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To: Lauren May, Taylor Yee, Khaled Khaled
From: Daniel Beckett
CC: N/A
Date: 12/4/19

Re: Individual Sub-system planning

This document contains proposed models of our Work Breakdown Structure (WBS) and
Critical Cain Management (CCM). The focus of both models being the mobility sub-
system of the Augmented Power Mobility device.
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Work Breakdown Structure:

Augmented Power Mobility

1.) Mobility 2.) On-Board Power System 3)GUI
1.1.) Impliment Main Motor 1.2.)Force Feedback
Driver
1.1.1. JArduino Control 1.2.1.) Power secondary
Scheme Motor Driver
1.1.1.1.)Primary userinput 1.2.2.) Arduino Control
(Joystick) Scheme
1.1.1.2.) Adjustable 1.2.2.1) Adjustable

parameters parameters
1.1.1.2.1.) Maximum Velocity 1.2.2.1.1.) Object Avoidance
1.1.1.2.2.)Ramping Speed 1.2.21.2.) Opbject

Attraction
1.1.1.2.3.)Additional User 1.2.22.) Sensor data
Inputs

1.1.2.) Kill Switch

1.1.3.) Supply Power from
12V batteries in Series.

1.1.) Implement Main Motor Driver

Have the Sabertooth 2x32 Motor driver incorporated into the system. It is responsible
for powering and operating both primary motors as well as the Arduino. It receives serial
packet commands from a physical link to the Arduino. The proper motor driver dip
switch configuration is: 1=0OFF, 2=0OFF, 3=0OFF, 4=0ON, 5=0N, 6=0N. Using Library



functions for the Sabertooth 2x32, the Arduino has several commands that send 8-bit
serial packets to change how the motors operate. This serial exchange has a BAUD
rate of 9600 and the input on the motor driver is labeled “S1.Using analog input values
from the joystick into the Arduino, write code to specify which command to run
according to joystick positioning. Implement options to adjust motor driver parameters,
this is to help our client shape the behavior of our device to best suit each individual kid.
Reduce the maximum PWM value when mapping the joystick’s analog input values.
Lowering the duty cycle will limit maximum achievable velocity. Implement a feature that
systematically breaks down changes to PWM and uses delays to reduce the rate at
which top speed can be achieved. Alternative user inputs should be implemented in
order to broaden our audience by making our device more accessible. No such method
has been finalized, possible ideas are EEG devices, gyroscopes, and piezoelectric
strips. A kill switch controls whether the Sabertooth 2x32 receives power from the two
12V batteries. It does this by using a relay to cut off the positive terminal of the 24V
series battery when the kill switch is pressed.

1.1.1.) Arduino Control Scheme

Using Library functions for the Sabertooth 2x32, the Arduino has several commands
that send 8-bit serial packets to change how the motors operate. This serial
exchange has a BAUD rate of 9600 and the input on the motor driver is labeled “S1”

1.1.1.1.) Primary User Input (Joystick)

Using analog input values from the joystick into the Arduino, write code to specify
which command to run according to joystick positioning.

1.1.1.2)) Adjustable Parameters

Implement options to adjust motor driver parameters, this is to help our client
shape the behavior of our device to best suit each individual kid.

1.1.1.2.1.) Maximum Velocity

Reduce the maximum PWM value when mapping the joystick’s analog
input values. Lowering the duty cycle will limit maximum achievable
velocity.

1.1.1.2.2.) Ramping Speed

Implement a feature that systematically breaks down changes to PWM
and uses delays to reduce the rate at which top speed can be achieved.

1.1.1.2.3.) Additional User Inputs

Alternative user inputs should be implemented in order to broaden our
audience by making our device more accessible. No such method has
been finalized, possible ideas are EEG devices, gyroscopes, and
piezoelectric strips.



1.1.2.) Kill Switch

A Kkill switch controls whether the Sabertooth 2x32 receives power from the two 12V
batteries. It does this by using a relay to cut off the positive terminal of the 24V
series battery when the kill switch is pressed.

