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Abstract
In the United States alone, approximately 6.5 million citizens are using either a cane,
crutches, or walker for assistance with their mobility. In many cases, people are using the
wrong device, or using it incorrectly without knowing it. A cane is meant to bear only
twenty percent of the user’s weight and has a specific height and angle of incidence when it
is most effective. SafeStride wants to tackle this problem by designing a cane that
constantly measures the cane’s state of motion and the user’s grip strength.
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Introduction
After one of the SafeStride team members was involved in a car accident as a
pedestrian, he needed to use a cane for about six months. After the six months passed, he
found out that he was using the cane improperly. From this point on, we started thinking
about how dangerous it could have been if the cane had slipped as a result and especially
for the elderly who rely on these canes everyday. The team’s engineers thought that we
could create a device that could assist with determining if the cane is being used safely and
properly. SafeStride’s goal is to help with medical research, fall detection, and safety.
Today, in the United States alone, approximately 6.5 Million People use assistive
devices like canes, crutches and walkers to assist with their mobility. At the same time,
about 2.8 million elderly are treated for fall related injuries in the hospital each year; 66%
of those injuries are related to a fall using a cane or similar assistive device. A CDC Study
showed that more than 47,000 elderly are admitted to the Emergency Room every year
had injuries that were caused by improper use of canes. Some of these elderly then have to
wear safety equipment such as a waist sensor which could be potentially embarrassing and
impractical. In response to this, we have developed SafeStride which is considered to be an
Assistive Technology Device1.

1

Assistive Technology Device is defined as "any item, piece of equipment, or product system,
whether acquired commercially off the shelf, modified, or customized, that is used to increase,
maintain, or improve functional capabilities of a person with a disability” [1].
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Project Description
The cane’s handle has two grip sensing printed circuit boards (PCB) that are
designed to measure pressure and location. They are placed on the top and the bottom of
the handle. EeonTex conductive fabric is placed on the PCB to detect pressure. The signals
are routed to the main PCB using connectors inside the handle.
The pipe of our cane includes the main PCB and battery. The main PCB has many
important parts on it including
the bluetooth radio that is
used to send data. The Inertial
Measurement Unit (IMU) is
another crucial component
used to calculate the angle of
the cane.
The Load cell is placed
at the bottom and the
Inductive charging receiving
coil is wrapped around it. Both
are in a bottom piece
designed specially for them
and to be placed on a charging
box. The charging

box includes the the sending coil of the inductive charger.
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Fig 1: SafeStride cane rendering and design overview

Technical Overview
In Figure 2 below, the system architecture is depicted at a high level of abstraction. The
power flow and general peripheral interconnects can be noted, and are described in detail

