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Abstract
This report covers the process that was taken to create a permanent overnight storage area for Bowie. It contains all information in regards to the choices that were made and how the design thinking process was followed to create this product for Robot Missions.


Introduction
Our group was given the task of creating an addition to Robot Missions beach cleaning robot, known as “Bowie”. In its current state, the robot is very dependent on humans to operate for extended periods of time. Its battery has to be changed every three to four hours to allow him to continue operating. It also has very limited input from its surroundings, as the sensors in place provide limited information. There is also the issue of a lack of overnight storage, which is what we decided to tackle. 
The goal of our design was to provide safe and secure overnight storage on the beaches where Bowie will be working. This would allow Bowie to work for much longer, as he would be able to operate later into the day and not have to worry about being transported. We also chose to provide some charging capability to allow Bowie to be charged overnight. It would also allow the robot to charge it self during the day, if needed.

Main Body

Empathize:

We started off our design process by reviewing the notes we had taken from Erin’s (the founder of Robot Mission) presentation on Bowie. We reconvened and discussed our findings and came up with the following list of potential needs.

An improvement that we could see being made to Bowie, is being able to traverse through bodies of water. The reasoning for this, is because a significant amount of waste is left in the ocean and other bodies of water. If Bowie was able to work above water, it could potentially have a significant positive impact on the surrounding environment

Another potential improvement we could provide is in the way Bowie observes and interacts with the surrounding environment. Currently, Bowie is very slow when it comes to observing the environment around him and in order to increase his efficiency, it is important to aim to improve upon the technology already in place. 
	As Bowie is intended to be a community robot, there is a good reason to provide Bowie with a place to stay overnight on the beaches that it will be patrolling. This could potentially allow Bowie to be more self-sufficient, as he wouldn’t need as much human interaction to continue operating for long periods of time.

Bowie currently doesn’t  have a way to recognize nearby wildlife without external help, and adding such a mechanism would let bowie operate more effectively on his own.  This could potentially save Bowie from damage done from animals, potentially saving on the cost. It could also stop Bowie from hurting surrounding wildlife.
Allowing Bowie to operate at night could allow Bowie to operate during a time when less human activity could hinder his ability to perform his job.  
	Bowie currently needs a lot of assistance to continue operating for long periods of time. From getting stuck frequently, to replacing batteries, there is a lot of room for improvement in that sense. As such, there is a need to make Bowie more self-sufficient.
We then produced the following problem statement from this list of needs:
There is a need to make Bowie able to operate with less human interaction, provide better reading of his surroundings and improve upon its interactions with the community around him.



Define:
We then organized these needs and created a list of prioritized needs.
Table 1: List of Interpreted Needs
	Number
	Interpreted Need
	Design Criteria
	Priority

	1
	Bowie Is able to traverse water
	Weight (lbs)
Able to float
Able to move on water
Is not harmed by water

	6

	2
	Bowie is able to observe and interpret his surrounding environment more effectively
	Ability to interpret surroundings without outside help
	2

	3
	Bowie has somewhere to stay overnight
	Secured shelter.
Overnight charging system.
A way to identify when battery needs to be charged
	5

	4
	Bowie is less reliant on human assistance.
	Battery capacity 
Battery charging rate//time.
Autonomous
A way to separate and dispose the sand from the garbage holder
Make Bowie more powerful   
	1

	5
	Bowie is able to safely interact with surrounding wildlife
	Silent operation
Able to detect objects
Eco-friendly

	2

	6
	Bowie is able to operate during the night time
	High powered LED lights.
Night vision. (Ability to see at night)
Some way to prevent vandalism/theft
	4

	7
	Bowie is low cost.
	Cost efficiency ($)
	3




We thought that making bowie less reliant on human assistance was the most important need because it would allow bowie to be as efficient as possible and bowie would no longer the need for humans to check up on it every so often. This would also further his functionality, and allow for consumer use in the future. The second most important need was to be able to interpret surrounding environment and wildlife, this was because it would allow bowie to avoid obstacles that could potentially cause it to slow down.  Our third most important need was the cost.  We felt that this was an priority because Erin made it clear that parts should be low-cost and reproducible within a Makerspace if possible.  Another important need was to be able to operate during the nighttime. We decided this to be important because it would allow Bowie to do as much cleaning as possible. We felt that give any extra time, we could potentially make it so Bowie was able to operate on water, or to provide Bowie with overnight storage/charging space. This isn’t much of a priority right now, because Bowie is still in early stages of development, and we felt that currently improving upon Bowie’s current functionality was more important than these things.














