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Abstract 

Tangible media is a type of medium that interacts with the user via physical element 

controlled by digital data. Our project Flow Blocks is a tangible media table that could be used in 

educational, entertainment and architectural setting. As we know, everything is going smart in this 

century, so why still have static tables? Our dynamic smart table is not only to be up to date to the 

latest technologies and entertain people, but also to benefit them at the same time. Static tables are 

unhealthy; as it causes back pain to some people with limited movement disability, they will find 

it hard to grab items placed far or even read on a horizontal surface. “Flow Blocks” solve this 

problem by adjusting specific objects on the table. Flow Blocks has three main applications; 

performing a pre-programmed wave motion when clicking a button, interacting with the user hand 

motion and holding or moving objects placed on the table.  

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

actuator and a microcontroller. 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 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.  

One major issue faced is arranging different sensory inputs and smoothing out the blocks 

movement by testing different codes and components that can be used to move the blocks. It is 

also noted that the table structure accommodates certain flows of electrical components used. 

While working on Flow Blocks, we found the potential and the variety of applications that can be 

used; also, the numerous ways of implementing a tangible media can create a new wave of 

interactive technologies. As for the future implementations and modifications, Flow Blocks will 

have additional functions and applications for luxury and fun. 

 

Keywords: adjustable table, dynamic table, holding object, smart table, tangible media, 

waves 
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1 CHAPTER 1: Introduction 

Technology advancement in today’s world has transformed our lives, modern 

technologies has made it possible for the discovery of many functional and utility devices. 

Today’s world is controlled by technology as everything is going smart, so why not have 

something to entertain people, fill their wants, and certainly benefit them at the same time. 

This chapter discusses the problem the project is trying to solve in detail, the project which 

is the solution for the problem, and the project’s goals and objectives. Moreover, the origin 

of the project's idea and its evolution is stated. A SWOT analysis of the project and its team 

members is formed, and then the chapter introduces the next chapter’s content. 

 

1.1 Background 

Searching different ideas and brainstorming interest each team member unanimously 

found the idea of tangible media interesting. As it covers a wide verity of applications that 

suits different team members point of view and interests. After searching and reading 

numerous research papers from MIT (Tangible Media Group) each team member 

brainstormed different tasks on this fields which lead to the devolvement of this project. 

This project is both challenging and unique that it satisfies all team members curiosity and 

ambitions. Each member of the team has a unique set of skills that complement each other 

and will be proven viable to this type of creative project. The flexibility of this project; in 

finding unique application for this table draws the creative side of each team member. There 

are few functioning tasks on tangible media in this region; introducing them via capstone 

project will grant the team member ahead start and recognition in this field. 

 

1.2 Problem statement 

Nowadays, the world is progressing in the future of technology. Traditional known 

ways of manufacturing are becoming more dynamic. For instance, tables are found 

everywhere and it’s more of a necessity to have than a desire. All tables we see in our 

everyday lives are static and still that are boring. Old-fashioned tables lack style and are 

un-enjoyable for users.  They are boring to hold the attention of students while studying or 

employees while working in their offices. Users must also buy cases and holders for each 

thing they want to put on the table. In addition to the boring part, such static tables are 

surprisingly unhealthy. People with limited movement disability face problems with 

grabbing or handling items placed far on a table. Another health problem is the back pain 
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or in more serious cases disc disease might happen due to spending a lot of time working 

on a horizontal surface. People bending while studying, working on their laptops, or reading 

books also causes upper and middle back pain. This is a main reason why many people 

have kyphosis which is also known as hunch in their back. As explained in [10] many using 

laptops and tablets are more likely to cause hunched posture because they would be in a 

lower height and so not aligning with your eyes. 

 

1.3 Solution 

Using our project design, which is Flow Blocks, boring is no longer the case. 

Dynamic tables such as Flow Blocks where the surface can move around are very 

interesting and helpful in many ways since it gives more than what any ordinary table can 

do. Having such tables will be appealing to users and will capture their attention. These 

tables will make them enjoy their time while working or studying because it will help them 

feel more comfortable. Moreover, such a table will organize itself; as it will re-arrange 

itself to hold any object using shape recognition property. Therefore, no pen cases, frames 

or any object holders will be needed. In terms of making it healthy and useful for people 

with disabilities, we made Flow Blocks able to move objects by specific sensors to 

accommodate such needs. People with disabilities will no longer need the help of anyone 

to grab anything they want from the table. Other than that, to fix the horizontal surface 

problem or the back hunch, our table will adjust an object placed on a table in an upright 

position making it more comfortable to ones back and spinal cord. This means the book or 

tablet will be directly aligned to the user’s eyes not making them bend their back to read. 

Nevertheless, such tables are desirable and luxurious to have in houses or offices because 

of its interesting characteristics. As it moves due to interaction of human hands or bodies. 

In other words, smart technology should be applied on all static objects to fit today’s 

development and satisfy today’s generation. 

 

1.4 Goals 

By the end of Senior Capstone Design II, the following goals are expected to be met: 

§ To create a smart table that moves by sensation. 

§ To create a smart table that moves objects around. 

§ To create a smart table that alternates its shape to adapt with the shape of the object 

put on. 
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§ To create a smart table that can be switched ON/OFF to fulfill users’ demands. 

§ To create a smart table for entertainment and luxury. 

§ To create a smart table that eases grapping items for handicapped peoples.  

§ To create a smart table that solves some health problems. 

 

1.5 Objectives 

By the end of Senior Capstone Design II, the following objectives are expected to be 

accomplished: 

§ To implement a complete TUI (Tangible User Interface). 

§ To implement and design prototypes that work with various technologies such as 

sensors and wireless communication. 

§ To implement a project that is power effective. 

§ To implement a table using different electronic devices such as power faders, 

actuators, motors, and micro & motor controllers. 

§ To test and verify that the project reacts in real-time with appropriate delay. 

§ To assure that the project reacts to the system’s environment. 

§ To implement a 3D system. 

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

§ To solve some health issues that people usually dismay. 

 

1.6 Significance, Scope and definitions 

The significance of tangible media is evident and clear in the of innovation and 

paving the path of how technology can surpass the digital realm and manifested itself into 

the physical world. Users of tangible media are no longer restricted to manipulating data in 

conventional ways, as data is represented in a unique form that expand the experience of the 

users and adds more to existing applications. 

Based on MIT Tangible Media Group projects, the scope of tangible media can 

diverge and interact with various fields related to different domains. Projects and researches 

such as;  Mediate[33], SoundFORM[34] and inform[35] are a small sample of how tangible 

media can integrate itself into different field and have many different applications.  In 

Mediate for example, the main scope of the project relied on applying the core concepts of 

tangible media into the VR realm to create a more immersive environment for the user. 

While the SoundFORM focuses on integrating the idea of musical instrument with tangible 
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media where the user can interact with the simulated sound waves via blocks. Lastly, inform 

is a display that can model the 3D images sent by a user to another display, this allows 

different users to interact physically over a long distance. From the previous examples it is 

evident that tangible media has a wide scope of applications and could be integrated into 

various fields. The scope of application is from simple 3D modeling to immersive VR 

environment simulation. 

Tangible media is defined as any type of media that interacts with the user physical 

domain and vice-versa. Tangible media in essence can be defined as user interface that 

connects between the digital and physical field.   

 

1.7 SWOT Analysis 

 

Table 1.1 SWOT analysis of the project. 

Strength Weakness 

§ The project has numerous application that 

can appeal to different demographics. 

§ Marketable project that could easily 

obtain sponsorship from different outlets. 

§ Can be used in different environments 

such as commercials, entertainment or 

education. 

§ Expensive and failure-prone components. 

§ Variety of different table implementation 

available could cause uncertainty. 

§ Unpredictability of how different 

components will operate together. 

Opportunities Threats 

§ Applications are not fixed; numerous 

additions could be later added. 

§ Not restricted to a certain domain. 

§ Tweaking certain capabilities could create 

an entirely different purpose for the 

project. 

§ Uncertainty of components. 

§ Lack of electrical components supplies in 

the local market. 

§ More efficient materials or components 

could replace the one used in this project. 

 

The SWOT analysis shown in Table 1.1 identifies the project strengths, weaknesses, 

opportunities and threats. This technique could summarize to outsiders as well as team 

members the main focus of this project and the SWOT factors that could be encountered. 
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Table 1.2 SWOT analysis of the team members. 

Strength Weakness 

§ Each team member has a different, 

unique perspective that overcomes 

problems easily. 

§ Ability to abide by required tasks and 

adhere to meeting times. 

§ Team’s detection and passion towards 

the project. 

§ Limited knowledge on certain electrical 

components that will be used. 

§ Limited knowledge of various 

computer/electrical components that 

could be used. 

Opportunities Threats 

§ Working on this project will increase 

team’s knowledge and give them a new 

perspective. 

§ Develop a sense of responsibility and 

new skills. 

§ Ability to participate in different 

conferences. 

 

§ Conflict when testing different 

implementations. 

§ Balancing different views of project 

application. 

§ Ability to deliver the project in timely 

manner could be interfered by external 

obligations. 

 

Another SWOT analysis shown in Table 1.2 was done for the team members. It 

identifies the members' strengths, weaknesses, opportunities and threats. 

 

1.8 Conclusion 

This chapter highlighted the significance and quality of the idea being developed by 

explaining the problem that is being solved. The proposed solution was clearly explained 

through the goals and objectives of the project. A SWOT analysis of the implementation 

of the project and its team members was provided in this chapter. A review of many 

implemented ideas that intended to satisfy people’s want and to solve any other problem 

will be presented in the next chapter. 
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2 CHAPTER 2: Literature Review 

In order to achieve a better understanding of how the problem can be solved, all the 

different approaches taken to address the problem must be considered. This chapter focuses 

on previous implementation and designs of the project and similar ideas that will be 

implemented within the project. Each solution is described in terms of its function and 

relevance to the issue. 

 

2.1 Historical Background 

The definition and main core concept of tangible media is not restricted specific 

field, it can integrate itself with various domains from art, disability-aid to communications. 

However, the MIT Tangible Media Group are considered the pioneers of this field and they 

have contributed a lot in research and development. In the late 90’s, the concept and the 

project of tangible media start to develop and gain more traction. The first tangible media 

project recorded was metaDesk which is an interface that interact with physical objects to 

create a 2D and 3D map. As metaDesk [36] was the first installment of tangible media and 

tangible interface by the MIT Tangible Media Group, the concept of tangible media was 

perfected from MIT group, the group has significant influence on the continuous 

development of current and past projects [37]. 

 
2.2 Projects Reviewed 

Technology has a great impact to our lives today, its potential to enhance many things 

is very attractive in a wide range of applications. Smart tables used for medical and 

entertainments have been invented in many different ways, below is a list of projects reviewed 

that are similar to our project: 

1. inFORM 

2. TRANSFORM 

3. SoundFORMS 

4. Recompose 

5. Direct and Gestural Interaction with Relief 

6. Materiable 

7. TangiSense 

8. Cicret Bracelet 

9. Mediate 

10. Touchable Table 
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2.2.1 inFORM 

Dynamic Physical Affordances and Constraints through Shape and Object 

Actuation 

inFORM was developed to interact shape displays in three different ways; to 

facilitate by dynamic physical affordances, to restrict by guiding interaction with dynamic 

constraints, and to manipulate by actuating objects with shape displays [5]. 

Dynamic affordance works as perceived or real affordance which combines 

graphical and dynamic affordance as shown in Figure 2.1. They are physical components 

that react to touch or displacement by the user pushing or pulling them. The authors give 

four examples of the UI controls with dynamic physical affordance which are binary 

switches or buttons that are formed by pulling pins up, touching it, or pushing it, the 1D 

input which are touch tracks consisting of a line or curve of raised pins, the 2D input touch 

surfaces created using multiple pins, and handles which provide interactions in Z dimension. 

Affordance can change shape to represent a changing program condition. 

 

 
Figure 2.1 On-demand UI elements through dynamic affordances [5]. 

 

 
Figure 2.2 Guiding interaction with dynamic constraints [5]. 
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Guiding interaction with dynamic constrains allows the physical interaction with 

shapes produced by the display when an object is placed on it as shown in Figure 2.2. The 

project is able to feel the physical object’s interaction with constrains and then modify its 

shape and size to fit with the object. Some examples stated by the author are; holding tokens 

and sensing presence which are wells that act as a container to hold objects, restricting 

movement to 1D slots, and affecting movement like ramps and curved surfaces. As 

mentioned in the paper, the actuators will adapt to any object placed on it. 

Actuating objects with shape displays are used to create dynamic affordance and 

constraints. The objects can move in a variety of ways by applying mechanical force on 

them. inFORM’s technique does not require magnet or special materials, but instead 

manipulates geometric shapes, and considers the mass, the force, and the friction of the 

object, the motor, and the shape display. inFORM provides manipulating objects on the 

surface through actuators, in-air movement through ballistics, vibrations for haptic feedback 

or attention, user interaction with actuated objects which allows users to physically stop the 

interface from actuating objects by holding them in one position. inFORM systems can be 

applied on many applications and the followings are three of them: 

1. 3D model manipulation: this is physical representations of 3D models that the user 

can flip through, and then use objects and tools to transform, edit or paint. Figure 

2.3 shows the representation of this application 

 

  

 
Figure 2.3 The 3D Model Manipulation application [5]. 



