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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. 

Project   Description 

Our   goal   at   SafeStride   is   to   design   a   cane   that   can   record   and   collect   data   to 

determine   if   the   cane   is   being   used   safely   and   efficiently.   This   data   will   be   easily   accessible 

through   a   Bluetooth   application,   allowing   for   real   time   evaluation   by   a   medical 

professional.   Additionally,   SafeStride   seeks   to   collect   long-term   data   that   is   tailored   to 

medical   researchers.   The   measurements   of   force,   velocity,   angle,   and   a   pressure   map   of 

the   grip   will   be   used   to   analyze   if   a   person   is   holding   the   cane   correctly,   putting   too   much 

pressure,   too   little   pressure,   and   even   pressure   in   the   wrong   area.   In   addition,   we   want   the 

cane   to   resemble   a   typical   cane   as   closely   as   possible;   this   means   that   our   design   must   be 

low-maintenance   and   require   minimum   effort   from   the   user.  

 

The   Handle 

The   handle   will   contain   several   printed   circuit   boards   (PCBs)   designed   to   measure 

the   varying   resistance   of   a   conductive   fabric   that   is   proportional   to   pressure   applied   in 

various   locations   along   the   board.   These   voltages   detected   at   various   points   around   the 

handle   will   be   multiplexed   and   sent   to   the   microcontroller   in   the   center   of   the   cane.   The 

handle   will   also   be   monitored   for   the   purpose   of   waking   the   system   from   sleep   mode. 
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The   Center 

The   center   of   the   cane   will   contain   a   PCB   that   is   the   processing   and   communication 

hub,   which   includes   the   microcontroller   (uC),   Bluetooth   Low   Energy   (BLE)   module,   inertial 

measurement   unit   (IMU),   and   power   monitoring   system.   The   battery   and   charging 

peripherals   will   also   be   located   in   the   center   of   the   cane. 

 

Microcontroller    -   A   PIC32MM   will   be   the   microcontroller   used   for   the   project.   It 

provides   an   optimal   combination   of   computation   ability   and   low   power 

consumption.   The   microcontroller   is   responsible   for   collecting   all   data   and   sending 

it   to   the   BLE   module   in   addition   to   detecting   conditions   for   entering   or   exiting   sleep 

mode. 

 

Power   System    -   An   18650   Lithium   Ion   battery   that   combines   low   form   factor   and 

large   capacity   will   be   used   to   power   the   cane.   A   coulomb   counter   will   be   used   to 

monitor   the   charge   entering   the   battery   as   well   as   the   charge   consumed   by   the 

system.   A   combination   of   coulomb   counting   and   monitoring   battery   voltage   will   be 

utilized   to   determine   the   state   of   charge.   When   the   charge   is   dangerously   low,   the 

system   will   enter   a   deep   sleep   state   and   consume   virtually   no   power,   ensuring   the 

battery   cannot   be   damaged. 

 

Inertial   Measurement   Unit    -   The   IMU   provides   nine   degrees   of   freedom,   allowing   for 

precise   monitoring   of   the   cane’s   state   of   motion.   The   measurements   obtained   from 

the   IMU   are   angular   acceleration,   angular   velocity,   and   angular   position   -   each   with 

respect   to   three   axes. 
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The   Base 

The   base   of   the   cane   will   contain   the   wireless   charging   unit   for   ease   of   use   along 

with   the   load   cell   for   downward   force   measurements.   The   load   cell   is   another   important 

component   that   indicates   whether   the   user   is   applying   the   appropriate   amount   of   weight 

on   the   cane.   The   load   cell   will   be   routed   to   the   central   PCB   for   processing   and   the   inductive 

charging   coil   will   be   routed   to   the   battery   charging   system. 

 

Visualization 

                                    Data   visualization   is   another   important   component   of   the   SafeStride   project.   Force 

measurements,   IMU   data,   and   handle   force   sensing   will   all   be   displayed   in   an   intuitive 

graphical   display.   The   display   application   will   also   be   configured   to   allow   the   user   to 

playback   data   that   has   been   logged   to   a   file,   allowing   for   detailed   analysis   of   certain   events 

or   time   periods. 

