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Background

. -~

Mr. Kutschera is a physical therapist for rehab
patients - many relearning how to walk
Insurance companies like to see quantitative
progress
Progress tests include gait and distance
measurements

o Currently measured manually
Pressure is also of interest
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Image 1: Physical therapy patient with walker [1]



Problem Statement

Design a Smart Walker with the ability to measure distance traveled, gait
speed, and pressure applied on the walker, in order to provide
quantitative data to insurance companies, demonstrate progress to
motivate the patient, and increase time used for patient improvement.
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Image 3: Pressure
gauge [3]
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Image 2: Speedometer [2]



Summary of PDS

* Walker should be able to last for aminimumof5 <« Weight should ideally be between 4.54kg and
years 1] 9.07kg

* Needs to be kept in room temperature
« Operated in room temperature (15-20°C) * Walker should have a very simplistic design for

[2] easy use ﬂ-\ e_2

* Needs to support a variety of different weights —ll

«  Will supportup to 136 kg [3] //N ﬁ

*  Maxwidth=63.5cm g 1
* Max height between81.2cmto 101. 6 cm @ . 5
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Image 4: Walker



Client Requirements:

e Useablein clinical settings
e Created within $400

e Contains a display for speed, distance, and pressure in (Meters/second,
meters, N/meters” 2 respectively)

e Start/Stop button

e Dataneedstobe uploaded to aserver or cloud
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Image 5: Data cloud



Competing Designs

e Camino Smart Walker [4]

o Al technology tracks metrics and maintains
user safety
o Not adaptable to client’s clinical setting
o Datacannot seamlessly be transferred
e Ambutrak Distance Walker [5]

o Attachment to walker wheel recording distance
and speed

o Cannot measure pressure

Image 6: Camino Electronic Walker [4]
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Pressure Design Options

Compression force sensors?
Hydraulics?

Pneumatics?

Force Sensing Resistor

Easy to integrate into the walker, occupies minimal space,
inexpensive, accurate enough for the scope of the project
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Images 8 & 9: Force Sensing Resistors [6, 7]




Pressure Sensor Placement Options

#1) Handles T —

- Easyintegration 7 | A

- Durable, easily serviced - |

- Higher cost due to the need for . ;
multiple sensors & a handle cover to & o

®

prevent wear Image 10: Walker

(4x $8.20) +($11.99) = $44.79

~12.5cm |

- Measurement accuracy may —

decrease due to patient’s grip force (
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Pressure Sensor Placement Options

#2) Foot

Fairly easily integration
Only two sensors needed

(2x $8.20) = $16.40

Durability is the main concern due
to constant compression from
patients and weight of the walker
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Image 12: Walker

~4.cm \

Image 13: Sensor Placement on Foot
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Pressure Sensor Placement Options

#3) Wheel

Difficult integration & wire
management due to constant
rotation of the wheels

Only two sensors needed

(2x $8.20) = $16.40

Durability is a concern due to
constant contact with the ground
Pressure measurement cannot be
measured continuously
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~8cm

Image 14: Walker

]~2cm

Image 15: Sensor Placement on Wheel
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Pressure Design Matrix

Criteria Weight [ Handles Foot Wheel
Accuracy/Precision 25 3/5 15 4/5 20 4/5 20
Ease of Use 20 5/5 20 5/5 20 5/5 20
Safety 20 5/5 20 5/5 20 3/5 12
Durability 15 4/5 12 1/5 3 3/5 9
Ease of 10 5/5 10 3/5 6 2/5 4
Fabrication/Integration
Cost 10 3/5 6 5/5 10 5/5 10
Total: [ 100 Sum 83 Sum 79 Sum 65

Table 1: Pressure Design Matrix @
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Software App and Server

* Server receives, stores real time
_— data
» Access server to analyze
progress overtime

*q // ° . .
60 27210 °
7 — App will retrieve and display
- data
‘ \ e ) Department of Image 16: Server storage (above)
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Speed Design Ideas: Magnetic Sensor

Magnetic sensor measures rotation of wheel

Hall Effect
« Magnet on outer wheel Sensor
* Magnetic Sensor on frame &
* Circumference and arduino timer for

distance, speed
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Image 18: Magnetic Sensor Design




Speed Design ldeas: Photogate Svstem

Photogate senses spokes of wheel during rotation

« Laser passes through holes of wheel

* Senses laser interference by spoke

* Arclength between spokes, arduino timer to
measure speed T

Photogate
Sensor
¥

ST S'h

Infrared
Light

J
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Image 19: Photogate design



Speed Design Ideas: Distance Sensor

Ultrasonic Distance sensor

Send out ultrasonic waves — bounce off surface — return to
sensor

Easy to integrate and accessible e
Does not account for turns | * |
Needs a wall or other flat surface  weme —

Distance Sensor

Image 21: Distance
sensor design
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Speed Design Matrix

Criteria Weight | Magnetic Sensor Photo Gate Sensor Distance Sensor
Accuracy/precision 25 4/5 20 4/5 20 3/5 15
Ease of Use 20 5/5 20 5/5 20 5/5 20
Safety 20 5/5 20 3/5 12 5/5 20
Durability 15 4/5 12 3/5 9 5/5 15
Ease of 10 4/5 8 4/5 8 2/5 4
Fabrication/Integration
Cost 10 5/5 10 2/5 4 3/5 6
Total: [ 100 Sum 90 Sum 73 Sum 80

Table 2: Speed Design Matrix

o
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Future Work

e Calibrate the magnetic sensor and
pressure sensor

e Install the pressure sensors in the
handle

e Connect server to the app

e Build adurable holder for the arduino
and sensors on the walker frame
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Image 22: Walker used in Smartwalker
design
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Questions?
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