 
 
 Page | 11 

 
2. Marble answering machine: this is a tangible interface to receive, store and play back 

voice messages that are represented as physical marbles. Figure 2.4 shows the 

representation of this application 

 

 
Figure 2.4 inFORM’s version of the Marble Answering Machine [5]. 

 
3. Actuating interactive devices on the surface: this allows also actuating interactive 

devices, such as phones or tablets as shown in Figure 2.5. 

 
Figure 2.5 inFORM can actuate devices [5]. 

 

2.2.2 TRANSFORM 

Embodiment of “Radical Atoms” at Milano Design Week 

Transform is a table that needed three main ideas, which are design and technology, 

stillness and motion, and atoms and bits [6]. Transform is custom designed table with three 

embedded inFORM shape displays. Each display provides 24 x 16 pins, for a total of 1,152 
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pins. The three representational application modes areWave, Machine, and Escher. The 

wave mode allows users to interact through the motion of their bodies. The Machine mode 

is pre-scripted, and it illustrates the story of “Nature and Machine.” Lastly, the Escher mode 

demonstrates “inter-material interactions” through the “dance” with inert passive materials. 

Transform was created to change the way of the traditional notion of static piece of furniture 

style, therefore releasing designers from the basic design pattern for materials and allow 

them to be dynamic in their design. The old traditional design will no longer be the only 

option designer has to choose from. Transform gives the designer the ability to decide 

between either of the subsequent two material options that are passive physical materials 

like wood, metal, glass and plastic or dynamic, nonetheless virtual and intangible pixels. 

Figure 2.6 shows three application modes of Transform and Figure 2.7 shows the side view 

of the project. 

 

       

 
Figure 2.6 TRANSFORM three Application Modes [6]. 

 

 
Figure 2.7 TRANSFORM side view [6]. 
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2.2.3 SoundFORMS 

Manipulating Sound Through Touch 

SoundFORM is pin-based shifting display, used for composing electronic music. 

Users interact with the pin-display where the soundwave is arranged in 3D (via scaling the 

pins levels). Users can arrange music in two different styles; either generating tones via 

oscillator or using pre-recorded samples. Oscillator tones types are sin, sawtooth and square 

wave whereas the pre-recorded samples are drum tracks. The user can manipulate either of 

those types by hand gestures where they directly touch the 3D waveform.  

The user of SoundFORM can interact with the pin blocks in real time [3]. The 

program identifies and recognizes certain hand gestures acted above the display. The 

interactions are captured by Microsoft connect which eliminates the use of extra computer 

or other machines.  SoundForms users can create and re-arrange and modify sound, by 

simple hand gestures or trigger the control pins to play on the drum machine [3]. The 

arrangement of the blocks is shown in Figure 2.8. 

 

 
Figure 2.8 User interaction [3]. 

 
The shape display in SoundForm has synthesizer columns that forms a wave, the 

shape and frequency of which corresponds to the actual sound wave of the note being 

played. The drum column pins (in pre-recorded mode) march up the display, away from the 

user, in a pattern that matches the beat being played in the pre-recorded audio. The sound 
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wave or beat pattern loops back to the pins in the column at the front of the display, closest 

to the user, until the user turns off the column’s sound [3]. Such user interaction is captured 

in Figure 9. 

 

 
Figure 2.9 Hand gesture interaction captured [3]. 

SoundForm users can interact and create music in real time. The device starts by 

blank canvas with control pins, there is seven scales and every two pins are assigned a 

certain scale with a spacer pin in-between. This scale can be changed based on the user 

preference. The user can physically manipulate the soundwave via gestures. SoundFORM 

is built on inFORM table (another MIT project) it is a square shape display the code is 

written in Javascript, SoundFORM uses limited web audio API for the sound, the device 

uses Microsoft Kinect to register hand movements from the user and pin color or light hue 

is based on the pin level. SoundFORM targets music creators and composer, the novel and 

unique design can be used to in live concert for the audience spectacle however 

SoundFROM is constricted to the music domain.   

 

2.2.4 Recompose 

Direct and Gestural Interaction with an Actuated Surface 

Recompose is a project that dynamically reshapes, redesigns, and restructures the 

environment using the functional nature of digital tools [2]. It is a framework allowing direct 

and gestural manipulation of the physical environment. Recompose complements the highly 

precise, yet concentrated affordance of direct manipulation with a set of gestures allowing 

functional manipulation of an actuated surface. This system builds upon the Relief table, 

which consists of an array of 120 individually addressable pins, whose height can be 

actuated and read back simultaneously, thus allowing the user to utilize them as both input 

and output. Placing a depth camera above the tabletop surface furthers the design. Computer 
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vision is utilized to determine and recognize the position, orientation, and height of hands 

and fingers, in order to detect gestural input. A grammar of gestures has been implemented 

to explore basic functions used to interact with an actuated surface. Initial explorations have 

found that the most fundamental set of gestures includes: selection of a subset of the surface, 

translation of the selection, rotation of the selection, and scaling of the selection. Figure 2.10 

shows the gestures for selection and translation of the selection along the X, Y, Z axis and 

Figure 2.11 shows the rotation and scaling of the seclection. 

 

 
Figure 2.10 Gesture for selection and translating the selection along the X, Y, Z axis [2]. 

 
Figure 2.11 Rotating and scaling the selection [2]. 

 

2.2.5 Direct and Gestural Interaction with Relief 

Shape Display 

Shape changing interfaces give physical shapes to digital data so that users can feel 

and manipulate data with their hands and bodies [8]. In this experiment, users identify three 

deformable material properties (flexibility, elasticity and viscosity) through direct touch 

interaction with the shape display and its dynamic movements. Shapes of 3D digital data or 

even remote real objects can be rendered and manipulated in physical form, dynamically 

using various types of shape changing interfaces. The authors had implemented two main 

types of material emulations, deformable solid and liquid, using basic physics simulation 

algorithms on a pin-based shape display in combination with direct physical input detection 

algorithms. 
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TRANSFORM system consists of three shape displays, 16 x 24 pins each, which 

extend up to 100 mm from the surface, and cover an area of 406 x 610 mm. Actuation speed 

is 0.644 m/s and each pin can exert up to 1.08 Newtons. The shape display hardware uses 

custom Arduino boards that run a PID controller to sense and move the positions polystyrene 

pins through motorized slide potentiometers. They developed application examples on a 

smaller shape display consisting of 24 x 24 actuated pins on a 434 x 434 mm area. This 

shape display also has a projector mounted to provide graphic feedback on top of the surface 

of pins. 

The software is written in C++/OpenFrameworks and communicates information 

with the shape display over USB to RS485. Pin height data is sent and received as a gray-

scale image with a 7-bit resolution. The software for the system can be divided into 2 parts; 

material property emulator and touch detector. 

 

   
Figure 2.12 Shape display on the pins [8]. 

 
They represented each material as a two-dimensional grid-cell approximation. For 

each cell, they store its height information as well as its current vertical velocity. Each grid 

cell in the model maps to a pin on the shape presented in Figure 12.2. Three steps process 

the algorithm undergoes for every cell in the model. This process shows how the cell’s 

velocity and height are computed for the next timestep. This is a brief overview of each step 

in the process. 

1. The acceleration for each cell is computed. This acceleration is where they 

account for any forces on the cell, including spring forces and dampening forces. 

2. The authors perform Euler’s Method to integrate the acceleration to get the cell’s 

next velocity, as well as to integrate the cell’s velocity to get its next height. 

3. Ad-hoc constraints are applied to the cell’s height or velocity. This is where each 

cell may have height or velocity recomputed 
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The touch detector algorithm is designed to detect user’s physical input by 

comparing the measured height and the predicted height based on output for each pin. To 

predict the height, the delay between when the value is sent and when the pin reaches a 

given target height is considered to calculate the dynamic threshold. When the actual 

measured height is not within the range of the dynamic threshold, the algorithm 

distinguishes it as touch detection. Accordingly, the difference between predicted height 

and measured height is given to the material emulation algorithm as a force added to 

rendered materials. As a result of their implementation, it took 0.45 seconds for software to 

detect physical input after pins were actually pressed. 

 

2.2.6 Materiable 

Rendering Dynamic Material Properties in Response to Direct Physical Touch 

with Shape Changing Interfaces 

Touch input on 2.5D shape displays has been previously limited to buttons or button 

like behavior as shown in Figure 2.13 [9]. Touching the surface acts like a mouse click in 

traditional graphical user interfaces (GUI).  Interpretation of touch input varies between 

applications. Proposed interactions have also explored behaviors similar to a touch screen: 

users can swipe their hand, leaving a shape trace on the interface. In order to provide the 

user visual feedback a projector is mounted 150 cm above the table. A projected graphical 

user interface guides the user through the interaction and colors the individual pin platforms 

corresponding to their actuated height. 

Depth reading is achieved through a Microsoft Kinect depth camera. The camera is 

located in line with the projector centered to the table in order to minimize the parallax error 

arising from asymmetrical placement. The camera is mounted at a distance of 135 cm from 

the tabletop surface as a compromise between maximum covered area and sufficient 

precision to accurately detect the pinch gesture. Both the depth camera and the actuated 

surface control system are connected to a Unix based operating system, where the custom 

host software written by the authors processes the required computation. 
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Figure 2.13 2.5D display [9]. 

 
Software on the control machine is written in OpenFrameworks. Rendering on the 

actuated surface is achieved by processing the depth buffer of the 3D mesh and sending the 

depth values to the hardware actuators. Direct touch input is detected by computing the 

difference of the last actuated and currently reported height. Freehand gesture input is sensed 

with a depth camera. The software uses a community contributed set of libraries to access 

the camera. After acquiring the depth image of the camera, the user’s contour is computed 

from the depth values. For gesture recognition a state-machine is implemented that stores 

the current gesture state and reacts to changes in hand posture accordingly. After extracting 

curvature of the plugs corresponding to the hands of the user, the algorithm finds fingers 

and determines the current height of the hands. 

 

2.2.7 RFID-driven Situation Awareness on TangiSense 

A table interfacing with tangible objects 

TangiSense is an interactive table that implements the RFID technology (radio-

frequency identification) TangiSense can engage several people, as it recognizes specific 

objects placed on the table, the users of TangiSense handle those objects at the same time. 

The main purpose of TangiSense is utilizing an RFID tag to create original and unique 

workspace. TangiSense also employs the use of special algorithm that enables its correct 

operation.  

There are two main basic divisions in RFID; reader-tags (interrogators) and tags 

(labels). Tags store and processes data via microchip linked to antenna without the use of 

an external device [7]. While the reader tag needs to be connected to a computer. Those two 

components establish their connection via radio waves.  A barcode reader is employed in 

the system to help identify the product family and usage. The main objective for the RFID 
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is to identify the object type. RFID has specific unique features that is critical for TangiSense 

operation, it can read more than one object at the same time.  

There are different types of RFID; passive, active and semi-active.  Those different 

types have several distinct specifications; as each RDIF tag can be used in a specific 

environment [7]. In interactive tables RFID tags are equipped inside objects that will be 

used as an element for tangible media. Such objects can serve in different domains 

(collective games, education and shared design). The majority interactive tables that exist 

on the market only utilizes a type of cameras or projection as a way of detecting movement 

or objects. RFID detection is a new technology that is integrated into interactive table of 

TangiSense it has a clear advantage of being fast and reliable with low power consumption 

and less data storage required. The main advantage of RDIF integration in new tangible 

media is safety as each RFID tag is unique application such as payment can be implemented 

on an interactive table in a restaurant setting for example [7].  Accessing email or protected 

account via RFID is also another application. Such applications are impossible to implement 

on an interactive table with camera or motion detection. Figure 2.14 shows a TangiSense 

interface. 

 

 
Figure 2.14 TangiSense objects and user interaction captured [7]. 

 
TangiSense table was designed by RFIDeas [7] composed of blocks, each block 

implements antennas on its surface and DSP processor to distinguish between the read, 

multiplex and communication processor. The antennas also have RGB light LED’s to 

display different shapes and images based on the user preference however such images are 

low in resolution.  More than one object can be detected which can enable numerous 

TangiSense users can interact with different objects at the same time.  
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2.2.8 Mediate 

A Spatial Tangible Interface for Mixed Reality 

Mediate is mobile shape display that immerse and adds more to the experience of 

VR [4]. The Mediate display is composed of shape display that offers a tangible interaction 

to the user. It is an amalgamation of robotics, tangible media such as; haptic props and shape 

display. Mediate renders 3D geometric shapes via hand tracking detection where it can 

imitate the VR environment.  

The device can track the users and detect their hand placement on the shape display 

and based on the VR program the pin re-shapes into geometric patterns via scaling the levels 

of the actuator blocks; this immerses the user of Mediate into the VR experience.   

Since Mediate is mobile device that tracks the user. Mediate shape display is set on 

a robotic pedestal wheels, the robotic pedestal moves in horizontal direction and rotates in 

the vertical axis via SteamVR tracking. This display concept is shown in Figure 2.15. 

Adding to that Mediate has a hand tracking device that aids in “Exploring the VR 

environment”. SteamVR in real-time tracks the user accurately and via virtual geometry it 

can aggregate both the user and the display in their corresponding VR location. This device 

detects where the user places their hands on the shape display. 

 

 
Figure 2.15 Mediate design concept [4]. 

 

In Mediate the paths and display can be programmed to follow a certain pattern or 

shape via sensors. The sensors used in Mediate differs from other sensors used in similar 

projects. As Mediate sensors are hand tracking sensors that detect the movement of the hand 

to generate new shapes based on the VR program. Mediate serves a specific and sole purpose 

it falls under the entertainment category as it attempts to add to the experience of the user 
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via employing the shape display. However, the domain of entertainment in Mediate is very 

restricted only used in the VR environment. A main setback is the user’s comfort and safety. 