in what follows.
Fig 2: Block diagram of electrical design
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Grip Detection Technology
While designing the handle, several ideas were suggested. The first step was
deciding the layout of the printed circuit board (PCB) used to detect the grip strength. It
consisted of a series of chevron shaped electrodes which sensed the voltage drop created by
the resistive fabric. In each pair, one electrode would be connected to ground, while the other
would be connected to a 1kΩ resistor. These resistors each connected to power with a 1µF
capacitor in between. With this design, the Analog to Digital Converter (ADC) channel read the
voltage drop as high, going low as more pressure from the fabric was applied. To obtain a
reading the other way around (low to high), the power and ground headers were switched,
so one electrode in each pair was connected directly to power and the other was
connected to a resistor with the resistor being tied to ground. In terms of the actual shape
of the electrodes, a Keith McMillen drum pad was looked at. Since the drum pad utilized a
similar resistive fabric for the buttons, its PCB design was something worth looking at for
the design of the handle PCB. In the drum pad, there were many different shapes of
copper pads used as the force-sensing electrodes for the fabric, with most of them being
circular in some way. However, these kinds of shapes are only practical with actual buttons,
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as they are not an efficient shape to cover any given spot where a finger is placed over a
long surface. Using a circular shape, it would be hard to cover the whole PCB without there
being gaps. Knowing that, it was decided that chevron shaped pads were used, since they
were symmetrical, and the shape was efficient in covering large areas without overlapping
with other readings.
The second issue in designing the handle was the mechanical design of it. To design
the handle itself, Ali learned how to use Solidworks in order to have the handles 3-D
printed. The first revision was a simple cylinder that had a slot for the PCB on top. The
problem with this one was that it was much too big for the average elderly person to hold
comfortably. In order to correct this problem, the next revision for the handle was much
sleeker and tapered to mimic a practical handle of a cane. To account for this change in
size, the PCB was then required to be slimmer. Using Correl Draw, the chevron shaped
used for the electrodes was shrunk in order to fit in the required dimension of the new
PCB. The new PCB fit snug into the slot of the handle. However, it was determined that in
order to get an accurate reading of the user’s grip on the handle of the cane, a second PCB
at the bottom of the handle was required. This bottom portion of the PCB could then
detect the force applied by the fingers of the user. In addition, the wires coming in and out
of the both the PCB’s had to be accounted for in the design. So for the next revision of the
PCB, the headers reading the electrodes and for power and ground were grouped together
on one side of each PCB. The second PCB was made as a slightly shorter revision of the top
PCB. The handle itself was 3-D printed again, this time with a slot on the bottom for the
new PCB and a cutout in each slot on opposite sides of each other for the headers and
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wires to be fed into. This allowed the wires to be routed into the handle and connect to the
headers without the top and bottom ones in the way of each other. The wires were then
fed into the shaft of the cane down to the central PCB.
The PCBs for the grip technology were created in Mentor Graphics. The central PCB
was created using CircuitMaker to allow for easy collaboration.
A Sallen-Key active low-pass filter was implemented to transform the signals from
the handle to have a low output impedance, to amplify the signals to reach closer to the
maximum detectable voltage, and to improve signal integrity of the grip data by removing
high frequency noise that was observed on the oscilloscope. The design referenced the
equal component active filter design and created a second order filter response that
allowed for independent control of gain and cutoff while only mildly affecting the filter Q
factor [2].2

Load Cell
The load cell is used in our project to measure the weight that is put on the cane. It
is essential in our design because it will determine if the user is using the cane efficiently or
not. For our design to be efficient, we required an accuracy of +/- 1 pound. Also, an ideal
weight that should be pressed on the cane should be around 20% of the person’s weight.
The average weight in the US is about 180 pounds. We wanted our cane to be able to
measure even more than that weight and to consider that people might press on it hard.
So, we measured how much different people can put weight on the cane and it was about

2

See Appendix C for design calculations
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56 pounds. To meet this requirement, we chose the RP-PHI-121 button load cell that
measures up to 110 pounds. The load cell is used to collect data and keep track on the
weight pressed on the cane. It is placed on the bottom of the cane inside a special
mechanical design that allow it to measure weight in different angles.
The load cell works by getting pressed on both sides. The bottom side has circular
button that should be pressed on. The top has a little tip as in the figure that should be
placed on a hard object to have the best accuracy. The load cell acts the same as a
Wheatstone bridge. The signal coming out of the load cell needs to be amplified.
We had two types of amplifiers that saw fit to our project. The HX711 or an
instrumentation amplifier. After discussing, we decided to use a low power instrumentation
amplifier and then calibrate the signal using our PIC microcontroller. Figure shows how the
load cell is connected to the amplifier and then to the ADC on the PIC microcontroller. The
amplifier that we used is the micro-power INA333. It met our design specifics on the power
side. It measured up to 89 pounds with a 3.2V rail to rail.

