
SYSTEM OVERVIEW
A brief foray into our system...
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• A modified mobility cane

• Detects obstacles and suggests movement to 

avoid the obstacles

• Detects and warns user about dead ends and 

overhangs Copyright © 2017, CaneTech Solutions

What is the NavCane?
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How to Use the NavCane?

• Place your hand on the handle and put you 

thumb in the recess, as shown above

• Move forwards while sweeping the cane back and 

forth. 

• Feedback regarding obstacles is conveyed 

through vibration and rotation of the recess Copyright © 2017, CaneTech Solutions 4



• Consists of three sub-systems:

• Data collection - responsible for measuring the 

environment

• Information processing - which converts the raw 

data from the sensors to useful navigation 

information 

• Feedback - indicates to the user a safe direction to 

travel 
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Sub-Systems
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Possible Expansions in 

Functionality

• Smartphone app 

integration

• Customization 

• Audio feedback option

• Indoor navigation using 

IndoorAtlas
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http://www.protextmobile.net/wp-
content/uploads/2013/04/Geld-verdienen-mit-eigener-
Smartphone-App.jpg
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ELECTRICAL DESIGN
An in-depth look at the electronics

Copyright © 2017, CaneTech Solutions 7



Haptic Feedback Circuit:

• Servo motor for 

primary feedback 

• ERM motor for 

secondary 

vibrational feedback
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Electrical
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Power Management 

Circuit:

• Li-ion battery which is 

rated for 3.7V, capacity 

of 2000mAh 

• Li-Polymer Charge 

Management 

Controller

• Synchronous Boost 

Converter 
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Electrical
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Obstacle Detection Circuit:

• Total of five HC-SR04 

Ultrasonic sensors. 

• IMU (Inertial 

Measurement Unit) has 9 

DOF (Degrees of Freedom)
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Electrical
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Use an Intel Edison as our post P.O.C 

microprocessor

• Dual core processor clocked at 400 

MHz 

• Microcontroller unit clocked at 100 

MHz 

• Includes built-in Wi-Fi and Bluetooth 

• Will be used to control the 

hardware circuits and to process 

the data collected 

https://cdn.sparkfun.com//assets/parts/1/0/0/1/1/SparkFun_Edis
on_Boards-14.jpg
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Electrical
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MECHANICAL DESIGN
A conceptual discussion of our physical system
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Consists of three sub-systems:

• Handle – accommodates the haptic 

feedback system and battery and 

allows for connection to Sensor 

box

• Sensor box – will hold all the 

sensors and the microcontroller 

• Cane – standard design taken from 

the materials and dimensions of 

standard mobility canes on the 

market today. 

• Total system will be expected to 
weigh 688g
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Overview
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Handle Concept
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Physical Properties of Handle

HANDLE SHAPE
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• Casing be made out of aluminum with a rubber sleeve for comfort

• To weigh about 168g

• 15mm long and 25.85 mm in diameter

• Handle shape is standard mobility cane handle shaped for familiarity



Sensor Box
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• Volume of case to 

be 110cm3

• Made of PLA plastic

• Contains Intel 

Edison and various 

sensors related to 

obstacle detection

• Estimated weight: 

138g
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Cane Shaft

Copyright © 2017, CaneTech Solutions

• Material: Aluminum

• Diameter: ¾ inch

• Length: 1.2 meters 

long for prototype

• Weight: 282g 

• Handle, shaft and 

sensor box will be 

connected 

together for the 

final system using 

mechanical 

components
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OBSTACLE DETECTION 

DESIGN
A complete brake-down of our obstacle detection 

obstacles
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Object Sensors
• 5 ultrasonic sensors 

• One Angled upwards to detect low overhangs 

• 1.75 to 2.25 meter warning 

• One Angled downwards to detect low objects

• 2 meter warning of ground obstacle

• One Pointing straight ahead to detect incoming 

obstacles & walls

• 2 meter, lowered cane

• 2 sensors pointing left and right to detect lateral 

obstacles

• 90⁰ sweep in front of user
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Sensor Angles
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Obstacle Detection

• Ultrasonic Data is being collected and saved in 

real time 

• Utilizes user sweeping motion to increase detectable 

range

• Ultrasonic Data is combined with gyroscopic 

measurements to make a point cloud of readings

• Scalar distance readings are matched with the 

direction vector

• From combined measurements, obstacles are 

inferred and avoidance path is relayed to user

Copyright © 2017, CaneTech Solutions 20



Obstacle Avoidance Planning

• Finds range of angles from collected points

• Scans through range to find a direction that 

has the furthest points

• Angle with respect to canes orientation is 

calculated and given the haptic feedback system

• If points are very close to user, signal given to 

haptic feedback to alert user
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HAPTIC FEEDBACK DESIGN
A discussion on how we intend to relay information back 

to our users
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The Thumb Toggle

• Spherical recess attached to a 

servo motor

• Users thumb moved with a 

specific rotation direction to 

guide them around obstacles 

• Does not alter standard cane 

grip

• Gives the user clear 

directional information 

• Mobility specialist preferred this 

to alternative designs 
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Vibration ERM
• ERM used in conjunction with 

motor driver to give user a 

couple different vibration 

patterns

• Vibrational patterns will 

indicate:

• Emergency stops

• Overhead warning

• Device being turned on and off

• This in conjunction with a 

latching push button will 

indicate a device as on or off

• Patterns will be different 

enough that they are 

discernable from each other
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https://www.precisionmicrodrives.com/sites/default/files/styles/watermark

ed_full_width/public/inline-images/coin-shaftless-vibration-motor-

exploded-view.original.jpg?itok=pd3Eg4Tu
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EXTRA GRAPHICS
For Reference
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Handle Conceptual-Model 
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Handle Conceptual-Model
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Various views of conceptual 

model
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Various views of conceptual 

model
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Various views of conceptual 

model
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Naïve-Sensor algorithm Problem
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Horizontal Sensor angles with 

15o sweep
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DETAILED INFO
For Reference
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Mech info
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Handle Equipment postioning

• Battery in handle butt as it is heavy and it moves the center of gravity as further back .

