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[bookmark: _Toc322448158][bookmark: _Toc209584550][bookmark: _Toc262488150][bookmark: _Toc262911997] 	The objective of being tasked with this design project was to improve Equilibrium [Fig.1] engineering art installation found in the STEM building at the University of Ottawa. The team was able to identify the modifications that could be performed by taking into considerations client needs and requirements. As a result, it was decided that a sound component should be added to enhance user interactivity with the art installation. Before a prototype could be built, the team had to decide which of the 18 conceptual design will be implemented and out of the 18 final three contenders were formulated. Through the use of metrics and a matrix, the most suitable concept was determined to be the Proximity Design. This design utilizes the pre-existing ultrasonic sensors from the Equilibrium art installation along with speakers placed along the railing of the stairs. The aim of the first two prototypes was to be physical and focused, while the third prototype was comprehensive and physical. The final solution had to meet all the design criteria and after taking client feedback into careful deliberation, it was decided the prototype 3 would be the final prototype, which was successfully displayed on the design day. In general, although the project was a success, there are various improvements which could be performed on the project. This could be in the form of replacing the ultrasonic sensor with infrared or using more ambient sounds rather than a flat tone or aesthetic improvements which could be done on the stairs. 
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1. [bookmark: _Toc322448162][bookmark: _Toc209584555][bookmark: _Toc234313637][bookmark: _Toc262912003][bookmark: _Toc6142687]Introduction
[image: https://lh4.googleusercontent.com/o4Cti2orOr7tbUMXeGj-Q9SZroqjk1C3I-xKiYHlMDraTf5n6kJHOjvTY78bpU6QBbMNzhk2p1EveLqD1lQzYcCh4o2gSeuCpRsgQHvX-Po0pjiE7CcxRwi_PpAh8RZDEBd2Yadf]The goal of this design project was to improve the Equilibrium [Fig. 1] engineering art installation found in the STEM building at the University of Ottawa. Modifications were made in accordance with the opinions and wishes of the original designers of the installations. Equilibrium is a hanging sculpture hung above a set of stairs that is covered in LED light strips that light up when a person walks on certain steps on the stairs. The original installation, which was non-functional, was scarcely used and was relatively unknown to the majority of the student population. In order to improve on the installation and generate interest, the project “Adding Sound to Equilibrium” had to add a new interactive element to the original design, fix the problems found in the original design, as well as integrate its modifications seamlessly into the piece. The final product aimed to add an interactive sound element to Equilibrium in order to compliment the aesthetics of the original design, where different musical notes would be played at the same time different as lights being triggered on the sculpture. A notable aspect of this project came from the low-cost, and uncomplicated potential implementation.[bookmark: _Toc6142708]Figure 1: Equilibrium Art Installation (Darche Laura, 2018) 



	Comment by David Knox: t add extra paragraphs to get spacing between lines.  Instead, modify the attributes of the normal paragraph (by right-clicking and selecting paragraph and adjusting the before/after fields appropriately)
[bookmark: _Toc6142688]Need Identification and Product Specification Process 
To begin the design process, it was important to meet with the client to establish a set of client needs and wishes for the modifications that were to be performed on Equilibrium. The client, Marc Leblanc, primarily wished for a new interactive element to be added to the art installation to compliment to the existing design, among other needs outlined below in Table 1. Other important information which was gathered in the first client meeting were instructions to avoid modification to the original hanging sculpture, as well as learning that the original design planned to feature sound as in interactive element, which then served as the main focus for the project. 

[bookmark: _Toc6142743]Table 1: Customer Needs and Interpretation
Legend: Interactive elements | Technical elements | Visual elements
	Importance (Most [1] to Least [9])
	Customer statement
	Interpretation

	2
	Fix the Existing Design
	Determine why the sensors on top of the stairs are not working and propose a solution so that they operate consistently

	1
	Add Interactive Elements
	Add sound to make it more interactive, also making it more appealing to use stairs

	3
	Integrate modifications seamlessly into pre-existing design
	Ensure that a proposed modification still uses sensors which can easily be connected to an Arduino, for easy integration

	6
	Encourage Stair Use
	Increase the appeal of the stairs and decrease elevator use

	4
	Modifications should not impact the use of the stairs
	New elements added to the instillation should be discreet and take up little space

	7
	Avoid modifying the hanging sculpture 
	Any additions or improvements to the installation will be along the stairs or to the electronics component of the sculpture

	9
	Modification made should be visually appealing
	Modifications made should fit the theme of the original design

	5
	Modifications should be durable and reliable
	New elements on the design should work consistently through steady use

	8
	Modifications should not be obtrusive
	Any interactive components added should not disturb people using the building for studying or who are on the go



When interpreting the needs of the client and determining their important, it was crucial for the team to empathize with the client, and fulfill the original vision of the project. For this reason, most needs were ranked highly if they focused on maintaining the integrity of the original design, with the exception of the interactive element which was an explicit ask of the client. The needs were also categorized into interactive components, technical elements and visual components. 
Taking inspiration from the original vision of Equilibrium it was decided a sound component would be added to improve the interactivity of the installation. It was also decided that as the original design uses an Arduino as a control unit, any modifications made should be Arduino compatible. The same the concept was applied to the sensors along the stairs as well, and it was decided that similar ultrasonic sensors must be used, if sensors are necessary in the design. 
	To gain a better understanding of engineering art installations, and to be able to make more effective modifications to Equilibrium, benchmarking was performed on several other interactive sound, light and stair focused art installations. In addition, benchmarking was done comparing many potential components that could be used in prototypes and the final design. 
[image: https://lh5.googleusercontent.com/vbhVkSn-QVzKvoQIvAPxuneW-UkNGx9ey37VwUcMpvj8f87MFgLFNr7mF0JL8EIditkq1vlynfoPqJgYYxg59iLonQ1tJNZzNJ6MS6LfVr7kVxP93f55aXq8-AVwKtc-bY2efFWT][image: https://lh3.googleusercontent.com/VqTauupAINS4R3oLPyymk6lt2S3zvmTXQ_zjiaCWhmlobLa897-G5RTX6SNh0Nbngm-fPODsX8rSqgAsFRi6_REwOjxYAJpI8LMf8EjNaKZy-JcYhhRpmZwobmJG58ZYodJcy5LP]First, an interactive light installation was examined. Stairs similar to those in in figure 2, could be implemented through light plane sensors. These light planes would act as triggers, and when someone would step into the light it could trigger an event. These types of installations are very popular, and common. Examples of these stairs can be found at the Wencel Building in Boulder, Colorado, and Sydney Australia's Hopscotch staircase. The light sensors were considered, but ultimately not used as they were not used in the original design, and the hanging sculpture portion of Equilibrium already contained interactive lighting. [bookmark: _Toc6142709]Figure 2: Stairs Painted Like Piano Keys (Chinadaily, 2015)
[bookmark: _Toc6142710]Figure 3: Light plane sensors (A Mendoza, 2015)