Fig 3: Button load cell

Fig 4: Instrumentation amplifier
and wheatstone bridge schematic
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Bluetooth Implementation
For our design we needed to have real time data transferred from our cane to a
remote device. This is needed so that you can constantly keep track of the data from the
IMU, load cell, handle, and battery level. This way you can tell in real time if the person
using the cane is walking properly. Another design goal was to use bluetooth low energy to
help us save power in our design. The bluetooth module was essentially the biggest power
consumer in our design. So we wanted to try and cut down the power used from it as much
as possible. The last design goal was to implement a sleep mode into the bluetooth
module. This sleep mode would also help save power by staying asleep while no data was
being sent.
In our final design we built in a RN-42 bluetooth module. The module takes in all the
data from the microcontroller using Universal Asynchronous Receive/Transmit (UART)
protocol. Then any bluetooth enabled device can pair and connect with the module and
read all the data. In our project the bluetooth module was paired with a computer where
the data was read by our visualization software. Although an app for a phone could also be
developed to easily interact with the module and get the same data.
For the bluetooth module we were able to enable a partial sleep mode. The module
will enter a deep sleep mode where it draws micro amps of current. It then wakes up at set
intervals to check for data coming in from the UART. Once it recognizes data it will stay on
until it doesn’t get anymore data for a period of time. This didn’t affect the data integrity
and also saved a lot of power.
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The one design goal that was not met was the use of bluetooth low energy.
Essentially the data integrity while using bluetooth low energy was not good enough for
our project. We were constantly having issues with losing bytes of data while sending a lot
of data too fast. This may have been due to the module we initially chose. We then decided
that the low energy was negligible and not needed for our design. Even without low energy
our design still allowed for several days of battery life. Since this was the case we just
swapped to a regular bluetooth module. The regular bluetooth module uses almost three
times as much power, but was still fairly little. It draws around 40-50mA of current while
transmitting, 25-30mA while idle and 5-10µA while sleeping.

Power System
The first decision in creating the power system was choosing a battery that would
be the most effective in terms of voltage, size, and capacity. This led to the choice between
an 18650 or 14500 3.7V lithium-ion battery. Comparing the two: The 14500 had an average
of 1200mAh capacity and the 18650 had a range of 2600-3000mAh. The 14500 is the size of
a standard AA battery while the 18650 is slightly wider and longer measuring 65x18mm
compared to the 14500 at 50x14mm. The 18650 lithium-ion is a better fit because it had
more than double the capacity which would be helpful if the cane was being used
extensively and for longer periods of time. In addition, the overall life expectancy of the
battery is improved as a result of having to be charged less often.
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The next issue at hand is the charging method for the battery. Since the goal for the
cane is to remain as inconspicuous as possible, a wireless charging setup was chosen
instead of wired. However, both types of charging would be ideal in cases where the
wireless charging base is not readily available.
The three types of wireless charging currently available are radio frequency
charging, resonant charging, and inductive charging. Since the battery can only be charged
safely at a rate of 500mA maximum, inductive charging was the best option versus RF
which would be less efficient and not provide enough current and resonant charging which
would be more complex and is usually reserved for systems that require much more
power.
Inductive chargers are the simplest of the three and require a few main
components. A high frequency output and a copper coil. The transmitters purpose is to
create a high frequency oscillation in the copper coil which then creates a magnetic field
that induces a current into the second copper coil when placed within a certain proximity.
Initially the idea was to create the entire inductive charging system because of its
simplicity. However, creating a very tightly wound coil proved to be difficult due to the
number of turns required fit into the correct diameter we needed for the size required on
the tip of the cane. The turn ratio along with the diameter directly affected the efficiency
and it became evident that purchasing a premade system would be the best option. The
Adafruit inductive charger fit all our specifications regarding coil size, power output, and
low current draw when not in use.
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The transmitter circuit is composed of an IC that is responsible for controlling the
gate of the MOSFET, a copper coil, frequency setting resistors for the IC to specify the
output
frequency,
and
capacitors
for
smoothing.