Since Mediate tracks and follows the user, collision in with the base of the device is 

sometimes inevitable as the instable movement of the device could cause a major issue when 

it comes to the user comfort. 

 

2.2.9 Touchable 

Touchable is tangible media project designed by AUK student for a capstone project. 

The main goal of Touchable is to create an unconventional table that can communicate with 

the user. The main functionalities of the table are holding various objects, hovering items 

placed on the table to the user and mathematical graphs illustration [1]. The mathematical 

illustration functionality has many different applications for education, architecture and 

synchronous design [1]. 

The fundamental component used for the design of the project is power faders as it 

constitutes the vertical movement of the table, the levels of the power fader movement is 

controlled by an Arduino controller. Touchable table inner layers as shown in Figure 2.16 

is divided into three levels to compress the all of the 64-power fader closer, making the final 

design appears as a one section.  Although Touchable can be implemented in different ways, 

one of the objectives of Touchable to have a low power consumption which is achieved by 

using power faders. 

 
Figure 2.16 Power fader levels [1]. 
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To recognize and detect an object Touchable project is aided by Kinect camera and 

library which provide the necessary tools to detect human movement using infra-red camera. 

The table interface is divided into several pixels so that the Kinect can recognize how much 

space is occupied and how many blocks (pixels) need to interact.  

Touchable project utilizes several Arduinos to create a system that communication 

with several entities with different authorities, as some Arduinos in this project only 

function as a controller to the power faders (Slave) while the main Arduino sends the request 

to the program (Master) which feeds the command to the slave Arduino this architecture is 

shown in Figure 2.17 which illustrates the different functionalities that each Arduino has. 

 

 
Figure 2.17 Arduino architecture [1]. 
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2.3 Summary 

 
Table 2.1 Comparison between reviewed projects and Flow Blocks. 

Project Interaction 
Motion 

Sound 
motion LEDs Control 

devices 
Shape 

identification Bluetooth ON/OFF 

inFORM ü  ü  ü   

TRANSFORM ü    ü   

SoundFORM ü ü ü     

Recompose ü    ü   

Direct and 
gestural 

interaction ü  ü    ü 

Materiable ü  ü  ü   

TangiSense ü  ü ü ü ü  

Mediate ü   ü    

Touchable     ü   

Flow blocks ü ü ü ü ü ü ü 

 

A comparison between the reviewed projects and Flow Bocks in terms of application 

is shown in Table 2.1. It shows how most of the reviewed projects have interaction motion, 

but every one of them has a specific focused application. We in Flow Blocks will try to 

combine all those applications together in one project. 

 

2.4 Conclusion 

This chapter summarized a study of different projects that were implemented to be 

used for purposes similar to those of Flow Blocks. The conducted literature review will help 

in the development of the project as learning about other attempted solutions helps the team 

members see what is missing in other projects that needs to be added and what downsides 

should be avoided. Therefore, the literature review serves as a key to developing a highly 

effective solution. The next chapter will help us see the features, components needed, and 

the design of tangible media. 
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3 CHAPTER 3 Design and Analysis 

As there are multiple ways to create and design the tangible media projects and table, 

this chapter will discuss the main proposed design which will explain the main components used 

for the project, the system architecture, all the components needed which will include the 

importance of each component and a comparison between different types. The decisions taken 

regarding each component is stated and justified right after the analysis of its possible 

alternatives. Lastly, the budget for our prototype is stated. 

 

3.1 Research Design 

After reviewing different projects and components, we figured out that using 

motorized sliding potentiometer or actuators are the best to be used to allow the block to 

move up and down. Motorized sliding potentiometer also known as power faders are 

commonly used for modern low-power potentiometers like audio control devices. Sliding 

faders or actuators are used for frequency attenuation, adjusting loudness and for different 

characteristics of audio signals. There are different types of linear potentiometers and 

actuators that can be used the comparison between what was found and what will be used is 

shown in Table 3.1 in the components section. 

 

3.1.1 Design Alternative 1 

Sliding potentiometers could be single sliding potentiometers, dual-sliding 

potentiometers, and motorized faders. Single sliding potentiometers are high quality faders 

constructed from conductive plastic, which are used for single channel control or 

measurement of distance. Dual-sliding potentiometers are used to connect two single sliding 

potentiometers in parallel, which are used to control application that requires duel parallel 

channels. Motorized faders are faders that can be automatically adjusted by a servo motor, 

which are used when manual and automatic adjustment is required [13]. The motorized fader 

consists of a fader attached to a motor for automation control, the motorized faders works by 

recording and saving the positions and movements as data of the faders as an engineer mix 

[12]. 

The sliding potentiometers has two terminals; the terminal at the top connects the 

sliding potentiometers to the power supply and to the microcontroller, and the terminal at 

the bottom has the motor which is connected to the DC motor driver to be able to make the 

sliding potentiometers move up and down. The DC motor driver was connected to the 

microcontroller which is Arduino Mega 2560 because it is easy to code it. The DC motor 
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driver can hold up to 4 sliding potentiometers and each Arduino can hold up to 16 sliding 

potentiometers or 4 motor drivers. The microcontroller was codded using Arduino software 

which was come from the PC. All the sliding potentiometers and motor drivers will be 

connected to external power supply. 

 

3.1.2 Design Alternative 2 

Linear actuator is a device that allow linear motion that is derived from supply of 

power [16]. It works by rotating a motor that will allow movement in linear motion. There 

are four types of linear actuator; hydraulic actuators, mechanical actuators, piezoelectric 

actuators and electro-mechanical actuators. A linear actuator can be utilized in each 

circumstance where one may require the help of a machine so as to pull or move a 

weight/load. In the market today, there is a wide assortment in outline renditions of the 

actuator that will regularly differ with different producer, each characterizing their very own 

kind of style. Also, the linear actuator will at commonly change from low to heavy duty. 

Indeed, even speeds will differ similarly with some working at quick speeds while others 

are a bit slower. 

In our project we will be using the linear actuators as our main component to 

implement the table. We decided to make an 4x8 table which means we will have 4 rows of 

linear actuators by 8 columns of linear actuators which will give 32 linear actuators in total. 

We plan to make each block of size 3cmx3cm making the size of the table 15cmx24cm. For 

having 40 sliding potentiometers we will need 32 DC motor drivers and 8 Arduinos. 

 

3.2 System Architecture 

The linear actuators used in the final design has a motor at one of it ends which is 

connected to the DC motor driver to allows the actuator to slide up and down. The DC motor 

has two different pins on different sides. On one side the connections of the pins are 

connected to the Arduino,  to the 5V, and to the GND. The other side are connected to the 

linear actuator motor and to 12V power supply. The DC motor driver can hold up to 1 

actuator and each Arduino can hold up to 20 motor drivers and so can connect 20 linear 

actuators. The microcontroller will be given power from the power supply. The force sensor 

will be between the actuator and the block to detect the force on the blocks. Motor drivers 

are directly connected to the linear actuator to allow the motor to move in a straight motion. 

Microcontroller will be able to control the motor driver, force sensor, and ultrasonic sensors. 
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Power supply will be needed for the motor drivers, ultrasonic sensors, and microcontroller. 

For having 32 linear actuators we will need 32 DC motor drivers and 8 Arduinos. The idea 

of how the components will be connected and the structure of the table is shown in Figure 

3.1. 

The system architecture shown in the Figure 3.1 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. 

 

 
Figure 3.1 4x8 System architecture of Flow Blocks. 

 
3.3 Flow Chart 

In our project we aim to do three different applications, Flow blocks is a dynamic 

table that is used to generate ready waves,  generate waves according to the detected hand 

motion, and object holders are created when objects are detected. Flow Blocks’ flow chart 

shown in Figure 3.2 shows the steps that the user will go through when using our table. 

Once the power is ON and the table is working, the user will have to press one of the three 

buttons. If the first button is pressed the table will generate a wave that we already designed. 
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If the second button is pressed the ultrasonic sensors are ON and so a wave is generated 

when hand motion is detected. To ensure a nice smooth wave each column of actuators is 

controlled by one ultrasonic sensor and so we used 8 ultrasonic sensors. If the third button 

is pressed, the force sensors are ON and object holder is created when an object is detected. 

If no button is pressed, then the table will simply act as a normal table. 

 

 
Figure 3.2 Flow chart of Flow Blocks. 

 
3.4 Hardware Components 

The list of components below is based on what was found from research on how to 

implement our project Flow Blocks and so the list is tentative and might change through 

implementation. 

 

3.4.1 Sliding Potentiometers or Actuator 

Actuators are mainly used to move a sliding strip in a linear fashion. In our project 

Flow Blocks the specific type of actuator that will be used is channel linear actuator. This 

type is easy to control since they contain the motor part and sliding linear and depending on 

the voltage fed into it, the movement will be divided into certain levels [23]. Table 3.1 below 

compares different types of power faders and with actuators that was considered is our 

project. 
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Table 3.1 Comparison between different Sliding Potentiometers and Actuator. 

Type 
Yamaha 02R 

O2R-V2 Alps 

Yamaha 

AW2816 

BOURNS 

PTA6043-

2015DPB103 

MDFLY 

Slide 

Pot 

Linear Actuator 

Picture 
    

 

Range 100 mm 60 mm 60 mm 18 mm 200 mm 

Price $23.96 $2.50 $8.00 $2.01 $80.00 

Decision: 

First, we though that the range of 100mm is easier to work with as 100 mm strip can 

be easily divided into precise levels, it can easily be programmed. Yamaha 02R O2R-V2 

Alps and similar parts that have this range are selected for Flow Blocks. Price wise, Yamaha 

02R O2R-V2 Alps is within the budget of the project, this was the type used in our first 

implementation design. However, after using this type we found it to be of very low quality, 

it cannot hold heavy weight object, and it requires high power. For this reason, we switched 

to the linear actuator which was of higher quality and simple to use. The linear actuator we 

are using is a 200mm Stroke 11 lb thrust light duty linear actuator, its voltage range is 

12VDC, its speed is 46 mm per second, is has 500N static load when powered ON, 1A 

current drained, and 20% duty cycle. 

 

3.4.2 Motor Drivers 

A motor driver is a current amplifier; they act as a bridge between the controller and 

the motor in a motor drive. Motor drivers are made from discrete components which are 

integrated inside an IC. The input to the motor driver IC or motor driver circuit is a low 

current signal. The function of the circuit is to convert the low current signal to a high current 

signal. This high current signal is then given to the motor. The motor can be a brushless DC 

motor, brushed DC motor, stepper motor, other DC motors [19]. Motor drivers researched 

are the DC motor drivers which uses and H bridge circuit as the DC motor has to run in 

backward and forward direction. In an H bridge circuit, the components used circuit are 

NPN and PNP power transistors, resistors, diodes, a DC motor, and a power supply of about 

12V. it works in a specific manner that stops the motor if both inputs and ports are 0s, it 
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moves in an anticlockwise direction if the inputs are 01 and port A is inactive port B is 

active, the motor moves in an clockwise direction if the inputs are 10 and port A is active 

port B is inactive, and it is in a brake if inputs are 11 and both ports are active [19]. 

To be able to move the actuators up and down motor drivers are needed, they will 

be connected directly to the Arduino mega, which will control them. We researched three 

different types of motor drivers depending on the number of power faders they can hold. 

Two of the components have similar functionality, but the main difference is that one can 

hold two actuators, the other can hold four actuators, the other components was of different 

specifications and can hold up to one actuator. Table 3.2 shows the comparison between the 

three. 

 

Table 3.2 Comparison between different Motor Drivers. 

Type 
Dual H Bridge 

SC Stepper 

4 DC Motor Driver 

Module 
BTS7960 43A 

Picture 

  
 

Voltage Supply 5 V – 35 V 5 V – 16 V 6 V – 27 V 

Peak Current 2 A 1 A 43 A 

Maximum Power 

Consumption 
20 W 20 W – 

Motor controller 2 DC motors 4 DC Motors 1 DC Motor 

Price $4.11 $12.34 $24.22 

 

Decision: 

First, as the first two components has the same functionality, we decided to use the 

Dual H Bridge SC Stepper, and this is because we believed as our model was small 

prototype we decided to first start testing with simple one and then we could test both motor 

drivers to make the final decision. After using the Dual H Bridge SC Stepper for the first 

proposed design we find them to be very weak and they are easily damaged. For this reason, 

the BTS7960 43A was researched and tested to be found better and they do not get damaged 
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easily because they can hold more current. The BTS7960 43A voltage supply is between 

5.5V to 27V, its frequency on input pins is up to 25kHz on input, and it has between 0 – 

100% duty cycle. 

3.4.3 Microcontroller – Arduino 

As the motor drivers should move in a specific way, a processor is needed to code 

the system and allow the motors to move in specific directions. Also, to detect force and 

distance the microcontroller will be needed to read inputs from the force sensors and the 

ultrasonic sensors. For this reason, a microcontroller is needed to be able to control the 

movement of the blocks. One simple way is to use the Arduino that has built-in processors 

connected to it. Arduino uses ATmega processors to connect all the motors together to 

multiple processors. Using C code, the Arduinos are programmed so that each pin will move 

in a specific direction for simplicity of their use, the best Arduinos that would suit our 

project would be either using Arduino Uno or Arduino Mega 2560. Both types of Arduinos 

have most of the things that are needed for the microcontroller, Table 3.3 shows the 

comparison between the two [11]. 