                                    The   display   will   feature   gauges   for   force,   a   moving   3D   representation   of   the   cane   to 

represent   IMU   data,   and   displays   for   the   bottom   and   top   grip   that   use   color   to   represent 

grip   intensity   with   respect   to   position. 
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Block   Diagram 
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Mock-Up   Illustrations 
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Performance   Requirements 
1. Load   Cell   Accuracy   Requirement 

a. The   load   cell   should   meet   the   accuracy   requirement   of   1   pound. 

2. Data   Rate   Requirements 

a. Grip   position   and   intensity,   IMU   readings   (9   degrees   of   freedom),   battery 

voltage,   and   the   force   applied   to   the   load   cell   should   be   updated   at   a 

constant   rate,   and   a   minimum   of   50   Hz. 

3. Grip   Requirements 

a. Grip   should   be   able   to   map   position   of   all   fingers   on   the   handle   and   the 

respective   relative   pressure   applied. 

b. Grip   should   be   able   to   map   the   force   distribution   of   the   user’s   palm   on   the 

cane’s   handle. 

c. Data   should   not   show   any   signs   of   noise.   All   irregularities   or   erratic 

measurements   should   be   handled   by   hardware   of   software. 

d. All   readings   should   be   proportional   to   grip   applied   by   user. 

i. Since   this   is   not   easily   measurable,   it   will   be   dictated   by   an   outside 

user’s   satisfaction   with   the   device’s   response   according   to 

requirement   3-d. 

4. Data   Visualization   Requirements 

a. A   Bluetooth   Low   Energy   connection   should   be   established   between   the   cane 

and   display   computer   such   that   the   information   mentioned   in   requirement   2 

is   consistently   updated   at   a   minimum   rate   of   50   Hz. 

b. The   visualization   should   include   gauges   and   numerical   displays   of   all 

parameters   mentioned   in   requirement   2. 

i. IMU   data   should   be   displayed   by   means   of   rotating   3d   model. 

ii. Grip   data   should   be   displayed   by   means   of   color   on   relative   handle 

position   varying   with   intensity   and   position. 

5. Fall   Detection   Requirements 

a. Cane   should   create   an   alert   and   indicate   on   the   display   if   the   user   has   fallen 

while   using   the   cane. 

b. Cane   should   not   create   an   alert   if   it   has   merely   been   dropped. 
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Testing   Procedures   and   Benchmarks 
1) Grip   Interface 

To   test   the   grip   we   will   need   to   walk   with   the   cane   and   apply   various   amounts   of   

pressure.   Assuring   that   we   test   all   the   different   pressure   pads   across   the   top   of  

the   handle. 

Benchmark :   The   data   is   shown   on   our   visualization   tool   with   the   correct   amount   

of   pressure   applied   at   the   right   locations. 

 

2) Load   Cell  

Testing   the   load   cell   will   be   done   by   walking   with   the   cane   and   applying   different  

amounts   of   weight   to   the   cane.   Also   applying   different   weighted   objects   on   top   of 

the   cane.   First   weighing   the   object   then   putting   it   on   top   of   the   cane. 

Benchmark :   The   amount   of   weight   applied   is   correctly   represented   on   our  

visualization   tool   with   a   +/-   1   pound   difference. 

 

3) IMU 

Can   be   tested   by   simply   walking   with   the   cane.   We   will   also   just   tilt   and   move   the  

cane   around   every   direction   to   test   it   can   read   every   direction. 

Benchmark :   The   cane   is   properly   displayed   as   a   3D   model   on   the   PC   and   is   moving 

with   the   same   orientation   as   the   cane. 

 

4) Charging   &   Power   Consumption 

Tested   by   draining   the   battery   in   the   cane   and   then   placing   it   on   the   charging  

pad .    Let   the   cane   constantly   send   data   as   long   as   the   battery   is   at   a   safe   level. 

Benchmark :   Check   to   make   sure   battery   is   fully   charged.   The   fully   charged   cane 

should   be   able   to   remain   active   for   a   minimum   of   96   consecutive   hours.  

 

5) Sleep   Mode 

Tested   by   simply   picking   up   and   applying   pressure   to   the   grip. 

Benchmark :   Should   wake   up   after   applying   pressure   to   the   grip.   Should   fall  

asleep   after   no   data   is   read   after   30   seconds. 
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Cost   Analysis 
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