Fig 5: Inductive Charger Transmitter Circuit
The receiver circuit contained a T3168 IC responsible for voltage regulation, and diodes for
rectification of the incoming AC signal. The T3168 IC featured a voltage regulator with an
output of 5V with an internal voltage reference of 1.2V which was set by the resistor divider
n the circuit.
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Fig 6: Inductive Charger Receiver Circuit
The inductive charger receiver provides 5 volts to our MCP73831 charge controller
which regulates the incoming 5V to 4.2V which is used to charge the lithium-ion battery
using a constant current and constant voltage method. In the constant current phase, since
the battery is at a lower potential than 4.2V, huge amounts of current would flow if not for
the current limit set by the charge controller. After the battery reaches 4.2V the charger is
then placed into constant voltage mode where it decreases to the current to trickle charge
the battery and prevent overcharging.
Lastly, we have an LTC4150 coulomb counter whose function is to monitor the
capacity of the battery at all times. The LTC4150 sends an interrupt whenever 0.1707mA of
current passes through the sense resistor. These interrupts along with the polarity output
of the LTC4150 fed into the PIC32 allow for constant monitoring of the battery’s state of
charge.
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Fig 7: LTC4150 Coulomb Counter

Firmware and System Integration
The design goals for the system integration and microcontroller included capability
for a large number of ADC channels, multiple communication modules, and low power
consumption. Initially the design goals were focused on low power and implementing a
sleep mode for the overall system; this is why a low power line of PIC32 was chosen.
However, as the system progressed and the semester proceeded these goals took a back
seat to getting a functional prototype, so the design priorities shifted slightly.
Ultimately, the system was designed around a 28-pin, 32-bit microcontroller that
required digital communications for the bluetooth module and the inertial measurement
unit. The system also needed to include digital input pins from the coulomb counter that
monitored the battery’s state of charge. Additionally, the system design required
interfacing with analog signals including the pressure sensing electrodes on the grip, a
scaled battery voltage, and a signal from the load cell. The number of sensors on the grip
was not set in stone since it was dependent on the grip-sense printed circuit board design
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and placement of these PCBs as well. In order to move the design forward while allowing
enough room for an adaptive plan, we decided to use a 16:1 analog multiplexer to read the
grip-sense electrodes. This allowed us to read a large number of sensors while only using
one pin on the microcontroller to read, and four as digital outputs to control the
multiplexer.
Each one of these design elements, with the exception of the coulomb counter and
the amplifier/filter circuitry for the multiplexed grip signal, was tested and integrated with
the PIC microcontroller on a breadboard before being implemented on a printed circuit
board. There were two iterations of printed circuit boards fabricated on campus prior to
ordering a professionally manufactured version. The very first version was used to test all
the design components and act as a testbed and proof of concept.

Fig. 8: Test fixture PCB
The second version (Figure 9) used all the smaller package components that would be used
in the final printed circuit board; this was to verify the footprints and a circuit board design
that was closer to the final one we would send out for. The coulomb counter and SallenKey circuits were verified on these printed circuit boards fabricated on campus.This
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iteration of the PCB was designed with a new bluetooth module. This module was not able
to be verified on this board due to the module’s integrity being compromised in the
process of desoldering.

Fig 9: Down-scaled PCB
When we designed the final printed circuit board, all that needed to be one was
shrink down the layout so it would all fit within a 0.8” width. The new bluetooth module had
not yet been verified on one of our boards so this was the first item we were eager to test
to ensure proper operation.
The firmware implementation was simple - sensor data was sampled at a fixed rate,
and sent to the PC upon requests that were channeled through the UART buffer. The
system would respond with the latest data.

Fig 10: Final PCB - layout (top) and near complete assembly (bottom)

Solidworks / Mechanical Design
We had to create special 3D printed
parts to fit our specific design using
SolidWorks. The First part is the handle. The
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handle had to support at least 100 pounds on it. The handle was created so that it could
support the PCBs that sense the grip pressure and location. The handle was printed using
80% PLA Plus at a 215 degree Celsius. We found out that this printing configuration is the
strongest for our goals and specifications. The handle was
tapered to be wider in the middle part and narrower in the

Fig 11: Handle Design

dges for extra comfort. The handle also had a neck connecting it to the pipe for extra
support.