 

Table 3.3 Comparison between different Arduinos [11]. 

Type Arduino Uno Arduino Mega 2560 

Picture 

  

Processor ATmega328P ATmega2560 

Operating Voltage 5V / 7 – 12 V 5V / 7 – 12 V 

CPU Speed 16 MHz 16 MHz 

Analog In/Out 6/O 16/O 

Digital IO/PWM 14/6 54/15 

EEPROM in kB 1 4 

SRAM in kB 2 8 

Flash in kB 32 256 

USB Regular Regular 

UART 1 4 

Price $10.69 $21.39 
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Decision: 

The two types of Arduinos have very similar features, except that the Arduino Mega 

has more digital I/O pins and greater size of EEPROM, SRAM, and Flash. At first, we 

thought Arduino Mega will be better for our project as we will need the maximum number 

of pins to connect the motor drivers together and so using Arduino Mega, we will need less 

numbers of Arduino than we will if we are to use Arduino Uno. Then, we realized 

connecting all pins to two Arduinos will make up a mess between wires as it will be so 

unorganized, and we take us more time in testing.  The microcontroller that will be used is 

the ATmega328P as this is the microcontroller chip that the Arduino UNO uses. The 

ATmega328P microcontroller is compatible with out project and so Arduino UNO will be 

used in our project. In testing both the proposed design 1 and proposed design 2 the Arduino 

UNO was used. 

 

3.4.4 Force Sensors 

Force sensor are used to detect, and force applied to them that is the sensor gives 

higher values when higher pressure is exerted on them. FSR circular or force sensitive 

resistor sensors enable them to recognition of physical pressure, pressing and weight. They 

are easy to utilize and are of low cost. This sensor is an Interlink model 402 FSR with 1/2 

diameter sensing area [15]. FSR's are essentially a resistor that changes its resistive value 

(in ohms Ω) contingent upon how much its squeezed. FSRs are made of plastic and the 

association tab is pleated on fragile material. The most ideal approach to interface with these 

is to just connect them to a breadboard or connect them directly to the Arduino. The force 

sensor has 0.5’’ circle sensor, 2 solder tabs, actuation force 0.2N minimum, its sensitive 

range is between 0.2N to 20N, and it has an analog or continuous force resolution. Figure 

3.3 shows the component circular FSR. 

 

 
Figure 3.3 Force Sensitive Resistor. 
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3.4.5 Ultra-sonic Sensors 

Ultrasonic sensor can measure the distance of an object via emitting ultrasonic waves 

that is frequencies above 20 kHz [17]. The ultrasonic sends a pulse or trigger pulse from the 

sensor then receives the echo of that pulse.  The time taken for the pulse to reach from the 

sender to receiver can be used to calculate the distances via the following equation [18]:  

distance	 = time	 ,
340
2 1	 

The ultrasonic sensors will be used at the edges of the tables to be able to detect humans 

and respond to their wants accordioning, that is if a phone rings on the table it could detect 

where the person is sitting and moves in that direction. Table 3.4 shown below lists various 

types of ultrasonic sensors. 

 

Table 3.4 Comparison between Ultra-sonic Sensors. 

Type HC-SR04 VM1NNO Digilent PmodMAXSONAR 

Picture 

   
Operating Supply 

Voltage 
5 V 

 

12-24 V 
3.3 V 

Ranging Distance 2cm –  4m 50.8mm – 508 mm 15 cm – 648 cm 

Price $3.95 $34.74 $25.93 

Decision: 

An ultrasonic sensor will be used to detect how far the blocks show move up. 

Therefore, a range must not be too lengthy or minimal. HC-SR04 range which is between 

2cm to 4m fits the desired requirement for the project. Price wise HC-SR04 also falls into 

the project’s budget thus its chosen. This type of ultrasonic sensor has voltage supply of 5V, 

15mA current consumption, 40kHz frequency, 3cm to 400cm range distance, 1cm 

resolution, and 10us trigger pulse width. 

 

3.4.6 Toggle Switch 

As already stated, that we require a button to switch the table ON/OFF, and to do one of 

the three applications. A toggle switch solder lug terminal shown in Figure 3.4 was the 
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chosen switches to be used because of its ease of use. Toggle switches turns ON only when 

pushed to the right and turns OFF when it is pushed to the left. Toggle switch has 5 amps 

with resistant load at 120V ac or 28V dc, 2 amps with resistance load at 250V ac, and 0.4VA 

maximum at 20V maximum. Its mechanical life is 40,000 make and break cycles, its contact 

resistance 10mohm maximum initial at 2 to 4V dc with 100mA.  

 

 
Figure 3.4 Tactile push button. 

 

3.4.7 Power supply 

Different power supply options were tested including 12V 30A DC, 12V 4.2A DC, 

12V 1A DC, each of the power supplies where not efficient in our project in a way or 

another as will be discussed later. For this reason, we decided to used battery for their 

simplicity of use, as the motor needed 12V power we attached to 9V energizer battery to 

make 18V power provided to linear actuator. The 9V is classified as alkaline, its chemical 

system is Zinc-Manganese Dioxide, its nominal voltage is 9V, it is of 45g weight and has 

the terminal of miniature snap. The battery is shown in Figure 3.5. 

 
Figure 3.5 9V energizer battery. 
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3.5 Software Components 

In our project we did not use many software as we our table Flow Blocks did not 

needed the development of any applications. For this reason, the only software needed was 

to code the microcontroller a will be explained in this section. 

 

3.5.1 Arduino Software 

Arduino software is an open-sources integrated development environment that 

allows users to write code and upload it on the Arduino board which allows the 

programming of the microcontroller. The C programming language is used to write the 

codes in the Arduino software. 

 

3.6 Budget 

Our project Flow Blocks requires several components that add up to a costly sum. 

Calculating the cost of the components for the main capstone project, we obtained a total 

for about $8332.02 this is an approximation of the total cost of the project. The team realized 

initially that the project is extremely expensive, and a sponsorship is critical to ensure the 

project success. So, the team contacted several private and governmental entities to obtain 

a sponsorship, a sponsorship from Al-Diwan Al-Amiri granted us a total 6577.80 USD for 

the initial phases of the project and then was sponsored by the Burgan National Information 

System by 986.67 USD. Table 3.5 calculates the expense of the proposed design 1 or what 

was done during the implementation of our first tested prototype, the cost of the entire 

prototype was 367.48 USD.  

 

Table 3.5 Expenses of proposed design 1. 

Component Quantity Price/Unit (USD) Total price (USD) 
Dual H Bridge DC Steeper Motor 6 4.12 24.72 
Motorized linear potentiometer 6 25.0 150 
Arduino Mega 2560 1 21.42 21.42 
Wires 40 0.16 6.59 
Prototype Model Design 1 164.75 164.75 
Total $367.48 
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The final project design expenses are identified in Table 3.6 below which shows the 

entire cost of the final project, this budget list considers the cost of shipping the components, 

the cost of the shipment is shown in Table 3.7. 

 

Figure 3.6 Expenses of final design. 

Component Quantity Price/Unit (USD) Total price (USD) 

Arduino UNO 8 36.14 289.12 

Wires 900 0.16 144 

Model Design 1 988.68 988.68 

P16 22:1 actuator 32 90 2880 

P16 22:1 actuator (Extras or 

Damaged ones) 
10 90 900 

BTS7960B DC 43A Stepper 

Motor Driver Double H-Bridge 
32 28.40 908.8 

BTS7960B DC 43A Stepper 

Motor Driver Double H-Bridge 

(Extras) 

10 28.40 284 

Force sensor 9 11.53 103.77 

Ultrasonic sensor 8 3.29 26.32 

Battery snap connector 64 0.49 31.36 

9 Volt battery 64 2.79 178.56 

9 Volt battery (Extras) 10 2.79 27.9 

Breadboard 5 4.93 24.65 

Shipping cost See Table 3.7 below 

Total $7290.02 
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Figure 3.7 Shipping cost and custom releases. 

Shipment date  type Cost (USD) 

3/1/ 2019 Custom release    23.06  

13/2/2019 Custom release    32.95 

13/2/2019 Shipping cost  101.54 

24/2/2019 Custom release    115.32 

28/2/2019 Shipping cost 117.96 

28/2/2019 Custom release    112.03 

Total $502.86 

 

3.7 Ethics and Limitations 

Ethics are the moral issues that ensures engineers are behaving in a way that governs 

responsibilities towards the engineering profession and towards the society. Several values 

have been adopted by the group members to fulfill the ethical practice towards the 

engineering profession and the society. 

Towards the engineering profession, the group member holds the responsibility that 

ensures the project is created at the highest professional standards possible. The team is 

determined to offer a product that helps constitutions and people to advantage from the table 

to learn, entertain, and design places and people. The team obeys the ethical constraints to 

avoid real or perceived conflicts of interests whenever possible and to be honest with any 

claims. Through dedication and commitment, the purpose of this project will be reached. 

Towards the society, the team mainly focuses on the safety which is a major factor. 

The group members ensure that safety measures are taken as the table may be quite heavy, 

we guarantee it will not cause any harm to people. In order to leave an impact in the society, 

the team is also determined to contribute a product that will help disabled people and other 

constitutions. 

 

3.8 Conclusion 

This chapter focused on the required components to implement Flow Blocks. A deep 

analysis of the alternatives of each component was done in order to justify the decision taken 

at the end of each section. Provided next is the implementation chapter that will show the 

steps done in order to implement the project. 
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4 CHAPTER 4: Design Implementation 

In this chapter, we will describe all the steps that were achieved in the implementation 

of the prototype of our project Flow Blocks, using the components mentioned in the design 

and analysis chapters. We will first explain the ports and terminals of the main components 

used and how each component must be connected in order to make it to work. We will then 

show how to connect the components together to do simple tasks, where all the testing that 

were made will be included. Lastly, we will discuss the implementation of our prototype 

and what we were able to achieve. 

 

4.1 Components Connections 

Through designing our project, we have tested many different components and 

designs, we first designed a simple prototype of specific components explained in design 1 

and then after facing many difficulties with the used components we changed the 

components and design as explained in design 2. 

 

4.2 Design 1 – first testing prototype 

Our components were first tested separately to know how they exactly work and to 

know about their exact connections. Our two main components that were tested: The Motor 

Driver and the Motorized Slide Potentiometer. 

 

4.2.1 Motor Driver L298N 

Motor driver L298N is an H-bridge driver which can easily control the direction of 

the motor based on configuration of switches. In Figure 4.1, the motor terminal label shows 

the terminals of the motor driver which are the four switches that control the direction of 

the motor by giving them adequate signal [21].  Motor terminal 1 & 2 connects to one motor 

while motor terminal 3 & 4 connects to the second motor. To operate the motor driver, the 

motor inputs 1 & 2 are connected to the Arduino pin 8 and 9 respectively to operate 1 motor. 

While the 5V and GND pins of the Arduino are used to operate the motor driver. Table 4.1 

shown below describes the motor movement based on the input values if one motor is 

connected with the fixed polarity [21]. 
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Figure 4.1 Motor Driver. 

 
Table 4.1 Direction of the motor based on the input [21]. 

 

 

 

 

 

 

4.2.2 Motorized Slide Potentiometer 

 
Figure 4.2 Sliding potentiometer. 

 
The sliding potentiometer shown in Figure 4.2 consist of four terminals, three 

terminals, however, are used to power the device. In Figure 4.3 below, the terminals used 

are labeled VCC, GND and READ. The connecting the VCC, GND and READ terminals 

are connected to the Arduino UNO pins 5V, GND and pin 10 respectively this supplies the 

motor with sufficient power to operate.  

 

Input 1 Input 2 Movement 

0 0 Stop 

0 1 Clockwise 

1 0 Counter clockwise 
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Figure 4.3 Sliding potentiometer Pins. 

 
The Figure 4.4 shown below shows the polarity terminals of the sliding potentiometer 

switching the polarity will reverse the movement of the potentiometer. The two terminals 

are connected to the output which are OUT1 and OUT2 of the motor driver L298N. 

 

 
Figure 4.4 Sliding potentiometer polarity pins. 

 

4.2.3 Integrating components and prototype 

After being able to understand how the motor driver and sliding potentiometer works, 

we implemented a simple code to be able to move the sliding potentiometer upwards and 

downwards. We firstly connected all the components together; the connection was as shown 

in Table 4.2 and Figure 4.5. The connections of the 5V and GND was done using breadboard 

to be able to power up all the components. 
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Table 4.2 Hardware connections for design 1 prototype. 

Motor Driver Motorized Slide Potentiometer Arduino 

OUT1 Polarity Pin – 

OUT2 Polarity Pin – 

12 V – 5 V 

GND – GND 

IN1 – Pin 9 

IN2 – Pin 8 

– VCC 5 V 

– GND GND 

– Read Pin 10 

 

Appendix B shows the code of our implementation for making the motorized slide 

potentiometer to move up and down. As we faced many problems and because of lack of 

time we were not able to implement the whole project. Our main aim was to able to move 

the sliding potentiometer and we did that as explained above. By the connection mentioned 

above and the code of Appendix B, we were able to see the sliding potentiometer moving 

up and down continuously. By implementing the connection shown in Figure 4.5 we were 

able to see the sliding potentiometer moving, the connection was for one sliding 

potentiometer only. Figure 4.6 shows the components connected together for one sliding 

potentiometer, this connection is as explained above to be able to make the sliding 

potentiometer move upwards and downwards. 
 