Table 2: Design Specifications
	Design Specifications
	Relation (=,< or >)
	Value
	Units
	Verification Method

	Functional Requirements
	
	
	
	

	Ability to Float
	=
	Yes
	N/A
	Place robot in H2O

	Isn’t Harmed by water
	=
	Yes
	N/A
	Test

	Battery Capacity
	>
	5
	Hours
	Test/Find Quality Batteries

	Constraints
	
	
	
	

	weight
	<
	12
	lbs
	Weigh the robot

	Cost
	<
	1000
	($)
	Estimate, Final check

	Material
	
	
	N/A
	Stress and strain test

	Motor power
	>
	
	cc
	Do a dyno run

	Speed
	>
	0.4
	m/s
	Test and calculate the distance travelled per unit time.

	Non Functional Requirements
	
	
	
	

	Aesthetic
	=
	Yes
	N/A
	Survey
Take open opinions from commoners.

	Quiet/ Less noisy Resting Volume
	<
	30
	dB
	Test










Ideate:

Individually, we developed ideas to fill these needs.

Place For Bowie to Stay Overnight:(benton Qiu)
The place that Bowie can stay overnight can be a rectangular box with dimensions of 1m x 1.5m.  The box will have a charging system for the robot that the robot can automatically plug itself into.  The charging system will work by charing Bowie every night from 9pm-8am, this way it will avoid the need for a sensor to be able to detect the battery life and whether or not it is fully charged or not.  The box will be made of stainless steel so that the weather (snow,rain hail or sun) will not be able to damage it or rust it.  The box will have a stainless steel door that can can sense Bowie's presence so it can easily get in.  The door will automatically lock when closed to prevent any tamper. 





[image: ]
Figure 1.1: Overnight storage for Bowie





Bowie is Able to Safely Interact with Wildlife (Benton Qiu):
In order for Bowie to be able to safely interact with wildlife is to install a thermal sensor.  This way Bowie can detect animals or living creatures in the way.  The thermal sensor works by using a voltmeter.  When the temperature increases so does the voltage and when the temperature decreases so does the voltage. 
[image: ]
Figure 1.2: A way so Bowie can safely interact with wildlife.

Bowie is able to operate on water: (Benton Qiu)
In order for Bowie to operate on water bowie can have a flotation system on at all times.  This can consist of floaties or a basic lifering.  Bowie would also have to be made out of waterproof material so the water does not interfere with the circuits.  Bowie can have a DC motor for transportation as it is the standard for portable robots.  The robot can have a rudder to steer and fins on the side for a more aerodynamic design made out of rubber for lower cost.  

[image: ]
Figure 1.3: Bowie functioning in water.

Making Bowie able to traverse through water (Joshua Lai)
Bowie can have floats and waterproof material at the base of the robot. A remote controlled propeller can be fitted to the back of Bowie, connected to a dc motor via a rotating cord. Additionally, a remote controlled rudder can be added to give Bowie the ability to maneuver. If more than one rudder is installed, they must be linked together to ensure that their movements are in sync. 
Figure 2.1: Bowie functioning in water.[image: ]


Making Bowie able to collect floating trash (Joshua Lai)
In order to allow bowie to collect floating trash, a removable cage-like storage tank can be fitted onto Bowie. This allows bowie to collect floating trash without unintentionally collecting water as well, thus maintaining its low mass and floating ability. A replaceable, rotating scoop can be fitted onto Bowie. The scoop rotates in a way similar to that of a harvester, as it rotates, it can pick up floating trash and dump them into the storage tank quickly and easily. The scoop should also have many tiny holes to allow water to flow out as the trash is collected in order to maintain the center of gravity and stability of Bowie in the water.

