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Executive Summary

The client of this project is a Toronto-based startup named “Tiny Mile”, which provides an affordable
food delivery service for local restaurants using a remotely operated robot named “Geoffrey”. The
company is looking for an improved design of Geoffrey that enhances the delivery experience for the
restaurant staff and customers.

Based on the company’s client statement, it is clear that a major gap in their current design is that the
customer needs to bend down to Geoffrey's height to get the food, which can be uncomfortable and
challenging. As such, there is a need for a design that will facilitate the handoff in a way that demands
minimal physical effort from the customer. The scope of this project will encompass a mechanism that
brings the food to within arm’s reach of the customer.

Geoffrey will mainly function near the entrance of residential buildings, as this will be the site where the
unloading of the food takes place. Hence, the design will need to consider the physical, technological, and
human elements of this environment. This includes the need for the design to be effective in a variety of
weather conditions. Geoffrey must withstand temperatures -7°C and 28°C, rainfall of 55mm accumulating
on the ground and 90mm of snow accumulating on the ground, and wind speeds up to 23km/h.

The stakeholders which Geoffrey’s design may affect include City of Toronto’s Pedestrian Safety
Committee, Health Canada, and the Accessibility for Ontarians with Disabilities Act. The potential effects
of the design on these stakeholders have been identified and taken into account.

The team has developed a list of functions, objectives and constraints for the design. The functions are
what the design will do to address the problem identified. The primary function of the design is to present
the food to the customer without requiring them to bend down. The objectives are goals that the design
aims to achieve, which will be used to measure the success of the design. These include reaching a height
of 115¢cm, costing less than $3750, and being able to lift at least 7kg of cargo. The project constraints are
the absolute requirements and limits for the design. These include keeping Geoffrey's current durability
statistics (withstand 55mm of rain, 90mm of snow, etc.), keeping the cost below $5000 (twice that of the
original design), and reaching a height of at least 75cm.

A variety of strategies such as free brainstorming, SCAMPER, analogy, and the morphological chart were
used to come up with a list of 65 unique ideas. The three most suitable designs were then chosen through
the alternative design selection process, which includes feasibility checks, multivoting, and the graphical
decision chart.

The team prepared 3 alternative designs to consider: an inflatable mattress, a pneumatic lifting cylinder
and a scissor lift. Using the Pugh Matrix, the scissor lift was chosen as the proposed conceptual design.
The design addresses the problem while satisfying all constraints and meeting the objectives of cost,
stability, lightweight, height reachable and durability. The scissor lift utilizes a pneumatically powered
mechanism to raise the food from the base of Geoffrey’s cargo bay to a height of 124cm above the
ground.

In addition to the proposed design, the team has developed testing methods that can be used as measures
of success to ensure the design is capable of meeting its objectives. This report will be submitted for
review on November 29th, 2021.



1.0 Introduction

Tiny Mile is a startup that offers affordable food delivery for restaurants in downtown Toronto through the
use of remotely-controlled delivery robots [1]. These robots can deliver within 2 km of the client
restaurant [ 1]. Upon the robot’s arrival at the client restaurant, the staff loads the food into the cargo bay
of the robot, which then travels to the customer’s location [1]. Once the robot arrives, the customer shows
their order number to the cameras before the remote operator unlocks the cargo bay, allowing the
customer to retrieve the food [2].

The robots are still undergoing development, and the company is looking for new designs that will
improve the delivery experience for the restaurants and customers, which will be the focus of this design
project [1].

This document first outlines the service environment in which the new design will operate, analyses
multiple perspectives of the stakeholders, and describes a list of detailed requirements [1]. Next, it
presents three proposed alternative designs that were created using a variety of idea generation and
selection methods, which are outlined. Finally, the measures of success that will be used to judge the
performance of the selected design are described.

2.0 Problem Statement

Geoffrey’s current method of unloading food demands physical effort from the customer. As seen in the
right side of Figure 1.0, the lid of the cargo bay opens from the top and the customer must bend down to
retrieve their food. With the average Canadian adult standing at a height of 66.5 inches [3] and Geoffrey
being 21.5 inches tall [4], reaching 45 inches down can be uncomfortable for the customers, especially for
those with physical disabilities [5]. As such, Geoffrey needs an unloading mechanism that delivers the
food to customers without them physically straining their body. This will ensure an ergonomic handoff for
customers with accessibility issues who may have difficulties reaching for the food, like those in
wheelchairs and those with back injuries [6][7]. The scope of the project will encompass an unloading
mechanism that will deliver food within arm’s reach of the customer.

