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1.0

Executive Summary

The Freezing of Gait Project aims to design and develop an attachment mechanism for a medical
device to help Parkinson’s patients overcome freezing of gait (FOG). The mechanism will allow
the device to attach to a variety of canes or walkers, while being easy for Parkinson’s patients to
use. It will interface with a device produced by De Oro Devices. The project includes an analysis
of current competitive devices, a summary of customer needs, design of experiments to test
significant features of the attachment, and project plan. The customer needs are translated to
engineering metrics. Failures and mitigation of risks are also specified, as well as a summary of
previous research. An overview of the design changes and prototype evolution has been outlined.
The final design uses a rubber band and hooks to attach the mount to the mobility assistive
device, as well as a 3D printed plastic part with magnets to align and secure the device to the
mount. We found this design to be easy to maneuver with low dexterity and meets our customer
requirements exceedingly well.
2.0

Introduction and Background

Parkinson’s disease (PD) is second most common neurodegenerative diseases in the United
States (Mhyre et al., 2015). One of the most common and most debilitation symptoms of
Parkinson’s disease is freezing of gait (FOG). Freezing of gait is defined as a sudden onset of
immobility. Parkinson’s patients describe it as feeling like their feet are “glued to the floor”. This
symptom not only causes great fear, anxiety, and decreased quality of life, but also is a leading
cause of falls for people with Parkinson’s (Okuma, 2014).
Sensory cues, including auditory, visual and tactile cues, have been researched and shown to be
effective in helping patients overcome FOG. The most common visual cue is a green laser line
that runs in parallel lines on the floor by the person’s feet. Patients are directed to step over the
line. The most common auditory cue is a metronome, where patients are directed to step to the
beat of the metronome. The tactile cue is a vibratory alert cue that vibrates on the leg of the
patient. The most effective sensory cues are the visual and auditory cues, while the tactile cues
do not work as well in helping with mobility (Velik, 2012). Visual and auditory cues are both
effective in different aspects of gait, which suggests that the combination of both would be
valuable. Auditory cueing significantly improves cadence, however visual cueing improved
stride length (Suteerawattananon M et al., 2004). Auditory cues also significantly improve
turning time, faster than visual cues. Visual cues have been found to be more effective in gaitinitiation (Nieuwboer A et al., 2009). De Oro Devices took the most effective sensory cues and
combined them into a simple, portable device that can be used anywhere.
De Oro Devices is developing a device to help Parkinson's patients overcome freezing of gait by
providing a visual and audio cue to help redirect patient’s walking focus. While this device has
been working effectively, the attachment mechanisms needs to be improved. Therefore, the goal
of this project is to create a new attachment mechanism that can be used for a wide variety of
both canes and walkers.

There are a few devices currently on the market that are designed to help patients affected by
FOG. These pre-existing devices are listed in Table 1. Note that not all these devices are on the
market yet, or available in the US. The only two devices available in the US are the Laser Cane
and U-Step Walker.
Table 1: Pre-existing Devices for Freezing of Gait Symptoms
Name

Description

Cues

Attachment
Location

Cost

Available
in US?

U-Step
LaserCane

Cane with an integrated
red laser

Visual

Cane

$199$219

Yes

U-Step
walker with
“the cue”

Stability walker with
attached laser and
metronome

Visual &
audio

Walker

$824

Yes

Path Finder

Green laser attachment to
shoe

Visual

Shoes

£474

No
(coming
soon)

Agilitas

Predictive belt-attached
device that activates red
laser dot

Visual

Belt or
waistband

AU$696

No

GYENNO
Gait Aid

Devices attach to the
torso, legs, and/or a cane
and work together to
generate visual, auditory,
and tactile signals

Visual,
audio,
and
tactile

Torso, leg or
cane

Not on
market

No

While having a knowledge of pre-existing devices is important overall, we need to look
specifically into the attachment mechanism as that is our focus for this project. There is very
little information regarding the specific attachment mechanism for these pre-existing devices,
however, there are other accessories that have more information regarding their attachment
mechanisms. These are described in Table 2.

Table 2: Attachment Devices for Canes, Walkers and Belts
Name

Description

Where it
Attaches

How it Attaches

Vive cane tip for
ice

Metal attachment
for using a cane on
ice

Accessory hook
for wheelchair,
walker or stroller
handles

Hook attachment to Arm of a
Velcro straps with an interior
a wheelchair, walker wheelchair or rubber strap for extra grip onto the
or stroller
walker
bars.

Double clip cane
holder

Allows a cane to be
hooked onto other
spaces

Cane arm

Metal clip that the cane handle is
able to clip into. The other side has
a strap to attach it to a chair,
wheelchair, etc.

Nite Ize HipClip

Clip for holding
phones that can be
attached to a belt,
purse, pocket, etc.

Belt, purse,
pocket, etc.

Stainless steel clip that slides over
belt or pocket to sit securely in
place. Comes with an adhesive strip
to attach it to a phone.

Belt

Plastic clip that has a ‘J’ hook to
attach to a belt. It is designed to be
riveted or screwed into place.
Adhesive tape may be used to
attach it, but will not work for
leather, rubber or fabric.

Heavy-duty Fixed Attaches to a belt to
Belt Clip
hold a phone

Bottom of a
cane

A clamp with a metal exterior and
rubber interior that attaches around
the cane through two screws.