[image: ]
Figure 2.2: Bowie collecting garbage from water bodies.
Rubber tracks (Joshua Lai)
Bowie can be made to use tracks instead of the rubber wheels it has currently. Tracks allow more even distribution of weight, thus reducing the chance of it getting stuck in terrain. Road wheels should be fitted at the front and rear ends of the tracks and act as the main driving force of Bowie on the ground. In order to maximise the  surface area of the tracks on the ground, smaller road wheels can be added between the main road wheels using springs as suspension. In the account of soft or muddy terrain, the tracks can be further improved by adding end connectors, which reduce the surface tension Bowie exerts on the ground. The end connectors can be installed and removed at any time and must be easy to manufacture.
[image: ]
Figure 2.3: All-terrain rubber tracks for Bowie.
[bookmark: _su6brvous6a]Charging Bowie from the surrounding Heat (Ali Zaidi)
With the use of several Peltier modules with the hot side adhering to a metal plate, a voltage can be generated by the surrounding heat. A Peltier module is a square module with 2 sides to it, if heat is applied to the “hot” side of the Peltier module then a voltage can be generated. If a cool substance is applied to the “cool” side, then a voltage could be generated as well. The peltier generates its power from the difference in temperature between the 2 sides. So on a hot sunny day when bowie is picking up trash, while it’s working the robot can be charged



[image: ]


Figure 3.1: Charging Bowie from surrounding heat.
Charging bowie from the surrounding cool air. (Ali Zaidi)
With the use of several Peltier modules with the cool side adhering to a metal plate, a voltage can be generated by the surrounding cool air. A Peltier module is a square module with 2 sides to it, if heat is applied to the “hot” side of the Peltier module then a voltage can be generated. If a cool substance is applied to the “cool” side, then a voltage could be generated as well. The peltier generates its power from the difference in temperature between the 2 sides. So while bowie is working on a cool windy fall night, he can be charged while he is working.
[image: ]
Figure 3.2: Charging Bowie from cool air.

Charging bowie from wind gusts (Ali Zaidi)
With the use of a DC motor and a turbine, a voltage can be generated.  When a voltage is applied to a DC motor the motor head begins to move. This is due to the fact that the electrical energy induces a magnetic field within the coils of the DC motor causing the motor head to move. However, the opposite is also true, if the motor head is turned due to some sort of external force, than this induces another magnetic field in the coil which moves the electrons in the coils generating a voltage. So on a very windy day when bowie is working, the kinetic energy from the wind can be converted to electrical energy which can be supplied to bowie.
[image: ]
Figure 3.3: Charging Bowie from wind gusts.


Overnight Storage (Tarek Bedair):




[image: ]

Figure 4.1: A place for Bowie to stay overnight.







My concept for this combines a few important needs that we as a group felt needed to be filled. My goal with this was to provide Bowie a place to recharge and to be stored safely overnight, while still being relatively low-cost and appealing to look at. The main material that would be used in the making of this storage unit would be a medium cost wood or plastic. In order for this to last for a long time, some form of waterproofing (such as polyurethane) would need to be applied to outside of the unit to prevent rot and to reduce wear. When Bowie is in the house, a garage door type apparatus (that can be locked) will be engaged so sand and other things cannot enter. I also felt that this could also be a good way to charge Bowie, as he would mainly be here during times when he is not required to function. As such, a solar panel and battery cell would also be attached to the unit. In order for this to be fully autonomous, small modifications would be made to Bowie so he could dock within the house. Furthermore, a set of tracks would be put in place to guide Bowie into the dock. I also felt that this would be a good way to interact with the community a little more, as people may be able to paint the outside of the house and in general this unit should look fairly appealing.
Tandem Bowie Unit (Tarek Bedair):



Figure 4.2: A separate advanced unit for Bowie.[image: ]




This isn’t necessarily an upgrade to the current Bowie unit, but instead a slight alteration on a separate unit, so that multiple robots would be able to work at the same time as a team. The goal here, was to provide Bowie with more information about the surroundings, without overwhelming him with a lot of information. I felt that a second Bowie dedicated to observing surroundings and creating a plan of attack for the cleaning Bowie, would be much more effective long-term. On-board this version of Bowie, there would be proximity detectors all around him, to ensure that any close by animals or other creatures are made aware of. An arm with a camera would also be attached to the top of Bowie, so that it can take videos or pictures of the surrounding area. Finally, a soil sampling device would be embedded within the middle section of Bowie, to take accurate readings of whatever information may be available. None of the processing of this information would occur onboard bowie. Instead, all the information would be transmitted to a computer, where any processing and distribution of information (to other Bowies) would occur. 
Night-time Functionality (Tarek Bedair):