All units ininches  Scale: 1:14
riny Mile

Robot Drawing Example

Figure 1. Measurements of Geoffrey’s dimensions. [4].



3.0 Service Environment

This section outlines the physical, technological, and human conditions of the environment in which
Geoffrey would navigate. The physical conditions constitute the natural elements of the environment
without the influence of human and technological behaviour; the technological conditions are the effect
that external technological devices have on the service environment; human conditions are the influence
that people have on the service environment. Geoffrey’s service environment in the scope of unloading
will be confined to entrances of buildings in the downtown core of Toronto

Table 1: Aspects of the Service Environment

Physical The annual temperature reaches a minimal average monthly temperature of
-7°C in January and a maximum of 28°C in July. [8]

The average annual precipitation per month is 69.25mm; the lowest average
is 53.0mm in March; the highest is 85.0mm in September. [9]

The average annual wind speed ranges from 11.7km/h in July to 19.5km/h in
January. [10]

Average annual accumulation of snow is roughly 122cm. The highest
snowfall month is January which accumulates roughly 37cm. [11][12]

Minimum elevation (measured above sea level) of 79m (closest to the shore)
and a maximum elevation of 149m (northern boundary of the downtown
area). [13]

Technological There are roughly 1000 cellular towers in Toronto’s downtown core, [14]
each emitting a range of 700-2600MHz frequencies. [15]

WiFi and Bluetooth signals typically carry a frequency range of 2.4-5GHz.
[16][17]

Human Pedestrian traffic at busiest intersections regularly reaches over 80000
people, counted in a 24 hour time frame [18] (see Appendix A).

Domestic animals and children may interfere with unloading systems.

Operators may pull/pry at the system, damaging brackets, joints, arms, etc.
Additional risk of theft.

4.0 Stakeholders

The stakeholders of the project outline all parties interested in the design who may be positively or
negatively impacted by its implementation [19]. The stakeholders have been ranked by priority in
accordance with the pairwise comparison method (Appendix B).



Table 2: Impact of Design on Stakeholders

Stakeholder Impact of Design
City of Toronto’s o Design might obstruct pedestrian pathways due to 15 inch width [4];
Pedestrian pedestrians can be injured due to the lack of a direct and continuous
Safety clearways, as the width of the average pathway in Toronto is approximately
Committee 71 inches [20].
Health Canada e Design might negatively impact the food handling process; if not in

accordance with COVID-19 Safety Guidelines as per Health Canada, the
container can be a vector of transmission [21].

e Design might be a hazardous form of food delivery if the manufacturing of
the container does not comply with the Canada Consumer Product Safety
Act as per Health Canada [22].

Accessibility for e Design might positively impact different accessibility groups by broadening
Ontarians with accessibilities standards; customers will not have to reach down to grab
Disabilities Act their food [23]

(AODA)

5.0 Detailed Requirements
The following section details the requirements the design must fulfill, and the criteria for evaluating the
success of the design.

5.1 Functions
The functions are the actions the design must be able to perform. They were determined using the

functional basis method (Appendix D).

Table 3: Primary and secondary functions

Primary functions Secondary functions

Present food to customer without needing them to | Raise food to the height of the customer’s arms.

bend down.
Return to initial state, allowing cargo bay to close.

5.2 Objectives
The objectives determine how well the design meets the client’s requirements and are used to compare

potential designs. They are listed in order of decreasing importance using pairwise comparison (Appendix
O).

Table 4: Objectives

Objective Goal Metric
Stability During Unload the cargo without dropping food | Maximum angle off horizontal
Unloading or drinks. reached during unloading




Height Reachable

Reach a height of 115 cm. The tallest
person in Toronto is ~190cm [3], the
design should reach roughly % of that
height.

Maximum height reachable with
unloading mechanism (cm)

Durability Lift up to 7 kg. Geoffrey’s current cargo | Maximum weight (kg) of cargo
limit is Skg [2]. supportable.

Light-weight Mass of the design itself should be less Mass (kg) of design.
than 15kg [45]

Inexpensive Maximum cost < $3750 Cost to build design($)

5.3 Constraints

Constraints are the standards which the design must meet in order to be implemented. The constraints for
this design are listed below in Table 5 and are based on concerns expressed by the client regarding
limitations and safety [1]. The design must also follow government regulations and Health Canada

COVID-19 safety protocol [20].