Piano Stairs were also considered such as those found in figure 3, which are painted to resemble piano keys and trigger a different note to play depending on which stair is stepped on. This design fell in line with the original vision of Equilibrium, and introduced a unique visual element to the stairs on top of audio. This sounds produced by the stairs could also be customized to make the installation unique. These types of designs are very popular and are found around the world. In most cases ultrasonic or infrared sensors are used in their implementation. 
	Benchmarking was also performed on several components that were considered in the implementation of the prototypes including various microprocessors [Table 2] and speakers [Table 3]. Three different products of each were examined and compared using a basic point ranking system. The product that accumulated the greatest total points would be determined to be the best component for this project. 

[bookmark: _Toc6142744]Table 2: Microprocessor Benchmarking
Legend: 3 points | 2 points | 1 point |
	Specification
	Need #
	DFR0306 - Arduino Mega
	DFR0010 - Arduino Nano
	A000073 - Arduino Uno

	Price per unit ($)
	2,3
	36.36
	28.48
	31.19

	Operating Voltage (V)
	1,4
	5
	5
	5

	Length (mm)
	5,7,8
	101.6
	43.18
	68.6

	Width (mm)
	5,7,8
	53.3
	18.54
	53.3

	Weight (g)
	5,7
	37
	25
	7

	Digital I/O pins
	4
	54
	14
	14

	Total Points
	13
	14
	12



[bookmark: _Toc6142745]Table 3: Speaker Benchmarking
	Specification
	Need #
	SP-1605
	AS01508MR-6-R
	AS05008MS-R

	Price per unit ($) (20 units total)
	2,3
	1.9630
	3.26200
	4.4480

	Frequency Range (Hz)
	1,6
	300 - 8000
	900 - 20000
	800 - 7000

	Dimensions (mm)
	5,7,8
	16 dia. x 5
	15 dia. X 4.4
	50.5 dia. X 12

	Power (W)
	1,4
	0.8
	1.8
	3

	Total Points
	10
	9
	4



Based on the client needs determined earlier, a problem statement for this project was established:

“The Equilibrium art installation in STEM is currently non-functional and is not being used to its intended full potential. In order to improve the piece, the original designers wish to see an improvement in the reliability as well as the addition of user-interactive elements.”
	This problem statement aims to highlight the main wish of the client, and the main focus of the modification. It is designed to be provide a reader with some background as to why changes are being made, and some basic information on the original design. 

Using the client needs, and some of the benchmarking and research that was performed, a design criterion was established [Table 4], along with metrics and constraints [Table 5], constraints and target design specifications [Table 6]. 

[bookmark: _Toc6142746]Table 4: Design Criteria
Legend: Functional Requirement | Non-Functional Requirement | 
	Need
	Design Criteria

	Determine why the sensors on top of the stairs are not working 
and propose a solution so that they operate consistently
	Sensors at the top of the stairs must be fixed and operate consistently

	Add sound to make it more interactive, also making it more appealing to use stairs
	Sound must be a feature of the design built around the stairs

	Ensure that a proposed modification still uses sensors which can easily be connected to an Arduino, for easy integration
	Any sensors, speakers or lights  used must be arduino compatible

	Increase the appeal of the stairs and decrease elevator use
	The design should improve the experience of taking the stairs

	New elements added to the instillation should be discreet and take up little space
	The design must take up little space and not impact the use of the stairs

	Any additions or improvements to the installation will be along the stairs or to the electronics component of the sculpture
	The design must be focus on the stairs and electronics and will not touch the hanging sculpture 

	Modifications made should fit the theme of the original design
	Modifications should not seem out of place in the context of the rest of the installation

	Modifications should be durable and reliable
	The design must be durable and last through everyday use

	Modifications should not be obtrusive
	Modifications must not impact the use of the stairs and remain hidden or discreet



[bookmark: _Toc6142747]Table 5: Metrics and Constraints
	Design Criteria
	Relation (=, <, >)
	Value
	Units
	Verification

	Functional Top Sensors
	=
	Activation percentage
	%
	Successful trials/number of trials

	Sound
	>=
	Sound level
	dB
	Phone app

	Take up a small amount of space
	<=
	Volume
	cm3
	Measuring tape/ruler

	Total Cost 
	<=
	Cost
	$
	Receipts



Another key constraint on this project was that the hanging sculpture could not be modified, as established in the first client meeting. The metrics that were chosen were designed to track the reliability of the sensors, the volume produced by the speakers, to ensure its loud enough, the size of the of the control unit and its housing, and the total cost of the project. 

[bookmark: _Toc6142748]Table 6: Target Specifications
	Design Criteria
	Minimum Spec
	Ideal Spec

	Functional Sensors (%)
	85%
	95%

	Sound (dB)
	40
	60

	Speaker size (cm3)
	10
	5

	Control unit size (cm3)
	5
	3

	Total Cost ($)
	150
	100



	It was determined that the functionality of the sensors at bare minimum should be 85% so that almost all the time sound is produced successfully. There is some variability in the activation of the sensors, especially if there is high traffic on the stairs which is why this may appear relatively low. The measured sound was should be ideally 60 dB, or standard talking volume. This was chosen so that people on the stairs can hear the sounds, but it is not loud enough to be intrusive on the rest of the building. The speakers should be under 5 cm3 in size so that they are small enough to fit under the railing of the stairs. The control unit must be small enough to fit in the existing housing of the current Arduino device. Finally, the total cost ideally should be under $100, but the budget can be extended if necessary, to $150.
[bookmark: _Toc6142689]Conceptual Designs
Each team member produced three conceptual designs. Out of the eighteen total conceptual designs, a final three contenders were formulated. Through the use of metrics and a matrix, the most suitable concept was determined to be the Proximity Design. This design utilizes the pre-existing ultrasonic sensors from the Equilibrium art installation along with speakers placed along the railing of the stairs. Moving forward, a prototype shall be developed from this design.
[bookmark: _Toc6142690]Team Brainstorming
The eighteen initial design concepts as improvements for the Equilibrium art installation contains a sketch and a brief description, these can be viewed in Appendix 3. Ideas were generated in a group environment with dedicating brainstorming sessions. Group members were instructed to be open to all ideas during the process and not to judge designs preemptively. This brainstorming session was very formal, all electronics were stored away, and the group generated concepts individually for 20 minutes before reconvening.  Three final concepts were chosen or formed based upon the best aspects of the eighteen design concepts. The three contending designs were chosen as a group through open discussion on the pros and cons of each design. Designs were considered for their simplicity, potential cost, feasibility, among other design criteria. These final three designs are explored in further detail. The final three designs will be compared to the design criteria and metrics and from this one design will be chosen to pursue. 
[bookmark: _Toc6142691]Contending Designs
[image: https://lh5.googleusercontent.com/UwpE8Q2pLpZTTFKpreGeRwY63T6UadxYvCgX4E9bsvo40dd_hCsHVP1L1pG9cLbbo7aMytSt4NDLK6Xu4qKwVunGWvfdku8MBlqycFCruM4_PSc5uG5vRpuo7eSp-QfZG7K1k6Tj]Based upon the eighteen designs generated, three new designs have been adapted based upon a group discussion where factors such as originality, functionality, cost, along with the rest of the design criteria were considered. Each of the chosen three designs attempt to implement sound as an interactive element using varying detection techniques, hardware and types of speakers. All three of the designs, however, use the same fundamental stair design outlined below. 