 
Figure 4.5 Hardware connection of components for design 1. 
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Figure 4.6 Hardware connection of components for design 1. 

    
As Figure 4.6 shows the connection of one potentiometer, we need one motor driver 

and one Arduino only. At first, we were just testing one sliding potentiometer, we used the 

Arduino UNO as we needed few numbers of pins to test it. 

The first step into the prototype was to test one motorized potentiometer using a 

motor driver. As mentioned before, we needed to connect three pins from the potentiometer 

with the Arduino Uno. The connection of one potentiometer is shown in Figure 4.6. We 

tested at first a code that only gives high voltage to the potentiometers just to check whether 

they are working or not. As mentioned in Table 4.2 and as shown in Figure 4.7, the two 

polarity pins of the potentiometer were connected to OUT1 and OUT2 of the motor driver 

and then the connection IN1 and IN2 from the motor driver to pins 9 and 8 to the Arduino 

Uno. 

 

 
Figure 4.7 First testing Connection. 
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At this stage the only the challenge was to figure out the connection of the whole 

system shown in Figure 4.5 because this type of potentiometer is not of a popular brand 

therefore, we lack available datasheets. After figuring out the connection, we had to write a 

code to connect the motor driver with the potentiometer and move the latter accordingly. 

The code was mainly divided into two parts. As shown in Code Segment 4.1, the first part 

was written to turn on the motors and the analog read was set to maximum of 200 because 

that is the maximum speed a DC motor can produce. 

 

 

Code Segment 4.1 Turning the motor ON. 

 
Then, the next part was to move the potentiometer in one direction. In order to do 

that, we had to create two loops; one was to accelerate the speed, and the other one was to 

deaccelerate. As shown in Code Segment 4.2, the conditions of the loops were limited to 

256 because the minimum DC motor speed is 1 and the maximum is 255. Also, it’s shown 

in Code Segment 4.2 in the deaccelerating loop that the index was decrementing 10 steps a 

time. This was done because when changing the polarities of the potentiometer to test both 

directions’ movement, it was noticeable that the backward movement speed was slower than 

the forward movement. So, decrementing by 10 made the movement faster. 

 

 
Code Segment 4.2 Accelerating and deaccelerating motor’s movement. 
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After testing all motor drivers and potentiometers, we started changing in the code in 

order to get the desired output. The output is moving the sliding potentiometers up and down 

a few centimeters. Some potentiometers will move up/down automatically, and others 

would be still seated for a while and then turn on. This would generate a wavy movement 

on the blocks. This can be done by dividing the blocks into two sectors and both will be 

connected to different microcontrollers because one half will start automatically, and the 

other half will have the same code but with initial delay.  

Lastly, we changed a minor thing in the code in order to change the movement from 

only one direction to go both ways. As shown in Code Segment 4.3, in demoOne() we added 

three new lines that changes the polarity of the potentiometers. So, if the direction was 

upwards, it will accelerate, deaccelerate, and then it will change the polarity to move 

downwards and do the same procedure. 

 

 
Code Segment 4.3 Bidirectional movement of the motor. 

Once we finished writing our code, we built the 2x3 Flow Blocks prototype. As 

shown on the left of Figure 4.8, we divided the inner side of the table into two sections: The 

upper section holds the potentiometers, and the bottom section holds the microcontrollers 

and motor drivers. That was done in order to keep everything neat and not complicated; so, 

the components do not conflict each other’s duty. As shown on the right of Figure 4.8, we 

decided to create a door for the inner components so that if any component is damaged there 

would be a way to reach the inner side. 
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Figure 4.8 Prototype design 1. 

 
4.3 Design 2 – final testing project 

In this design, new components were first tested separately to know how they exactly 

work and to know about their exact connections. Our two main components that were tested: 

The Motor Driver and the Linear Actuator. 

 
4.3.1 Motor Driver BTS7960 43A 

The BTS7960 43A motor driver is a motor driver used to control the rotation of a 

motor, it uses an H-bridge driver module which is composed by Infineon power drive chip 

that includes overheating and over current protection. The motor drivers use 74HC244 chip 

to isolate the microcontroller from the motor driver [30]. The BTS7960 43A motor driver 

has input voltage between 5.5V to 27V, its model is IBT-2, maximum current of 43A, input 

level of 3.3V to 5V, control mode of PWM or level, and duty cycle of 0 to 100%. 

As explained in [31] the IC of the motor driver have a good protection circuit such 

as under voltage shut down to avoid uncontrolled motion of the driven motor at low 

voltages the device shuts off. If the supply voltage drops under 5.4V the motor driver will 

be switched OFF and will not turn ON until the supply voltage increase to 5.5V or higher. 

Another protection is the overtemperature protection that is the BTS7960 is protected 

against overtemperature by an integrated temperature sensor where overtemperature leads 

to a shut down. Last is the current limitation, as the current in the bridge is measured in 

both switches that is the high and low side. If the current reaches the limit current, then the 

switch is deactivated, and the other switch is activated for a certain time. 
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As shown in Figure 4.9 the motor driver has two sets of pins which are set of 4 pins 

and set of 8 pins. The set of 4 pins are the M+, M–, B+, B–. The motor is connected in the 

M+ and M– connectors, and the battery is connected in the B+ and B– connectors. On the 

other set, the RPWM is used to rotate the motor in one direction, the LPWM is used to 

rotate the motor in the opposite direction. The R_REN pin is used to activate the RPWM 

pin when is HIGH that is at 5V and the L_REN pin is used to activate the LPWM pin when 

is HIGH that is at 5V. The R_IS and L_IS are used for current sensing but, it will not be 

connected in our project as it will not be needed. The VCC can be given 5V and the GND 

is connected to the ground. 

 

 
Figure 4.9 BTS7960 43A motor driver. 

 
4.3.2 Linear Actuators 

Linear actuator is the device used to move the blocks up and down in a straight 

motion with fastest speed possible. The 200mm stroke 11 lb light duty linear actuator 

shown in Figure 4.10 is the linear actuator used for our project. 

 

 
Figure 4.10 Linear actuator. 

 
The linear actuator contains many features as they are complete, self-contained 

linear motion that allows position feedback that includes other features [32]. The gear ratio 

of the linear actuator is 22:1, maximum speed of 46mm/s, 500N back drive force when 
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switched ON, maximum 15VDC, 1A stall current, ingress protection IP–15, and maximum 

duty cycle of 20%. The linear actuator is used to push or pull load along its length which 

is of 447.40mm when extended to maximum. 

The linear actuator has 5 wiring possibilities each with a color to identify the write 

inserting wire. The orange for the feedback potentiometer negative reference rail, purple 

for feedback potentiometer wiper, red for motor V+ that is for 12V, black for the V– that 

is for the ground, and yellow for the feedback potentiometer positive reference rail. For our 

project, we will only need the red and black to connected it to the motor driver’s M+ and 

M–, other connection will not be made to the linear actuator. 

 

4.3.3 Power Consumption 

For the 8 microcontrollers used “Arduino UNO”: 8* (40mA * 6V) = 1.92W 

For the 32 actuators used “Miniature Linear Motion Series”: 32* (1A * 12V) = 384W 

Total power = 384+1.92 = 385.92W 

The total power is normal compared to other electrical devices. 

 
 

4.4 Hardware Implementations 

After researching and getting enough information about the components, we were 

able to figure out the most appropriate method of connection. Several testing methods were 

done to ensure the most effective method is applied. 

 

4.4.1 Connection of Linear Actuator to Motor Driver 

After we have developed enough knowledge on how the motor driver and linear 

actuators operate, we implemented a simple code to be able to move the linear actuators 

upwards and downwards. We firstly connected all the components together; the connection 

was as shown in Table 4.3 and Figure 4.11. The connections of the 5V and GND was done 

using breadboard to be able to power up all the components. Also, the B+ and B– of motor 

driver was connected to two 9V batteries. 
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Table 4.3 Hardware connections for design 2 final project. 

Motor Driver Linear Actuator Arduino 

RPWM – Pin 5 

LPWM – Pin 6 

R_EN – 5 V 

L_EN – 5 V 

VCC – 5 V 

GND – GND 

M+ M+ RED 5 V 

M– M– BLACK GND 

 

The code of our implementation for making the linear actuators to move up and 

down will explained in the software implementation section. As to start up, our main aim 

was to able to move the linear actuator and we did that by the connections mentioned above 

and the code explained later in the software implementation section. By implementing the 

connection shown in Figure 4.11 we were able to see only one linear actuator moving 

upward and downward. Figure 4.12 shows the components connected together for linear 

actuator. 

 

 
Figure 4.11 Hardware connection of one linear actuator. 
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Figure 4.12 Hardware connection for one linear actuator. 

 

The movement of one linear actuator was guaranteed to be of the best method found. 

All other linear actuators were then connected to the motor driver and tested separately to 

ensure that they all work at their best possible speed. After connecting all linear actuators 

with their motor drivers, we were able to assemble them as shown in Figure 4.13. 

 

 
Figure 4.13 Hardware connection of all linear actuators. 

 
4.4.2 Connection of Linear Actuators to Blocks 

The connection of the previous explanation was then done for all the 32 linear 

actuators and motor drivers inside the table. Also, the blocks were assembled on the table 

so we can glue the linear actuators on the bottom of the table and then start testing our 
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application.  Once we assembled all the linear actuators, we tested each actuator separately 

to ensure that they were all working, meanwhile we adjusted their initial position to be all 

the same. Figure 4.14 shows the blocks on the table that is the outside and Figure 4.15 

shows the connection from the inside of the table. 

 

 
Figure 4.14 Blocks on the table. 

 

 
Figure 4.15 Connection from the inside of the table. 

 
4.4.3 Hardware Results of the 1st Application 

Through developing our first application, we decided to choose a wave that simply 

looks like stairs on both sides and so going up and then going down. Our first application 

will move the blocks in a wave form that is preprogrammed when the switch is ON. Once 
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the switch is OFF all the linear actuators go back to their normal position and so the table 

acts as a normal table. The connection explained above helped us to develop this application 

as we did not need any additional component to make an already generated wave . Figure 

4.16 below shows the connection of the linear actuator and motor drivers along with 

Arduinos. 8 Arduinos were used as everyone column can be programmed using one 

Arduino. This will make the connection easier and less disorganized wires connections. 

Figure 4.17 and Figure 4.18 shows the wave that will be produced once the first switch is 

on. The wave might not always be exactly the same with exactly same levels as the linear 

actuators do not always move up at exactly same position. there might be a very few 

differences in the positing  that will be shown after running the code for many times. 

 

 
Figure 4.16 Connection from the inside of the table for the 1st application. 
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Figure 4.17 Wave blocks from the front view. 

 

 
Figure 4.18 Wave blocks from the side view. 

 
After being able to make a wave on all actuators we found few problems with the 

switch and so we decided to divide the three application on the table. The first three 

columns of the table will work for making the wave. The code for the wave was applied on 

the three columns and once the switch is ON the blocks move in a wave position of stairs 

going from up to down as shown in Figure 4.19. 
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Figure 4.19 Wave blocks. 

 
4.4.4 Hardware Results of the 2nd Application 

Our second application involved a new component that is the ultrasonic sensor. The 

Ultrasonic sensor helped us determine how far a person’s hand is from the table so the 

blocks will raise to some extent corresponding to the level of their hands. The ultrasonic 

sensors are placed on the side of the blocks placed upwards as shown in the Figure 4.21 

and are shown from the top of the table as shown in Figure 4.22. They were connected to 

the Arduino which was reading the values which is the distance and then raising the blocks 

up depending on the value obtained. In our table only the last two columns of blocks will 

work with the ultrasonic sensors, each one ultrasonic will be with one block and so we will 

use 8 ultrasonic sensors. If the ultrasonic sensor senses a small value or distance the blocks 

in the column corresponding to that ultrasonic sensor will move upward in small position. 

the movement of humans hand up and down will move the block up and down. If the 

ultrasonic sensor senses a large value or distance the blocks in the column corresponding 

to that ultrasonic sensor will move upward to a higher position. the ultrasonic sensor has 4 

wire connection, one for the VCC, one for the ground, one for the trigger and one for the 

echo. The VCC and ground will be connected to the breadboard, and the trigger and echo 

are connected to the Arduino. The connection of the ultrasonic sensor to the Arduino is 

shown in Figure 4.20 and this was to show more clarification of how we connected the 

ultrasonic sensor. In this application, we connected one linear actuator to each ultrasonic 

sensor. 

For this application to work, the 2nd switch should be turned ON that is pushed to 

the right. Once the switch is ON the ultrasonic sensor will start working and blocks will 

move by people moving their hands above the ultrasonic sensors. If the switch is turned 
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OFF that is pushed to the left, all linear actuator will move back to their normal positions 

that is the table will act as a normal table. 

 

 
Figure 4.20 Hardware connection for one ultrasonic sensor. 

 

 
Figure 4.21 Inside connection of the table for the 2nd application. 