Table 5: Constraints

Constraint Limit Metric
The design must be e The new design must not be double the CAD (%)
inexpensive cost of the original design(<50008%) [1]
The design must be e Must not present any risk of a COVID-19 | Incident reports, public
safe infection (contactless handoff of food) [1] | health [24],
[20]
e Must not cause bodily harm to customers
[1]
The design must be e Must only use existing technology and Materials required are real
realistic materials [1] and attainable
The design must be e The design must be able to get the food Maximum height
able to reach a to a height of at least 75c¢cm above-ground | reached(cm)
reasonable height
The design must be e Must operate in the following weather Testing design in heavy rain
durable conditions [2] and quantitative wind
o 55mm rainfall speeds. Weight of food
o 90mm of snow (kg).
o Withstand wind speed of 23km/h
e Must support Skg of cargo [2]




6.0 Alternative Design Generation, Selection and Description
This section encapsulates the methods used for idea generation, how the three alternative designs were
chosen, and breakdowns of the alternative designs.

6.1 Idea Generation Process

The idea generation process began with structured independent brainstorming, where each team member
came up with a list of at least ten ideas each. The ideas were compiled onto a document, and from there
the team continued to brainstorm ideas with no limit on their feasibility. During this idea generation
session, methods such as analogy, SCAMPER and a morphological chart (Appendices E, F, G, H) were
used to find analogous designs from other technology and to combine existing ideas.

6.2 Alternative Design Selection Process

There were four stages to the alternative design selection process. First, the idea list was consolidated by
removing duplicates. Next, feasibility checks were performed to eliminate ideas that were unrealistic or
incapable of satisfying the constraints. The list of feasible ideas were cut down through multivoting,
where each team member voted for their top ten ideas. All ideas with three or more votes were kept, the
ones with two votes were chosen through discussion and those with one or less votes were removed.
Finally, the remaining list of ten ideas were narrowed down to three with a graphical decision chart. The
entire process is documented in Appendices G-M.

6.3.0 Alternative Designs

This section outlines the final three ideas that were chosen via the alternative design selection process. All
fulfill the primary function of presenting food to the customer without needing them to bend down, but
vary in the extent to which they meet the objectives.

6.3.1 Scissor Lift

The first design, the scissor lift, is a mechanism that can effectively lift heavy objects to a desired height.
The dimensions of the design are specified in Figure 2. The loading deck at the top of the lift is where the
food will be placed, and is designed to fit within the cargo bay along with the rest of the scissor lift. The
scissor lift fulfills the primary function by retracting the two pneumatic cylinders at its base, raising the
loading deck to a maximum height of 127cm off the ground*, where the customer can comfortably
retrieve their food. The cylinders are then extended to lower the loading deck and return the lift to its
retracted state, fulfilling the secondary functions. The design satisfies all constraints and attempts to meet
all objectives. Table 6 outlines the ways in which these constraints are satisfied along with the extent to
which objectives are met.

*24cm ground to base of cargo bay[4] + 103cm base of cargo bay to top of loading deck(figure 2)



Table 6: How the Design meets Objectives/Constraints

Side view - fully retracted position

1

See-through

14 in

Top-down view

7.81in

34in

37.1in

Side view - fully extended

Figure 2: Dimensions and visuals of scissor lift design. Link to CAD file:
https://grabcad.com/library/cad-for-scissor-lift-1

Objective How Design Attempts to Meet Constraint How Design Satisfies Constraint
Objective

Cost e Implementation of design Cost e Total cost < $5000

increases total cost by $800 ~

$1200, making the total cost

<3750) [25]
Stability e The loading deck is flat and Customer e Customers retrieve their food
During even throughout the Safety without touching the lift itself
Unloading unloading process, preventing

spillage of food. (Maximum

angle of 0 degrees off

horizontal)
Lightweight e The mass of the lift is Materials e Design uses existing and

estimated by Solidworks to be
8.66kg. A safe
overestimate(~13kg) would
still meet the goal(<15kg)

easily attainable materials
(A13003 for frame and base
components, pneumatic parts
can vary with manufacturers)



https://grabcad.com/library/cad-for-scissor-lift-1

Height e Capable of reaching 127cm Height e (Capable of reaching 127cm

Reachable off the ground reachable off the ground
Durability e Design can easily lift more Durability e Design can easily lift more
than 7kg than 5 kg

e Rigid structure resistant to
harsh weather conditions

6.3.2 Inflatable Mattress

The design consists of an air-sealed, PVC (polyvinyl-chloride), inflatable ‘mattress’ which, uninflated,
exists as a compact structure located at the base of Geoffrey’s cargo bay. The ‘mattress’ after being
inflated to capacity has dimensions of about 40cm by 30cm at the base (shown in Figure 3) and would
reach a height of 90cm(this is enough to reach a height of 115cm from the ground). The mattress rapidly
inflates using a compact air pump located underneath the ‘mattress’ and is also surrounded by an
‘accordion bellow’ shape made of a hard, lightweight polymer(polyethylene, PE preferably) to prevent
damage to the PVC. On the top of the mattress is a one inch-thick, light-weight wooden platform on
which the food is placed. Table 7 outlines the ways in which these constraints are satisfied and the extent

to which objectives are met.