These attachment mechanisms all have pros and cons that we can study to create an optimal
attachment. The ones that use Velcro and straps may often become detached, but they are very
easy for Parkinson’s patients to attach themselves as they require little dexterity. The ones with
more heavy-duty metal attachments are harder to attach, but more secure. We want to create an
attachment that is both secure and easy for Parkinson’s patients to use, so through studying the
pre-existing devices, we will be able to replicate aspects that worked.
While creating an attachment and overall device, we have to ensure that we don’t infringe on any
patents, as many of the pre-existing devices use a visual or audio cue to assist the Parkinson’s
patient overcome FOG episodes. The patents associated with these devices are listed in Table 3.

Table 3: Patents Related to Pre-existing Devices
Patent No.

Description

Date Filed

US 5,575,294 B2

A laser line on the ground that is
used to treat FOG

March 21, 1994

US 8,409,116 B2

A predictive device that provides
verbal audio cues to a patient within
1 sec of experiencing FOG

April 21, 2010

US 8,961,186 B2

A device with audio and visual cues
that attaches to a walker. For
“rehab”

Oct. 25, 2012

US 8,460,219 B2

A predictive device with a variety of
audio cues that is attached to the
Oct. 5, 2005
Parkinson’s patient

US 6,788,976 B2

A blanket solution for using
electrodes and timing to stimulate
different parts of the body for
Parkinson’s patients

Nov. 2, 2001

After reviewing the previous patents and patent applications, we have concluded that we are not
infringing on any patents and have the freedom to operate.
3.0

Customer Requirements and Design Specifications

3.1

IFU

The Gaitway is a non-invasive device to help people with Parkinson’s overcome freezing of gait.
The device can attach to any cane or walker, with circular diameters ranging from 0.8 in. to 1.2
in. It uses visual and audio cues to help a patient regain mobility. The visual cue is a green laser
line that is projected onto the floor in front of the person, perpendicular from the direction of
motion. The audio cue is a metronome. The device is intended to be used by both Parkinson’s
patients. The patients should be ambulatory.
3.2

Product Design Specifications

This project will focus on making a new attachment for the pre-existing device prototype. The
attachment should be able to attach to a cane and walker to ensure that the patient can use the
device on multiple walking aids. Nothing on the current device will be changed, and the
attachment mechanisms will be designed to fit the current device prototype.
Through speaking with Parkinson’s patients, caregivers and physical therapists, it appears that
there are several areas of importance when it comes to customer needs. Most individuals with

Parkinson’s disease are concerned with the price of various treatments, mobility aids, and quality
of life improvements. If a particular device or treatment is not covered by insurance or Medicare,
it is likely being paid for out of pocket. This can be stressful and place a financial burden on
someone with a fixed income. Therefore, the device or treatment cannot be unreasonably
expensive. Secondly, the treatment or device purchased must be consistently effective. When
purchasing something to assist with a symptom of Parkinson’s disease, the individual or
caregiver wants to know that there will be a meaningful outcome. The improvement must be
tangible enough to have warranted the expenditure. Without consistency, the individual will not
experience the ripple effect of psychological relief that comes with mitigating a debilitating
symptom of their disease. The third most common concern is in regard to ease of use and
portability. Individuals with Parkinson’s disease lose their independence by being wheelchair
bound or afraid to venture out on their own. Whatever they are purchasing needs to be easy to
use in a variety of environments, with a variety of mobility aids. In addition, individuals with
Parkinson’s and their caretakers need the ability to move between types of mobility aids
depending on location as well as being able to pack up their mobility aids easily during travel.
Bulky, heavy items are not easy to move around or pack up and are troublesome for both
caregivers and individuals with Parkinson’s.
There are many factors that must be taken into consideration in order to fit the customer needs.
We’ve summarized the customer needs that apply to our project here:
● The attachment must be lightweight and not add excess weight to the device as it can be
hard for Parkinson’s patients to pick up heavy items.
● The attachment mechanism should be easy to work and easy to remove from the cane or
walker. Many Parkinson's patients have low dexterity and may experience tremors,
making it difficult to perform any action that requires fine tuning.
● The attachment should be secure to ensure that it does not fall off when in use. As
Parkinson’s patients may use this device when they are in public, having the device fall
off may put them or others at risk.
● Attachment should be conspicuous and blend in with the cane or walker. This will ensure
that Parkinson’s patients feel comfortable using it in public.
The above bullet points summarize the most important customer requirements that were taken
into consideration for this project. The full list of customer requirements can be found in
Appendix A.
From the specific customer requirements, a project specification matrix is constructed to describe
how each specification will be measured. This is shown in Table 4.

Customer
Requirement

Table 4: Project Specification Matrix
Engineering
Specification
Rationale
Metric
minimal change to
weight of cane/walker

scale

0.8-1.2
variable diameter
inches

there are different
shapes and sizes of
canes and walkers

calipers

time to attach

< 2 min

It must be easy to use
for Parkinson’s patients
timer
with decreased
dexterity

time to attach

It must be easy to use
for Parkinson’s patients
<20 seconds
timer
with decreased
dexterity

Light weight

weight

Compatible with
canes or walkers
Quick/easy to attach
(attachment)

Quick/easy to attach
(mount)

Attachment won’t fall displacement
off or move with
(when walking,
force of walking
falling)
Water resistant

Measurement

displacement
(when wet)

< 1lb

0 cm

The attachment can’t
fall off when in use

ruler

0 cm

The attachment can’t
fall off when in use

ruler

The most important specifications to take into account are those that might cause the device to
stop working mid-use. If the device did stop working, it could cause the patient to fall and injure
themselves. The patient may also get stuck in a potentially dangerous situation, such as when
crossing the street. Therefore, while all customer requirements will be taken into consideration,
the most important one is that the attachment won’t fall off or move when in use.