 

 
Figure 4.22 Outside connection of the table for the 2nd application. 
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4.4.5 Hardware Results of the 3rd Application 

Our third application was to help make stands for people’s objects mainly tablets 

and books. By this, the force sensors were used to detect the pressure of the tablets and 

books placed on the blocks of our table. The force sensor has two wires connection and is 

connected to the Arduino through a resistor only. One side of the resistor is connected to 

the ground, the other side of the resistor is connected to the wire of the force sensor which 

is connected to an analog pin on the Arduino, the other wire of the force sensor is connected 

to the VCC which is connected to the positive of the breadboard as shown in Figure 4.24. 

the force sensor is placed inside a piece which is then placed inside the block so that force 

could be detected as show in Figure 4.23. This application was implemented by sensing 

force on the block and moving the linear actuator behind that block upward so that it can 

make a stand for the tablets or books making it easier to users to read or look at the tablets 

and fixing their bad back posture positions. Figure 4.25 shows the table when a mobile is 

placed on a part of the blocks which shows how the blocks actually makes a stand for the 

mobile. The middle three columns will be used to work with the force sensors. 

For this application to work, the 3rd switch should be turned ON that is pushed to 

the right. Once the switch is ON the force sensor will start working and blocks will move 

upwards when an object is sensed at the block after the moving blocks. If the switch is 

turned OFF that is pushed to the left, all linear actuator will move back to their normal 

positions that is the table will act as a normal table. 

 

   
Figure 4.23 Force sensor on the blocks. 
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Figure 4.24 Hardware connection for force sensor. 

 

    
Figure 4.25 Blocks making stand for a mobile phone. 

 
4.4.6 Flow Block Final Project 

After testing all three application at the same time on the table we were able to 

achieve what is shown in Figure 4.26. 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. 
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Figure 4.26 Flow Blocks final project. 

 
4.5 Software implementations 

On each stage of our hardware implementation we need to write different codes to 

test different methods and ways to move the linear actuators. All codes written are using 

the C programming language for the Arduino software. 

 

4.5.1 Code for Testing Single Linear Actuator 

Several codes were tested to move the linear actuator, but the final reached one was 

as shown in Code Segment 4.4 as it was able to move the linear actuators at their fastest 

speed. The two pins for the Arduino were declared, the RPWM pin was responsible to 

move the linear actuator up and the LPWM pin was responsible to move the linear actuator 

down. For our first testing, a variable sensor variable was declared to choose if the actuator 

should be moving up or down. The motor can take either analog or digital data, as we are 

giving it analog data the value provided was 511 which is the value for moving the linear 

actuator at its maximum speed. For testing only, we use to provide sensor value a value 

below 512 to move linear actuator up that is by providing the data to RPWM and LPWM 

was 0. If the value of sensor value was above  512, the linear actuator was moving 

downwards and so LPWM was given the data and RPMW was 0. 
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Code Segment 4.4 Moving one linear actuator up or down. 

 

4.5.2 Code for Testing Multiple Linear Actuator 

For testing multiple actuators of moving upwards then downwards without the use 

any variable to control them, we used the code provided in the Code Segment 4.5. The 

variables were declared as explained before. The control of all motors to move at the same 

time was done using a loop, the value of the stopping condition of the loop determines how 

long will the actuator extend that is to what level will the linear actuator move upwards. 

Inside the loop all RPWM were given the value of maximum speed to move the linear 

actuator upwards. The same loop is then declared with a lower stopping condition value so 

that it does not go down till the end. Inside this loop all LPWM were given the value of 

maximum speed to move the linear actuator downwards. The two loops are shown in Code 

Segment 4.5. 
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Code Segment 4.5 Moving five linear actuators up and down. 

A delay function is called between the two loops to ensure that there is some delay 

happens keeping the linear actuator at their position before moving them downwards. The 

delay function shown in Code Segment 4.6 simply takes all the RPWM and LPWM of all 

the actuators and then simply make them all LOW. Making all the actuator PWM LOW 

means that the actuator should not go up or down simply stay at its position. 

 

 
Code Segment 4.6 Delay code. 

 
4.5.3 Code for 1st Application 

In this application, we were to decide the position of the linear actuator as we had 

to generate already coded waves explained in Arduino 1, Arduino 2, and Arduino 3 in 

Appendix C. Code Segment 4.7 shows the code for one column only. To be able to move 

one column at a position we simply used the code for moving multiple  linear actuators. 
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We simply changed the value of the for loop to control to what position should the linear 

actuator move to. We tested all linear actuator at first to see their value for the four main 

positions, that is if the block moves to ¼, ½, ¾, or if it moves up to its maximum. Different 

actuators gave different values because of their speed and motors. What was tested in 

multiple actuators code was put in a method called movement with one parameter only to 

use different positions to do the wave. 

As our code is the main method and so it always loops what we did is that, if the 

first switch is ON, we turn the movement in the upward position for the specific level. Once 

all the linear actuators are up, the code simply wait until the switch OFF and so the linear 

actuator will all be turned off which means they should not move up or down. If the switch 

is turned OFF all the linear actuators will go down to their normal positions. If the switch 

is OFF without being turned ON, the linear actuator will all be turned off. 

 

 
Code Segment 4.7 Code for 1st application. 

 
4.5.4 Code for 2nd Application 

In this application, we were to decide the position of the linear actuator according 

to the values of ultrasonic sensors explained in Arduino 7, and Arduino 8 in Appendix C. 

Code Segment 4.8 shows the code for one column ultrasonic sensor with one linear 

actuator. Each column will move to the same height, but first the value of the ultrasonic 

should be obtained and this is because the blocks were to move upwards with a position 

compared to the movement of a human hand. Ultrasonic sensor works by using an equation 

for the calculation of the echo and trigger. First, the trigger was set high for few seconds 

and then goes low, the value of the echo is then obtained and multiplied by 0.034/2 as this 
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is the equation for calculating distance using ultrasonic sensors. Values for the ultrasonic 

were tested first to see the possible hand distances, ranges of those values were reordered 

to move the actuator by ¼, ½, ¾, or if it moves up to its maximum.  

As our code is the main method and so it always loops what we did is that, if the 

second switch is ON, we turn the ultrasonic ON and the code keeps on checking if the 

ultrasonic detects any value so that it moves the linear actuators in that direction. We keep 

ranges for the ultrasonic sensors where we check if the value is between the range and then 

move it up, wait for some time, and then moves it down again. If the switch is OFF the 

code does nothing waiting at until the switch goes ON to go back to the loop and start again 

and so all the linear actuators will remain at their normal positions at that time. 

 

 
Code Segment 4.8 Code for 2nd application. 

 
4.5.5 Code for 3rd Application 

In this application, we were to move the linear actuator in upward position if a force 

is detected in the next block which uses the force sensors explained in Arduino 4, Arduino 

5, and Arduino 6 in Appendix C. Code Segment 4.9 shows the code for one force sensor 

with one linear actuator. each block will move with same height that is almost the middle 

of it. Force sensor works by sending analog data presenting the force being exerted on it. 
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For this reason, the initial value of the force was obtained by detecting the value of the 

force sensor when no object is placed on it or force exerted on it. This initial value was 

fluctuating between values below 500 and so our code was simply detecting if the value of 

the sensor is above 500 the linear actuator before the linear actuator holding the force will 

move up.  

As our code is the main method and so it always loops what we did is that, if the 

third switch is ON, we turn the force sensors ON and the code keeps on checking if the any 

of the blocks in that column has a force on any of it blocks so that it moves the block before 

upward. The code will ten keep checking if the force has been released from the block as 

by then it will take move the linear actuator downwards to its normal position. If the switch 

is OFF the code does nothing waiting at until the switch goes ON to go back to the loop 

and start again and so all the linear actuators will remain at their normal positions at that 

time. 

 

 
Figure 4.27 Code for 3rd application. 

 
4.6 Conclusion 

In this chapter, we provided all steps that were taken to implement a prototype of our 

project Flow Blocks. The configuration and calibration of components based on their 

requirements was discussed in this chapter. The connection of the components to implement 

a small prototype was also included. In the next chapter, we will discuss about the evaluation 

of our project, by explaining its impact on different type of organization and people. It will 

also include other people’s points of view on our project Flow Blocks. 
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5 CHAPTER 5: Evaluation 

In this chapter, the evaluation of the process and implementation of our project is 

conducted. The project’s evaluation has been conducted to ensure that our project has a good 

impact on all associations including business, economic, environmental, and social. It 

discusses the ethical values and analyzes the target market of our project. A survey was also 

conduced to see different people’s view and opinions about our project Flow Blocks. 

 

5.1 Business Impact 

The business impact studies potential effects of a project such like safety, regularity, 

legality, and its finance. Flow Blocks has a positive business impact in different aspects. 

From the safety side, it is completely safe since all wires are built inside the table and 

nothing is visible so there’s no chance for any danger to children. From the regularity side, 

it offers multitasking as mentioned before and this allows users to use the table more often 

which increases regularity. Also, the table has a special section for displaying videos and 

gamming which allows users to spend extra time on it. From the finance side, Flow Blocks 

will not be very expensive nor cheap. It will be suitable for luxury since it has many 

properties and elegance.    

 

5.2 Economic Impact 

The economic impact studies the changes in business’ revenue, wage, and profit. 

Flow Blocks is a very economical table in sense of it saves the user’s time and effort since 

it aims for multitasking. For instance, it saves time and effort when it works as a desk 

supplies holder; the user wouldn’t need to get extra material to work with. Also, it saves 

time in sense of that when the user is working on a project, s/he might want to imitate a 

YouTube video, the table allows displaying videos on its blocks, so the user doesn’t need to 

use extra devices and keep fixing angles while working. 

 

5.3 Environmental Impact 

Environmental impacts are impacts that affect the surrounding environment from the 

production of Flow Blocks tangible table. Since the project is heavily dependent on 

electrical components and plastic material it will be difficult to minimize the adverse effect 

Flow Blocks has on the surrounding environment. However, recyclable plastic materials are 
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considered as a substitute for implementing the project blocks thus, reducing the minimum 

negative impact this project has on the environment. 

 

5.4 Social Impact 

Social impacts are elements of the project that affect people, community and 

organizations. This impact could be positive or negative, in Flow Blocks, the social impact 

it could deliver is a positive one. As Flow Blocks interface could simplify complex visual 

structures via blocks. This could aid students or could be integrated in several educational 

institutes or museums thereby enhance the cultural experience of the community.  

 

5.5 Target market 

Our project Flow blocks target market is mainly for people with back problems. This 

is very beneficial for them because it adjusts the objects on the table regarding the position 

of the user. Also, it would be appealing to have a flow block table in a museum, as it will 

interact with the guests’ motion and movement of their hands. Another market that would 

be interested in our table are the high technology company users such as Apple and 

Samsung. In addition, big companies and specific people that are interested in luxury items 

will be interested with this table. 

 

5.6 Conferences attended 

After the completion of our capstone design 1 and during the semester of our 

capstone design 2, we submitted our project Flow Blocks proposed design to two different 

conferences in which we were accepted to attend both conferences. The first conference is 

the 11th Undergraduate Research Conference on Applied Computing which was held on 

the 17-18 April 2019 in Zayed University, Dubai. The team submitted a one page abstract, 

and the projected was accepted to be presented as a poster presentation during the 

conference. The second conference is the 10th IEEE GCC Exhibition and Conference which 

was held on the 21-22-23 April 2019 in Regency Hotel, Kuwait. The team submitted a three 

pages IEEE format describing the purpose and implementation of what was so far 

implemented in our project. The paper was accepted in which we then submitted a more 

detailed IEEE paper which was the final manuscript and then the team presented a 20 

minutes presentation at the conference which was under the title Innovation and Hi-

technologies. Attending both conferences helped us become more aware of what could be 
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fixed and also motivated us to make the project at higher quality because of the relevancy 

of how those people actually were very interested in the idea of our project.  

 

5.7 Survey 

A survey was conducted to get the people’ opinion regarding our project Flow 

Blocks, the survey was distributed to 61 people whose education degree and profession vary 

between students, employees, and Professors from different education background. As this 

allows analyzing a wider market as well as getting better idea of relevancy of the project. 

 

 
Figure 5.1 Questionnaire part 1. 

 
Figure 5.2 Questionnaire part 2. 
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 The survey was divided into two sections; the first section includes four questions, 

which were about the background of the people surveyed, this is displayed in Figure 5.1. As 

for the second section that is shown in figure 5.2, it focuses on the main aspect of the project. 

In the beginning of the survey we added a small simple paragraph for the participants to 

understand more about Flow Blocks. As shown in figure 5.2, most people think that 

conventional tables should be integrated with technology such as smart tables. When we 

asked about the feature and applications that would like to be seen on such a table the 

majority of options were chosen depending on people’s interests, all options were chosen 

for a good number of times. Also, some people choose to specify other options, those other 

options included the following: 

§ Connect to computers with Bluetooth 

§ Open photoshop 

§ Phone charger (two people suggest this idea) 

§ Remote connection with another table 

§ Display mathematical equations 

§ Display pictures 

§ Change color and design 

For the rest of the question, most people mentioned would like to see both, having 

their phone approaching them and having notification to be displayed on the table. 

Moreover, the majority of people agreed that implementing a table with the specified 

features is useful. A high number of people also agreed that this will help people with disc 

diseases, as good quantity said it may help most of them told us that they are unsure because 

it might help some cases but no all. People believed that this table could be useful for 

multiple places and this is shown in Figure 5.2 when we asked them the places, they think 

this table is useful. For people, the worth of the table was varying as we had all options 

being chosen for a close number of times. 

The results of the survey were a good estimate to conclude that the idea of our project 

would be beneficial and successful. This is because, many people agreed that it is beneficial, 

it would help people with disabilities or disc, and it could be used in many other places. 