The concept for the stairs was very similar to those found in design 2 and 13. The main body of the stairs will be built using cardboard boxes. The size of the stairs was not definite as it would be based on the availability of boxes. The goal, however was to create a stair with 3 steps and the base of the stairs shall be roughly the size of a shoebox. On the side of the cardboard stairs, a large pegboard would be attached, and hooks would be hung from the pegboard. Inside of the hooks a piece of wood or plastic should be hung to create a railing.[bookmark: _Toc6142711]Figure 4: Stair Design

[bookmark: _Toc6142692]Proximity Design
[image: https://lh4.googleusercontent.com/9iyaqJ_WcO1OLAymDiDtYSaXND7NYmnmjYN4DlB7d9T03urPDGCGdI3MW-Iv8-sflFKGv_OrjpEYNlw83rtUmtboerTa-PmMsqd9WL-TndTQJwzDq7uayEC4JQZq51IoKaUyrNgb]The concept of the Proximity Design was using a basic ultrasonic proximity sensor to detect movements on the stairs. Similar to the design currently used in STEM that activated the lights, the same sensors would be used to trigger a set of sounds. The sensors would be attached to the edge of each step and parallel to the length of the stair. The speakers would be attached to the railing created via the peg board. In order to facilitate the ultrasonic sensor readings, walls would be installed on the opposite side of each stair to allow the sound waves to rebound back to the sensor. The main control unit of this design was the Arduino.[bookmark: _Toc6142712]Figure 5: Proximity Design

[bookmark: _Toc6142693]Light Plane Design
[image: https://lh5.googleusercontent.com/FXe406QqvCuV4msUi2PILBf-IBjjtvlNq4rwe8r0576B4GPOLnfIQ2jWHB9SRFqiA5HPd2lZed3aHawkjOwqZc4Fr12UnrIfHjKQRsCXn3-g3kxM0vd1C7n0qTDIRBEupr5jC6NR]The Light Plane Design attempted to add multiple interactive components to the stairs through light and sound. Lights were installed on the edge of each step and would project a plane of light across the step. When the light plane was broken, the system would play a sound. This design was considered for its additional interactive element and an improvement to the stair’s aesthetics. The speakers were once again mounted to the railing of the stairs. The system might require a Raspberry Pi unit to function.[bookmark: _Toc6142713]Figure 6: Light Plane Design

[bookmark: _Toc6142694]Conductive Stair Design[bookmark: _Toc6142714]Figure 7: Light Plane Design

[image: https://lh3.googleusercontent.com/Fr3gYl2U6MpHQ9ligzitt2weskUzGJk1_u1TGs_hiBm6M-ZsWMPyk0VyNOh409Vr9MBcnmOeNrRQgMTFGpd8S5fDwgwTedtj6eZ8NB9WILKdIE117OkeRhh5z5dCSxp_c0XAhKKv]The Conductive Stair Design mainly attempted to be as simple as possible in the detection of traffic flow on the stairs. The stop of each stair is simply covered with a conductive material such as aluminum foil, which would send a signal when stepped on. This system required a MakeyMakey device in order to implement this detection system. This design varies from the other designs as instead of speakers mounted along the raining, one main speaker unit is used, which was both larger and louder than the individual speakers used in the other designs.[bookmark: _Toc6142715]Figure 8: Conductive Stair Design

[bookmark: _Toc6142695]Final Design
Legend: 3 points | 2 points | 1 point |

[bookmark: _Toc6142749]Table 7: Matrix for Contending Design
	Design Criteria
	Proximity Design
	Light Plane Design
	Conductive Stair Design

	Sensors at the top of the stairs must be fixed and operate consistently
	Design fixes and uses the sensor at the top of the stairs 
	Design requires replacement of stairs sensors instead of fixing
	Design requires replacement of stairs sensors instead of fixing

	Sound must be a feature of the design built around the stairs
	Sound is a major feature of design
	Sound is a major feature of design
	Sound is a major feature of design

	Any sensors, speakers or lights used must be arduino compatible
	Ultrasonic sensors used in this design are arduino compatible
	Flashlight or LED used are Arduino compatible
	Uses no sensors, a complete different electronic system thus not arduino compatible

	The design should improve the experience of taking the stairs
	Adds audio component to the steps
	Adds some visual and audio flair to using the steps
	Adds audio component to the steps

	The design must take up little space and not impact the use of the stairs
	Can use the same sensors that are currently installed, no need to make room for new ones
	New sensors are necessary. May require new space for Raspberry Pi
	Cover on steps, and need to make space for MakeyMakey device

	The design must be focus on the stairs and electronics and will not touch the hanging sculpture 
	Does not impact the sculpture
	Does not impact the sculpture
	Does not impact the sculpture

	Modifications should not seem out of place in the context of the rest of the installation
	Same sensors as the original design. Sound adds new interactive element
	Light theming fits with hanging sculpture.  Sound adds new interactive element
	Sound adds new interactive element

	The design must be durable and last through everyday use
	Sensors should work reliably as there is no human contact with the sensors themselves
	Sensors should work reliably as there is no human contact with the sensors themselves
	Durability could be an issue with debris on the covered stairs impacting its long term use, water could react with the conductive material