3.3 House of Quality
For the device, the House of Quality rooms 1, 2, 4, 5 and 6 were analyzed. Rooms 1-5 are
displayed below in Table 5. Room 6 is displayed in Table 6. Through the House of Quality, we
can see which customer requirements are the most important, and which ones we need to focus
on for the scope of this project.

Table 5: Streamlined House of Quality for Freezing of Gait Attachment Device
Engineering Characteristics
Improvement Direction
Units

Customer
requirements

lbs.

Importance
weight
factor

Lightweight

3

Compatible
with cane, or
walker

5

Laser visibility

2

Attachment
won’t fall off
or move

5

Weatherproof

2

Easy to attach

3

Weight

inches

feet

Newton’s

Variable
diameter

Laser
length

Torque/
acceleration
of force

9

N/A

Weather
resistance

sec
Time
to
attach

1

9
9

3

9

1

9
3

1

9

Raw Score (206)

36

48

18

51

21

32

Relative Weight %

17.5

23.3

8.7

24.8

10.2

15.5

Rank Order

3

2

6

1

5

4

Table 6: Room 6 - Customer Assessment of Competing Products
Competitor Rankings
1 – Poor, 3 – OK, 5 – Excellent

CR

U-Step
Walke
r

Lightweight

1

3

5

Compatible with cane, walker, belt

1

1

1

Laser visibility

5

5

5

Attachment won’t fall off or move

5

3

1

Weatherproof

3

3

3

Easy to attach

2

2

1

Low cost

1

3

1

LaserCane PathFinder

Through looking at the House of Quality, it is clear that the most important engineering
specification is the force that the attachment can withstand, as this contributes to many customer
specifications and can result in different failure modes. Furthermore, Room 6 of the House of
Quality allows us to analyze the competing products in order to improve our product. Through
this, we know that we have to design the attachment to be able to withstand high amounts of
force.
4.0

Stage Gate Process

4.1

Concept Review

In order to finalize a design for the prototype, multiple designs were considered. The three main
designs are shown below in Table 7. Design 1 uses a rigid hinge-screw structure that tightens
around the cane with the screw. It has a simple mount that the device is able to slide into. Design
concept 2 uses a flexible rubber material that will wrap around the cane and secure on the back.
The mount uses a magnet for guidance and then twists to lock the device into place. Design

concept 3 is two rigid, metal structures that tighten on either side with screws. It has a mount that
the device is able to slide into.
Table 7: Three Design Concepts that were Considered

Once these three designs were chosen, each was compared using Pugh charts. These charts can
be found in Appendix E. Once these charts were all completed, we found that device 2 had the
most positives and the least negatives. It is the easiest design to use, as it does not require high
dexterity, as screws often require. Furthermore, it will be the lightest weight option as it will be
made with a rubber material rather than metal. The main downside of this design is that it may
not have the capacity for small amounts of tightening, as the screws are capable of doing.
Design 2 was then modeled using Solidworks. It will be made of a flexible, rubber material that
can easily bend around any diameter of cane or walker. It will then have a plastic mount with a
magnet to guide the device into the mount. The Solidworks rendition of this design are shown in
Appendix C.
4.2

Design Freeze

The final design that we decided on for the design freeze is design concept 2, shown in section
4.1. This design seemed to be the easiest to use, cheapest to manufacture, and compatible with
multiple canes and walkers. It will be made from a 534-rubber sheet that will be cut into the
required form using a laser cutter. The mount will be 3D printed. The mount will then be glued
to the rubber attachment using super glue, to secure it onto the attachment. All of the material
that will be used is lightweight and cheap, which ensures that no excess weight or cost is added
to a cane or walker. The Solidworks design rendition is shown in Appendix C.

4.3

Design Review

Our final design had some diversions from our design freeze concept. Instead of using a laser
cutter to create a rubber band attachment, we used a combination of an off-the-shelf rubber bike
light attachment and metal hooks screwed into a 3D printed mount. The 3D printed piece has a
thin piece of rubber glued onto the surface that contacts the cane/walker for added grip. There is
also a 3D printed mount piece that is glued onto the device and mates with the attachment using
a twist-and-lock mechanism. Magnets are glued into the attachment and mount to add strength
and help guide the device into place. The Solidworks design for the 3D printed parts is shown in
Appendix C, and the full assembly is pictured Figure 1. The final attachment design met all preset specifications and passed all output tests.

Figure 1: Full Assembly of Final Prototype and Device
5.0

Description of Final Prototype Design

5.1

Overview

The final design consists of three parts: a rubber band attachment, a plastic mount that attaches to
the cane/walker and a mating piece to connect the device to the mount. The plastic attachment
also has rubber material glued to the curved portion of the attachment to increase grip with the
cane. The rubber band material will hook into each side of the plastic attachment and wrap
around to grip onto the cane. The mount is easily attached to and detached from the device but
will stay the cane/walker more permanently. The mating part is 3D printed with the plastic
attachment. The mating part is even easier and quicker to attach/detach, to allow the patients to
remove the device daily for charging.