 

5.8 Conclusion 

This chapter included the evaluation of the applicability of this project in our 

environment. The evaluation verified the viability and possibility of the project’s impact, 



 
 
 Page | 69 

after analyzing different associations and receiving feedback from the survey. Moreover, 

the target market and the ethical aspects were considered in this chapter. As we are done 

with the evaluation, after finishing most of our testing and prototyping, the next chapter will 

include a summary and conclusion of what was done.  
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6  CHAPTER 6: Conclusion 

In this chapter, we will give a brief summary of what was provided in the previous 

chapters and how every information provided contributed in our succession of testing our 

project. We then explain few difficulties that we faced by trying to implement the prototype 

and how will we solve them to be able to accomplish the full project Flow Blocks with all 

modifications. Lastly, we conclude this chapter by the future works that will be done to 

enhance our project and make it up to date with the latest technologies. 

 

6.1 Summary 

Throughout this report, we were able to see the importance of the existence of a table 

like our project Flow Blocks. Conventional tables are very boring and might be harmful for 

some people. The existence of a table similar to what we plan to implement will be very 

helpful for many organization and humans. Our table, Flow Blocks, will be able to identify 

and hold objects, will be able to make waves to entertain people, and it will include other 

features. Our table, Flow Blocks, will be useful to variety of people, as it could be a table 

for people to buy as a luxury, it will be helpful for people with disorders or disc diseases, 

and it would be useful for other organizations. After having a good picture of what we 

wanted to implement, surveying relevant literatures was an essential part. The literature 

review helped the team members to be able to see similar projects, and so we were able to 

think of other effective solution that embodies features other projects failed to support. 

After considering the different existing solutions and settling on the desired project 

features, it was time to evaluate the different available components that can be used for the 

implementation. The design and implementation of a table similar to the idea of our project 

Flow Blocks was reached after checking multiple components and deciding on the best 

options. After getting the selected components, we were able to start the implementation of 

the prototype. The implementation stage was very challenging as it was the time to try to 

apply all the research that we have done. 

After finishing the implementation, the evaluation of project was conducted. We 

were able to find the business, economic, environmental, and social impact of our project, 

we also identified the ethical values followed by the project team members. A survey to get 

people’s opinion was conducted which helped us to decide on the features we wanted to 

implement. The survey showed that people agree on the usefulness our table. Lastly, we 
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mentioned some of the problems faced while implementing Flow Blocks in addition to the 

future works and modifications. 

 

6.2 Problems Faced 

Through implementation of our capstone design project we have faced many 

difficulties where we managed to solve main ones. First, during the implementation of the 

prototype of capstone design 1 we faced some difficulties that we were able to solve in the 

implementation of the complete project that is by capstone design 2. The sliding 

potentiometers used were very weak and required high amount of voltage to move, and so 

trying to connect two sliding potentiometers on one motor driver was not possible. We tried 

testing two sliding potentiometer on one motor driver, but the motors were not working very 

well because the voltage was divided between the two and so no enough voltage is being 

given to the motor of the sliding potentiometer. Another problem we faced, is that we tried 

using more pins on the Arduino to connect the remaining motors, but we had the same issue 

which was the voltage division not giving enough power to the motors. Lastly, we tried 

providing the Arduino we 9V power supply, but it also did not work as it moves the sliding 

potentiometer very slowly. So, the main problem we had is the voltage supply, not giving 

enough power to the motors makes them slower and some do not work. 

The problem faced in capstone design 1 were solved by firstly, getting the linear 

actuators which were better than the sliding potentiometer, of better quality and can hold 

more weight. Also, we connected them to external power supply to solve power issue for 

our implementation of our project Flow Blocks. 

During the implementation of our final project, we mainly faced problems with 

power. We were tested 40 actuators, at first, we accidently provided 27 V to one linear 

actuator that automatically burnt it as it could handle up to 15 V maximum. Later, to test 

the 40 linear actuators we decided to use external power supply of 12 V and 30 A, each 

linear actuator hold maximum of 1 A, and so when we tested one actuator using the power 

supply it burned. We then got 12 V and 4.2 A power supply to test 5 linear actuators, we 

believed that if the 4.2 A was divided to all 5 linear actuators as they were connected in 

parallel, each linear actuator should take less than 1 A, but this yet burned another 2 linear 

actuators. We were completely unsure of what causes the linear actuators to burn. 
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6.3 Future Works 

At first, we just implemented a simple prototype, in which we were able to move 

some sliding potentiometer upwards and downwards. As for now, we have implemented a 

white table suitable for a house or for an office. Our table mainly does three things in 

addition to switching to a normal table. Firstly, blocks can be moved in a wave motion 

using a pre-programmed code. Also, it can interact with human motion using proper 

sensors. Lastly, it identifies and holds objects placed on the table with doing specific 

adjustments for books/tablets/laptops. For future work, we plan to implement more 

functions in our smart table. The table blocks will move/dance in waves with music in 

different amplitudes depending on the frequency of the music. In addition, we will display 

users phone screen on the table to allow them to interact with it and play mobile games on 

the table. We will be able to charge the phone using the table. Moreover, if the phone 

connected to the table using Bluetooth receives a notification and it is far away from the 

user, the phone will approach the user and the notification will be displayed on the table. 

In addition, we would like to make the table bigger in terms of size. 
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8 Appendix A – Survey 

 
Flow Blocks’ Survey 

 
Flow Blocks is a form of tangible media which is an interactive table that will allow 

users to interact directly with blocks. As shown below, the blocks; can be adjusted 
according to what is placed on the table, can trace hand movements, and display and interact 
with mobile devices. 

 

               
 

1. Gender: 
〇 Male      〇 Female 
 

2. Age: 
〇 20 or below  〇 21 – 25 〇 26 – 30 〇 31 – 35 〇 36 or above 
 

3. Education Degree: 
〇 Undergraduate 〇 Bachelor’s degree         〇 Master’s degree 〇 PhD 
 

4. Profession/Major: 
o STEM (Science, Technology, Engineering, and Mathematics) 
o Graphic Design 
o Business Major 
o Others 

 
5. Do you think conventional tables should be integrated with technology such as smart 

tables? 
〇 Yes    〇 No    〇 Maybe 
 

6. What features/applications would like to see on such a smart table? (You can choose 
more than one option)  
□ Switch to a normal table 
□ Identify and hold various objects 
□ Specific adjustments for books/tablets/laptops 
□ Table blocks moves/dance with music 
□ Display your phone screen on the table and interact with it 
□ Play mobile games on the table 
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□ Others, please specify_______________________________ 
 

7. If you receive a notification on your mobile phone and it is far away would you like: 
o The phone to approach you 
o The notification to be displayed on the table 
o Both options 

 
8. Do you think such a table is useful? 
〇 Yes    〇 No    〇 Maybe 
 

9. Back pain might happen due to spending a lot of time working on a horizontal surface. 
Our table will be grabbing, or handling items placed far on a table. Do you think this 
could help people with back pain? 
〇 Yes    〇 No    〇 Maybe 
 

10. For whom do you think this table would be useful? (You can choose more than one 
option) 
□ Museum 
□ Educational institutes 
□ Home entertainment 
□ People with disabilities (such as disc) 
□ Corporations and Offices 
□ Others, please specify_______________________________ 

 
11. How much do you think such a table is worth? 
〇 200KD – 400KD   〇 400KD – 600KD    〇 600KD – 800KD    〇 800KD or above 
   

Thank You J  
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9 Appendix B – Code for Research Design 1 

 
// connect motor controller pins to Arduino digital pins 

// motor one 

int enA = 10; 

int in1 = 9; 

int in2 = 8; 

void setup() 

{ 

  // set all the motor control pins to outputs 

  pinMode(enA, OUTPUT); 

  pinMode(in1, OUTPUT); 

  pinMode(in2, OUTPUT); 

} 

void demoOne() 

{ 

  // this function will run the motors in both directions at a fixed speed 

  // turn on motor A 

  digitalWrite(in1, HIGH); 

  digitalWrite(in2, LOW); 

  // set speed to 200 out of possible range 0~255 

  digitalWrite(enA, 200); 

  delay(1000); 

  

  // now change motor directions 

  digitalWrite(in1, LOW); 

  digitalWrite(in2, HIGH); 

  delay(2000); 

} 

void demoTwo() 

{ 

  // this function will run the motors across the range of possible speeds 

  // note that maximum speed is determined by the motor itself and the operating voltage 

  // the PWM values sent by analogWrite() are fractions of the maximum speed possible 



 
 
 Page | 80 

  // by your hardware 

  // turn on motors 

  digitalWrite(in1, LOW); 

  digitalWrite(in2, HIGH); 

  // accelerate from zero to maximum speed 

  for (int i = 0; i < 256; i++) 

  { 

    digitalWrite(enA, i); 

  } 

  // decelerate from maximum speed to zero 

  for (int i = 255; i >= 0; i -= 10) 

  { 

    digitalWrite(enA, i); 

  } 

} 

void loop() 

{ 

  demoOne(); 

  demoTwo(); 

} 
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10 Appendix C – Code for final project: Research Design 2 

 
10.1 Arduino 1 

 

#include <Wire.h>  

 

int R11=2; 

int L11=3; 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

int R14=8; 

int L14=9; 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

  if(digitalRead(button) == true){ 

    movement(L11, L12, L13, L14, 6); 

    someDelay(R11, L11, R12, L12, R13, L13, R14, L14, 10); 

    while(digitalRead(button) == true){ 

    } 

    movement(R11, R12, R13, R14, 6); 

  } 

  else if(digitalRead(button) == false){ 
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      digitalWrite(R11,LOW); 

      digitalWrite(L11,LOW); 

      digitalWrite(R12,LOW); 

      digitalWrite(L12,LOW); 

      digitalWrite(R13,LOW); 

      digitalWrite(L13,LOW); 

      digitalWrite(R14,LOW); 

      digitalWrite(L14,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int R2, int L2, int R3, int L3, int R4, int L4, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

   digitalWrite(R2,LOW);  

   digitalWrite(L2,LOW); 

   digitalWrite(R3,LOW);  

   digitalWrite(L3,LOW); 

   digitalWrite(R4,LOW);  

   digitalWrite(L4,LOW); 

  } 

} 

void movement(int A1, int A2, int A3, int A4, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

      analogWrite(A2,511); 

      delay(500); 

      analogWrite(A3,511); 

      delay(500); 

      analogWrite(A4,511); 
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      delay(500); 

    } 

} 

 

10.2 Arduino 2 

 

#include <Wire.h> 

 

int R21=2; 

int L21=3; 

int R22=4; 

int L22=5; 

int R23=6; 

int L23=7; 

int R24=8; 

int L24=9; 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

  if(digitalRead(button) == true){ 

    movement(L21, L22, L23, L24, 3); 

    someDelay(R21, L21, R22, L22, R23, L23, R24, L24, 10); 

    while(digitalRead(button) == true){ 

    } 
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    movement(R11, R12, R13, R14, 3); 

  } 

  else if(digitalRead(button) == false){ 

      digitalWrite(R21,LOW); 

      digitalWrite(L21,LOW); 

      digitalWrite(R22,LOW); 

      digitalWrite(L22,LOW); 

      digitalWrite(R23,LOW); 

      digitalWrite(L23,LOW); 

      digitalWrite(R24,LOW); 

      digitalWrite(L24,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int R2, int L2, int R3, int L3, int R4, int L4, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

   digitalWrite(R2,LOW);  

   digitalWrite(L2,LOW); 

   digitalWrite(R3,LOW);  

   digitalWrite(L3,LOW); 

   digitalWrite(R4,LOW);  

   digitalWrite(L4,LOW); 

  } 

} 

void movement(int A1, int A2, int A3, int A4, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

      analogWrite(A2,511); 

      delay(500); 
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      analogWrite(A3,511); 

      delay(500); 

      analogWrite(A4,511); 

      delay(500); 

    } 

} 

 

10.3 Arduino 3 

 

#include <Wire.h> 

 

int R31=2; 

int L31=3; 

int R32=4; 

int L32=5; 

int R33=6; 

int L33=7; 

int R34=8; 

int L34=9; 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

  if(digitalRead(button) == true){ 

    movement(L31, L32, L33, L34, 4); 
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    someDelay(R31, L31, R32, L32, R33, L33, R34, L34, 10); 

    while(digitalRead(button) == true){ 

    } 

    movement(R31, R32, R33, R34, 4); 

  } 

  else if(digitalRead(button) == false){ 

      digitalWrite(R31,LOW); 

      digitalWrite(L31,LOW); 

      digitalWrite(R32,LOW); 

      digitalWrite(L32,LOW); 

      digitalWrite(R33,LOW); 

      digitalWrite(L33,LOW); 

      digitalWrite(R34,LOW); 

      digitalWrite(L34,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int R2, int L2, int R3, int L3, int R4, int L4, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

   digitalWrite(R2,LOW);  

   digitalWrite(L2,LOW); 

   digitalWrite(R3,LOW);  

   digitalWrite(L3,LOW); 

   digitalWrite(R4,LOW);  

   digitalWrite(L4,LOW); 

  } 

} 

void movement(int A1, int A2, int A3, int A4, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 
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      delay(500); 

      analogWrite(A2,511); 

      delay(500); 

      analogWrite(A3,511); 

      delay(500); 

      analogWrite(A4,511); 

      delay(500); 

    } 

} 

 

10.4 Arduino 4 

 

#include <Wire.h> 

 

int R11=2; 

int L11=3; 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

 

int F1 = A0; 

int F2 = A1; 

int F3 = A2; 

 

int R1; 

int R2; 

int R3; 

 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 
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  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

   

  while(digitalRead(button) == true){ 

    R1 = analogRead(F1); 

