majoring on 

STEM.  

Gender 

 

 

 

 

 

 

 

 

 

 

 
 
 
 Figure5.1: First Question of the Survey 
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Age 

 
Figure5.2: Second Question of the Survey 

Profession/Major 

 

 
Figure5.3: Third Question of the Survey 
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Figure5.4: Forth Question of the Survey 

The Fourth question include three statements and were asked about the rate or evaluate for 

each of the statements in a scale of strongly agree - agree - neutral - disagree -strongly disagree. 

For the first statement which was “I would like to use this product” the highest rate was Agree 

(40%) and strongly agree (35%). The second statement “This product meets my need” most of 

them were neutral (36%) and only (4%) were disagree. The last statement “I would purchase this 

product for my home/office/work” (34%) were agree (32%) strongly agree, (25%) neutral and 

(6%) were disagree. All the results are shown in Figure5.4. The three statements from top to 

bottom: 

A. I would like to use this product:  

B. This product meets my need: 

C. I would purchase this product for my home/office/work: 
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On a scale from 0-10, how likely are you to recommend this product to a 

friend/colleague? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fifth question show a chart of how likely you are to recommend this product to a 

friend/colleague on a scale from 0 to 10. From the result of this question most of participated would 

very like to recommend the tangible table that was shown on the provided video to their friend or 

colleague (27%) choose rate of 10 out of 10, (9%) choose rate of 9 out of 10, (17%) choose rate 

of 8 out of 10, and only (6%) choose rates below 4 out of 10. 

 

 

 

 

 

 

 

 

Figure5.5: Fifth Question of the Survey 
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Do you think that Tangible Media’s concepts could drive the evolution of technology 
forward? 

 
Figure5.6: Sixth Question of the Survey 

The sixth question about the future of tangible media and whether it will help the 

technology to drive or not. 67% which is the highest percentage of the participated in this survey 

thought that tangible media’s concept could drive the evolution of technology forward. 29% of 

them were not sure or N/A (not applicable, not available, or no answer), and 4% don’t think that 

it could drive the evolution of technology. 

What is the benefit that you like the most 

 

 

 

 

 

 
Figure5.7: Seventh Question of the Survey 
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As the video provided present the main function and features of the tangible table such as, 

moving object and take the shape of an object, holding devices, and smart switching surface form 

office to entertainment tool and etc. The ninth question asked about the features that the user would 

like the most. 44% of them like the smart switching surface, 27% like the moving object, and 21% 

like the holding devices. 

The previous question about the function that the user like the most, the question provides 

three main features (moving object and take the shape of an object, holding devices, smart 

switching surface form office to entertainment tool) it also provides the answer “other”.  The Last 

questions asked about the features that a user would like to see on this tangible table according to 

table’s concept with a specification comment. The results of the last question are shown on 

Figure5.7 as comments. Most of the response they want it with LED lights, some of them would 

like if it has a wireless charger that charge all your devices once it holds the device.  

 

Figure5.8: Answers of the Survey 
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Figure5.9: Answers of the Survey 

 

Figure5.10: Answers of the Survey 
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Figure5.11: Answers of the Survey 

 

Figure5.12: Answers of the Survey 
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Figure5.13: Answer of the Survey 

 

 
Figure5.14: Answer of the Survey 
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5.1.2 Interview  
 

o What do you think of this product?  

o How can the product enhance your work and what can you use it for?  

o Would the product add to the time you use your table/ surface?  

o What features/s would be most useful to you in the product?  

o What are the main advantages and disadvantages, in your opinion, of the product? 

5.1.2.1 First Interview: Dr. Aly Mansour, Associate Professor of Management, College of 
Business & Economics, American University of Kuwait  

 
This section details a brief interview with Professor Aly Mansour, Associate Professor of 

Management, College of Business & Economics. His position shows a bridge between engineering 

and business majors, at AUK, and communicates ideas that inform and inspire students and 

customers alike.  

1. What do you think of this product?  

 I really like the idea of a surface that can change its exterior, I think that it is an attractive 

product that provides a better idea about merchandises and allows different usage to it, it has huge 

room to add to it in regard to educating the customers about produces due to its 3-D point of view 

feature. 

2. How can the product enhance your work and what can you use it for?  

 I think this surface would create an enjoyable environment at the teachers’ classrooms, it 

would save words from teacher’s part, increase analytical sense and critical thinking from students’ 

part, and there is a room for creativity there, for example, by designing educational applications 

for a 3-D board, it is money’s worth product. 

3. Would the product add to the time you use your table/ surface?  
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  I think the tangible media would save us (teachers) time, trying to show students new 

information by simulating different data such as facts, figures and models or even (customers), 

exploring it to have fun. It would add knowledge and enrich experience for users. 

4. What features/s would be most useful to you in the product?  

Most useful feature would be being able to have suggested options from the user him/her 

self when using the surface, especially if you have applications to control it. Meaning, the freedom 

of choice by the user. 

5. What are the main advantages and disadvantages, in your opinion, of the product?  

I think a couple of disadvantages would be, first, wasted time for the ‘passer-by’ customers; 

the ones that already know what features they need or desire in a merchandise; there is no time to 

explore the offered product, regardless of how nice-looking the media is. To add, with this type of 

products marketing, companies can’t ‘hide’ the defects of its merchandises, it is a positive 

experience for customers, but the reputation of the marketing company is put at risk. 

5.1.2.2 Second Interview: Professor Ali Bostani, Associate Professor of Electric and 
Computer Engineering, College of Electrical and Computer Engineering, 
American University of Kuwait  

 
This section details a brief interview with Professor Ali Bostani, Assistant Professor, 

Electrical and Computer Engineering Department. His position, at AUK, shows deep knowledge 

for computer and engineering majors, and interconnects ideas that motivate and inspire apprentices 

as well as businesses.  

1. What do you think of this product?  

I like the idea of pattern recognition, it is very nice application to the technology of tangible 

media. 

2. How can the product enhance your work and what can you use it for?  
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It would be good for simulation situations of objects, for example, it gives a look at the 

concept of reality and pictures, which is used to optimize locations. 

  3.    Would the product add to the time you use your table/ surface?  

  It would save time and add value, first, it could automate tedious moves especially for 

people with special needs, additionally, as it is scalable and could be designed and manufactured 

with bigger sizes to be available for warehouses and factories, and finally, as its ability to enhance 

vital jobs such as surgeons in operation rooms. 

4. What features/s would be most useful to you in the product?  

I would say the recognition panel, as it provides detailed understandings for objects used, 

and as it depends on the users’ needs and for certain circumstances.  

5. What are the main advantages and disadvantages, in your opinion, of the product?  

  The advantage is the automation part of it, possibly without actuators, you could get good 

results, in such technology we look for optimization.  

As for disadvantages, the ethical part of it, like privacy that is an essential right for users, for 

example, if it would be used in surgery rooms, using high definition cameras with high resolution, 

it would raise concerns from the patients about health information security let alone the right for 

body or face confidentiality. It would defiantly raise more concerns about identity theft due its 

ability for pattern recognitions. However, the drawbacks would allow electrical and computer 

engineers to partake in more and more studies and create designs with disciplinary and corrective 

concepts in mind. At the end, any creative idea, have much layers to be considered at first, either 

the legal, ethical or social faces of the problems at hand, scientist and experts should be able to 

meet the challenges. 
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5.1.3 Interview Major Points  
 

An interview has been conducted with Professor Aly Mansour, AUK Associate Prof-

Management, College of Business & Economics, that focuses on a business’s point of view of 

Tangible Media technology that is being joined with surfaces such as billboards. This standpoint 

forecasts the marketing side of tangible media, to communicate ideas that inform with customers 

opinions.  Another interview with Professor Ali Bostani, Assistant Professor, Electrical and 

Computer Engineering Department, has been conducted, that emphases on an engineering’s 

viewpoint of Tangible Media technology that is being combined with surfaces such as tables. This 

perspective educates the designing side of tangible media, to link concepts that update with users’ 

views. They have experience with governmental and private companies for various activities such 

as; advertisements, brochures, magazines and workshops. The questions that were asked were 

based on the Tangible surface and the types of technologies that could be integrated.  