O OO0

Figure 3: Conceptual sketch of the inflatable mattress




Table 7: How Design meets Objectives/Constraints

support ~272kg of
mass [27]

Objective How Design Attempts to Constraint How Design Satisfies Constraint
Meet Objective
Cost e Total price of parts: Cost e Total cost < $5000
~$350 (+Ebike battery
if required;
$500-1000) [26-30]
Stability During e Inflation time Customer e Lack of mechanical parts
Unloading (assuming no load) is | Safety prevents pinching of skin
~18.3 seconds. on hinges
e Food lifts at an e (Customer retrieve their
average speed of food without touching the
4.9cm/s (see mattress itself
Appendix N) [27]
Light-weight e Total weight: ~12kg Materials e Materials exist and easily
[31][28] attainable
Height e The mattress reaches a | Height e Meets the 75cm constraint
Reachable height of ~115cm Reachable
above the ground [4]
Durability e Mattress is able to Durability e The design can support

over 5kg of load
e Structure resistant to harsh
weather-conditions

6.3.3 Pneumatic Lifting Cylinder
This design utilizes a pneumatic lift cylinder shock piston to lift a food tray. A drawing of the design is
provided in Figure 4. A piston rod in the gas cylinder can move vertically due to pressure from
compressed nitrogen gas [32-35]. A closed lever applies no force to the button at the end of the piston,
thus preventing movement [33]. When the lever is opened, the button unlocks the piston and allows it to
be moved by the compressed gas [33]. While the lever is open, the tray can be lowered when the winch
and cable attached to the tray applies a downwards force greater than the pressure from the compressed
gas. Hence, the functions are satisfied. An attachment plate will be used to secure the lever, tray and gas
lift cylinder together. The design will reach a maximum height of approximately 80.63cm from the
ground (Appendix O). Table 8 describes how this design meets the objectives and constraints.
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Figure 4. Conceptual drawing of the pneumatic height adjustment mechanism.

Table 8: How Design meets Objectives/Constraints (Appendix O)

$133.00 [36-39]

Objective How Design Attempts to Constraint How Design Satisfies
Meet Objective Constraint
Cost e Estimated total cost: Cost

e Total cost < $5000




Stability During e Food tray will be a Customer safety e (Customers can

Unloading level surface during remove their food
unloading to prevent without physically
spillage. touching the

e Well-oiled parts mechanism.
ensure smooth ascent
and descent [34].

Lightweight e The mass of the Materials e Only existing
design is materials are used
approximately 1.38kg (e.g. steel cylinder
[38-40]. with compressed

gaseous nitrogen)

Height reachable e The tray can be lifted | Height reachable e (Capable of reaching a
to 80.63cm from the height of 80.63cm
ground [4][38]. relative to the ground.

Durability e Design can support Durability e Design can easily
approximately 204kg support 5 kg of
of weight [38]. weight

e Structure counteracts
harsh

weather-conditions

7.0 Proposed Conceptual Design

Through the multi-step design selection process, including the Pugh decision matrix (Appendix M), the
scissor lift design was determined to be the best solution to address the gap and fulfill the client’s needs. It
does so by raising food packages to within arm’s reach of the customer, where they can be retrieved with
minimal effort. The scissor lift satisfies every constraint and meets the objectives more extensively than
the alternatives. While the scissor lift is the heaviest of the designs, it significantly outperforms the rest in
regards to more important objectives, such as maximum height achievable and stability during unloading.
As detailed in previous sections, the scissor lift achieves a maximum height of 127cm, superior to the
pneumatic height adjustment mechanism (~80cm) and the inflatable mattress (~115cm). Moreover, the
scissor lift includes a 3.4in barrier around the loading deck to prevent food from being knocked off during
unloading by external circumstances (e.g. outside collisions, inclement weather, etc). The lift is
pneumatically powered, and the smooth extension of its support rods facilitates the stable ascension of the
loading deck. The scissor lift mechanism itself will cost between $800 and $1200, ensuring the total cost
of the robot will not exceed 1.5x the original cost of $2500. Also, the design is compact and fits entirely
within Geoffrey’s current cargo bay design.