Figure 4.3: Bowie being able to function at night.[image: ]








Some small modifications would need to be made to Bowie in order to operate solo at night. Ideally some form of night-vision in the form of either a camera with night vision or some high quality lights to provide contrast with the ground, so that Bowie would be able to see the surrounding garbage. A daylight sensor would be used, so that Bowie would know when to activate these features. This would assist in conserving power, and allow Bowie to operate seamlessly throughout the day and night. As a safety precaution, either bright LEDs or highly reflective tape would be attached to the Bowie’s sides, so that he would still be easily visible.



High Powered LEDs (Mashiyat Islam):

With high powered LEDs installed, Bowie will receive a better illuminated vision during the night time.This will be a huge advantage and will increase Bowie’s efficiency as it can work for a longer period, including during the night time when the disturbance from the passerby will be less. Also given that a design is made to protect itself from any kind of vandalism.
Figure 5.1: LED lights so Bowie can see at night.[image: ]
 
Night-vision Cameras (Mashiyat Islam)

Attaching a night vision camera on top will help Bowie see better during the night time. IT will make Bowie more wildlife friendly, as it will help Bowie see the wildlife better during the night and interact better.This serves the same purpose as the high powered LEDs.

[image: ]
Figure 5.2: Night-vision cameras so Bowie can observe wildlife better at night.

GPS Tracker and Security Alarm (Mashiyat Islam):

Bowie will be installed with GPS tracker and can be tracked directly from the control panel. During the night time, Bowie will be vulnerable to vandalism. So for it to work during the night, it has to be able to protect itself or atleast stop from getting stolen.Also a security alarm will go off when it is picked up by and unrecognized person. During the day time it can be turned off as it will be under eye radar and will likely interact will people more. This will alarm the surrounding people when it is facing a threat.This way Bowie can somewhat protect itself during the night.
[image: ] 
Figure 5.3: GPS tracker and security alarm to keep Bowie safe at night.












Prototype :
After discussing with Erin and reviewing our options we selected the charging station idea that Tarek produced to be the ideal solution to our original problem statement. We then began flushing out the idea and produced a Gantt chart to keep track of progress and to have a solid schedule. 

List of Tasks:
· Flush out design of station:
· Pick materials (all; 3 days)
· Develop circuits for the charging connection and solar panels for the battery within the station (Ali; 2 days)
· Draw out a more thorough picture of the design
· Design parts in solidworks as required (Tarek & Benton; 2 days)
· Ensure every aspect is covered (all members; 1 day)
· Buy/find materials (Mashiyat, Joshua & Ali; 5 days)
· Assemble Parts(all members; 3 days)
· Test Prototype (all members; 7 day)

Gantt Chart:
[image: ]
Figure 6.1: Gantt chart of the list of tasks.

We then came up with the following risks and tried to come up with a few solutions to determine anything we could do to alleviate the risks.














Project Risks and Potential Solutions:
3D Printing
· Not always a perfect object is produced
· May impact quality of final design
· Also very time consuming, so multiple tries may be impossible or difficult to find the time

Material
· Material needs to be resistant to nature (snow, ice, water and UV radiation)
· Material also needs to be durable and tamper-proof
· Rigorous research and testing will be conducted in order to ensure that we find the right material
· Material has to be light as well as strong
· Material has to be malleable
Battery
· Needs to be rechargeable by solar panel
· Needs to have high-discharge rate in order to charge Bowie effectively
· Relatively Durable (doesn’t overheat while charging, and won’t be damaged by temperature)
· Needs to be able be able to last long for days with minimal sun
· Battery needs to be guaranteed safe (doesn’t explode)
· Solar panels aren’t cheap
· Finding quality materials that suit our needs might be difficult for our price range
· Budget is small so material quality will take a suffer
· Prototype cannot be built as designed due to lack of financial back up

Power-generation
· Will the electricity provided by the solar panels and/or pelletier modules be sufficient to charge the battery consistently
· What will be the backup source of power when there is no sunlight or heat to generate energy
· Is the amount of energy produced by the solar panel worth the cost.