    R2 = analogRead(F1); 

    R3 = analogRead(F1); 

     

    if(R1 > 500){ 

      movement(L11,3); 

      while(R1 > 500){ 

        digitalWrite(R11,LOW); 

        digitalWrite(L11,LOW); 

      } 

      movement(R11,3); 

      someDelay(R11, L11, 10); 

    } 

     

    if(R2 > 500){ 

      movement(L12,3); 

      while(R1 > 500){ 

        digitalWrite(R12,LOW); 

        digitalWrite(L12,LOW); 

      } 

      movement(R12,3); 

      someDelay(R12, L12, 10); 

    } 
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    if(R3 > 500){ 

      movement(L13,3); 

      while(R3 > 500){ 

        digitalWrite(R13,LOW); 

        digitalWrite(L13,LOW); 

      } 

      movement(R13,3); 

      someDelay(R13, L13, 10); 

    } 

     

  } 

  while(digitalRead(button) == false){ 

      digitalWrite(R11,LOW); 

      digitalWrite(L11,LOW); 

      digitalWrite(R12,LOW); 

      digitalWrite(L12,LOW); 

      digitalWrite(R13,LOW); 

      digitalWrite(L13,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

  } 

} 

void movement(int A1, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

    } 
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} 

 

10.5 Arduino 5 

 

#include <Wire.h> 

 

int R11=2; 

int L11=3; 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

 

int F1 = A0; 

int F2 = A1; 

int F3 = A2; 

 

int R1; 

int R2; 

int R3; 

 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 
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  while(digitalRead(button) == true){ 

    R1 = analogRead(F1); 

    R2 = analogRead(F1); 

    R3 = analogRead(F1); 

     

    if(R1 > 500){ 

      movement(L11,3); 

      while(R1 > 500){ 

        digitalWrite(R11,LOW); 

        digitalWrite(L11,LOW); 

      } 

      movement(R11,3); 

      someDelay(R11, L11, 10); 

    } 

     

    if(R2 > 500){ 

      movement(L12,3); 

      while(R1 > 500){ 

        digitalWrite(R12,LOW); 

        digitalWrite(L12,LOW); 

      } 

      movement(R12,3); 

      someDelay(R12, L12, 10); 

    } 

    if(R3 > 500){ 

      movement(L13,3); 

      while(R3 > 500){ 

        digitalWrite(R13,LOW); 

        digitalWrite(L13,LOW); 

      } 

      movement(R13,3); 

      someDelay(R13, L13, 10); 
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    } 

     

  } 

  while(digitalRead(button) == false){ 

      digitalWrite(R11,LOW); 

      digitalWrite(L11,LOW); 

      digitalWrite(R12,LOW); 

      digitalWrite(L12,LOW); 

      digitalWrite(R13,LOW); 

      digitalWrite(L13,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

  } 

} 

void movement(int A1, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

    } 

} 

 

10.6 Arduino 6 

 

#include <Wire.h> 

 

int R11=2; 

int L11=3; 



 
 
 Page | 93 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

 

int F1 = A0; 

int F2 = A1; 

int F3 = A2; 

 

int R1; 

int R2; 

int R3; 

 

int button =13; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

  } 

void setup() { 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

   

  while(digitalRead(button) == true){ 

    R1 = analogRead(F1); 

    R2 = analogRead(F1); 

    R3 = analogRead(F1); 

     

    if(R1 > 500){ 

      movement(L11,3); 
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      while(R1 > 500){ 

        digitalWrite(R11,LOW); 

        digitalWrite(L11,LOW); 

      } 

      movement(R11,3); 

      someDelay(R11, L11, 10); 

    } 

     

    if(R2 > 500){ 

      movement(L12,3); 

      while(R1 > 500){ 

        digitalWrite(R12,LOW); 

        digitalWrite(L12,LOW); 

      } 

      movement(R12,3); 

      someDelay(R12, L12, 10); 

    } 

    if(R3 > 500){ 

      movement(L13,3); 

      while(R3 > 500){ 

        digitalWrite(R13,LOW); 

        digitalWrite(L13,LOW); 

      } 

      movement(R13,3); 

      someDelay(R13, L13, 10); 

    } 

     

  } 

  while(digitalRead(button) == false){ 

      digitalWrite(R11,LOW); 

      digitalWrite(L11,LOW); 

      digitalWrite(R12,LOW); 

      digitalWrite(L12,LOW); 
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      digitalWrite(R13,LOW); 

      digitalWrite(L13,LOW); 

  } 

   

} 

void someDelay(int R1, int L1, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

  } 

} 

void movement(int A1, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

    } 

} 

 

10.7 Arduino 7 

 

#include <Wire.h> 

 

int R11=2; 

int L11=3; 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

int R14=8; 

int L14=9; 

 

int T1=10; 
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int E1=11; 

 

int T2=12; 

int E2=A0; 

 

int T3=A1; 

int E3=A2; 

 

int T4=A3; 

int E4=A4; 

 

int button =13; 

 

long Dur1; 

int D1; 

long Dur2; 

int D2; 

long Dur3; 

int D3; 

long Dur4; 

int D4; 

 

void setPWMfrequency(int freq){ 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

} 

void setup() { 

  pinMode(T1, OUTPUT); 

  pinMode(E1, INPUT); 

  pinMode(T2, OUTPUT); 

  pinMode(E2, INPUT); 

  pinMode(T3, OUTPUT); 

  pinMode(E3, INPUT); 

  pinMode(T4, OUTPUT); 
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  pinMode(E4, INPUT); 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

  if(digitalRead(button) == true){ 

 

    while(digitalRead(button) == true){  

    

    digitalWrite(T1, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T2, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T3, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T4, LOW); 

    delayMicroseconds(2); 

     

    digitalWrite(T1, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T1, LOW); 

    digitalWrite(T2, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T2, LOW); 

    digitalWrite(T3, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T3, LOW); 

    digitalWrite(T4, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T4, LOW); 
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    Dur1 = pulseIn(E1, HIGH); 

    D1= Dur1*0.034/2; 

    Dur2 = pulseIn(E2, HIGH); 

    D2= Dur2*0.034/2; 

    Dur2 = pulseIn(E3, HIGH); 

    D3= Dur3*0.034/2; 

    Dur4 = pulseIn(E4, HIGH); 

    D4= Dur4*0.034/2; 

 

    if(D1 > 0 && D1 <= 5){ 

      movement(R14, 2); 

      movement(L14, 2); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 5 && D1 <= 10){ 

      movement(R14, 3); 

      movement(L14, 3); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 10 && D1 <= 15){ 

      movement(L14, 4); 

      movement(R14, 4); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 15 && D1 <= 20){ 

      movement(L14, 5); 

      movement(R14, 5); 

      someDelay(R14, L14, 10); 

     } 
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     if(D2 > 0 && D2 <= 5){ 

      movement(R13, 2); 

      movement(L13, 2); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 5 && D2 <= 10){ 

      movement(R13, 3); 

      movement(L13, 3); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 10 && D2 <= 15){ 

      movement(L13, 4); 

      movement(R13, 4); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 15 && D2 <= 20){ 

      movement(L13, 5); 

      movement(R13, 5); 

      someDelay(R13, L13, 10); 

 

     } 

 

     if(D3 > 0 && D3 <= 5){ 

      movement(R12, 2); 

      movement(L12, 2); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 5 && D3 <= 10){ 

      movement(R12, 3); 
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      movement(L12, 3); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 10 && D3 <= 15){ 

      movement(L12, 4); 

      movement(R12, 4); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 15 && D3 <= 20){ 

      movement(L12, 5); 

      movement(R12, 5); 

      someDelay(R12, L12, 10); 

 

     } 

 

      if(D4 > 0 && D4 <= 5){ 

      movement(R11, 2); 

      movement(L11, 2); 

      someDelay(R11, L11, 10); 

 

     } 

     else if(D4 > 5 && D4 <= 10){ 

      movement(R11, 3); 

      movement(L11, 3); 

      someDelay(R11, L11, 10); 

 

     } 

     else if(D4 > 10 && D4 <= 15){ 

      movement(L11, 4); 

      movement(R11, 4); 

      someDelay(R11, L11, 10); 
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     } 

     else if(D4 > 15 && D4 <= 20){ 

      movement(L11, 5); 

      movement(R11, 5); 

      someDelay(R11, L11, 10); 

     } 

      

    } 

     

  } 

  while(digitalRead(button) == false){ 

  } 

   

} 

void someDelay(int R1, int L1, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

  } 

} 

void movement(int A1, int n){ 

  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

    } 

} 

 

10.8 Arduino 8 

 

#include <Wire.h> 
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int R11=2; 

int L11=3; 

int R12=4; 

int L12=5; 

int R13=6; 

int L13=7; 

int R14=8; 

int L14=9; 

 

int T1=10; 

int E1=11; 

 

int T2=12; 

int E2=A0; 

 

int T3=A1; 

int E3=A2; 

 

int T4=A3; 

int E4=A4; 

 

int button =13; 

 

long Dur1; 

int D1; 

long Dur2; 

int D2; 

long Dur3; 

int D3; 

long Dur4; 

int D4; 

 

void setPWMfrequency(int freq){ 



 
 
 Page | 103 

   TCCR0B = TCCR0B & 0b11111000 | freq ; 

} 

void setup() { 

  pinMode(T1, OUTPUT); 

  pinMode(E1, INPUT); 

  pinMode(T2, OUTPUT); 

  pinMode(E2, INPUT); 

  pinMode(T3, OUTPUT); 

  pinMode(E3, INPUT); 

  pinMode(T4, OUTPUT); 

  pinMode(E4, INPUT); 

  pinMode(button, INPUT_PULLUP); 

  setPWMfrequency(0x02);// timer 0 , 3.92KHz 

  Serial.begin(9600); 

} 

 

void loop() { 

  if(digitalRead(button) == true){ 

 

    while(digitalRead(button) == true){  

    

    digitalWrite(T1, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T2, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T3, LOW); 

    delayMicroseconds(2); 

    digitalWrite(T4, LOW); 

    delayMicroseconds(2); 

     

    digitalWrite(T1, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T1, LOW); 
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    digitalWrite(T2, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T2, LOW); 

    digitalWrite(T3, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T3, LOW); 

    digitalWrite(T4, HIGH); 

    delayMicroseconds(10); 

    digitalWrite(T4, LOW); 

     

    Dur1 = pulseIn(E1, HIGH); 

    D1= Dur1*0.034/2; 

    Dur2 = pulseIn(E2, HIGH); 

    D2= Dur2*0.034/2; 

    Dur2 = pulseIn(E3, HIGH); 

    D3= Dur3*0.034/2; 

    Dur4 = pulseIn(E4, HIGH); 

    D4= Dur4*0.034/2; 

 

    if(D1 > 0 && D1 <= 5){ 

      movement(R14, 2); 

      movement(L14, 2); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 5 && D1 <= 10){ 

      movement(R14, 3); 

      movement(L14, 3); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 10 && D1 <= 15){ 

      movement(L14, 4); 
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      movement(R14, 4); 

      someDelay(R14, L14, 10); 

 

     } 

     else if(D1 > 15 && D1 <= 20){ 

      movement(L14, 5); 

      movement(R14, 5); 

      someDelay(R14, L14, 10); 

     } 

      

     if(D2 > 0 && D2 <= 5){ 

      movement(R13, 2); 

      movement(L13, 2); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 5 && D2 <= 10){ 

      movement(R13, 3); 

      movement(L13, 3); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 10 && D2 <= 15){ 

      movement(L13, 4); 

      movement(R13, 4); 

      someDelay(R13, L13, 10); 

 

     } 

     else if(D2 > 15 && D2 <= 20){ 

      movement(L13, 5); 

      movement(R13, 5); 

      someDelay(R13, L13, 10); 
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     } 

 

     if(D3 > 0 && D3 <= 5){ 

      movement(R12, 2); 

      movement(L12, 2); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 5 && D3 <= 10){ 

      movement(R12, 3); 

      movement(L12, 3); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 10 && D3 <= 15){ 

      movement(L12, 4); 

      movement(R12, 4); 

      someDelay(R12, L12, 10); 

 

     } 

     else if(D3 > 15 && D3 <= 20){ 

      movement(L12, 5); 

      movement(R12, 5); 

      someDelay(R12, L12, 10); 

 

     } 

 

      if(D4 > 0 && D4 <= 5){ 

      movement(R11, 2); 

      movement(L11, 2); 

      someDelay(R11, L11, 10); 

 

     } 
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     else if(D4 > 5 && D4 <= 10){ 

      movement(R11, 3); 

      movement(L11, 3); 

      someDelay(R11, L11, 10); 

 

     } 

     else if(D4 > 10 && D4 <= 15){ 

      movement(L11, 4); 

      movement(R11, 4); 

      someDelay(R11, L11, 10); 

 

     } 

     else if(D4 > 15 && D4 <= 20){ 

      movement(L11, 5); 

      movement(R11, 5); 

      someDelay(R11, L11, 10); 

     } 

      

    } 

     

  } 

  while(digitalRead(button) == false){ 

  } 

   

} 

void someDelay(int R1, int L1, int n){ 

   for(int i = 0; i < n; i++){ 

   delay(500); 

   digitalWrite(R1,LOW);  

   digitalWrite(L1,LOW); 

  } 

} 

void movement(int A1, int n){ 
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  for(int i=0;i<n;i++){ 

      analogWrite(A1,511); 

      delay(500); 

    } 

} 

 

 

 

 