1.1.3.) Power

Have both 12V car batteries in series to supply the necessary 24V needed to power
the motors.

1.2.) Force Feedback

While force feedback is limited to those who can grasp a joystick, it should still be
implemented because of its potential to improve teaching through either added
guidance or challenge. Force feedback is achieved by two DC motors that can adjust
the X and Y axis position of the joystick. In order to control both of these motors, a
smaller secondary motor driver is needed. This secondary motor driver will be located
within the base of the controller. Code will need to be written to ensure the force
feedback motors act in accordance to the distances of detected objects around the
device. Exactly how the force feedback motors respond should be able to be tweaked
by our client to ensure the device teaches most effectively. Changing the motors to pull
the joystick towards any detected objects within a certain range. This will challenge the
user to either react to an unexpected stimulus or increase spatial awareness. The
Arduino will be controlling the force feedback motor driver based on analog readings
from distance-based sensors. Our team is still debating on which exact method to use
for detecting surrounding objects.

1.2.1.) Power Secondary Motor Driver

Force feedback is achieved by two DC motors that can adjust the X and Y axis
position of the joystick. In order to control both of these motors, a smaller secondary
motor driver is needed. This secondary motor driver will be located within the base
of the controller.

1.2.2.) Arduino Control Scheme

Code will need to be written to ensure the force feedback motors act in accordance
to the distances of detected objects around the device.

1.2.2.1.) Adjustable Parameters

Exactly how the force feedback motors respond should be able to be tweaked by
our client to ensure the device teaches most effectively.

1.2.2.1.1.) Object Avoidance



For less practiced drivers, force feedback can help pull their hands away
from incoming collisions. The hope is that this will reinforce the drivers

procedural learning.
1.2.2.1.2.) Object Attraction

Changing the motors to pull the joystick towards any detected objects
within a certain range. This will challenge the user to either react to an
unexpected stimulus or increase spatial awareness.

1.2.2.2.) Sensor Data

The Arduino will be controlling the force feedback motor driver based on analog
readings from distance-based sensors. Our team is still debating on which exact
method to use for detecting surrounding objects.



Critical Chain Management:
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TO : Professor Kyle Winfree
FROM : Khaled Khaled

DATE : 2" December, 2019
SUBJECT :Baby GUI

The graphical user interface is a form of user interface that allows users to interact with electronic
devices through graphical icons and audio indicator such as primary notation, instead of text-based
user interfaces, typed command labels or text navigation. In developing this, the following are
required: Input Controls which includes checkboxes, radio buttons, dropdown lists, list boxes,
buttons, toggles, text fields, date field; Navigational Components which includes breadcrumb,
slider, search field, pagination, slider, tags, icons; Informational Components which includes
tooltips, icons, progress bar, notifications, message boxes, modal window and lastly Containers
that include accordion.

Input Controls are an integral part to any form. They allow a user to perform a variety of functions,
e.g. type in text, select items from a list, upload a file. Among the challenges that may arise from
this is programming errors but when fixed, everything will work perfectly for the function of the
prototype.

The navigational components enable moving from one tab to another or from one function to
another. This allows the user to navigate perfectly. Some of the challenges includes putting the
table in the wrong position or responding to wrong function.

Lastly, Informational Components transmits information are required by the user. This allows to
responding of commands.

Level 1 Level 2 Level 3
1.0 Augmented 1.1.1 Input controls
Powered
Mobility 1.1 Baby GUI Checkboxes, radio
buttons, dropdown
lists,  list  boxes,

buttons, toggles, text
fields, date field

1.2 Motor with 1.1.2  Navigational
Joystick Components

Dread crumb, slider,
search field,
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Transfer from a
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To : Dr. Kyle Winfree

From : Lauren May

Date : 4" December 2019

RE : Individual Feasibility and Planning

Dear Dr. Winfree,

Attached below is a work breakdown structure (WBS) as well as a Gantt Chart detailing
the feasibility and how | plan to lead the implementation of the driving controls. The
WBS describes various deliverables that are integral to the completion of several driving
controls that would be able to be used by those with disabilities. The Gantt Chart shows
a visual representation of a realistic timeline to complete those deliverables.