10



8.0 Measures of Success
This section describes the tests the team will perform to measure the performance of the proposed
conceptual design.

To test the stability of the design, the maximum angle off the horizontal throughout the unloading process
will be measured. An estimation for this angle can be achieved through recording videos of the lift in
action and then analyzing it frame by frame to determine the maximum slant. Refining the stability of the
design is crucial to a safe delivery.

To test the durability of the design, simulations will be run on the SolidWorks model to test the maximum
supportable load. An estimation for the maximum load will be derived from the material properties of the
materials being used(e.g. stress-strain data for Al 3003) and calculations performed based on these values
and the geometry of the design. This will ensure customer safety and the design’s efficacy.

9.0 Conclusion

The project goal is creating a design that enables Geoffrey to deliver food to within arm’s reach of the
customer. A diverse solution space was generated through the extensive use of brainstorming methods,
and the three most optimal designs were identified through feasibility checks, multi-voting, and a
graphical decision chart. These were selected as the alternative designs, which were then individually
refined. Using a Pugh Matrix (Appendix M), the design that best fit the objectives and constraints was
determined to be the scissor lift. Measures of success for judging the performance of the design were
described in detail. This report will be submitted by November 29, 2021 for review.
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Appendices

Appendix A: Map of Pedestrian traffic at each intersection in downtown Toronto (measured in 24 hour
time frames, 2015) [41]
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Figure 11: Total 24 Hour Pedestrian Counts at Signalized Intersections
Source: TOcore Phase 1: Taking Stock Transportation Summary Brief, (2015)
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Appendix B: Pairwise comparison table for stakeholders.

The table below represents the pairwise comparison table for the stakeholders. Each individual

stakeholder was listed and then compared to its respective counterpart.

--- Health Canada | City of Toronto’s | Accessibility for Total
Pedestrian Safety | Ontarians Act (AODA)
Committee

Health Canada | - 0 1 1

City of 1 - 1 2

Toronto’s

Pedestrian

Safety

Committee

Accessibility for | 0 0 - 0

Ontarians Act

(AODA)
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Appendix C: Pairwise comparison table for objectives

The following pairwise comparison table showcases the method used to rank the different objectives by
importance. 1 denotes that the objective on the row was determined to be more important while a 0
denotes that the objective on the column was determined to be more important.

- Functionality | Expense Durability Safety Total:
Functionality - 1 1 0 2
Expense 0 - 0 0 0
Durability 0 1 - 0 1
Safety 1 1 1 - 3
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Appendix D: Functional Basis for Functions

The functional basis model for generating functions takes the most ‘bare-bones’ set of functions
in which a generated design model is expected to carry out. In the case of the Geoffrey bot, the Functional
Basis and Functions are particularly succinct due to the simplicity behind the generalized functions in
which the created technology is expected to carry out.

Functional basis:
e Lifts mass
e [owers mass

Functions:
e Lifts mass in a stable manner which does not launch the mass (ultimately does not pose a danger
to those in the surrounding area of operation)
Lifts food to a suitable height for the customer.
Lowers mass in a stable manner which does not pose a danger to pedestrians/passers-by
Lowers the mechanism so that the cargo bay is able to close.
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Appendix E: Sample of first free brainstorming session (hosted on Google Jamboard) with a list of 65
ideas (considered independent of constraints.)
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Consolidated Ideas
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Claw machine

lever/seesaw

Scissor lift

Jack in the box

Jet

Drone accompaniment lifts food from Geoffrey
Cannon

Swing

Rotating wheel

. Ramp

. Escalator

. Extendable support which lifts Geoffrey up from the base

. Spring mechanism

. Wheel cam mechanism

. Propulsion

. Waterwheel

. Electromagnetic propulsion

. Inflatable mattress

. Accordion bellows

. Screw

. Telescoping support rod (metal pole expanding like a toy lightsaber)
. Helicopter mechanism

. Rack and pinion mechanism

. Elevator (types of elevator mechanism: hydraulics/pneumatics)

. Pneumatic elevator

. Pulley elevator

. Geared traction elevator

. Hydraulic elevator

. Crane

. Opposite pole magnets to make platform raise once lid is opened

. Rod/escalator electric system

. Z-mechanism

. Cloth like material that is loose, tighten it (like over a drum)- hammock/net
. 4 bars extending towards the ground lifting the robot itself up toward customer
. Helium balloons

. Hot air balloon mechanism

. Big wheels to make Geoffrey taller

. Convert Geoffrey into a drone

. Delivery person hands the food from Geoffrey to the customer

. Geoffrey opens on the side, food slides out and is lifted up by a compact scissor lift mechanism;

hook food onto the back of the lifting mechanism so it will stabilize itself
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41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

55.
56.
57.
58.
59.
60.
61.