	Modifications must not impact the use of the stairs and remain hidden or discreet
	These components are very discreet and nothing visible on the stairs
	This design projects lights on the steps the of the stairs, the rest of the components are hidden
	Each step will require a conductive cover on each step, all other componentry is hidden

	Total Points
	25
	23
	15







[bookmark: _Toc6142750]Table 8. Metric for Contending Design
	Metric
	Proximity Design
	Light Plane Design
	Conductive Stair Design

	Functional Top Sensors
	95%*
	95%*
	70%*

	Sound
	88dB
	88dB
	120dB

	Take up a small amount of space
	Speaker - 174.24 mm3
Arduino Uno - 51.29 cm3
	Speaker - 174.24 mm3
Arduino Uno - 51.29 cm3
Raspberry Pie - 65.32 cm3
	Speaker - 1897.2 cm3
MakeyMakey - 80 cm3

	Processing Unit Cost
	35$
	$45
	$100

	Speaker Cost (per unit)
	$6
	$6
	Free (already own the speaker)

	Total Points
	13
	11
	9


*The values were approximate estimation for the design’s performances

From the metric and matrix table above, it was clear that the proximity design was the best contender. It was the cheapest as it used the pre-existing sensors, which would translate into less time for construction and setup. In the end, the proximity design consisted of elements that would be easy to integrate into the pre-existing Equilibrium art installation.

[bookmark: _Toc6142696] Project Plan, Execution, Tracking & Bill of Materials
The cost being considered includes shipping and taxes. Some items in the table such as the PVC pipe, pegboard and wire kit, did not have to be purchased and could be obtained for free, which lowered the total cost. The costs of the other objects purchased were kept track of via purchase receipts, and subtotaled at the end in order to construct a final bill of materials. 

[bookmark: _Toc6142751]Table 9: Bill of Materials
The following table examines each component needed in the implementation of the proximity sensor design chosen in the last deliverable. 
	Part Number
	Part Name
	Description
	Quantity
	Cost/unit
($)
	Total Cost ($)

	1
	Arduino Nano
	Main control unit of the prototype
	1
	22
	22

	2
	Cardboard boxes
	Main material for building the stairs
	6
	Free
	Free

	3
	Peg Board
	Attached to stair, holds railing and speakers
	1
	12
	12

	4
	Peg Board Hooks
	Hold railing on peg board
	2
	3
	6

	5
	PVC Pipe
	Forms the main railing
	1
	5
	5

	6
	Hot Glue
	To assemble the cardboard stairs
	N/A
	Free
	Free

	7
	Range Detector
	Senses people on the stairs
	5
	2.4
	12

	8
	Wire kit
	For wiring up all the components
	1
	12
	12

	9
	Speakers
	For outputting the sound
	3
	6
	18

	10
	Solderable Breadboard
	For connecting wires on the final prototype
	1
	14
	14

	Total Cost
	$95


	This bill of materials was modified several times throughout the construction of each prototypes as challenges were faced and overcame. Peg board hooks were ultimately not needed, and were not purchased and so they were excluded from the final cost of the project. 
[image: https://lh5.googleusercontent.com/7zmaaY1LphJLUiiQPCBfUmtXEVezKpphi1M84k4iIvUoTbxXxjkLZkXKtF-SQLBpHDROwql6FQQ8szrJO57qJsOfUlvVpC_iCfoDUKmRjzW_65FEVMcUBpEhHpno2xOQ5L0RHThO][image: https://lh5.googleusercontent.com/wtktURtxUgfFTgHLvckRYGkW9AvcpjzM08m-RgyHosqNKueOSi8YYrCD-lFL9m8JM6qrcBMue66Wp9NEHlx0O5QIfzFMFjnpV6doIi5ALTwVWHsD4VJVNn9JpPLLzCe_t7J6PqYg]The Gantt chart used to manage time and schedule. The name of each person responsible for a specific task is listed at the side, along with a bar that provides a visual for the task duration. [bookmark: _Toc6142716]Figure 9: Gantt Chart

The project generally followed the dates outlined in the Gantt chart. For a vast majority of the deliverables, the group met up early on the day before the deliverable was due to work, and completed the task. Since the deliverables were mostly due at 11:59 pm the next day, these due dates served as “buffer days” in case the group ran into issues that would require a second day for the task to be worked on. Notably, the only difficulties with staying on schedule were experienced with the manufacturing of the, comprehensive prototypes, such as issues with solder connections or code. However, despite such challenges, the deliverables were consistently handed in and completed on-time with a high degree of quality and care.
[bookmark: _Toc6142697]Analysis: 
[bookmark: _Toc6142698]Prototype 1 Testing
[bookmark: _Toc6142752]Table 10: Sensor 1 Test Results
	Expected Distance (cm)
	Average Recorded Distance (cm)

	2.0
	3.5

	17.0
	15.8

	25.0
	22.7



[bookmark: _Toc6142753]Table 11: Sensor 2 Test Results
	Expected Distance
	Average Recorded Distance

	2.0
	3.4

	17.0
	16.8

	25.0
	23.6



[bookmark: _Toc6142754]Table 12: Sensor 3 Test Results
	Expected Distance
	Average Recorded Distance

	2.0
	2.4

	17.0
	16.9

	25.0
	24.3




[bookmark: _Toc6142755]Table 13: Sensor 4 Test Results
	Expected Distance
	Average Recorded Distance

	2.0
	2.9

	17.0
	16.1

	25.0
	24.1



[bookmark: _Toc6142756]Table 14: Sensor 5 Test Results
	Expected Distance
	Average Recorded Distance

		2.0	
	3.3

	17.0
	17.0

	25.0
	25.1



Each sensor was tested multiple times at multiple distances and the average reading of each tested difference compared to the expected distance is included in the tables above. These tests were performed on prototype 1. From these results it was clear that sensor 3, 4, and 5 produced the most accurate test results, and for this reason they were the ones utilized in the following prototypes. 
[bookmark: _Toc6142699]Prototype 2 Testing
[bookmark: _Toc6142757]Table 15: Speaker Sensor Interactions at Different Frequencies*
	Trial Number
	Sensor 1 Frequency (Hz)
	Sensor 2 Frequency (Hz)
	Sensor 3 Frequency (Hz)
	Acceptable Frequency Difference

	1
	5000
	3000
	800
	no

	2
	10000
	8000
	6000
	no

	3
	4500
	2500
	1500
	yes


*Note: Only one speaker was functional for the tests, due to the other malfunctioning.