To start, Professor Aly Mansour really liked the idea of a surface that can change its exterior, 

because he thinks that customers need that type innovative and creative display of produce around, 

to attract and educate potential users. In addition, he thinks that a tangible board would create an 

amusing experience at the teachers’ classrooms, which would very likely cause students to attend 

and spend more time learning and interacting with their peers. He also stated that the Tangible 

surface could help teachers to present new information in an exciting way which is essential in this 

line of work. He stated that sometimes the explanation on a 2-D diagrams can take a long time but 

with the Tangible surface this time can be reduced. Moreover, he is detailed that the Tangible 

surface could attract customers because it would be fun to explain certain products and due to its 

uniqueness.  
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To add, the professor thinks that the most unique feature of the Tangible surface would be the 

suggested options provided by the users, especially if it works by hand gestures, each with its own 

move and mode. The professor thinks that there are some disadvantages to be attentive to with the 

Tangible surface, such as, the time consumers would spend interacting with tangible media and 

what’s that tells companies as to whom consider as potential buyers. In addition, he considered 

tangible media as something that can be both beneficial and problematic to businesses, where it 

creates a positive experience to customers but at the same time raises the level of competition 

between companies. Finally, he mentions that he would support the Tangible surface, especially if 

the outcome is money’s worth spent, in order to provide the users with an experience of state-of-

the-art technology.  

The second interview with Professor Ali Bostani, started with him sharing his thoughts about 

this product, in which he expresses his appreciations to the idea of pattern recognition, as an 

application to the technology of tangible media. Next question was about his opinions of the 

product in regard to enhancing work environment and what it could be used for in work settings, 

where he considers it would be good for simulation situations of objects, as it gives a look at the 

concept of reality and pictures, which is used to optimize locations. Moreover, he shared his ideas 

about the product capability to add to the time and value users interact with the table or surface, in 

which he agrees that it would save time and add value, first, it could automate tedious moves 

especially for people with special needs, additionally, as it is scalable and could be designed and 

manufactured with bigger sizes to be available for warehouses and factories, and finally, as its 

ability to enhance vital jobs such as surgeons in operation rooms. Furthermore, the professor thinks 

that the most useful features/s in the product is the recognition panel, as it provides detailed 

understandings for objects used, and as it depends on the users’ needs for specific situations.  The 
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professor thinks that there are some benefits and drawbacks to the product, which should be studied 

beforehand, and they are focused on the topics of automation versus privacy. While the automation 

characteristic of the tangible media surface provides designers with good results to the 

optimization topic, the difficulties that faces the design is concerning privacy for users. For 

example, if it would be used in surgery rooms, using high definition cameras with high resolution, 

it would raise concerns from the patients about health information security let alone the right for 

body or face confidentiality. It would defiantly raise more concerns about identity theft due its 

ability for pattern recognitions.  

To end, his remarks were, that the drawbacks would allow electrical and computer engineers 

to partake in more and more studies and create designs with disciplinary and corrective concepts 

in mind. At the end, he said, any creative idea, have much layers to be considered at first, either 

the legal, ethical or social aspects of the problems at hand, scientist and experts should be able to 

meet the challenges. 

5.2 Engineering Ethics [36] 
 

The definition of engineering ethics is the study of questioning the moral ideas, character, 

peoples and organization’s relationships and policies that involve technological activity. 

Moreover, it is more about the moral issues and decisions about people or organizations that are 

involved in engineering. Many ideas were embraced by the team to accomplish the ethical 

requirements, for both the society and engineering parts.  

Coming to the engineering part, the team followed the IEEE Code of Ethics as an 

instruction for the ethical restraints. The most points that the team applied are as follows: 

 
1. To hold the responsibility of the safety, health, and welfare of the public, and to 

acknowledge any factor that might harm the public or the environment. 
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2. To avoid real or perceived conflict of interest whenever possible, and to disclose them to 

affected parties when they do exist. 

3. to be honest and realistic in stating claims or estimates based on available data.  

4. to reject bribery in all its forms. 

5. to improve the understanding of technology; its appropriate application, and potential 

consequences.   

7.   to seek, accept, and offer honest criticism of technical work, to acknowledge and correct                                    

 errors, and to credit properly the contributions of others;   

9.   to avoid injuring others, their property, reputation, or employment by false or malicious  

 action.  

Coming to the society part, the team followed The Three Laws of Robotics by Isaac 

Asimov, and those rules are as followed: 

A robot may not injure a human being or, through inaction, allow a human being to come 

to harm. A robot must obey orders given it by human beings except where such orders would 

conflict with the First Law. A robot must protect its own existence as long as such protection does 

not conflict with the First or Second Law. A fourth or zeroth law has been added later on and 

outranked the others: A robot may not harm humanity, or, by inaction, allow humanity to come to 

harm [36].  

5.3 Project Impacts  
 
5.3.1 Target Market  
 

The Tangible Media table is a very development technology table that is very helpful and 

useful. It's can be for any user from children to adults and more useful for student, professors, 

employee, and designers, etc. tangible media table isn't like any regular table especially that it’s a 
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technology table. The Tangible media table can change the whole table market and update it into 

a progressively present day and technologically propelled item. In addition, it will have a huge 

target market among the designers it will benefit them in building, structuring and designing. Also, 

a good target market for teaching technical it will explain the material in more efficient and 

understandable way. Moreover, tangible media table will be a target market for the consumers 

especially with the functions of the table that can change the layout for anything they want and 

anytime. The tangible media can be also useful for the handicap people because it can move 

materials, so it will be a good benefit for them. 

5.3.2 Business & Economic Impacts  
 

As far as the business, Tangible media table have a part of the business impact, it help the 

workers or employee be more motivate and have more energy in their work and let them think 

outside the box, which prompts increasingly positive results in their work. These results are the 

expanded profitability of the purchasers, as they will be more creative and spend more time in the 

table. On the other hand, it a flexible table that can be arrange and change easily whenever they 

want.  Using a tangible media for business will impact positively and improve their products and 

processes. 

On the other hand, the economic impacts of the Tangible media can help in promoting, 

advertising and scholastic purposes, as they can be utilized in designing, teaching workplaces to 

demonstrate certain things, and in this way decidedly influence the economy as well, as individuals 

won't squander as much time to clarify their thoughts. Moreover , the expansion in profitability 

rates will help grow those economies. 

 

 



128 
 

5.3.3 Social Impacts  
 

Our project is considered in the robotics field, some might accept it and others may not. In 

general, robotics can help influence the acceptance in people because it is the future. Some people, 

especially the elders, may not accept the idea because they prefer to do their own work/tasks 

without the interference of a machine even though they might get tiered or hurt. Also, they may 

not trust or rely on the machine and they do not prefer to let other people/machine to do their own 

work/tasks. However, the teenagers and the youth are completely the opposite. They would be 

very interested in letting the robotics technology to evolve and help them in their daily life. 