Tamper Prevention
· How will we stop people from messing with Bowie while he is being stored overnight
· How will we prevent people from causing damage to the charging station itself
· How can we stop Bowie from damaging itself
· How will we prevent Bowie from getting stolen
· How to protect bowie from wildlife attack

We also produced a cost estimate for our potential prototype. At this point we had intended to 3D print the body of the station, as this would allow our design to be expanded upon easily, and make repairs very simple.

Table 3: Estimate of Cost
	Item/Material
	Amount Required(quantity)
	Cost per unit ($)
	Total Cost($)

	Solar Panel
	1
	30
	30.00

	Peltier Modules
	1
	20
	20.00

	Plastic (Body of House)
	2 m^2
	5 (m^2)
	10.00

	Aluminum (Roof of house)
	0.5 m ^2
	20 (m^2)
	10.00

	Circuit components
	1
	20
	20.00

	Wiring
	2 m
	5
	10.00

	Battery
	1
	15
	15.00

	Total
	---
	---
	115.00



A lot of the items that were listed above ended up being salvaged from other places in order to stay under budget. Our priorities for purchases were the solar panels, peltier modules and the battery, as these components were essential for the primary function of our design. These items ended up being under 60 dollars.


















Prototype I:
The goal for our first prototype was to figure out the construction of our design, and to get a rough idea of where we would be placing everything in regards to our circuits, solar panels and method of charging.

Originally we had intended for the charging method to be wireless, as this would be allow Bowie to charge himself with limited effort, as all he would have to do is touch a wireless charging pad. We ended up opting for a wired connection in the end, purely to increase charging time efficiency. 
 
A few things that we noted during the creation of our prototype:
· The roof of the station will have to be slanted in order to capture the most sunlight
· The inner workings of the station will have to be assembled before placing the roof of the station on
· Having a removable top might be handy for storage purposes
· Door will have to be hinged and have a way for a padlock to be put on in order to be secured
· The battery and any other circuitry will be kept underneath the roof on the panel above where Bowie will be stored



 Figure 7.1: External View[image: ][image: ]
[image: ]
Figure 7.2: Internal View

Prototype test results:
There was not really any objective with this prototype. It wasn’t built to any particular dimension. The prototype was a rough model of how the product might look and how to approach while making the final product.








Prototype II:
Our second prototype was a more accurate representation of our final product. It ended up being a one fifth scale model of the solution we developed. The goal we seeked to achieve with this prototype was to determine the way we were going to end up constructing our final design, and to further improve upon our previous prototype to more accurately represent what we wanted to produce. 

This prototype continued the development of our solution because now we know the flexibility of the walls.  Before we were unsure of how flexible the walls would be in-case of strong winds or other interferences that potentially could have.  This allows us to potentially change the width of the 3D print in order to have our design less flexible.

For our design, we made the assumption that bowie would have its arm raised similar to the picture provided. We based the designs inner dimensions on that.

The materials that were used are cardboard. The prototype is just a representation of the dimensions of final product.

In this prototype, the functionality of wireless charging has been added. Bowie will be able guide itself to the charging pad when it is out of charge, which will be set inside the house. The power pack can be stored on the above deck.

[image: ][image: ]
Figure 8.1: Prototype II from different angles.

In order for this prototype to be effective, we needed to produce accurate measurements for the final product. As such, we made a few tables with actual size and scaled down measurements, so that we would still be able to produce our final product.


Table 4:  Dimensions for the Main Body of the Charging Station
	Dimensions
	Bowie (m)
	Actual Sized Design (m)
	1/5 Scaled Down Design (cm)

	Width
	0.3
	0.5
	10

	Length
	0.3
	0.5
	10

	Height
	0.5
	0.7
	14



Table 5:Dimensions of One of the Two Roof Panels
	Dimensions
	Actual Sized Design (m)
	1/5 Scaled Down Design (cm)

	Width
	0.45
	9

	Length
	0.6
	12



                                                      
Table 6: Dimension Of The Door
	Dimensions
	Actual Sized Design (m)
	1/5 Scaled Down Design (cm)

	Width
	0.4
	8

	Length
	0.6
	12

	Thickness
	0.01
	0.2



Prototype test results:

This prototype is a downscaled model of the actual house. With this prototype, our main objective was to focus on the wireless charging. Our test objective was that the system will be able to charge a phone wirelessly successfully. Our objective was achieved as the results were positive.