This chart compares the frequencies that triggered each sensor, and compared them to the acceptable difference. It was determined that 4500, 2500 and 1500 Hz were the optimal frequencies for sensor 1, 2 and 3, respectively as they provided and substantial audible difference in tone, and which would allow for the creation of a piano stair like effect. 
[bookmark: _Toc6142700]Prototype 3 Testing
No quantitative testing was performed on these prototypes, however, some basic functionality testing was performed to ensure the sensors activated reliably, and produced distinct audio. 
[bookmark: _Toc6142701]Prototyping Process
Throughout this project, the concept of iterative prototyping was utilized. This enabled the group to easily track the progress of how the solution was to be implemented and easily make changes to components. A total of three prototypes were created, each installment improving on the previous version. Each prototype and its corresponding client feedback is explained in the preceding paragraphs.

[image: https://lh4.googleusercontent.com/iAbm3Ps0-e7BNUhnPIXCVY1ID80fvoieG8k5DkgJPUDQk79je0nzpYuWEExDuiLY8Srd_gdzBhqXw9F9XN8C_2fOGec83CVNL3j6hXwvv5Klptwrgc9Fhwt2VMzTMACZi-JQiPSN][image: https://lh4.googleusercontent.com/uhDhb-dHg9nqQ0_jwcCtQwGtNxNzl9YH7fhxeVdNDogvUhCxglJ_KjR8-N0zRtwzz8QTyN2gSsDKDa15RSJeS0wuG_pGXsE1-IkLZc1o0N6sAvnN5rHDTWy0Y8DZxKJzq3QPwKce]The purpose of the first prototype was to be physical and focused. All foreseen materials that would be required for the entire project were purchased/gathered prior to this first construction. It consisted of the initial cardboard stair structure attached to a peg board and a piece of railing constructed from a wooden length of quarter-round. In addition, a breadboard circuit was created to test each speaker and ultrasonic sensor individually. Generally, the client was content with the progress of the project at this point. Some concerns were highlighted regarding acoustics, sensors, as well as the aesthetics of the design. For acoustics, the chosen speaker was said to have a “tinny” timbre due to its size. Hence, the sounds would use in the project should likely follow a metallic, and ambient theme in order to integrate well into the given space. The sensor elements were also heavily discussed. Due to previous issues with the ultrasonic sensors, the client suggested using an infrared sensor in the prototype as an alternative due to issues that they encountered with the initial construction of Equilibrium. Furthermore, a clean, colourful and symmetrical design with hidden wires, breadboards and sensors was suggested. Ultimately, it was decided that the purchased ultrasonic sensors would remain in use due to budget constraints and maintaining easy implementation with original equilibrium structure.
[bookmark: _Toc6142717]Figure 10: Cardboard Stair Structure from and ultrasonic sensor testing from Prototype I


[image: https://lh4.googleusercontent.com/lqW2YYYzMfY2Sk-9hwRJvrQ57_1XzleASiueCjCbhCDhOxAnQF0-eDSP26NGLZgdzSw1mppPXuleU88LhmzTaUV8QhgFiGQtrprJfWKY7tDOrvebYULnMdTb9K2w0okr_054kIhC][bookmark: _Toc6142718]Figure 11: One speaker from initial pair of speakers that was purchased

[image: https://lh5.googleusercontent.com/sbTuEiHlpk7Ubybf_7KFM8iAjHi2GbNg0_VofYfnYJ1kvnU9KQ7xdwUftBdqXqHxH2jczxpyTLQPs1ms_-PJB_9X8JWsC2GLH77TwsFtThXE7PsI78BRfZAtinAFGFXb3rHf1iWu]The second prototype was again physical and focused. The new goal, however, was to ensure that all of the electronic components for the final product were functional. This was achieved by creating a more sophisticated breadboard circuit that tested all three ultrasonic sensors at once. The sensors were lined up in a row on the breadboard and were tested to see they if they produced difference sounds through a speaker when activated. It took a good amount of testing to be able to determine an adequate set of three frequencies for each stair. Also, this round of testing indicated that the initial set of speakers that were purchased were not adequate. They did not provide a satisfactory dynamic range and  enough clarity for each tone that the system was set to produce. Luckily, there was still $26 allotted for additional costs within the budget and so another set of speakers with 4Ω resistance and 3W of power was purchased from Amazon. Due to the focus on electronics for this prototype, there was not much to show in the next client meeting. The test results were presented to the client and they were pleased with the group’s mindset to get the functionality working first.[bookmark: _Toc6142719]Figure 12: Prototype II breadboard setup


The third and final prototype was comprehensive and physical in nature, as it involved combining the stair structure from prototype I along with the electronic components from prototype II. The stair structure was painted to increase its aesthetics and fidelity. A transition from the breadboard configuration presented in prototype II to soldered connections was required to ensure that all connections were permanent. This involved running wires throughout the stair structure and soldering them to protoboards. Only then could everything be attached to the Arduino Uno and stored within the upper stair. Unfortunately, the system was found to short-circuit after construction. There are multiple theories that the group produced to explain why this occurred. For instance, this issue may have been caused by the fragility of the copper wires used for some connections. Due to the lack of expertise and experience dealing with soldered connections through a protoboard, it was not possible to identify the exact issue. As a result, a solderable breadboard was purchased for $14, bringing the total project cost to $98. Testing for this prototype involved passing a hand by each of the three sensors that were placed on the stair structure and seeing if they produced the same results as what was found with prototype II. Testing revealed that the distance at which the ultrasonic sensors operated needed to be changed to accommodate the length of each stair. As predicted, each sensor yielded a distinct sound exactly like what was shown with prototype II. This final installment was shown to the client during one of the final lab sessions [image: https://lh6.googleusercontent.com/kO5enS_pKmPT2LESjv7OEy-AvWiBnQEwgOmPmx8gQBHqjutQ4FuHnDCDMSoQ3Udf7QREsBsjhLE1lqnt0kg5kAu6DIqRaOI4th0Ni7p02-dan841_KbNvGeye98pSVbdK-RXWncM]and they were thoroughly pleased with development and function.[bookmark: _Toc6142720]Figure 13: Second set of speakers and protoboard used for prototype III

[image: https://lh6.googleusercontent.com/6TqN6lc0ULTa2RTS0fL7iRAjSQWXPpOercVCILL8paFOYLT7rOzfxpa9Kbw0bxcfu9lbExEsHs8ZSTE6aTHLF55-g474L9iGJq3I_hECQ5RbBb9bKg3zVL9XXg3DS4tL64lHnDmh][image: https://lh3.googleusercontent.com/so96Gjp7KcnTfhxMhPOTjT-xWNrs-R1934ZFoGz6wJyVfPF7s4PVDi8RoPabv-8V0ZIsXai_bqQuLgOG0JXyZe9lxU8-FXsTOjYytNFb7xMIPJ14ripQ7EG2ujTcOuZRkzM7X4C3][bookmark: _Toc6142721]Figure 14: Prototype III