5.2

Design Justification

The final design encompassed the main customer requirements that needed to be taken into
consideration, while still being cheap to manufacture. The two main customer requirements that
we took into consideration included ease of use, as Parkinson’s patients should be able to use it
on their own and having a strong gripping force to ensure the attachment does not slip or rotate
when in use. The rubber band and rubber material gripping the inside of the plastic attachment
ensure that the attachment will not move when in use, reducing any risk of the device falling.
The overall design has two parts which allow the patient to remove the device itself without
removing the entire attachment. By having this separate mount and attachment, Parkinson’s
patients are able to leave the attachment on the cane, so they don’t have to place it on the cane
every time they want to use the device. On the mount, the magnet helps to guide the two parts
together. As the magnets are so strongly attracted, they hold the mounts together while they are
clicked together. The mount also has a slide to click the two pieces together, which further
ensures that the device does not move during use.
All of the features of the design ensure that the attachment and device do not loosen during use.
This mitigates the majority of risk that may occur when Parkinson’s patients use the device.
5.3

Analysis

The prototype is designed to best fit the needs that were most important to our customers. From
our conjoint analysis (Appendix I), we found that our customers value low cost and lightweight
attachments. In order to make the attachment lightweight we chose material that would reduce
the overall weight. This included plastic and rubber, neither of which add weight to the overall
device. These materials are also cheap to manufacture, therefore reducing the overall cost of the
device. Separate from the conjoint analysis, we designed the prototype to fit all customer
requirements, including being easy to use and have a strong gripping force.
To finalize a design, we used a Pugh chart (Appendix E) to analyze three different design
options. This made it clear that we should move forward with Concept 2, which incorporated a
rubber band and no screws, since it had the most pluses and the least minuses. While our final
design has changed since using these Pugh charts, we incorporated aspects of design 2 into our
final design, including using a rubber attachment material and separate mount.
5.4

Cost Breakdown

One customer requirement was to create a cheap attachment that will not add much additional
cost to the device. The breakdown of the cost of each part that was used to manufacture the
device is shown below, in Table 8. In addition to the cost of each part, the manufacturing cost of
3D printing is estimated to be around $10.

Table 8: Cost Breakdown of Each Attachment Part
Component

# Per Device

Part #

Vendor

Total Cost

Magnet

2

B01N45JGVO

Amazon

$1.798

Rubber band

1

B018HOFVOU

Amazon

$7.99

PLA for mount and
attachment

1

N/A

N/A

$0.45

Loctite Super Glue
Ultragel Control

1

1363589

Home Depot

$4.47

Everbilt #4-3/8 in. sheet
metal screws

4

812661

Home Depot

$0.295

2

B01EI2UWSK

Amazon

$2.16

1

B016C5FGHI

Amazon

$7.89

Total Parts
Cost

$25.05

Metal hooks
Rubber sheet

This cost breakdown outlines the cost to make 1 single prototype. Once taken to manufacturing,
this cost will be significantly streamlined. The rubber bands should be bought in bulk directly
from the manufacturer. Also, one single attachment will not require a whole bottle of super glue
or a whole rubber sheet.
5.5

Safety Considerations

There are risks associated both with manufacturing of the device and use of the device. While
manufacturing the device, the main concerns are related to pinch points and sharp edges. In order
to ensure safe practices, a corrective action is set for each hazard, to ensure that little harm comes
to each team member. The planned corrective action for these risks is simply to take care when
handling the device. A table outlining all potential hazards can be found in Appendix D.
There are more severe risks associated with the patient using the device. The main risk is that the

attachment falls off or breaks during use. If this happens, the patient may be put at risk as they
could trip over the device or be stuck in a dangerous situation, such as crossing the road. This
risk is taken into account with the design of the attachment, as we will create an attachment that
has a secure grip onto the cane or walker. A more thorough failure mode and effects analysis can
also be found in Appendix D.
6.0

Prototype Development

6.1

Model Analyses

The attachment prototype is designed to have a strong grip onto both canes and walkers, to create
a secure attachment for the device. It is made out of PLA and rubber, to ensure that it is a
lightweight addition to any cane. It consists of two main parts: an attachment to the cane and a
mount for the device. The attachment to the cane uses a rubber band that hooks into either side of
a 3D printed mount. The mount uses a magnet that guides both halves together to make it easier
to align while putting it on the attachment. The mount then twists and locks to keep the device in
place during use. The dimensions of this model can be found in Appendix C.
6.2

Evolution of Prototypes

The design of the attachment has significantly changed through the process. Each iteration
presented issues that we were able to fix with future designs, until we reached the final
prototype.
The original design of the prototype consisted of using screws as an attachment and a 3D printed
mounting system. However, after talking to more Parkinson’s patients about their preferences,
we decided not to include screws into any part of the attachment. Screws require a certain level
of dexterity that not all Parkinson’s patients have, and we wanted to make the design as easy as
possible for all Parkinson’s patients to use.
The next design iteration involved a rubber band attachment that went around the entirety of the
cane. This also had a 3D printed mount that would attach to both the rubber band and the device.
With this design, we also decided to include a magnet to guide the device in place, instead of a
sliding mount, so that it would require less dexterity. See prototype design in Appendix C. This
prototype presented problems related to the strength of the rubber material and the attachment
between the rubber and the 3D printed mount. This attachment was not secure, and the device
did not hold onto the cane well enough.
For the final prototype, we focused on making the attachment stronger to withstand high forces.
This includes a 3D printed rectangular attachment with two metal hooks on each side for a
rubber band to attach to. The 3D printed attachment is lined with rubber to increase the grip onto
the cane. Adding the 3D printed part and the hooks increases the strength of the attachment as a
whole. This final design can be seen in Appendix C.

6.3

Manufacturing Process

The manufacturing process and all materials needed during the manufacturing process are
outlined below, in Tables 9 and 10. The Lot History Record, which describes any deviations
from the MPI, is shown in Table 11.
Table 9: Manufacturing Bill of Materials
Component

# Per Device

Part #

Source

Magnet (diameter 0.24in, width 0.116 in)

2

B01N45JGVO

Amazon

Rubber band

1

B018HOFVOU

Amazon

Plastic mount

1

N/A

3D printed

Plastic attachment

1

N/A

3D printed

Loctite Super Glue Ultragel Control

1

1363589

Home Depot

4

812661

Home Depot

1

N/A

N/A

2

B01EI2UWSK

Amazon

1

B016C5FGHI

Amazon

1

N/A

N/A

Everbilt #4-3/8 in. sheet metal screws

Phillips head screwdriver
Metal hooks
Rubber sheet
Scissors

Table 10: Manufacturing Process Instructions (MPI)
Step

Instruction

Pictures

Using the 3D printer in the QL+ lab, print plastic
attachment & mount.