Moreover, the people who have offices jobs our project will be most helpful for them in their daily 

routine as they spend most of their time in their offices. Furthermore, our project will help the 

disabled people with their movement and their objects movement. Also, it will help older people 

to facilitate their daily life. The tangible table will make a lot of people’s life easier, better, and 

more relaxed whether at home or at work which will lead in our customers to be very satisfied and 

attracted to it. 

 
5.3.4 Economic Impacts  
 

The Tangible media can help in promoting, advertising and scholastic purposes, as they 

can be utilized in designing, teaching workplaces to demonstrate certain things, and in this way 

decidedly influence the economy as well, as individuals won't squander as much time to clarify 

their thoughts. Moreover , the expansion in profitability rates will help grow those economies. 

5.3.5 Environmental Impacts  
 

Tangible Table will have a recognizable impact on the environment. If people begin to use 

tangible table, the need for the normal wooden desk will be reduced. Furthermore, the need for 

cutting a lot of tree will be limited, as trees are the lungs of our plant, and this means a lot for the 
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earth. Not only the wooden desk, but also the supplements for organizing the desk with tangible 

table a user no longer will need them as our table could take the shapes and hold our paper, pencils, 

devices and other. 

5.4 Conclusion  
 

To conclude, project analysis and evaluation has been discussed, were a sample of 100 

people from Kuwait have been taken regarding their opinion on the product and the technology 

involved behind the tangible media surfaces. To add, interviews with two professors from 

American university of Kuwait (AUK) were conducted, were discussions regarding the marketing 

and the designing aspects of the product have been explored. Also, impacts either economical, 

business- wise, societal and environmental has been discussed by the team.  
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6 Chapter Six: Conclusion  
 
6.1 Timeline Progress  
6.1.1 Timeline Progress for CPEG/ELEG I  
 

 
Figure 6.1: Timeline Progress for CPEG/ELEG I 

 
In Figure 6.1, shows the timeline progress for CPEG/ELEG I of Tangible Media project.  

 
6.1.2 Timeline Progress for CPEG/ELEG II  
 
 

 
Figure 6.2: Timeline Progress for CPEG/ELEG II 
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In Figure 6.2, shows the timeline progress for CPEG/ELEG II of Tangible Media project. 
 
6.2 Future Work  
 

Our tangible media can be improved and enhanced in many ways to make it very developed 

and advanced. The following are some ideas that shows what are the development it may have: 

• The top of the sticks could have a transparent screen to exhibits its engineering design to 

spectators.  

• A built-in computer controlled by smart phone application.  

• Adding voice commands as another option to control the table beside the hand gestures, to 

make the table do any kind of actions such as moving objects from side to side.  

• Having LED’s lighting inside the sticks in order to indicate various modes for the table.  

• Finding components that are more design efficient and cheaper at the same time since this 

project can be implemented in various ways.   

• Implementing the object recognition with the use of the Intel RealSense Tracking Camera 

T265. 

• Making the table interactive with the user by using microphones.  

• Having a bigger table in order to achieve various movements, methods, and  

designs. 

6.3 Technical Problems  
 

• Due to cheap quality of material we have the system was leaking air from 

everywhere ( from +300 fittings ) which made the quality of the movement very 

weak. Therefore, we had to re- open everything and put special additive try to 

seal all leaks everywhere but couldn’t due to material faulty. Also, we had to 

buy extra valves( 140 valve ) to control the losses of pressure to get better 

movement 

 



133 
 

• The PLC we have couldn’t handle all switching at same time due to very big number of 

cubes we are moving ( 140 switching ) its lagging it’s not working properly. Therefore, we 

had to add relay boards and control them from the panda and PLC together 

• The table design was so tight due to budget chosen. Moreover, a lot of parts inside the table 

which made fitting everything together inside the table difficult 

• We found 5 faulty solenoids which made our total of moving cubes 65. We tried to fix it 

but we think it needs replacing. Therefore, will have 5 cubes on side will not move will 

just be leveled with the table 

6.4 Closing Remarks  
 

As in closing remarks, the team members are satisfied with the first outcome of the capstone 

design I. as a team, we had faced some issues and difficulties in how to start the search for the 

perfect component in order to meet the required goals and objectives that were set in the beginning 

of the report. Overall, the team had managed and worked hard and through the obstacles and from 

this experience the project had really increased our knowledge and skills for future career and 

advancement in this field.  

6.5 Conclusion  
 

This chapter reviews all that was done in the project by the team members in terms of 

research and analysis and what was accomplished from the beginning to the end of the of the 

semester. First, in chapter 1, we presented the project statement which talks about how tangible 

media surfaces could be used in numerous areas such as in advertisements; display of commercials 

in an innovative way; and as a smart table that could be used in hospitals, factories, homes and 

offices. Then, we introduced the idea behind this proposal with the proposed project “Tangible 

Media”.  
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Appendix A 
 

• Interview  
 

o What do you think of this product?  

o How can the product enhance your work and what can you use it for?  

o Would the product add to the time you use your table/ surface?  

o What features/s would be most useful to you in the product?  

o What are the main advantages and disadvantages, in your opinion, of the product? 

• First Interview: Dr. Aly Mansour, Associate Professor of Management, 
College of Business & Economics, American University of Kuwait  

 
This section details a brief interview with Professor Aly Mansour, Associate Professor of 

Management, College of Business & Economics. His position shows a bridge between engineering 

and business majors, at AUK, and communicates ideas that inform and inspire students and 

customers alike.  

1. What do you think of this product?  

 I really like the idea of a surface that can change its exterior, I think that it is an attractive 

product that provides a better idea about merchandises and allows different usage to it, it has huge 

room to add to it in regard to educating the customers about produces due to its 3-D point of view 

feature. 

2. How can the product enhance your work and what can you use it for?  

 I think this surface would create an enjoyable environment at the teachers’ classrooms, it 

would save words from teacher’s part, increase analytical sense and critical thinking from students’ 

part, and there is a room for creativity there, for example, by designing educational applications 

for a 3-D board, it is money’s worth product. 
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3. Would the product add to the time you use your table/ surface?  

  I think the tangible media would save us (teachers) time, trying to show students new 

information by simulating different data such as facts, figures and models or even (customers), 

exploring it to have fun. It would add knowledge and enrich experience for users. 

4. What features/s would be most useful to you in the product?  

Most useful feature would be being able to have suggested options from the user him/her 

self when using the surface, especially if you have applications to control it. Meaning, the freedom 

of choice by the user. 

5. What are the main advantages and disadvantages, in your opinion, of the product?  

I think a couple of disadvantages would be, first, wasted time for the ‘passer-by’ customers; 

the ones that already know what features they need or desire in a merchandise; there is no time to 

explore the offered product, regardless of how nice-looking the media is. To add, with this type of 

products marketing, companies can’t ‘hide’ the defects of its merchandises, it is a positive 

experience for customers, but the reputation of the marketing company is put at risk. 

• Second Interview: Professor Ali Bostani, Associate Professor of Electric and 
Computer Engineering, College of Electrical and Computer Engineering, 
American University of Kuwait  

 
This section details a brief interview with Professor Ali Bostani, Assistant Professor, 

Electrical and Computer Engineering Department. His position, at AUK, shows deep knowledge 

for computer and engineering majors, and interconnects ideas that motivate and inspire apprentices 

as well as businesses.  