The second 3D designed part is the cane’s tip. The tip was
designed to be 2 inches in diameter vs the normal 1 inch cane tip to
be more comfortable for the cane’s user. In the tip, we had to add
the inductive charger and the load cell receiving coil.
The Inductive charger is placed in the bottom of the tip,
where the load cell is between the tip and the pipe. In this way, we
can get the load cell pushed from both the pipe and the tip to
measure the exact weight being put on the cane.
The last part we created and 3D printed is the charging box.
We needed a charging box to be the place where the user stores the
cane when they are not using it. In this way, we could get the cane to
charge wirelessly while not in use.

Visualization

Fig 12: Charging base
and cane tip rendering
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Fig 13 :Labview testing interface

This interface was used primarily to learn how to best send data packets from the
microcontroller that could be easily interpreted by software running on another computer.
Although Labview is great for verification and testing, it is not the best software for giving
an intuitive description of what stimuli the cane is receiving and what kind of applications
the cane could be used for.For our finalized cane we decided to make an application
beneficial to a profession that could be anticipated utilizing our cane, such as a Physical
Therapist. In this application, shown in Fig 9 ,we wanted to display the angular position of
the cane, position of the cane with respect to the user, pressure on the cane, grip strength
on the handle, and the battery life.
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Once we settled on a Bluetooth transmission method that could act like a serial
port, it became possible to use an open source and widely used video game engine called
Unity. Unity allows programming in both 2D and 3D environments. We used a 3D
environment to accurately convey the cane’s movement in real time. In the unity
environment we made an easy to read and intuitively understand dashboard, along with a
3D handle showing the handle’s pressure locations.

Fig 14: Unity 3D application listing grip, weight, battery life, and angle
Developing on unity was not without its problems for our visualization application.
There are many tutorials online for using Unity and how to utilize various data input types;
except for receiving data via a serial port. This method of data acquisition was never fully
intended by Unity’s developers. All data input code is intended to come from the device
that is running Unity, such as a smart phone, not from a serial input stream. Input in Unity
is used to control objects within the game environment but not mimic the object
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movement exactly. This limited our ability to make the virtual cane move exactly as the
real cane was moving. Luckily, after speaking to a group of Physical Therapists, it became
evident that only one degree of movement of the cane, the “lateral movement”, would be
important to them. This worked well for us because it is easy to make an object move
correctly on one axis. Another consideration we had to take into account is that for every
element in the UI that moves or changes color based on data input, there is a script.
Because only one script can open a serial port and receive data, we had to pass data
among scripts constantly. The data updates 60 times per second, which is by no means fast
but the data was being passed to a dozen plus scripts at any given time which then had to
process a 3D output. This caused Unity to crash often during development. We were
eventually able to keep the application running for ten minutes at a time by trimming code
to absolute essentials.
If we were to simply data log what was transmitted from the cane, it would be easy
to use heavy processing, post capture software such as Paraview. Paraview would not
crash as often as Unity because there would only be one data source.
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Conclusion and Recommendations
In conclusion most of our major design goals were met. Our main goal was to
design a cane that would be accurately shown in real time on a visualization software. We
were able to accurately show the angle of the cane with respect to the vertical position of
the person using it. We were also able to see the weight being put on the cane and the
pressure being put on the handle. Also we were able to see the status of the battery and
the battery was being wirelessly charged successfully.
This being the first design of the cane there are definitely things that could be
improved. The first thing would probably be the material used for the design of the cane.
The 3D printed parts looked great and worked for what we needed. But the 3D printed
parts do not hold up under a lot of weight. The handle could only withstand about 50
pounds before breaking.
We used a computer for our initial design to show the data. Although it would most
likely be ideal to have an app on a phone to show the data for easier use.
Through all this we hope to help people get a better understanding of the correct
usage of a cane and possibly other devices. In the end we have realized that this
technology can be applied to many other things. The same components we built into the
cane can be easily built in to many other devices. These being things like crutches, walkers,
or medical boots. When talking to physical therapists, we found this could be very useful in
all of these medical devices.
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Appendices
Appendix A: Project Schedule
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Appendix B: Schematics
Main PCB Schematic (3 sheets):
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Grip-Sense Schematic:

Appendix C: Design Calculations
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Appendix D: Cost Analysis
Description

Unit Cost

Qty

Ext. Cost

Breakout, Accelerometer/Gyroscope/Magnetometer

$19.95

3

$59.85

Breakout, Microchip BLE Module

$30.00

1

$30.00

Microchip BLE Module

$10.60

1

$10.60

RF TXRX MOD BLUETOOTH CHIP ANT

$13.49

2

$26.98

RF TXRX MOD BLUETOOTH TRACE ANT

$10.45

2

$20.90

RF TXRX MOD BLUETOOTH TRACE ANT

$16.03

2

$32.06

50 Kg Button Load Cell

$45.00

1

$45.00

50kg Button Load Cell

$45.00

1

$45.00

IC OPAMP INSTR 150KHZ RRO 8VSSOP

$5.16

3

$15.48

Lithium 18650 Battery, 2-Pack and Charger

$9.99

1

$9.99

$12.95

1

$12.95

Inductive Charging Set - 5V @ 500mA max

$9.95

1

$9.95

Lithium Ion Battery - 18650 Cell (2600mAh, Solder Tab)

$6.50

1

$6.50

Inductive Charging Set - 5V @ 500mA max

$9.95

1

$9.95

Single Output LDO, 400mA, Fixed 3.3V, Cap free, Low Noise,
Reverse Current Protection

$2.32

3

$6.96

SparkFun LiPo Charger Basic - Micro-USB

$7.95

1

$7.95

DC Barrel Jack Adapter - Breadboard Compatible (5.5mm x
2.1mm Socket)

$0.95

5

$4.75

DC Barrel Jack Plug

$0.95

1

$0.95

12V - 3A Wall Adapter (5.5mm x 2.1mm Jack)

$9.99

1

$9.99

Resistor, 1W, 0.16 OHM, Through Hole

$1.83

1

$1.83

Resistor, 3W, 0.16 OHM, Through Hole

$0.86

2

$1.72

$14.75

1

$14.75

IC CONTROLLR LI-ION 4.2V SOT23-5

$0.59

4

$2.36

IC OPAMP GP 2.8MHZ RRO 8DIP

$0.60

2

$1.20

IC OPAMP GP 10MHZ RRO SOT23-5

$1.04

3

$3.12

IC MCU 32BIT 64KB FLASH 36SQFN

$1.63

10

$16.30

IC MUX/DEMUX 1X16 24SOIC

$0.93

3

$2.79

Breakout, Coulomb Counter - LTC4150

FTDI Friend + extras - v1.0
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CAP CER 4.7UF 6.3V X5R 0805

$0.10

4

$0.40

Sense Resistor, .05 Ohm, 0805

$0.72

5

$3.60

CAP CER 0.22UF 50V X7R 0805

$0.16

3

$0.48

OSC MEMS 8.0000MHZ CMOS SMD

$1.91

2

$3.82

IC OPAMP INSTR 150KHZ RRO 8VSSOP

$4.42

2

$8.84

IC OPAMP BUFFER 11MHZ TSOT23-5

$3.13

1

$3.13

RES SMD 180K OHM 0.5% 1/10W 0805

$0.11

4

$0.44

CAP CER 0.018UF 50V 1% C0G/NP0 0805

$0.80

4

$3.20

IC COUNTER/GAUGE GAS/BATT 10MSOP

$3.72

0

$0.00

IC REG LIN 3.3V 400MA SOT223-6

$2.32

1

$2.32

DIP Microcontrollers

$1.68

5

$8.40

$47.00

1

$47.00

Force Fabric

$12.95

3

$38.85

3d Printed Material

$18.00

1

$18.00

Aluminum Pipe

$20.00

1

$20.00

$5.00

3

$15.00

Various Silicone Materials (Grip)

$10.00

2

$20.00

Various Neoprene Materials (Grip)

$10.00

2

$20.00

Various Foam Materials (Grip)

$10.00

2

$20.00

Various End Cap Options
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