1

Printer settings (Ultimaker 2+ and Ultimaker
3):
Layer height: 0.15 mm
Infill density: 15%
Printing temperature: 200 C
Build plate temperature: 60 C
Print speed: 75 mm/s
Minimum support angle: 45 degrees
Build plate adhesion type: brim

2

Using Loctite super glue, glue magnets (diameter
0.24in, width 0.116 in) into place on the attachment
and the mount in the specified holes. Wait 24 hours
for the superglue to fully cure.

3

Using four #4 x ⅜ in. screws and a Phillip’s head
screwdriver, attach the metal hooks to both sides of
the mount, using the specified holes.

N/A

4

Cut a piece of rubber to the size that fits against the
curved portion of the prototype that will contact the
cane.

5

Using the Loctite super glue, attach the rubber strip
to the curved portion of the prototype.

6

Using the Loctite super glue, glue the mount piece
to the device. Do this with the attachment locked
into place on the mount so that it is easy to orient
the correct position.

7

Attach the rubber band (B018HOFVOU) to the
hooks in order to attach it to a cane or walker.

Table 11: Device History Record
MPI Step(s)

Deviations from MPI

Completed by

Date

1

N/A

QL+ Printer - Hadley

2/26/2019

2

N/A

Reagan

2/27/2019

3

N/A

Reagan

2/27/2019

4

N/A

Regan

2/27/2019

5

N/A

Regan

2/27/2019

6

N/A

Sidney

2/27/2018

7

N/A

Sidney

2/27/2018

6.4

Divergence Between Final Design and Final Functional Prototype

Once testing was completed, we encountered some issues with the mount. As the PLA material
is brittle and it was 3D printed in layers, there were many circular stress points. The mount
cracked easily along these stress points both during testing and just when attaching the device to
the attachment. In order to fix this problem, we changed the wall thickness of the mount from 0.1
in to 0.35 in. This thicker mount will prevent some of the circular stress. We also changed the
location of the peg, to move it higher up on the attachment. With it being higher, there was more
material between the peg and the base of the attachment, preventing less failure points.

7.0

IQ/OQ/PQ

7.1

DOE

The design of experiments for our project outlines the engineering metrics and specifications
necessary for the attachment. It also outlines the specific test methods that will be used for each
engineering metric. This is shown in Table 12. These specifications are designed to mitigate the
risks that were identified in the FMEA, which is in Appendix D.
Table 12: Table Outlining the DOE
Engineering
Metric
weight

Test
Apparatus
Location

Apparatus
Experience /
Training

Sample
Size

Specification

Test Method

< 1lb

scale

Hothouse

none required 5

none required

3

variable diameter
and shape of
attachment
(compatibility)

0.8-1.2 inches

calipers

Wallace
Home
Medical
Supplies

force attachment
can withstand

No
displacement

Drop test

QL+ lab

None
required

9

Cyclic loading of
rubber

No change in
length

Instron

BMED lab
192-328

training from
ISA

3

Water resistance
(attachment grip)

No
displacement

Spray bottle

QL+ lab

none required 9

Hothouse

none required 5

Hothouse

none required 5

time for
attachment
(cane/walker
attachment)

< 2 minutes

time for
attachment
(mount)

< 1 minute

time repeated
attempts / use
Parkinson’s
patient
time repeated
attempts / use
Parkinson’s
patient

7.2

Verification and Validation

Multiple tests were performed to test the functionality of the attachment. All tests met the
requirements that were specified in the DOE in Table 12. Table 13 shows that there was no
displacement of the attachment after the drop test. There was also no displacement after the
waterproof test, which is shown in Table 14. The attachment met the specification of fitting to a
cane or walker diameter ranging from 0.8-1.2 in, which is shown in Table 15. Table 16 shows
the results from the cyclic loading test, after being stretched to one inch for 100 cycles, there was
no change in length. Tables 17 and 18 show the results from the time to attach tests, both of the
tests were well under their specified times. Table 19 shows the results from the weight test, the
weight of the entire attachment prototype was well under the specified value of 1 lb.
Our biggest risk that was identified in the FMEA is the attachment detaching during use. By
testing for zero displacement in the drop test (Table 13) and waterproof test (Table 14), we
ensure that the attachment is secure and will not move when walking. The variable attachment
diameter test (Table 15) ensures that the attachment will be secure on any cane or walker in with
our specified diameter of 0.8-1.2 inches. The cyclic tensile test (Table 16) also ensures security
because it shows that the rubber will maintain integrity even after being used many times.
Table 13: Results of the Drop Test
Test
Displacement (mm) Pass/Fail (displacement <0.01mm
Number
Straight on the
ground

On the back of the
cane

On the side

1

0

Pass

2

0

Pass

3

0

Pass

1

0

Pass

2

0

Pass

3

0

Pass

1

0

Pass

2

0

Pass

3

0

Pass

Table 14: Waterproof Test Results
Test
Displacement (mm) Pass/Fail (displacement <0.01mm
Number
Straight on the
ground

On the back of the
cane

On the side

1

0

Pass

2

0

Pass

3

0

Pass

1

0

Pass

2

0

Pass

3

0

Pass

1

0

Pass

2

0

Pass

3

0

Pass

Table 15: Variable Attachment Diameter Test
Variable attachment diameter

Pass/Fail

Newer walker (0.712 in)

Pass

Nova cane 5610BR (0.865 in)

Pass

Nova cane 1070RS (0.88 in)

Pass

Nova walker 4090DW5 (0.995 in)

Pass

Nova walker 4320RD (1.135 in)

Pass

Table 16: Cyclic Tensile Test for the Rubber Attachment
Specimen

Length Before Test
(in.)