62.

63.
64.

65.

Foldable car seat mechanism-- Drawbridge

Swivelly chair height adjustment mechanism attached to the tray the food is on

Extendable arms that grab the food and give it to the customer

Reduce Geoffrey’s size so that he can jump into the customers hands

Pop-up children’s book mechanism

Give Geoffrey legs

Slingshot

Solenoids to raise food with a magnetic base

Ratchet and pawl

Push food up a slide with a fan

Geoffrey always floats at arm’s reach using propellers

Hoist attached to Geoffrey that hoists the food up

Convert Geoftrey to a forklift

Winch system to lift food (installed on a high part of Geoffrey’s frame directly above the cargo
bay)

A forklift in Geoffrey that lifts the food

Conveyor belt ramp (internal)

Pulley that customer pulls to get food out of compartment

Fill Geoffrey with water, which raises the water level and the food that is floating will increase in
height

Geoftrey carries a conveyor belt ramp with him, when he arrives he places the food onto the ramp
which carries the food up

Elongating poles on Geoffrey’s exterior coupled with a scissor lift mechanism inside cargo bay
lifting the food up

Safe catapult with food held in a container (e.g. net) so that it is not flung out (also try to slow
speed of lift so that there isn’t enough force to fling to the food)

Fire truck ladder

Cherry picker, the non-scissor lift kind
Geoftrey brings a ramp with him and drives up the ramp

Scales
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Appendix F: SCAMPER method

Modify an existing idea using each aspect of the acronym.
With scissor lift in mind
Substitute:

e Lighter material for frame

e  Wood, some sort of strong plastic
Combine:
e Increase height of Geoffrey using something else like support rods then have scissor lift food out
of cargo bay
Adapt:
Modify:
e Have cargo bay open from side, scissor lift slide out and then lift
e Add a sensor so that the scissor lift can automatically detect when to stop
Magnify:
Minify:
e Reduce the size of an industrial scissor lift to fit inside of Geoffrey’s cargo bay
Put to other uses:
Eliminate:
e Geoffrey
Rearrange or reverse:
e Lift Geoffrey’s entirety with the scissor lift
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Appendix G: Analogy Method

The ideas listed below were generated by adapting and using ideas from nature or the surrounding
environment to generate solutions.

Waterwheel

Pulley system for sails on sailboat
Ferris wheel

Elevator system

Catapult

Like poles (magnets) repulsing one another
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Appendix H: Morphological Chart

A morphological chart represents a breakdown of solutions into a variety of different components with

several variations in each section. Essentially, the final solution is broken down into simpler parts such as
devices to hold/store the food, the power of the design, the operation behind the design, et cetera. The
table below represents the morphological chart generated for the purposes of this design where the final
solution can be almost any solution that incorporates at least one variation from each column.

Hold Power behind Increase height of | Extending Operation
food design food holder motion of
offloading
(combinations if
applicable)
Tray Electric Design Mechanical Design | Rotational Fully-autonomous
(Battery) (ie: scissor lift) (requiring only the
“push of a button”)
Hook Pneumatic Design Make Geoffrey taller | Vertical Partially-autonomous
translation (requires a selection of
preset functions)
Arm Hydraulic Design Propelled Design Horizontal Not-autonomous
(food is projected) translation (to the | (requires full
sides or management and
back/front) monitoring from
operator)
External Solar-powered Use of External No motion No operation
unit Design arms/extensions (consistent with (consistent with food at
food at a constant | a constant height)
height)
Food is Combustion Redesigning Operated by client
not in a Engine-powered Geoftrey without the (consistent with
container | design current “cargo bay ‘human-powered’
design” design)

Buoyancy-depende
nt design

Airborne Design

Wind-turbine
powered design

Box is at a constant
height supported by
a column underneath

Human Powered

Pulley Design
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Appendix I (for Feasibility Check)