3. What do you think of this product?  

I like the idea of pattern recognition, it is very nice application to the technology of tangible 

media. 
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4. How can the product enhance your work and what can you use it for?  

It would be good for simulation situations of objects, for example, it gives a look at the 

concept of reality and pictures, which is used to optimize locations. 

  3.    Would the product add to the time you use your table/ surface?  

  It would save time and add value, first, it could automate tedious moves especially for 

people with special needs, additionally, as it is scalable and could be designed and manufactured 

with bigger sizes to be available for warehouses and factories, and finally, as its ability to enhance 

vital jobs such as surgeons in operation rooms. 

4. What features/s would be most useful to you in the product?  

I would say the recognition panel, as it provides detailed understandings for objects used, 

and as it depends on the users’ needs and for certain circumstances.  

5. What are the main advantages and disadvantages, in your opinion, of the product?  

  The advantage is the automation part of it, possibly without actuators, you could get good 

results, in such technology we look for optimization.  

As for disadvantages, the ethical part of it, like privacy that is an essential right for users, for 

example, if it would be used in surgery rooms, using high definition cameras with high resolution, 

it would raise concerns from the patients about health information security let alone the right for 

body or face confidentiality. It would defiantly raise more concerns about identity theft due its 

ability for pattern recognitions. However, the drawbacks would allow electrical and computer 

engineers to partake in more and more studies and create designs with disciplinary and corrective 

concepts in mind. At the end, any creative idea, have much layers to be considered at first, either 

the legal, ethical or social faces of the problems at hand, scientist and experts should be able to 

meet the challenges.  
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Appendix B 
 

• Survey Questions 
 

The future of Tangible Media Survey: 
 
Please take a moment to fill out the following form. Your honest answers will help us 
improve our project. 
 

1. Gender: ☐Male ☐Female 
 

2. Age Group: ☐ 20 or below☐ between21-25 ☐ between 26-30 ☐   31 or above 
 

3. Profession/Major: ☐ STEM (Science, Technology, Engineering, and Mathematics)  
 

☐ Business Major  
☐   Graphic Design  
☐ Others 

4. Please rate how strongly you agree or disagree with each of these statements:  
 

I would like to use this product:  agree / neutral / disagree 
This product meets my needs: agree / neutral / disagree 
I would purchase this product for my home/office/work: agree / neutral / disagree 
 

 
5. On a scale from 0-10, how likely are you to recommend this product to a 

friend/colleague? 
0-1-2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10  

Not at all likely     Extremely Likely 
 

6. Do you think that Tangible Media could drive the world evolution of technology 
forward? 

 
7. Do you think that Tangible Media is a game-changing technology that enhance the 

interaction between users and objects? 
8. Do you agree that Tangible Media will help users and ease the communication between 

people? 
 

9. What is the benefit that you like the most?  
Moving objects 
Holding devices  
Smart switching surface (from office to entertainment tool and other)  
Other  

 
10. What are more functions would you like as a user to add to the Tangible Media table? 
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Appendix C 
 

• Survey Results   
 

 

Gender 

 

 

 

 

 

 

 

 

 
 
 
 

Age 
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Profession/Major 
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Appendix E  
/* 
 * Firmata is a generic protocol for communicating with microcontrollers 
 * from software on a host computer. It is intended to work with 
 * any host computer software package. 
 * 
 * To download a host software package, please click on the following link 
 * to open the download page in your default browser. 
 * 
 * http://firmata.org/wiki/Download 
 */ 
 
/* 
 * This firmware reads all inputs and sends them as fast as it can.  It was 
 * inspired by the ease-of-use of the Arduino2Max program. 
 * 
 * This example code is in the public domain. 
 */ 
 
 
 // This MACRO defines Modbus master address. 
// For any Modbus slave devices are reserved addresses in the range from 1 to 247. 
// Important note only address 0 is reserved for a Modbus master device! 
#define MasterModbusAdd  0 
#define SlaveModbusAdd  1 
 
// This MACRO defines number of the comport that is used for RS 485 interface. 
// For MAXI and MEGA RS485 is reserved UART Serial3. 
#define RS485Serial     3 
 
// The object ControllinoModbuSlave of the class Modbus is initialized with three parameters. 
// The first parametr specifies the address of the Modbus slave device. 
// The second parameter specifies type of the interface used for communication between devices 
- in this sketch is used RS485. 
// The third parameter can be any number. During the initialization of the object this parameter 
has no effect. 
Modbus ControllinoModbusMaster(MasterModbusAdd, RS485Serial, 0); 
 
// This uint16 array specified internal registers in the Modbus slave device. 
// Each Modbus device has particular internal registers that are available for the Modbus master. 
// In this example sketch internal registers are defined as follows: 
uint16_t ModbusSlaveRegisters[45]; 
 
// This is an structe which contains a query to an slave device 
modbus_t ModbusQuery[2]; 
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uint8_t myState; // machine state 
uint8_t currentQuery; // pointer to message query 
 
unsigned long WaitingTime; 
 
#include <Firmata.h> 
 
byte pin; 
 
int analogValue; 
int previousAnalogValues[TOTAL_ANALOG_PINS]; 
 
byte portStatus[TOTAL_PORTS]; // each bit: 1=pin is digital input, 0=other/ignore 
byte previousPINs[TOTAL_PORTS]; 
 
/* timer variables */ 
unsigned long currentMillis;     // store the current value from millis() 
unsigned long previousMillis;    // for comparison with currentMillis 
/* make sure that the FTDI buffer doesn't go over 60 bytes, otherwise you 
   get long, random delays.  So only read analogs every 20ms or so */ 
int samplingInterval = 19;      // how often to run the main loop (in ms) 
 
void sendPort(byte portNumber, byte portValue) 
{ 
  portValue = portValue & portStatus[portNumber]; 
  if (previousPINs[portNumber] != portValue) { 
    Firmata.sendDigitalPort(portNumber, portValue); 
    previousPINs[portNumber] = portValue; 
  } 
} 
 
int valueBlock1[70] = 
{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0}; // this value is sent from python if it equal to 1 do not move the block 
 
void setup() 
{ 
//---------------------------------transfer info to the other PLC ----------------------------- 
  // ModbusQuery 0: read registers 
  ModbusQuery[0].u8id = SlaveModbusAdd; // slave address 
  ModbusQuery[0].u8fct = 3; // function code (this one is registers read) 
  ModbusQuery[0].u16RegAdd = 0; // start address in slave 
  ModbusQuery[0].u16CoilsNo = 4; // number of elements (coils or registers) to read 
  ModbusQuery[0].au16reg = ModbusSlaveRegisters; // pointer to a memory array in the 
CONTROLLINO 
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  // ModbusQuery 1: write a single register 
  ModbusQuery[1].u8id = SlaveModbusAdd; // slave address 
  ModbusQuery[1].u8fct = 6; // function code (this one is write a single register) 
  ModbusQuery[1].u16RegAdd = 4; // start address in slave 
  ModbusQuery[1].u16CoilsNo = 1; // number of elements (coils or registers) to write 
  ModbusQuery[1].au16reg = ModbusSlaveRegisters+4; // pointer to a memory array in the 
CONTROLLINO 
  ModbusSlaveRegisters[4] = 1; // initial value for the relays  
   
  ControllinoModbusMaster.begin( 19200 ); // baud-rate at 19200 
  ControllinoModbusMaster.setTimeOut( 5000 ); // if there is no answer in 5000 ms, roll over 
   