Length After Test
(in.)

Change in Length

1

4.9375

4.9375

0

2

4.9375

4.9375

0

3

4.9375

4.9375

0

Table 17: Test Results from Time to Attach the Rubber Attachment
Person #1

Person #2

Person #3

Person #4

Person #5

Trial 1 (s)

6.19

10.16

5.96

7.25

5.99

Trial 2 (s)

7.02

9.63

5.86

6.72

6.05

Trial 3 (s)

8.36

8.91

5.16

9.8

5.58

Average time

7.19

9.566666667

5.66

7.923333333

5.873333333

Table 18: Test Results from Time to Attach the Mount
Person #1

Person #2

Person #3

Person #4

Person #5

Trial 1 (s)

2.93

3.56

4.32

2.90

3.93

Trial 2 (s)

2.98

3.40

4.37

2.85

3.86

Trial 3 (s)

2.88

3.41

4.20

2.83

3.98

Average time

2.93

3.457

4.297

2.86

3.92

Table 19: Test Results from the Attachment Weight
Weight (lbs.)
Prototype 1

0.0411

Prototype 2

0.0403

Prototype 3

0.0413

Average

0.0409

8.0

Conclusions and Recommendations

8.1

Recommendations

Once all testing was completed, we found that the final functional prototype fit all of the
customer requirements set by our sponsor. However, there are some recommendations we have
for future changes that can be made to improve the attachment.
The first recommendation is that the entire attachment should be injection molded instead of 3D
printed, as 3D printing is expensive and often resulted in incorrect tolerances. To cut down on
the cost even more, the metal hooks can be made out of plastic. To ensure that they don’t break
when made out of plastic, extra material should be added as reinforcement at the maximum stress
points.

During testing, we observed that the hardest part of attaching the mount to the cane/walker was
that the rubber band kept falling out of the first hook when trying to wrap it around the cane. In
order to fix this, we recommend using one hook that is more enclosed. The second hook should
be kept the same. The more enclosed hook would securely hold the rubber band, to ensure that it
does not slip out when wrapping the rubber band around the cane/walker to attach to the second
hook. This will improve the ease-of-use for our customers when using the attachment.
To improve the overall aesthetic of the attachment and device, the locking mechanism could be
designed to be included inside of the device. This will make the entire structure stick out less
from the cane, making it sleeker, and less obtrusive.
Lastly, our sponsor should test whether Parkinson’s patients need both the attachment to the
cane/walker and the attachment to the device. We added the mount to the design to allow users to
remove the device without removing the entire attachment, but it may not be necessary. Our
sponsor can test how often the device is removed and how often the entire attachment is
removed. If they find that the mount is not being used, it can be removed from the design to cut
down the overall manufacturing costs.
8.2

Conclusions

The final prototype functions well and meets all of the customer needs. The attachment and
mount are both easy to use, and our tests for time to attach greatly exceeded our goals. The drop
test and the water resistance test show that the attachment is sturdy and will not fall off during
use. The attachment is lightweight, reducing any weight that may be added to a cane or walker.
The attachment is also compatible with a wide variety of canes and walkers because of its
adjustable diameter. We also know that the rubber will not stretch out over time because of our
cyclic tensile test. Other than the minor recommendations stated above in section 8.1, the design
process was a success.
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10.2

Appendix B: Project Plan (PERT Chart)

The following figures outline all project deadlines, and the specific schedule for manufacturing
and testing the attachment.

Figure 2: Chart Outlining all Project Tasks and the Expected Completion Date

Figure 3: PERT Chart Outlining the Project Plan

Figure 4: Chart Outlining the Manufacturing and Testing Plan with the Expected
Completion Date

Figure 5: PERT Chart Outlining the Project Plan

10.3

Appendix C: CAD Drawings

Figure 6: Isometric View of the Initial Design Concept

Figure 7: Solidworks Rendering of Initial Design Concept with Preliminary Dimensions

Figure 8: Final Solidworks Design of the Final Mount Prototype

Figure 9: Final Solidworks Design of the Attachment Prototype

10.4

Appendix D: FMEA, Hazard & Risk Assessment

The following tables outline the FMEA and hazard risk assessment. The FMEA showed that our
biggest risk was the device falling off the cane during use. We ensured to mitigate this risk by
making a secure attachment that would not disconnect. The potential manufacturing hazards
included pinch points and sharp edges, neither of which could cause much harm to any group
member.