[bookmark: _Toc6142702]Final Solution
The final solution was very similar to prototype 3. The main features of the final design included the cardboard stairs, three ultrasonic sensors, two speakers and the Arduino board. The cardboard stairs were made to represent a three-step section of the actual stairs found in the STEM building below the art installation. One ultrasonic sensor was located on the edge of each step and the two speakers were attached to the pegboard below the railing. Inside of the top step housed the Arduino board and the wiring. When a sensor is tripped a specific frequency is played through both speakers. Every tripped sensor plays a different frequency programmed through the Arduino, essentially creating “piano stairs”.  
[image: https://lh5.googleusercontent.com/cIRc5mD8Z3YIG13hUoxhxHIAMYpe06YczZV9vGlzxMTUAe7CA4xrIoT-WJIT2h4dIyO8TuCYmWaoGv_ZoXc0QEtcrYtQTjAv8s1VlQ5hqA1twCss-2eSm2VKuyOpgAMrP7DPWsy1]
The final solution met all of the established design criteria. The main goal of the project was to fulfill the client's original vision for Equilibrium and add an interactive sound element. By creating essentially “piano stairs” an interactive sound element was part of the final solution. Due to the fact that the final solution is designed to improve a pre-existing installation the modifications should be easy to integrate. By using the same system and sensors as the art installation the final solution can be very easily integrated into Equilibrium. The only cost involved would be the cost of the speakers and the wiring required, which is estimated to cost approximately 90 dollars. The last main design criteria were the existing components of Equilibrium were to be fixed to operate consistently. Unfortunately, due to construction in the STEM building, the group could not access the art installation on a consistent basis, therefore the group could only focus on whether or not the prototypes and final product worked and operated consistently.        [bookmark: _Toc6142722]Figure 15: Final Design Solution

Testing the final solution for consistency was informal and qualitative. The design was tested on whether or not tripping the sensor on each step would play the specific programmed sound. Each sensor was tested separately several times, and each time the speaker produced an audible sound reliably. The testing was done in a fairly noisy area to ensure that the sound may be heard should the modification be implemented. Overall the sensors work very reliably and produced the desired piano stairs effect. 
[bookmark: _Toc6142703] Conclusions and Recommendations for Future Work
Ultimately, thus project can be greatly improved and innovated upon given more time, and larger budget, and more artistic vision. Through working on “Adding Sound to Equilibrium”, the team learned the importance of time management, teamwork, as well as important physical skills such as soldering, wiring, and coding. Possible avenues of improvement for this project may include but are not limited to: replacing the ultrasonic sensors with infrared sensors in order to improve the reliability of the design, adding sound such as ambient music or a melody instead of a flat tone, and considering aesthetic improvements to the stairs through the potential use of paint or light.
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[bookmark: _Toc6142705][image: ]APPENDIX I:  User Manual [bookmark: _Toc6142723]Figure 16: Exploded View of the Final Design

Parts List:
· Arduino Uno
· Aluminum wiring
· Cardboard boxes
· Ultrasonic sensors (x3)
· 4Ω, 3W Speakers (x2)
· Solderable Breadboard
· Zip ties
· Quarter round
· Pegboard
· Power cable
· Electrical Tape
This final prototype is able to produce 3 distinct sounds when each of the three ultrasonic sensors are triggered. Currently the sound is limited to digital frequencies. To modify the system to include other sounds a SD-card reader must be installed in the circuit to store musical notes or other sound files. To activate a sensor an object simply needs to pass in front of the speaker and disrupt the sound waves being emitted by the sensor. To implement this prototype into Equilibrium the only new components that is needed are speakers and wiring. Approximately $90 worth of speakers will be required to have speakers placed consistently along the stairs, and they simply need to be wired into the existing wiring loop used in the current installation. The final step would be to update the existing code to include the code found in Appendix II. Minor safety concerns with this product is the exposed wiring at the back of the product carrying current. This would not be an issue in the final installation as all wiring there is housed in a channel along the stairs. 
	For minor issues in the operation of the system, the first step to resolving the problem should simply be to reset the code. This commonly fixed minor mistakes. Secondly all wiring connections to the Arduino should be check to ensure wires are fit snug into the designated locations in the code. Beyond this the solderable breadboard should be examined for loose connections. If the product is still non-functional then a part may need to be replaced. 

[bookmark: _Toc6142706]APPENDIX II:  Design Files 
Project Code: Controls the activation of the speakers by 1 of 3 ultrasonic sensors connected to an Arduino. Pin locations, and speaker frequency can be modified as needed

//top sensor
#define trigPin 8
#define echoPin 9

//bottom sensor
#define trigPin2 10 
#define echoPin2 11

//middle sensor
#define trigPin3 12
#define echoPin3 13

//#define speakerPin 6
#define speakerPin2 7

void setup() {
  
  Serial.begin (9600);
  pinMode(trigPin, OUTPUT);
  pinMode(echoPin, INPUT);
  pinMode(trigPin2, OUTPUT);
  pinMode(echoPin2, INPUT);
  pinMode(trigPin3, OUTPUT);
  pinMode(echoPin3, INPUT);
  //pinMode(speakerPin, OUTPUT);
  pinMode(speakerPin2, OUTPUT);
 }

void loop() {
  //top sensor
    int duration, distance;
  digitalWrite (trigPin, HIGH);
  delayMicroseconds (10);
  digitalWrite (trigPin, LOW);
  duration = pulseIn (echoPin, HIGH);
  distance = (duration/2) / 29.1;   