Thank you,

Lauren May
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WBS for Driving Controls

1. Augmented Power
Mobility (AmpEd)

A platform that helps
disabled children gain
experience driving a
powered wheelchair
which accommodates
many disabilities

1.3 Microcontroller

1.4 Sensor I/O

1.1.1 Self Sufficient: The final product should only rely
off its own power supply and the main batteries need
to have the ability to be recharged when depleted.

1.2.1 Easy Installation: Any controls need to be optimized for easy attachment to
different user's wheelchairs. For each component there should be at least two
different methods of attachment to the wheelchair.

1.2_2 Multiple Inputs: Since there are a wide range
of possible disabilities, the design should include at
least one other input other than a joystick.

1.2.3 Settings: The controls should accommodate a variety of disabilities by being adaptable. 1.2.3.1 Force Feedback Setting: The
The physical therapist can use the same control but use them in different ways by changing joystick should have 3 settings: 1) No force
various settings (i.e. head switches that control direction can be changed to control speed). being applied, 2) Force steering away from

This is to be implemented through code, no physical components needed. objects, 3) Force steering into objects.

1.2.4 Future Modifications: The final product needs to be designed with the idea of future improvements. There should
be proper documentation, including a summary and instructions, on how both controls are implemented in the code so
that control modules can be added. Furthermore, any code used to implement the control functions should be in
distinctly separate functions from other code.

1.3.1 Handle Multiple Input/Outputs: The microcontroller must have

the capability to handle all inputs [ex. steering using the joystick) while
simultaneously sending data collected by the sensors to the GUI.

1.3.3 Log Data Files: Although the data will be shown on screen in real time, there
should be a separate location to just store data from the sensors. Any calculations
should be made before storage so if the back up data stored on the remote disk is
opened, the data would be able to be interpreted by a physical therapist.

1.4.1 Wireless: All data sent from the sensors should be sent wirelessly to the GUI and
should not need any wired connection to download except in the case of accessing data
stored in the remote disk.

1.5.1 Display Data and Inputs: This is the interface that the physical therapist will interact with and should
there for be intuitive to use with little to no training. Using the data collected from the sensors, there should
be graphs that update in real time that show the velocity and the proximity to any obstacles. There should also
be a running totals of the total distance made, how many times the driver had hit an obstacle, and the
duration of the ride.

1.5.2 Multiple Settings: The physical therapist should have control over multiple
settings including the force feedback of the driving controls, the maximum velocity, the
file that the data on the computer is stored under, what driving controls are being used
and an emergency stop.



Gantt Chart for Driving Controls
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To : AmpEd

From : Taylor Yee

Date : 2« December 2019
RE . Feasibility Planning
Dear AmpEd,

Attached below is my “Feasibility Planning” document. In this assignment, | tentatively
break down our capstone project in two forms: a Work Breakdown Structure (WBS), and
a Gantt Chart. Specific emphasis is placed on the graphical user interface (GUI), which |
plan on taking the lead in developing. The WBS details several of the deliverables that |
believe to be key to the success of the development of the GUI, while the Gantt Chart
provides a visual depiction of a timeline for the development.

Very respectfully,

Taylor Yee
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ez GLN |5 able to Fandle wined data
1

1.3.1 Wireless connectivity. The Arduino needs to be able to communicate
data to the GUI through wireless interaction. For example, if the physical
therapist [PT) were to view or edit the real-time data that is being displayed,
she should not have to do 5o off of a laptop perched on the back of the
platform. Wires can become descldered and otherwise disconnected, hence
the need for wireless connectivity. [8] ERE TMI]EIJ Iz able to Famcbe wirgless data

1.3.2 Handling wser inputs and presets. The GUI will need to be able to take in inputs from the PT, 1.3.4.1 The GUI is able ko display text. [2]

and send command signals accordingly. For examgple, if the PT decides that the platform should

. only be able to move at a certain max speed, she could type in the speed, or increment it through