  WaitingTime = millis() + 1000; 
  myState = 0; 
  currentQuery = 0;  
//--------------------------------------transfer info to the other PLC ----------------------------- 
 
 
 
 
//-----------------------------------transfered info from python------------------------------------ 
  byte i, port, status; 
 
  Firmata.setFirmwareVersion(FIRMATA_FIRMWARE_MAJOR_VERSION, 
FIRMATA_FIRMWARE_MINOR_VERSION); 
 
  for (pin = 0; pin < TOTAL_PINS; pin++) { 
    if IS_PIN_DIGITAL(pin) pinMode(PIN_TO_DIGITAL(pin), INPUT); 
  } 
 
  for (port = 0; port < TOTAL_PORTS; port++) { 
    status = 0; 
    for (i = 0; i < 8; i++) { 
      if (IS_PIN_DIGITAL(port * 8 + i)) status |= (1 << i); 
    } 
    portStatus[port] = status; 
  } 
 
  Firmata.begin(57600); 
 
//-----------------------------------transfered info from python------------------------------------ 
 
  pinMode(CONTROLLINO_D0, OUTPUT); 
  pinMode(CONTROLLINO_D1, OUTPUT); 
  pinMode(CONTROLLINO_D2, OUTPUT); 
  pinMode(CONTROLLINO_D3, OUTPUT); 
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  pinMode(CONTROLLINO_D4, OUTPUT); 
  pinMode(CONTROLLINO_D5, OUTPUT); 
  pinMode(CONTROLLINO_D6, OUTPUT); 
  pinMode(CONTROLLINO_D7, OUTPUT); 
  pinMode(CONTROLLINO_D8, OUTPUT); 
  pinMode(CONTROLLINO_D9, OUTPUT); 
  pinMode(CONTROLLINO_D10, OUTPUT); 
  pinMode(CONTROLLINO_D11, OUTPUT); 
  pinMode(CONTROLLINO_D12, OUTPUT); 
  pinMode(CONTROLLINO_D13, OUTPUT); 
  pinMode(CONTROLLINO_D14, OUTPUT); 
  pinMode(CONTROLLINO_D15, OUTPUT); 
  pinMode(CONTROLLINO_D16, OUTPUT); 
  pinMode(CONTROLLINO_D17, OUTPUT); 
  pinMode(CONTROLLINO_D18, OUTPUT); 
  pinMode(CONTROLLINO_D19, OUTPUT); 
  pinMode(CONTROLLINO_D20, OUTPUT); 
  pinMode(CONTROLLINO_D21, OUTPUT); 
  pinMode(CONTROLLINO_D22, OUTPUT); 
  pinMode(CONTROLLINO_D23, OUTPUT); 
  pinMode(CONTROLLINO_D24, OUTPUT); 
  pinMode(CONTROLLINO_D25, OUTPUT); 
  pinMode(CONTROLLINO_D26, OUTPUT); 
  pinMode(CONTROLLINO_D27, OUTPUT); 
  pinMode(CONTROLLINO_D28, OUTPUT); 
  pinMode(CONTROLLINO_D29, OUTPUT); 
  pinMode(CONTROLLINO_D30, OUTPUT); 
  pinMode(CONTROLLINO_D31, OUTPUT); 
  pinMode(CONTROLLINO_D32, OUTPUT); 
  pinMode(CONTROLLINO_D33, OUTPUT); 
  pinMode(CONTROLLINO_D34, OUTPUT); 
  pinMode(CONTROLLINO_D35, OUTPUT); 
  pinMode(CONTROLLINO_D36, OUTPUT); 
  pinMode(CONTROLLINO_D37, OUTPUT); 
  pinMode(CONTROLLINO_D38, OUTPUT); 
  pinMode(CONTROLLINO_D39, OUTPUT); 
  pinMode(CONTROLLINO_D40, OUTPUT); 
  pinMode(CONTROLLINO_D41, OUTPUT); 
  pinMode(CONTROLLINO_D42, OUTPUT); 
  pinMode(CONTROLLINO_D43, OUTPUT); 
  pinMode(CONTROLLINO_D44, OUTPUT); 
  pinMode(CONTROLLINO_D45, OUTPUT); 
  pinMode(CONTROLLINO_D46, OUTPUT); 
  pinMode(CONTROLLINO_D47, OUTPUT); 
  pinMode(CONTROLLINO_D48, OUTPUT); 
  pinMode(CONTROLLINO_D49, OUTPUT); 
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  pinMode(CONTROLLINO_D50, OUTPUT); 
  pinMode(CONTROLLINO_D51, OUTPUT); 
  pinMode(CONTROLLINO_D52, OUTPUT); 
  pinMode(CONTROLLINO_D53, OUTPUT); 
  pinMode(CONTROLLINO_D54, OUTPUT); 
  pinMode(CONTROLLINO_D55, OUTPUT); 
  pinMode(CONTROLLINO_D56, OUTPUT); 
  pinMode(CONTROLLINO_D57, OUTPUT); 
  pinMode(CONTROLLINO_D58, OUTPUT); 
  pinMode(CONTROLLINO_D59, OUTPUT); 
  pinMode(CONTROLLINO_D60, OUTPUT); 
  pinMode(CONTROLLINO_D61, OUTPUT); 
  pinMode(CONTROLLINO_D62, OUTPUT); 
  pinMode(CONTROLLINO_D63, OUTPUT); 
  pinMode(CONTROLLINO_D64, OUTPUT); 
  pinMode(CONTROLLINO_D65, OUTPUT); 
  pinMode(CONTROLLINO_D66, OUTPUT); 
  pinMode(CONTROLLINO_D67, OUTPUT); 
  pinMode(CONTROLLINO_D68, OUTPUT); 
  pinMode(CONTROLLINO_D69, OUTPUT); 
  pinMode(CONTROLLINO_D70, OUTPUT); 
 
 
 
} 
 
void loop() 
{ 
  move_device(); 
  start_movement(); 
 
  //-----------------------------------transfered info from python------------------------------------ 
  byte i; 
  for (i = 0; i < TOTAL_PORTS; i++) { 
    sendPort(i, readPort(i, 0xff)); 
  } 
  /* make sure that the FTDI buffer doesn't go over 60 bytes, otherwise you 
     get long, random delays.  So only read analogs every 20ms or so */ 
  currentMillis = millis(); 
  if (currentMillis - previousMillis > samplingInterval) { 
    previousMillis += samplingInterval; 
    while (Firmata.available()) { 
      Firmata.processInput(); 
    } 
    for (pin = 0; pin < TOTAL_ANALOG_PINS; pin++) { 
      analogValue = analogRead(pin); 



156 
 

      if (analogValue != previousAnalogValues[pin]) { 
        Firmata.sendAnalog(pin, analogValue); 
        previousAnalogValues[pin] = analogValue; 
      } 
    } 
  } 
//-----------------------------------transfered info from python------------------------------------ 
 
} 
 
void start_movement() 
{ 
    digitalWrite(CONTROLLINO_D0, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D0, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D1, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D1, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D2, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D2, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D3, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D3, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D4, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D4, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D5, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D5, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D6, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D6, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D7, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D7, LOW);    
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  delay(100); 
                 
    digitalWrite(CONTROLLINO_D8, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D8, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D9, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D9, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D10, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D10, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D11, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D11, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D12, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D12, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D13, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D13, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D14, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D14, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D115, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D15, LOW);    
  delay(100);  
 
   digitalWrite(CONTROLLINO_D16, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D16, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D17, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D17, LOW);     
  delay(100);                        
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  digitalWrite(CONTROLLINO_D18, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D18, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D19, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D19, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D20, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D20, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D21, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D21, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D22, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D22, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D23, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D23, LOW);    
  delay(100);               
 
   digitalWrite(CONTROLLINO_D24, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D24, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D25, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D25, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D26, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D26, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D27, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D27, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     