    if (distance < 10) {
      tone (6, 1500, 500);
      Serial.print(distance);   
      Serial.print("mm");
      Serial.println();
    }
    //if nothing is close enough
  else { 
    //noTone(speakerPin);
    noTone(speakerPin2);
  }
  //bottom sensor
     int duration2, distance2;
    digitalWrite (trigPin2, HIGH);
    delayMicroseconds (10);
    digitalWrite (trigPin2, LOW);
    duration2 = pulseIn (echoPin2, HIGH);
    distance2 = (duration2/2) / 29.1;
      //sensor distance limit  
    If (distance2 < 10) {
      tone (6, 2500, 500);
      Serial.print(distance2);   
      Serial.print("cm");
      Serial.println();
  }
  //if nothing is close enough
  else { 
    //noTone(speakerPin);
    noTone(speakerPin2);
  }
//middle sensor
    int duration3, distance3;
    digitalWrite (trigPin3, HIGH);
    delayMicroseconds (10);
    digitalWrite (trigPin3, LOW);
    duration3 = pulseIn (echoPin3, HIGH);
    distance3 = (duration3/2) / 29.1;
      if (distance3 < 10) {
      tone (6, 4500, 500);
      Serial.print(distance3);   
      Serial.print("cm");
      Serial.println();
  }
  //if nothing is close enough
  else { 
    //noTone(speakerPin);
    noTone(speakerPin2);
  }
  }
[bookmark: _Toc6142707]APPENDIX III:  Conceptual Designs 
Design 1:
[image: https://lh5.googleusercontent.com/Gzwo7SE6E3Llos1hDt2hMxITDF8z_zghFcpZrVurlLeNoZBs3sGOFSJTmCEltvNnWL0DpqrW9fSlg82YNxc6tkeOIL3xKSdnUPg1qbP5hlxhSoMenZSp6K2aNLHI0B2tOd8Wugzj]The design was used as a starting point and was created with idea of using basic components and prioritizing functionality. Wood supports were used for the supports for the stairs, with a basic wooden railing down the right side of the steps. Speakers were mounted on the underside of the railing, and the proximity sensor (Ultrasonic sensor) was simply placed on the edge of the steps. All components were connected to an Arduino device. [bookmark: _Toc6142724]Figure 17: Brainstorming Sketch 1


Design 2:
[image: https://lh6.googleusercontent.com/WVoRS9C9SJTTHgi4horfHHL6t5ePiwpCxfK6K8VOVOzCn8_xhl5kjX6XFIgNFQrX5x1Un6I0IVePZVts4m-xNdL1o18y_p8LOD2tV5EqOty4vPdWBGKyRNiXQgQKMwGaH245Byhm]The second design attempted to replicate the stairs found the STEM building with more accuracy. Here, the railing had secondary lower bar running parallel to the main railing, this represented the track found in the STEM building that currently houses the sensors. The same speakers and sensors were used as design 1. The stairs were built using stacked cardboard boxes which would reduce cost and simplify the build. The Arduino remained the same. [bookmark: _Toc6142725]Figure 18: Brainstorming Sketch 2
[bookmark: _Toc6142726]Figure 19: Brainstorming Sketch 2

Design 3:
[image: https://lh4.googleusercontent.com/EUkVk9smg5pdiTqrnBUptVeYgYMNHsZ4i3bUR9FGVN7NTGB4CDXCBdYIbPVr_DUGQCCY2OITd6tcAnNROSyFd8-7rwJczmXc1I3hoGUeXhfWTjibZKyIo0uZP3iunS6EPq4B3-1C]Design 3 attempted to employ a different detection method that Designs 1 and 2. Here a type of pressure plate or weight sensor was placed on each step, which would trigger based upon a certain pressure or weight. This design used a similar cardboard step design but has a peg board attached to the side of the steps which could be used to mount the speakers on the edge of the steps. [bookmark: _Toc6142727]Figure 20: Brainstorming Sketch 3


Design 4:
The following design had pressure sensors installed on the stairs. When people walked on the sensors, the sensors would send single to the speakers and start playing songs. The type of songs would depend on the number of pressure sensors triggered.

[bookmark: _Toc6142728][image: https://lh6.googleusercontent.com/Ff8SgAlVDnt-JoTu5FcitISkObGAVrdVMVnIfxlDME3qFaK87Uok3rj-6cO0X9R3DtxF5MEolYALgbPtOYVU_uiGp_jHdiFt11SBzk2s8aiqnvatzVcqjONgNK-7jOLCXlvY6bgX]Figure 21: Brainstorming Sketch 4

Design 5:
The following design had light sensors installed on the side of the stairs. When people walked across the sensors, the sensors would send single to the speakers and start playing songs. The type of songs would depend on the number of light sensors triggered.

[image: https://lh3.googleusercontent.com/UAljjQOnlS6pCI2bhd2l0-9cpHtXz_wC-7B8Q9Ex_QynrNduMraqcKGVoOstHU2LeZ6KyO0TH7AOQfLaJtYYT04D9rK1_AfAk_EiKE-LymHs0qVoaIYWfztqhUYoP-PbMbcOPF8X]
[bookmark: _Toc6142729]Figure 22: Brainstorming Sketch 5

Design 6:
The following design had pressure sensors installed on the stairs and handle. When people walked on the sensors and holding onto the handle, the sensors would send single to the speakers and start playing songs. The type of songs would depend on the number of pressure sensors triggered.

[image: https://lh4.googleusercontent.com/Ak0ojDKwTzPzZBwu2agVGu8J3K9Lxzt-Qh50qSoHuPJGhfNKflBbnUDQVaGsg4MiCgjOJAJ1eP_LjYXwei7uHp9vsQwXYALTO_0C9a4VELud02hR_51s47l2-1hJKwm7A1V5lTNf]
[bookmark: _Toc6142730]Figure 23: Brainstorming Sketch 6

Design 7:
This design used ultrasonic sound sensors to detect movement, once a movement was detected it sent signal to Arduino Uno, which then sent signal to the speaker to play the piano soundtrack linked to each step. As a result, made stairs more fun to use and meeting the design criteria for making it more interactive and increasing its appeal to users.

[image: https://lh3.googleusercontent.com/H0_vZj1AZpQhoDZc2_a-vaWty7zU0PjQi3zBTI8hgYZw0p291C_3Mhov9_mEyYghELORgrWDVSYxC-bEydNUnv8OczCRxAmOzN_3RcpylHpt6W94j58fycxsLvtTl_NkGtu7lQtM]
[bookmark: _Toc6142731]Figure 24: Brainstorming Sketch 7

Design 8:
The design used light as a “tripwire” system, which when triggered sent signal to Arduino. The Arduino connected to the Raspberry Pi starts playing the piano soundtrack connected to each step. This design made the use of both light installation with Piano notes to make stairs more attractive to use, as a result meeting the design criteria for making it more interactive and increasing its appeal to users.

[image: https://lh3.googleusercontent.com/PB1VP8NWFgx4lU1KwUVJrGX9feXEh57Nhx5GxnsPD1S288LE8BLEr9Ed1pkNrvqzBm8GFVfMT7SxwnnNGBn33_R9-2sh7PYRzUVUdGhasyODjSjj7jdI7UriFfFppVizBx3ERvGv]
[bookmark: _Toc6142732]Figure 25: Brainstorming Sketch 8

Design 9:
The design did not use any sensors unlike previous designs, rather it was much simpler. It required making the stairs conductible, which were connected together to the motherboard/computer which made use of MakeyMakey.com to produce the Piano notes. When the conductible stepped on, sent signal to computer which in turn plays the note. (Note, making stairs conductible won’t cause electricity hazard in this case.)