2. Feasible ideas
*Unfeasible in yellow

Classifications:
1. Claw machine
2. lever/seesaw
3. Scissor lift
4. Jack in the box (*too dangerous to passing pedestrians, potentially projectile*)
5. Jet (*too dangerous to passing pedestrians, potentially projectile*)
6. Drone accompaniment lifts food from Geoffrey
7. Cannon (*too dangerous to passing pedestrians, potentially projectile*)
8. Swing (*too dangerous to passing pedestrians, potentially projectile*)
9. Rotating wheel
10. Ramp (what does this mean)
11. Escalator
12. Extendable support which lifts Geoffrey up from the base
13. Spring mechanism (*too dangerous to passing pedestrians, potentially projectile™®)
14. Wheel cam mechanism
15. Propulsion
16. Waterwheel (*impractical in nature; inefficient, expensive*)
17. Electromagnetic propulsion (*too dangerous to passing pedestrians, potentially projectile*)
18. Inflatable mattress
19. Accordion bellows
20. Screw (rotations out and up; similar to a barber pole)
21. Telescoping support rod (metal pole expanding like toy lightsaber)
22. Helicopter mechanism (*too dangerous to passing pedestrians*)
23. Rack and pinion mechanism (elevator system with gears instead of hydraulics)
24. Elevator (types of elevator mechanism: hydraulics/pneumatics)
25. Pneumatic elevator
26. Pulley elevator
27. Geared traction elevator
28. Hydraulic elevator
29. Crane
30. Opposite pole magnets to make platform raise once lid is opened
31. rod/escalator electric system
32. Z-mechanism [44]
33.
34. Cloth like material that is loose but is tightened (like a drumhead skin)
35. 4 bars extending towards the ground lifting the robot itself up toward customer
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36.
37.
38.
39.

40.

41.

42.

43
44,
45.

46.
47.
48.
49.
50.
51.
52.

53.
54.
55.
56.
57.
8.
59.
60.
61.
62.

63.

Helium balloons

Hot air balloon mechanism (*impractical in nature; inefficient, expensive*)

Bigger wheels to make Geoffrey taller

Convert Geoffrey into a drone (four horizontal propellers instead of the helicopter
method)(*impractical in nature; expensive; potentially dangerous to passing pedestrians and
customer®)

Accompanying delivery person hands the food from Geoffrey to the customer (*impractical in
nature; expensive®)

Geoftrey opens on the side, food slides out and is lifted up by a compact scissor lift mechanism;
(make the second one a new idea) hook food onto the back of the lifting mechanism so it will
stabilize itself

Foldable car seat mechanism-- Drawbridge (the food is latched on to a hook which is on the
undercarriage of drawbridge and on the opposite side of the hinge; the mechanism is powered
such that the “bridge” is lifted by the mechanism, lifting the food as well)

Pneumatic desk chair height adjustment mechanism attached to the tray the food is on
Extendable arms that grab the food and give it to the customer

Reduce Geoffrey’s size so that he can jump into the customers hands (*impractical in nature;
expensive; potentially dangerous to passing pedestrians and customer*)

Pop-up children’s book mechanism

Give Geoffrey legs (*impractical in nature; expensive, less efficient*®)

Slingshot (*potentially dangerous to passing pedestrians and customer®)

Solenoids to raise food with a magnetic base

Ratchet and pawl

Push food up a slide with a fan

Geoffrey always floats at arm’s reach using propellers (*impractical in nature; expensive;
potentially dangerous to passing pedestrians and customer®)

Hoist attached to Geoffrey that hoists the food up

Convert Geoftrey to a forklift

Winch system to lift food (installed on a high part of Geoffrey’s frame directly above the cargo
bay)

A forklift in Geoffrey that lifts the food

Conveyor belt ramp (internal)

Pulley that customer pulls to get food out of compartment

Fill Geoffrey with water, which raises the water level and the food that is floating will increase in
height
Geoftrey carries a conveyor belt ramp with him, when he arrives he places the food onto the ramp
which carries the food up

Elongating poles on Geoffrey’s exterior coupled with a scissor lift mechanism inside cargo bay
lifting the food up

Safe catapult with food held in a container (e.g. net) so that it is not flung out (also try to slow the
speed of lift so that there isn’t enough force to throw to the food)
Fire truck ladder
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64. Cherry picker, the non-scissor lift kind
65. Geoftrey brings a ramp with him and drives up the ramp

[42]

66. Scales (e.g. for measuring mass)
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Appendix J: Multivoting process

Each team member had 10 votes to cast. The numbers in the table below correspond to the numerical
order of the idea in the master list, and the coloured cells indicate which ideas had two or more votes.