Table 20: FMEA of the Attachment
Component
Name

Possible
Failure Mode

Type

Attachment
fixture

Device
detaches during
use

C

Attachment
enclosure

Break

Device
enclosure

Cause of
Failure

Effect of
Failure on
System

Failure
Alternative
Actions

OCC

DET

SEV

RPN

Customer
abuse

1

4

8

32

M

Customer
abuse

2

3

4

24

Break

M

Customer
abuse

2

3

4

24

Attachment
fixture

Rotates during
use

M

Not secure

1

3

6

18

Patient unable
to use device

Tighten/
replace
attachment

Attachment
fixture

Device
detaches during
use

M

Not secure

1

1

8

8

Patient could
fall

Replace
attachment

Screws

Loosen

M

Wear and
tear

1

2

4

8

Screws

Falls Out

M

1

2

4

8

PLA plastic

Regrades/
misshapes

Mt

1

3

2

6

PLA plastic

Breaks

M

1

3

2

6

Metal

Misshapes

MT

Wear and
tear

1

3

2

6

Attachment
fixture

Pinch point

M

Product
design

1

2

2

4

PLA plastic

Crack

Mt

Wear and
tear

1

2

2

4

Screws

Become
stripped

M

Customer
abuse

1

1

2

2

Rubber

Tear

MT

1

1

2

2

Metal

Corrosion/ rust

MT

1

1

1

1

Wear and
tear
Wear and
tear
Wear and
tear

Wear and
tear
Wear and
tear

Patient could
fall
Water damage
to electrical
components
Water damage
to electrical
components

Device is at
risk of falling
off
Attachment/
device falls off
Not visually
appealing
Can't attach to
cane/walker
Not visually
appealing/
may not be
able to attach
Patient can get
injured
May not
properly attach
Unable to
connect the
attachment to
cane/walker
Not enough
grip
Can't attach to
cane/walker

Replace
attachment
Need
replacement
Need
replacement

Tighten screw
Replace screw
Replace
enclosure
Replace
attachment
Replace
attachment
Put safety
measures in
place
Replace
attachment
Replace screw
Replace rubber
Replace
attachment

FMEA Key:
E = electrical
M = mechanical
C = customer abuse
MT = material
Table 21: Potential Hazard during Manufacturing
Description of Hazard

Planned Corrective Action

Planned Date

Pinch points

Carefully handle the device.

January 2019

Sharp edges

Carefully handle the device.

January 2019

10.5

Appendix E: Pugh Chart

Tables 22-24 compare the initial concepts to one another. As shown in the Pugh charts, concept 2
had the most positives and less negatives, which is why we chose this design. Furthermore,
concept 2 was the most secure and easiest for Parkinson’s patients to use, which were our main
customer requirements.

Table 22: Pugh Chart with Concept 1 as the Datum

Table 23: Pugh Chart with Concept 2 as the Datum

Table 24: Pugh Chart with Concept 3 as the Datum

10.6

Appendix F: Vendor Information, Specifications, and Data Sheets

The vendors that we used to purchase materials for manufacturing were Amazon and Home
Depot. Other materials were gathered from Cal Poly and De Oro Devices.
10.7

Appendix G: Budget
Table 25: Project Budget

10.8

Appendix H: DHF

10.8.1 Preliminary testing plans
Table 26: Testing Bill of Materials
Component

# Per Device

Source

Device

10

De Oro Devices

Attachment & Mount Prototype 10

Self-Manufactured

Scale

1

BMED Lab

Caliper

1

De Oro Devices

Ruler

1

De Oro Devices

Instron

1

BMED Lab

Timer

1

N/A

Cyclic Tensile Test for Rubber Attachment
1. Turn on the Instron.
2. Load the grips into the Instron machine. The grips used are shown the image below.

Figure 10: Grips loaded into the Instron machine.
3. Measure and record the initial length of the rubber.
4. Wipe down the rubber with 70% ipa.
5. Load the first rubber sample into the grips, as shown below.

Figure 11: Orientation of rubber in the grips.

6. Open the Bluehill Software. To select the proper test, follow the steps below:
a. Under Method: select “Create Method" and select “Tension”
i.
Under Calculation: select “Maximum Load”
ii.
Under Test Control: For Pre-Test; set Precycling to 100 cycles, set
Minimum Value to 0 inches, and Maximum Value to 1 inch. For Test; set
the Rate to 10 in/min. For End of Test; set Sensitivity to 40% and Value 2
to 1 inch
iii.
Under Test: press "Balance all" then press “Start"
7. Measure and record the length of the rubber after the test and label the specimen number.
8. Repeat for 3 rubber specimens, labeling each as 1, 2 and 3.

Figure 12: Labeled specimens.
Test Goal: no change in length recorded after cyclic loading.
Required material & equipment: 3 rubber attachments, 70% IPA, ruler, Instron, grips, and
computer set-up, tape, marker
Location of Test: Cal Poly 192-328

Force the Attachment can Withstand (Drop Test)
1. Attach the attachment to a cane
2. Mark the placement of the attachment on the cane by placing masking tape on the cane
directly above the attachment and mount so that they are just touching

Figure 13: Tape aligned with the attachment.
3. Hold the cane upright and tip it so that the shaft is at a 60-degree angle from the ground
and the attachment part is the closest point of contact to the ground (orientation #1), as
shown in Figure 14.

Figure 14: Orientation #1 for the drop test.
4. Drop the cane.

Figure 15: Cane dropped from orientation #1.
5. Measure any displacement of the attachment in relation to the tape
6. Record a pass if the tape stays aligned, and fail is there is displacement of the attachment.
a. If there was displacement, record the amount that the attachment moved.
7. Repeat steps 2-6 3 times for 2 other dropping orientations
a. Dropping orientation #2 should be: that the attachment is the furthest point of
contact from the ground, as shown in Figure 16.

Figure 16: Orientation #2 for the drop test.
b. Dropping orientation #3 should be: the attachment is in between orientations 1 &
2 (90 degrees from each), as shown in Figure 17.