To sensor box and cane

BATTERY

Wiring channel

Servo

ERM (vibration motor)
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Servo Mount diagram

• Designed such that the bulk of the servo can be placed internally in 

the handle

• The mounting brackets when tightened will allow for a gasket like 

seal of the servo to the cane so it is more waterproof
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Handle shape

• Chosen such that it mimics 

common mobility cane handles

• The visually impaired are taught 

to place their thumb on the 

flat side of a mobility cane 

handle

• The flat side is where we placed 

our haptic toggle 
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Handle materials and 

dimensions

• Handle is intended to be made out of aluminum 
• Non-toxic and recyclable

• Light 

• Great heat conductor

• Some better structural properties then plastic.

• A rubber sleeve is expected to go over the raw 
aluminum for comfort

• Dimensions of casing
• 15mm long and 25.85 mm in diameter

• Should accommodate most hand sizes comfortably

• Taking into account all the materials and 
components housed in the handle it will weigh an 
estimated 168g
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Sensor Case materials and 

dimensions

• For the sensor case it is intended that we will 

use PLA plastic. 

• It is non-toxic and eco-friendly

• It is recyclable and compostable

• From our model calculations the volume of the 

box structure was determined to be 110.31cm^3

• Taking into account all the sensors contained 

and the weight of the box itself we calculated 

a weight of 138g for the sensor box
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Sensor box waterproofing

• Very important to consider 

as this will be used outside 

and exposed to elements

• A formfitting lid to the 

box will be screwed tight 

with a rubber gasket placed 

between the lid and the 

box

• All screws into the box 

will have a rubber washer
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Lid
Threaded Screw

Gasket

Sensor Box

Rubber Washer

Tapped Flange
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Sensor box thermal dissipation

• PLA is a poor heat conductor.

• A thin aluminum plate will be connected via 

thermal pads.

• This will in turn be connected to a aluminum surface 

on the outside of the box via a aluminum channel.

• We expect this will help manage the internal heat of 

the sensor box.

• Aluminum is a excellent thermal conductor. 
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Thin Aluminum Plate

Thermal Pads
Electrical Components

Aluminum Stud

Sensor Box

Small-Finned Surface
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Cane-shaft design

• To be ¾ inch aluminum tubing
• The thickness will be 1/16 inch 

• This tubing size is common with standard mobility canes

• The aluminum is light, and relatively cheap compared to 
other light materials on the market with similar 
structural properties. 

• The shaft have integrability with custom cane tips
• A common feature of mobility canes

• The shaft will be solid and non-collapsible for the 
prototype
• To simplify the design

• The length will be about 1.2 meters for the prototype
• The final product will have to offer different sizes to 

accommodate different people sizes

• The estimated weight is calculated to be 282g
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Overall system 

• 50g assumed for misc

weight(wiring, ect..), tallying 

the other component weights 

we are estimating the entire 

assembly to weigh 688g. 

• The handle will connect to 

the cane and sensor box using 

a mortise style joint. 

• A custom mount will be made 

to connect the sensor box to 

the cane shaft.
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By GreyCat - self-made SVG, loosely based on idea of work 
Image:Mortise_and_Tenon.png by Luigi Zanasi, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=2118241

Mortise joint
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Proximity sensing info
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Sensors 

• Sensor 1 – Angled upwards to detect low 

overhands that the user is in danger of hitting 

their head on 

• Sensor 2 – Angled downwards to detect objects 

below waist level

• Sensor 3 – Oriented straight ahead of the user 

to detect oncoming walls and obstacles from a 

distance 

• Sensor 4 and 5 – Pointed to the left and right 

to detect lateral walls and objects 
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Sensor Angles 

• Mobility canes are approx. the same height as the 
users armpit when stood on end

• Held with the handle of the cane roughly at half 
that height, near the waist of the user. 

• This results in an estimated 30o angle of the cane 
with respect to the ground, and a reach of roughly 
1.25m 

• Our top sensor will be mounted at an angle of 60o

with respect to the cane, giving an estimated angle 
of 30o above the horizontal at rest 

• Our lower sensor will be mounted at an angle of 18o

with respect to the cane, giving an estimated angle 
of 12o below the horizontal at rest 

• The third sensor will be mounted at an angle of 32o

with respect to the cane, giving a slight angle of 2o

above the horizontal at rest 
Copyright © 2017, CaneTech Solutions 46



Obstacle Detection Algorithm

Copyright © 2017, CaneTech Solutions

• Data will be continuously collected and 

feedback will be continuously updated 

• For every measurement tick, each sensor returns 

a distance 

• Using the IMU and sensor data a point cloud 

will be created

• Points will be processed to find faces and objects

• Feedback will be returned to the user via Haptic 

Feedback module 
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Haptic info
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Haptic Design

• Our design goals were to create very simple and 

easy to understand signals that will minimize 

the time before a new user can effectively use the 

NavCane

• Made sure that we gave the user enough 

information so that they were safe, but were 

not bombarded with too much information 

• Comfortable to use for extended periods of time
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The ‘Thumb Toggle’

• Spherical recess attached to a servo motor so 

we can move the users thumb with a specific 

rotation to guide them around obstacles 

• Doesn’t alter standard cane grip

• Well defined feedback with few ambiguities 

• Vibrating motors with different patterns to 

warn users of immediate obstacles, overhangs 

and low battery
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UI info
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