Matthew

Cameron

Safiyyah

Erie

Tanya

Joyce

3

1

1

1

6

3

3

3
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Appendix K: Top 10 Ideas

The following ideas were chosen through multivoting. Each team member had 10 choices they could pick.
This list is in accordance with the multivoting process listed in Appendix H.

Top 10 list
1. Idea 3: Scissor lift (6)

Idea 20: Screw (5)

Idea 32: Z mechanism (5)

Idea 18: Inflatable mattress (4)

Idea 1: Claw machine (3)

Idea 56: Conveyor belt (3)

Idea 63: Cherry picker (3)

Idea 28: hydraulic elevator (2)

Idea 42: Pneumatic chair height adjustment mechanism attached to food tray (2)
. Idea 60: Elongating poles on Geoffrey’s exterior coupled with a scissor lift mechanism inside

cargo bay lifting the food up (2)
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Appendix L: Graphical Decision Analysis

The graph below represents a plot of each idea with reference to two specific axises. In this case,
the two most important objectives/constraints were chosen to be a measure of the successfulness of each
design. On the x-axis, the rough calculated cost to build the design was chosen (where 0 equates to a very
expensive design and 10 represents the most inexpensive design). On the y-axis, the ability for the design
to reach the desired height (listed in the Objectives section) was chosen (where a 0 means that the design
is completely incapable of reaching this height and a 10 means that the design exceeds this desired
height). The final designs chosen on the basis of this Graph were those that fell the closest to the
coordinate (10, 10) (representing the optimal solution).
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Finalists: 1,9, 4

Scissor lift, pneumatic chair height adjustment mechanism, inflatable mattress.
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Appendix M: Pugh Decision Matrix

The table below represents a decision matrix in which a datum solution, or base solution was picked; from
there, the team listed the other two, top solutions to compare to the datum solution with respect to the
design’s objectives. Solution 2 and 3 were given a score ranging from -1 to +1 (-1 indicates that the
solution is below the datum solution for that respective objective, 0 indicates it is the same, +1 indicates
that it is superior). The score for each solution was then summed up in the final row. The team used this to
pick the proposed conceptual design.

Objectives Datum Solution 2: Justification Solution 3: Justification
solution: Scissor lift Inflatable
Pneumatic mattress
seat
adjustment
mechanism
Cost ($) 0 -1 More materials | +1 Inflatable
needed, more mattresses and
sophisticated pneumatics
design. can be
procured for a
relatively low
price.
Functionality( |0 +1 Support rods -1 The inflatable
Maximum (the scissors) mattress
height allow cannot lift
reachable) mechanism to things as high,
reach higher particularly if
there is a time
constraint to
the inflation
time
Maximum load | 0 +1 Stronger lifting | -1 The inflatable
supportable force and mattress
support rods cannot lift
with the heavy objects
scissor lift and deliveries.
Safety- 0 0 The scissor lift | -1 Potentially
COVID, is similarly uneven surface
dropping/spilli safe to the seat as the mattress
ng food, adjustment, is filled with
hurling food, because it just air can cause
injuring lifts and food to spill
customer lowers a
platform.
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The design -1 Since the +1 The inflatable
will not scissor lift is a mattress has
increase the more little weight of
weight of the condensed its own, the
overall robot version of a main weight
to more than seat lift, more will be coming
125% of the materials will from the pump
original weight be required whose weight
and thus is lower than
increasing the that of the
weight adjustment
mechanism.
Sum 0 - -1 -
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Appendix N: Calculations for inflation rate and operating speed for the ‘air-mattress’ design.

Below, the unit subscript ‘B’ represents data collected for the air-mattress advertised online [27].
The subscript ‘M’ represents that of the designed mattress.
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Appendix O: Estimations for pneumatic lifting cylinder

The calculations listed below describe the estimations for the cost, height reachable, durability, and mass
of the pneumatic lifting cylinder.

Cost:

e Qas lift cylinder costs approximately $16.00-$30.00 [36][37]
e Lever attachment approximately $12.45 [37]
e Mini winch, remote and cable approximately $80.00 [38]
e Plastic food tray from $4.00-$11.00 [40].
Total (using highest number of range): $133.00

Height reachable:
Since the height from the ground to the base of Geoffrey’s cargo bay is approximately 24.13cm [4] and

the cylinder has a maximum height of 56.5cm, the design will reach a maximum height of approximately
80.63cm from the ground

Durability:
Conversion of 450 pounds to kg =204 kg

Mass:

Mass of gas cylinder + mass of winch and cable + mass of food tray and lever attachment = approx. 1.38
kg.
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