Figure 17: Orientation #3 for the drop test.
Goal: no displacement
Required Material & Equipment: cane, 1 attachment and mount prototype, calipers, tape
Location of Test: QL+ lab
Variable attachment diameter
1. Attach the attachment to 5 different canes with variable diameter sizes
a. Cane diameters: 0.712 in (Newer walker), 0.865 in (Nova cane 5610BR), 0.88 in
(Nova Cane 1070RS), 0.995 in (Nova walker 4090DW5), 1.135 in (Nova walker
4320RD)
2. See if the attachment holds securely on each diameter
a. Mark the placement of the attachment on the cane with tape
b. Walk 5 steps with the attachment on the device
c. Observe if the device moves at all during steps
Goal: no displacement
Required material & equipment: 5 canes (listed above), 1 attachment, caliper, tape
Location of Test: Wallace Home Medical Supplies

Attachment Weight
1.
2.
3.
4.

Attach the mount and attachment mechanism together
Weigh entire prototype using a standard at-home scale
Repeat for 3 attachment/mount prototypes
Record data and calculate the mean and standard deviation

Goal: <1 lb.
Required material & equipment: 3 attachment and 3 mount prototypes, scale
Location of Test: Hothouse
Water Resistance
1. Begin with attachment attached to a cane.
2. Mark the placement of the attachment on the cane by placing masking tape on the cane in
an aligned manner.

Figure 18: Tape alignment for the water resistance test.
3. Spray water directly on the attachment and cane for 30 seconds, soaking it in water.

Figure 19: Spraying water on the attachment for the water resistance test.
4.
5.
6.
7.

Perform a drop test (see test description for drop test) for all 3 orientations
Measure any displacement of the attachment
Compare displacement to the original, dry drop test
Repeat procedure 3 times, ensuring that the cane and attachment are dry before each test

Goal: 0 cm displacement
Required material & equipment: 1 attachment & mount prototype, spray bottle with water, tape,
calipers
Location of Test: QL+ lab
Time it takes to Attach the Attachment
1. Place the mount and the rubber strap on a table and the cane standing upright on the
ground.
2. Time the amount of time it takes from the time the person first picks up the attachment to
the time the attachment is fully attached and secured.
3. Repeat 3 times for each person
4. Repeat with 5 people.
5. Record and calculate the mean and standard deviation
Goal: < 2 minutes total
Required material & equipment: 1 attachment, cane, timer
Location of Test: Hothouse
Time it takes to Attach the Mount
1. Attach with the attachment to the cane, ensuring that it is fully secured.

2. Instruct the person to attach the device to the mount.
3. Time the amount of time it takes from when the person picks up the device to the time the
device is attached and secured.
4. Repeat 3 times for each person
5. Repeat with 5 people
6. Record and calculate the mean and standard deviation
Goal: < 1-minute total
Required material & equipment: 1 attachment on cane & mount, timer
Location of Test: Hothouse
10.8.2 IFU
The Gaitway is a non-invasive device to help people with Parkinson’s overcome freezing of gait.
The device can attach to any cane or walker, with circular diameters ranging from 0.8 in. to 1.2
in. It uses visual and audio cues to help a patient regain mobility. The visual cue is a green laser
line that is projected onto the floor in front of the person, perpendicular from the direction of
motion. The audio cue is a metronome. The device is intended to be used by both Parkinson’s
patients. The patients should be ambulatory.
10.8.3 Project plan
An outline of the entire project plan from initial concept to the final prototype is shown in figure
20 and 21. The critical path includes the in-class presentations.

Figure 20: Chart Outlining all Project Tasks and the Expected Completion Date

Figure 21: PERT Chart Outlining the Project Plan

10.8.4 Preliminary build plans
We plan to use the Cal Poly Machine Shop and the 3D printer in the QL+ lab. See Appendix C
for CAD drawings of device. See Figure 22 for detailed plan including times and locations of
building.

Figure 22: Chart Outlining the Manufacturing and Testing Plan with the Expected
Completion Date

Figure 23: PERT Chart Outlining the Project Plan

10.9 Appendix I - Conjoint Analysis
The conjoint analysis performed for the initial design is displayed in the following tables. The
results of the conjoint analysis show that the p-value for the cost, battery life, weight, and sound
are all less than .05, meaning that those factors are significantly important. The p-value for all
other factors (color of laser, metronome interval, and attachment) are all greater than .05,
meaning they are not significantly important. The cost has a high relative significance, meaning
that as the level increases, people like it less. This means that people want a cheaper device. The
weight also had a high positive significance, meaning that as the level increases, people like it
less. So, a lighter device will be better. The sound has a slightly high positive significance,
meaning that meaning that as the level increases, people like it less. So, the sound should be
administered through Bluetooth rather than a speaker. Lastly, the battery life also had a high
negative significance, meaning that as the level increases, people like it more. So, people value
the amount of time the battery can last. Overall, the device should reduce the cost while being
lightweight, having a Bluetooth option for sound and having a long battery life.

Table 27: Factors and Specific Levels
Level 1

Level 2

Cost

$200

$250

Battery life

6 hours

12 hours

Color of laser visual
cue

Green

Red

Weight

1lb

3lb

Metronome interval
options

2 intervals

3 intervals

Attachment option

Clip

Twist on

Sound

Bluetooth

speaker

Table 28: List of Conjoint Cards
Card #

Cost

Battery
Life

Color of
Laser
Visual

Weight

Metronome Attachment
Sound
interval
Option

1

0

0

0

0

0

0

0

2

0

0

0

1

1

1

1

3

0

1

1

0

0

1

1

4

0

2

2

2

2

1

1

5

1

0

1

0

1

0

1

6

1

0

1

1

0

1

0

7

1

1

0

0

1

1

0

8

1

1

0

1

0

0

1

Table 28: Regression Output of the Conjoint Analysis