[image: https://lh3.googleusercontent.com/o6Wo127AsNTiLGdtvK8RMPCYszlyOaV1MB7wvZgyfLAA1jmyayAr0GgUOFPBukUNiSXwSvsHyDcBZiQ7LFGN_DhIW0vcrGEpvHwn4Ngj4SD8XjijLiJ_NFKlvfTaE2QNXBsFr9JW]
[bookmark: _Toc6142733]Figure 26: Brainstorming Sketch 9

Design 10:
The design had the stairs made out of stacked shoe boxes, and the sensors and speakers were placed beside each other under a panel.

[image: https://lh6.googleusercontent.com/KxRyLt0Lt9lsmsRO1feQfho3Du3UXhqt3SsFLzT8hcPM1XMRTGm6HjzTkGTMUS4HmTYCjCFKH4QuV48e8BpaUvrMtSBQ9eOmGWCcPuJSS_gRjfeXTS2soAIzdb-2NjplUI4F3tbz]
[bookmark: _Toc6142734]Figure 27: Brainstorming Sketch 10

Design 11:
The only difference between design 1 and 2 is the placement of the sensors. Here, the speakers were placed alongside the railings so that the sounds could be heard well.

[image: https://lh3.googleusercontent.com/FcZJXhl3DYgF57by3hpi6xJWtqs1pBy3urqUN6qV-3f8uOcCm0t5shhjYh4ZMjnez46KjLn61dxOc7YVdV181AyWJaaWqWEtByJLJ0WmOwgDDsUGS8nwCXIOvJBoos_kRcMyVLox]
[bookmark: _Toc6142735]Figure 28: Brainstorming Sketch 11

Design 12:
The design included lights. Colour-changing lights could be synced up to the hanging installation to light the stairs, with speakers placed alongside the railings.
[image: https://lh3.googleusercontent.com/FcZJXhl3DYgF57by3hpi6xJWtqs1pBy3urqUN6qV-3f8uOcCm0t5shhjYh4ZMjnez46KjLn61dxOc7YVdV181AyWJaaWqWEtByJLJ0WmOwgDDsUGS8nwCXIOvJBoos_kRcMyVLox]
[bookmark: _Toc6142736]Figure 29: Brainstorming Sketch 12

Design 13:
This design was composed of a cardboard set of stairs. The pre-existing set of ultrasonic sensors would be used to read pedestrian proximity along the stairs. Speakers within the railing shall produces sounds according to proximity.


[image: https://lh6.googleusercontent.com/jXZQqSM78o_JiY1B553T00QgQeLjh74v4GuRIbxaXEZpo4h6YFkUoCpKfTQ2f1-zApR6YasOkTYYdQXmsN82krWL6zBk9wtOQhSHXJMTjzGMKD-fxZ5H04gYUvrZ3mFBmJ0gVsvO]
[bookmark: _Toc6142737]Figure 30: Brainstorming Sketch 13

Design 14:
This design was composed of recycled grocery cartons for the stairs. The pre-existing set of ultrasonic sensors would be used to read pedestrian proximity along the stairs. Speakers placed along the side wall on the other side of the stairs would produce sounds according to proximity.

[image: https://lh3.googleusercontent.com/vHvrPVbC_v4WzM_-nW7VfOXarKINluGwP8MfvtxrV7pxitOrXAeZ-Iuv_5NgkcITIAlGD3hRBvrzqMs56mbdasVWeq9W9tYbF9OEAVcF62gEoP_gUmf5yuMqgl8Dc7izy_6AeyFm]
[bookmark: _Toc6142738]Figure 31: Brainstorming Sketch 14








Design 15:
The design was composed of a set of wooden (plywood) stairs. Pressure plates should be placed on each stair, connected to speakers embedded within the railing. The speaker should be triggered by a specific pressure reading.

[image: https://lh6.googleusercontent.com/XeuWn1DmEcooScz03EScwOXtSNXPchdoaNB2LJa8E7RU_tqsEztLTn6HPjnCKNfmBTfhpy-XlUMz_mDKasxtgeuxUIyojJjQtk79COAadJJtW1FtmTme3sSvOG7KQ1kpiX8d3d0p]
[bookmark: _Toc6142739]Figure 32: Brainstorming Sketch 15

Design 16:
This design prototype was a basic design where people walking on the stairs would trip sensors located every few steps and sounds would play. The stairs and railing were made out of cardboard which was cheap and easy to work with.

[image: https://lh4.googleusercontent.com/FxZpN8WvGTxhHVg0Kpw--5Y4RlnruaQlZ_Slh8-dyZ2BhSyr0k5_CnNX8VRrLDgL_AgCZNBNb9Io4udybimY4hjvgp-KQp8zPMglNElRWetgf9obR9NrD74GlDoVmgGX7T0WlmM0]
[bookmark: _Toc6142740]Figure 33: Brainstorming Sketch 16

Design 17:
[image: https://lh3.googleusercontent.com/vX-oSI2InDcrMUujytzSb1oK9BbNQvhzLYo0AKfc5ASoz5im5QVwO4_cZzsNWAx1NTv_XuRt3SkDxefCgG8uGlUtIUFA1fx2yCR3ntuq8Bdhvp2IKb-qMnwKN2FN5rnSRp1-XE_M]The second design was very similar to the first design but with a different setup of the speakers and sensors. This design incorporates one of our original ideas of playing different tracks of music as more people walk on the stairway. Two seniors were located at the bottom and the top of the stairs which sense when a person entered and exited the stairs.
[bookmark: _Toc6142741]Figure 34: Brainstorming Sketch 17

Design 18:
The third design had the same speaker and sensor layout of the first design but instead of using cardboard wood was used to build the stairs. Although wood was more expensive than cardboard and harder to work with, wood stairs would be stronger and at a higher quality than cardboard stairs.

[image: https://lh5.googleusercontent.com/an6hq2s6mcA6-0VspR-g_w-MB7sKUjOBvavaRVAIjQ8zjlkkny7qNGn8OGLrBnYd528Epz_9X0VgP1Ghh4zIQjuFJdXzY7EdOACFPizoiwkf-O2A92HNA9_3BUpD-Ld_jHHHO8VS]
[bookmark: _Toc6142742]Figure 35: Brainstorming Sketch 18
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