159 
 

  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D28, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D28, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D29, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D29, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D30, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D30, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D31, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D31, LOW);    
  delay(100);               
 
   digitalWrite(CONTROLLINO_D32, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D32, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D33, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D34, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D34, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D35, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D35, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D36, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D36, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D37, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D37, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_38, LOW);     
  delay(100);                       
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  digitalWrite(CONTROLLINO_D38, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D39, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D39, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D40, LOW);    
  delay(100);               
 
   digitalWrite(CONTROLLINO_D40, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D41, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D41, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D42, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D42, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D43, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D43, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D44, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D44, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D45, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D45, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D46, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D46, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D47, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D47, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D40, LOW);    
  delay(100);               
 
  digitalWrite(CONTROLLINO_D448, HIGH);   // turn the LED on (HIGH is the voltage level) 
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  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D48 LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D49, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D49, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D50, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D50, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D51, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D51, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D52, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D52, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D53, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D53, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D54, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D54, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D55, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D55, LOW);    
  delay(100);               
 
  digitalWrite(CONTROLLINO_D56, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D56, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D57, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D57, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D58, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
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  digitalWrite(CONTROLLINO_D58, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D59, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D59, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D60, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D60, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D61, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D61, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D62, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D62, LOW);    
  delay(100);                        
  digitalWrite(CONTROLLINO_D63, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D63, LOW);    
  delay(100);               
 
  digitalWrite(CONTROLLINO_D64, HIGH);   // turn the LED on (HIGH is the voltage level) 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D64, LOW);    // turn the LED off by making the voltage LOW 
  delay(100);                          // wait for 100 milliseconds which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D65, HIGH);   
  delay(100);                        
  digitalWrite(CONTROLLINO_D65, LOW);     
  delay(100);                        
  digitalWrite(CONTROLLINO_D66, HIGH);   // please, visit https://controllino.biz/downloads/    
  delay(100);                           // if you want to know more about the mapping of the 
CONTROLLINO 
  digitalWrite(CONTROLLINO_D66, LOW);    // digital outputs to the Arduino pins 
  delay(100);                       
  digitalWrite(CONTROLLINO_D67, HIGH);    
  delay(100);                       
  digitalWrite(CONTROLLINO_D67, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers     
  delay(100);                           // you ensure sketch portability between all CONTROLLINO 
variants 
  digitalWrite(CONTROLLINO_D68, HIGH);   
  delay(100);                        
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  digitalWrite(CONTROLLINO_D68, LOW);     
  delay(100);                      
  digitalWrite(CONTROLLINO_D69, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D69, LOW);     
  delay(100);                       
  digitalWrite(CONTROLLINO_D70, HIGH);   
  delay(100);                       
  digitalWrite(CONTROLLINO_D70, LOW);    
  delay(100);                         
} 
 