1.1 Joysticks and force feedback the use of a built-in slider. Another example is if the PT decides that the child should only be able to
[15] drive forwards, and not backwards, she should be able to change that in the settings. [4]

1.3.4.2 The GLUI ks able ko display data, both
static and |n reald time. [2]

- = 1.3.3 Displaying data and inputs to PT. The GUI should be able to display whatever data the PT thinks
el al;gE;;nwer s are important to see. It should be clean, easily read, and able to be compared to other sets of data if
needed. Furthermore, the GUI should also be able to display in real time, and possibly be able to
views, if only certain data needs to be viewed. The data must be presented in an easy-to-
1. Augmented Powered understand fashion, so that the PT can draw conclusions from the results without having to run the P ﬁl‘;‘:_':__“r_'=" I.,_]""h“'
Mobility Platform. An data through some complex processes. It should alse have clear indicators for which settings/presets ——— .

adaptable platform to are in use. [10]
help disabled children [G=== 1.3 Processing programming [351G

practice driving a

powered wheelchair. 1.3.4.4 The GUI ks able i display diders that

[1["]] . . . . the PT can click and drag to change presets.
1.3.4 Handling multiple sessions of recording. If the PT wants to be able to 12)

record multiple driving sessions, she should not have to change amything,

settings-wise. The SUI should be able to record dats based on a3 start-stop
ystem, without her having to work in the code. Additionally, the GUI

should also be able to handle a naming schemse, for cases where she might hawve

multiple patients. These need to be able to be saved separately, and easily

understandable/usable for non-engineering users, who might not know how to

work on the more technical aspects of the code. [3]

1.4 Arduino programming [15]

ha GUI ks able ko log data bo an Excel
in 2 readable format. [7)

1.5 Sensor If0 [10]
1.3.5 Logging data to files. The dam collected from the Arduino needs to be
logged somehow, in case the PT wants to look back on it Ister. This could
possibly be done solely in the Arduino, but for now it has been placed under
the GUI subsystem. One example of an easy-to-access file type is an Excel 1.3.5.2 The GLI s abbe bo log data to a C5W file,
spreadsheet | xlsx). From there, the PT could easily create graphs if she so Ina readable format. [3]

chooses, though she has also stated that the spreadshest on its own would be

invaluable. Furthermore, a comma-separsted-values {C5V, .t} file type was

supgzested, though this could be a bit trickier, in terms of readability for the PT.
[10]

Figure 1: WBS of GUI
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o START 12/2/19 127219 @
@ Handle user inputs an... 12/2/19 12/21/19
© Test with simple sens... 12/17/19  12/21/19 1
o Display data and input... 12/22/19  1/12/20 ==
o Display text 12/22119  12/30/19 ||
© Display static and real ... 12/22/19  12/31/19 _—
© Display boxes to chan... 1/2/20 1/12/20 —1
@ Display sliders to chan... 1/2/20 1/12/20 ==
© Test with simple sens...  1/8/20 1/12/20 e
@ Handle multiple sessi... 1/13/20  2/6/20 0
@ Implement wireless co... 1/13/20  2/6/20 [‘_’I
© Handle wired datatra.. 1/13/20  1/21/20 |
© Handle wireless datat... 1/22/20  2/6/20 —
o Testwith simplesens... 2/1/20  2/6/20 =]
@ Log data to files 2/7/20 2/26/20 r{ | TR —
9 Log data to Excel spre... 2/7/20 2/17/20 I
o LogdatatoCSVfile  2/13/20  2/26/20 I
o Test with small datas... 2/27/20  3/2/20
© Testwithfull system  3/3/20  3/9/20 [
o Field test 3/10/20  3/24/20 (—)
o Refactor/re-test 3/25/20  4/23/20 I b
© Deliver final product ~ 4/24/20  4/24/20 %

1 Extra float room was provided for deliverables that fell under holiday breaks (Christmas and spring breaks). Extra padding was provided for the

field test and refactoring deliverables.

Figure 2: Gantt Chart of GUI*