Prototype III:
The purpose of this prototype was to address Erin’s concerns about our previous designs, and modify our design to better suit the needs we originally set to fill.

After talking to Erin about our prototype, we had to make some somewhat significant changes to our design. Specifically the way in which we will be charging Bowie, and our choice of material. 

The main concerns that were raised by Erin, was the security of design and the efficiency of conductive or wireless charging. In regards to security, she was concerned that our choice of PLA was not a good one for the main body of the station. PLA being very brittle and easily broken, regardless of its thickness would allow people to easily break our station and gain easy access to Bowie, something that Erin would be very displeased with. To combat this, we decided to change out the PLA for 22 gauge welding steel, which is easily available to us from our MakerSpace or any hardware store, and is something we all have experience working with. To put the design together, we decided to go with a combination of sheet metal screws and spot-welding. We worked together to find ideal dimensions for the sheets of steel we would be using and came up with the following sketch. (All dimensions shown are in metres) [image: ]

Figure 9.1: Dimensions of plain sheet metal needed to make Prototype III.

We then took action and cut the metal to the correct sizes and began assembling the design. 
This is the final result of the metal forming process:

Figure 9.2: Prototype III from different angles.[image: ][image: ][image: ]

Due to some poor planning and lack of experience, the design didn’t come out as good as we hoped. Given some more time, and more opportunities to experiment with sheet metal we could have produced a much higher quality product. The main issues with this prototype right now, is that it's not perfectly weather resistant, and that the ends of the sheet screws are exposed. In the future, we would apply waterproofing spray to any potential problem areas for water, and use rivets instead of sheet screws.

We decided to use a double-sided sticky tape to mount the solar panel on to the roof. Wires from the solar panels will go to 2 metal plates which represent the positive and negative contacts of the circuit. When the robot goes into the house two contacts from the robot will go and touch the contacts in the house, completing the circuit and thus charging the batteries. Unfortunately, we did not receive the solar panel in time to have it for this prototype. Instead we used a portable charging pack in its place.

To test the charging functionality, we used the charging pack and a phone to demonstrate how Bowie might use our design. It worked quite well, but some modifications will need to be made for the final design, to ensure that the cable within the station doesn’t move.








General Improvements:
· Much more secure than previous designs
· Somewhat weather resistant, improvements need to be made
· Much better functionality than previous designs
· Is capable of withstanding a greater amount of force
· Fire resistant
Still Needs:
· A way to secure and lock the Bowie into the design
· Full weather protection
· Aesthetics and looks
· Needs to made to the actual dimensions

Table 7: Prototype Test Results
	Criteria
	Test Method
	Test Result
	Test Objective

	Battery Charging
	Measure the required time
	Yes
	5 hours

	Circuit Functionality
	Check if circuit works
	Yes
	Circuit Works

	Durability
	Drop the station
Apply sufficient force
Put stress on the station
	Yes
	Will able to withstand a reasonable amount of force and will not give away under stress.

	Weather Resistivity
	Check for rust
Check for other effects of weather
	Yes
	Should not rust
Stainless
Should be resistant to other harsh weather conditions
















Conclusion:


We as a group learned a lot about teamwork and design through going through and applying knowledge we accumulated throughout GNG1103. We all learned the importance of time management, as it was something we as a group struggled with. Frequently we would be spending the last few hours before the deadline pushing through to finish off our deliverables, which put a lot of strain on us as a group.  We also learnt how to work under pressure as previously stated we would be working very close to the due date so we also learnt how to keep it cool, calm and collected..
In the future, it would be valuable to have access to more resources, and have a slightly higher budget, so that a higher quality product can be produced. The main things that need to be changed in order for our product to be useable, is that it needs to be scaled up to match Bowie’s actual size, and the charging cable needs to be implemented so that Bowie would be able to drive into our station and be able to connect himself. Our idea for that was to have an extension to Bowie with the appropriate port be fastened securely in place, so that when the robot drives in the port and cable lineup correctly. We did do some testing with this, but a lot more work needs to be done to make it effective.  
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