void move_device() 
{ 
  for(int i =0, valueBlock1[i], i++, i<=70) 
  { 
    if(valueBlock1[i] == 0) 
    {                        
  digitalWrite(CONTROLLINO_D0, LOW);    // turn the LED off by making the voltage LOW                        
  digitalWrite(CONTROLLINO_D1, LOW);                             // if you want to know more about 
the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D2, LOW);    // digital outputs to the Arduino pins                      
  digitalWrite(CONTROLLINO_D3, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                           
  digitalWrite(CONTROLLINO_D4, LOW);                         
  digitalWrite(CONTROLLINO_D5, LOW);                        
  digitalWrite(CONTROLLINO_D6, LOW);                          
  digitalWrite(CONTROLLINO_D7, LOW);                           // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D8, LOW);    // turn the LED off by making the voltage LOW                       
  digitalWrite(CONTROLLINO_D9, LOW);                              // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D10, LOW);    // digital outputs to the Arduino pins                      
  digitalWrite(CONTROLLINO_D11, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                          
  digitalWrite(CONTROLLINO_D12, LOW);                         
  digitalWrite(CONTROLLINO_D13, LOW);                          
  digitalWrite(CONTROLLINO_D14, LOW);                         
  digitalWrite(CONTROLLINO_D15, LOW);                         // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D16, LOW);    // turn the LED off by making the voltage LOW                      
  digitalWrite(CONTROLLINO_D17, LOW);                             // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D18, LOW);    // digital outputs to the Arduino pins                     
  digitalWrite(CONTROLLINO_D19, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                         
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  digitalWrite(CONTROLLINO_D20, LOW);                          
  digitalWrite(CONTROLLINO_D21, LOW);                      
  digitalWrite(CONTROLLINO_D22, LOW);                         
  digitalWrite(CONTROLLINO_D23, LOW);                            // wait for 100 milliseconds 
which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D24, LOW);    // turn the LED off by making the voltage LOW                     
  digitalWrite(CONTROLLINO_D25, LOW);                            // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D26, LOW);    // digital outputs to the Arduino pins                      
  digitalWrite(CONTROLLINO_D27, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                           
  digitalWrite(CONTROLLINO_D28, LOW);                         
  digitalWrite(CONTROLLINO_D29, LOW);                          
  digitalWrite(CONTROLLINO_D30, LOW);                        
  digitalWrite(CONTROLLINO_D31, LOW);                          // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D32, LOW);    // turn the LED off by making the voltage LOW                       
  digitalWrite(CONTROLLINO_D34, LOW);                             // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D35, LOW);    // digital outputs to the Arduino pins                     
  digitalWrite(CONTROLLINO_D36, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                          
  digitalWrite(CONTROLLINO_D37, LOW);                         
  digitalWrite(CONTROLLINO_38, LOW);                          
  digitalWrite(CONTROLLINO_D39, LOW);                       
  digitalWrite(CONTROLLINO_D40, LOW);                           // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D41, LOW);    // turn the LED off by making the voltage LOW                    
  digitalWrite(CONTROLLINO_D42, LOW);                       // if you want to know more about 
the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D43, LOW);    // digital outputs to the Arduino pins                      
  digitalWrite(CONTROLLINO_D44, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                    
  digitalWrite(CONTROLLINO_D45, LOW);                          
  digitalWrite(CONTROLLINO_D46, LOW);                      
  digitalWrite(CONTROLLINO_D47, LOW);                         
  digitalWrite(CONTROLLINO_D40, LOW);                           // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D48 LOW);    // turn the LED off by making the voltage LOW                       
  digitalWrite(CONTROLLINO_D49, LOW);                              // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D50, LOW);    // digital outputs to the Arduino pins                     
  digitalWrite(CONTROLLINO_D51, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                           
  digitalWrite(CONTROLLINO_D52, LOW);                        
  digitalWrite(CONTROLLINO_D53, LOW);                         
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  digitalWrite(CONTROLLINO_D54, LOW);                      
  digitalWrite(CONTROLLINO_D55, LOW);                          // wait for 100 milliseconds which 
is 1/10 of a second  
  digitalWrite(CONTROLLINO_D56, LOW);    // turn the LED off by making the voltage LOW                    
  digitalWrite(CONTROLLINO_D57, LOW);                            // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D58, LOW);    // digital outputs to the Arduino pins                     
  digitalWrite(CONTROLLINO_D59, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                          
  digitalWrite(CONTROLLINO_D60, LOW);                         
  digitalWrite(CONTROLLINO_D61, LOW);                         
  digitalWrite(CONTROLLINO_D62, LOW);                          
  digitalWrite(CONTROLLINO_D63, LOW);                             // wait for 100 milliseconds 
which is 1/10 of a second  
  digitalWrite(CONTROLLINO_D64, LOW);    // turn the LED off by making the voltage LOW                      
  digitalWrite(CONTROLLINO_D65, LOW);                              // if you want to know more 
about the mapping of the CONTROLLINO 
  digitalWrite(CONTROLLINO_D66, LOW);    // digital outputs to the Arduino pins                     
  digitalWrite(CONTROLLINO_D67, LOW);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                          
  digitalWrite(CONTROLLINO_D68, LOW);                         
  digitalWrite(CONTROLLINO_D69, LOW);                          
  digitalWrite(CONTROLLINO_D70, LOW);    
  delay(100);     
    } 
    else 
    { 
      digitalWrite(CONTROLLINO_D0, HIGH);    // turn the LED off by making the voltage 
LOW                        
      digitalWrite(CONTROLLINO_D1, HIGH);                             // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D2, HIGH);    // digital outputs to the Arduino pins                      
      digitalWrite(CONTROLLINO_D3, HIGH);    // by using CONTROLLINO aliases instead of 
Arduino pin numbers                           
      digitalWrite(CONTROLLINO_D4, HIGH);                         
      digitalWrite(CONTROLLINO_D5, HIGH);                        
      digitalWrite(CONTROLLINO_D6, HIGH);                          
      digitalWrite(CONTROLLINO_D7, HIGH);                           // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D8, HIGH);    // turn the LED off by making the voltage 
LOW                       
      digitalWrite(CONTROLLINO_D9, HIGH);                              // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D10, HIGH);    // digital outputs to the Arduino pins                      
      digitalWrite(CONTROLLINO_D11, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                          
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      digitalWrite(CONTROLLINO_D12, HIGH);                         
      digitalWrite(CONTROLLINO_D13, HIGH);                          
      digitalWrite(CONTROLLINO_D14, HIGH);                         
      digitalWrite(CONTROLLINO_D15, HIGH);                         // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D16, HIGH);    // turn the LED off by making the voltage 
LOW                      
      digitalWrite(CONTROLLINO_D17, HIGH);                             // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D18, HIGH);    // digital outputs to the Arduino pins                     
      digitalWrite(CONTROLLINO_D19, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                         
      digitalWrite(CONTROLLINO_D20, HIGH);                          
      digitalWrite(CONTROLLINO_D21, HIGH);                      
      digitalWrite(CONTROLLINO_D22, HIGH);                         
      digitalWrite(CONTROLLINO_D23, HIGH);                            // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D24, HIGH);    // turn the LED off by making the voltage 
LOW                     
      digitalWrite(CONTROLLINO_D25, HIGH);                            // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D26, HIGH);    // digital outputs to the Arduino pins                      
      digitalWrite(CONTROLLINO_D27, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                           
      digitalWrite(CONTROLLINO_D28, HIGH);                         
      digitalWrite(CONTROLLINO_D29, HIGH);                          
      digitalWrite(CONTROLLINO_D30, HIGH);                        
      digitalWrite(CONTROLLINO_D31, HIGH);                          // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D32, HIGH);    // turn the LED off by making the voltage 
LOW                       
      digitalWrite(CONTROLLINO_D34, HIGH);                             // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D35, HIGH);    // digital outputs to the Arduino pins                     
      digitalWrite(CONTROLLINO_D36, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                          
      digitalWrite(CONTROLLINO_D37, HIGH);                         
      digitalWrite(CONTROLLINO_38, HIGH);                          
      digitalWrite(CONTROLLINO_D39, HIGH);                       
      digitalWrite(CONTROLLINO_D40, HIGH);                           // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D41, HIGH);    // turn the LED off by making the voltage 
LOW                    
      digitalWrite(CONTROLLINO_D42, HIGH);                       // if you want to know more about 
the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D43, HIGH);    // digital outputs to the Arduino pins                      
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      digitalWrite(CONTROLLINO_D44, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                    
      digitalWrite(CONTROLLINO_D45, HIGH);                          
      digitalWrite(CONTROLLINO_D46, HIGH);                      
      digitalWrite(CONTROLLINO_D47, HIGH);                         
      digitalWrite(CONTROLLINO_D40, HIGH);                           // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D48 HIGH);    // turn the LED off by making the voltage 
LOW                       
      digitalWrite(CONTROLLINO_D49, HIGH);                              // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D50, HIGH);    // digital outputs to the Arduino pins                     
      digitalWrite(CONTROLLINO_D51, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                           
      digitalWrite(CONTROLLINO_D52, HIGH);                        
      digitalWrite(CONTROLLINO_D53, HIGH);                         
      digitalWrite(CONTROLLINO_D54, HIGH);                      
      digitalWrite(CONTROLLINO_D55, HIGH);                          // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D56, HIGH);    // turn the LED off by making the voltage 
LOW                    
      digitalWrite(CONTROLLINO_D57, HIGH);                            // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D58, HIGH);    // digital outputs to the Arduino pins                     
      digitalWrite(CONTROLLINO_D59, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                          
      digitalWrite(CONTROLLINO_D60, HIGH);                         
      digitalWrite(CONTROLLINO_D61, HIGH);                         
      digitalWrite(CONTROLLINO_D62, HIGH);                          
      digitalWrite(CONTROLLINO_D63, HIGH);                             // wait for 100 milliseconds 
which is 1/10 of a second  
      digitalWrite(CONTROLLINO_D64, HIGH);    // turn the LED off by making the voltage 
LOW                      
      digitalWrite(CONTROLLINO_D65, HIGH);                              // if you want to know more 
about the mapping of the CONTROLLINO 
      digitalWrite(CONTROLLINO_D66, HIGH);    // digital outputs to the Arduino pins                     
      digitalWrite(CONTROLLINO_D67, HIGH);    // by using CONTROLLINO aliases instead 
of Arduino pin numbers                          
      digitalWrite(CONTROLLINO_D68, HIGH);                         
      digitalWrite(CONTROLLINO_D69, HIGH);                          
      digitalWrite(CONTROLLINO_D70, HIGH);    
    } 
  } 
} 
 
 



168 
 

Appendix F  
 
Gesture Code  
 
import cv2 
import numpy as np 
import math 
cap = cv2.VideoCapture(0) 
      
while(1): 
         
    try:  #an error comes if it does not find anything in window as it cannot find contour of max 
area 
          #therefore this try error statement 
           
        ret, frame = cap.read() 
        frame=cv2.flip(frame,1) 
        kernel = np.ones((3,3),np.uint8) 
         
        #define region of interest 
        roi=frame[100:300, 100:300] 
         
        cv2.rectangle(frame,(100,100),(300,300),(0,255,0),0)     
        hsv = cv2.cvtColor(roi, cv2.COLOR_BGR2HSV 
          
    # define range of skin color in HSV 
        lower_skin = np.array([0,10,60], dtype=np.uint8) 
        upper_skin = np.array([20,150,255], dtype=np.uint8) 
         
     #extract skin colur imagw   
        mask = cv2.inRange(hsv, lower_skin, upper_skin) 
         
    #extrapolate the hand to fill dark spots within 
        mask = cv2.dilate(mask,kernel,iterations = 4) 
         
    #blur the image 
        mask = cv2.GaussianBlur(mask,(5,5),100)  
    #find contours 
        contours,hierarchy= 
cv2.findContours(mask,cv2.RETR_TREE,cv2.CHAIN_APPROX_SIMPLE) 
     
   #find contour of max area(hand) 
        cnt = max(contours, key = lambda x: cv2.contourArea(x)) 
         
    #approx the contour a little 
        epsilon = 0.0005*cv2.arcLength(cnt,True) 
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        approx= cv2.approxPolyDP(cnt,epsilon,True) 
        
    #make convex hull around hand 
        hull = cv2.convexHull(cnt) 
         
     #define area of hull and area of hand 
        areahull = cv2.contourArea(hull) 
        areacnt = cv2.contourArea(cnt) 
       
    #find the percentage of area not covered by hand in convex hull 
        arearatio=((areahull-areacnt)/areacnt)*100 
     
     #find the defects in convex hull with respect to hand 
        hull = cv2.convexHull(approx, returnPoints=False) 
        defects = cv2.convexityDefects(approx, hull) 
         
    # l = no. of defects 
        l=0 
    #code for finding no. of defects due to fingers 
        for i in range(defects.shape[0]): 
            s,e,f,d = defects[i,0] 
            start = tuple(approx[s][0]) 
            end = tuple(approx[e][0]) 
            far = tuple(approx[f][0]) 
            pt= (100,180) 
             
            # find length of all sides of triangle 
            a = math.sqrt((end[0] - start[0])**2 + (end[1] - start[1])**2) 
            b = math.sqrt((far[0] - start[0])**2 + (far[1] - start[1])**2) 
            c = math.sqrt((end[0] - far[0])**2 + (end[1] - far[1])**2) 
            s = (a+b+c)/2 
            ar = math.sqrt(s*(s-a)*(s-b)*(s-c)) 
             
            #distance between point and convex hull 
            d=(2*ar)/a 
             
            # apply cosine rule here 
            angle = math.acos((b**2 + c**2 - a**2)/(2*b*c)) * 57 
             
         
            # ignore angles > 90 and ignore points very close to convex hull(they generally come due 
to noise) 
            if angle <= 90 and d>30: 
                l += 1 
                cv2.circle(roi, far, 3, [255,0,0], -1) 
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            #draw lines around hand 
            cv2.line(roi,start, end, [0,255,0], 2) 
             
        l+=1 
         
        #print corresponding gestures which are in their ranges 
        font = cv2.FONT_HERSHEY_SIMPLEX 
        if l==1: 
            if areacnt<2000: 
                cv2.putText(frame,'Put hand in the box',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
            else: 
                if arearatio<12: 
                    cv2.putText(frame,'0',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
                elif arearatio<17.5: 
                    cv2.putText(frame,'Best of luck',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
                    
                else: 
                    cv2.putText(frame,'1',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
                     
        elif l==2: 
            cv2.putText(frame,'2',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
             
        elif l==3: 
          
              if arearatio<27: 
                    cv2.putText(frame,'3',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
              else: 
                    cv2.putText(frame,'ok',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
                     
        elif l==4: 
            cv2.putText(frame,'4',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
             
        elif l==5: 
            cv2.putText(frame,'5',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
             
        elif l==6: 
            cv2.putText(frame,'reposition',(0,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
             
        else : 
            cv2.putText(frame,'reposition',(10,50), font, 2, (0,0,255), 3, cv2.LINE_AA) 
             
        #show the windows 
        cv2.imshow('mask',mask) 
        cv2.imshow('frame',frame) 
    except: 
        pass 
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    k = cv2.waitKey(5) & 0xFF 
    if k == 27: 
        break 
     
cv2.destroyAllWindows() 
cap.release()     
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Appendix G 
Depth Code  
 
## License: Apache 2.0. See LICENSE file in root directory. 
 
## Copyright(c) 2017 Intel Corporation. All Rights Reserved. 
 
##################################################### 
 
##              Align Depth to Color               ## 
 
##################################################### 
 
# First import the library 
 
import pyrealsense2 as rs 
 
# Import Numpy for easy array manipulation 
 
import numpy as np 
 
# Import OpenCV for easy image rendering 
 
import cv2 
 
import math 
 
# Create a pipeline 
 
pipeline = rs.pipeline() 
 
 
 
#Create a config and configure the pipeline to stream 
 
#  different resolutions of color and depth streams 
 
config = rs.config() 
 
config.enable_stream(rs.stream.depth, 640, 480, rs.format.z16, 30) 
 
config.enable_stream(rs.stream.color, 640, 480, rs.format.bgr8, 30) 
 
# Start streaming 
 
profile = pipeline.start(config) 
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# Getting the depth sensor's depth scale (see rs-align example for explanation) 
 
depth_sensor = profile.get_device().first_depth_sensor() 
 
depth_scale = depth_sensor.get_depth_scale() 
 
print("Depth Scale is: " , depth_scale) 
 
# We will be removing the background of objects more than 
 
#  clipping_distance_in_meters meters away 
 
clipping_distance_in_meters = 1 #1 meter 
 
clipping_distance = clipping_distance_in_meters / depth_scale 
 
# Create an align object 
 
# rs.align allows us to perform alignment of depth frames to others frames 
 
# The "align_to" is the stream type to which we plan to align depth frames. 
 
align_to = rs.stream.color 
 
align = rs.align(align_to) 
 
 
# Streaming loop 
 
try: 
 
    while True: 
 
        # Get frameset of color and depth 
 
        frames = pipeline.wait_for_frames() 
 
        # frames.get_depth_frame() is a 640x360 depth image 
 
        # Align the depth frame to color frame 
 
        aligned_frames = align.process(frames) 
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        # Get aligned frames 
 
        aligned_depth_frame = aligned_frames.get_depth_frame() # aligned_depth_frame is a 
640x480 depth image 
 
        color_frame = aligned_frames.get_color_frame() 
 
        # Validate that both frames are valid 
 
        if not aligned_depth_frame or not color_frame: 
 
            continue 
 
        depth_image = np.asanyarray(aligned_depth_frame.get_data()) 
 
        color_image = np.asanyarray(color_frame.get_data()) 
 
        # Remove background - Set pixels further than clipping_distance to grey 
 
        grey_color = 175 
 
        depth_image_3d = np.dstack((depth_image,depth_image,depth_image)) #depth image is 1 
channel, color is 3 channels 
 
        bg_removed = np.where((depth_image_3d > clipping_distance) | (depth_image_3d <= 0), 
grey_color, color_image) 
 
        #cv2.rectangle(depth_image,(100,100),(300,300),(0,255,0),0)     
       # hsv = cv2.cvtColor(roi, cv2.COLOR_BGR2HSV) 
 
        # Render images 
 
        depth_colormap = cv2.applyColorMap(cv2.convertScaleAbs(depth_image, alpha=0.03), 
cv2.COLORMAP_JET) 
 
        images = np.hstack((bg_removed, depth_colormap)) 
 
        cv2.namedWindow('Align Example', cv2.WINDOW_AUTOSIZE) 
 
        cv2.imshow('Align Example', images) 
         
        #frames=cv2.flip(frames,1) 
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        key = cv2.waitKey(1) 
 
        # Press esc or 'q' to close the image window 
 
        if key & 0xFF == ord('q') or key == 27: 
 
            cv2.destroyAllWindows() 
 
            break 
 
finally: 
 
    pipeline.stop() 
  
 


