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Abstract

With the advancement of technology, electromyographic (EMG) and spatial data
recognition is having a growing impact on accessible computing. I designed a
customizable script that uses a combination of EMG, spatial and temporal data, such that
each user of the script can select a custom profile of gestures they want to use to type.
The gestures chosen for each custom profile will be determined by each user’s level of
ability/disability. Based off of the custom profiles each user selects and speed at which
each user types we determine if using EMG, spatial data and temporal data can serve as
viable form of text input. While this research placed a strong emphasis on text input, it
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also supports the ideal of universal design in other contexts. The Myo armband was used
to read and interact with the EMG, spatial and temporal data. The interface of this script
also revealed multiple techniques for scripting with the Myo that allows people with
disabilities to use spatial data to type.
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Myo™ is a trademark owned by Thalmic Labs Inc. https://www.thalmic.com/myo/
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1 Introduction

The Myo armband is an innovative device that collects spatial and gestural data
over time, which can be used to get other forms of technology to execute a command.
Gestural data that the Myo collects is based on EMG signals, which is generated from
muscle activity from the user’s forearm. The Myo must be worn on the thickest part of
the user’s forearm to decrease false positives when reading one of the five builtin Myo
hand gestures as seen in Figure 1. Myo can essentially be considered a remote control
that collects hand gestures to determine input signals in place of standard buttons or keys.
The device can connect to a range of technologies from modern household devices to
robotic arms. In addition to gestural data, the Myo also collects spatial data, which gives
access to the orientation and movement of their arm with respect to the Myo’s location.
The spatial data includes roll, pitch and yaw as seen in Figure 2. In addition, the device
collects acceleration and velocity data using a built in accelerometer and gyroscope.
Combining gestural and spatial data facilitates a larger number of distinct input values for
the user.

Figure 1: 5 Myo hand Gestures [10]

Figure 2: Myo Roll, Pitch and Yaw [10]
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[15] used EMG data as an alternate form of text input, and the current thesis will
expand upon that thesis by studying more forms of data. This thesis will also study the
extent to which this data can be used for people with disabilities such as severe burns,
arthritis, and amputations. Data will be collected from people using the script such as
physical workload, cognitive load, learning curve, accuracy, speed of input, and
reliability in order to gauge the effectiveness of the script.

The user must be able to make all the gestures and have great elbow and shoulder
rotational mobility for optimal use. Therefore, a subset of the users that this script would
be able to help are people with limited finger mobility who can still perform some or all
of the Myo gestures. Anyone with a high range of rotational mobility of their arm with
respect yaw, roll and pitch will also be able to use the script. For example, an amputee
who has high rotational mobility of their arm should be able to form many of the custom
gestures. This project will try to assess to what degree such an alternative succeeds.

This script can technically support an infinite quantity of custom gestures, but the
more gestures, the more difficult it will be to use. However, focusing only on the 5 - 15
custom gestures each user finds most optimal should allow each user to type efficiently.
The script will feature 38 keyboard characters: letters a-z, numbers 0-9, backspace and
delete. Since a few of the custom gestures allow you to type multiple characters, it is
possible to type 38 letters with a minimum of 5 custom gestures. The custom gestures are
designed to be intuitive and easy to remember. Factors such as ease of learning and
impact on cognitive load will be recorded. Data will also be compiled from the empirical
experiments to produce an analysis of EMG, spatial and temporal data to suggest
effectiveness for people with certain mobility issues. This report will also suggest
directions for future work.
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2 Relevant Research
2.1 Devices that Read Electrophysiological Signals

There are many other devices that collect electrophysiological signals that relate
to this field of study such as electroencephalogram (EEG) signals [1]. One study found
that electrodes could be placed on the scalp to read the EEG signals formed when the user
imagines hand and feet movement. This study proposed the EEG signals could be used to
efficiently control computer applications. Each of the 109 healthy subjects that
participated in the study performed imagined hand and fist movements in three onetwo
minute runs. In each of the runs, data from 64 channels of EEG signals from the
participants’ scalps was collected. They did each of these runs 15 times totalling 45
events per subject for a grand total of 4500 events worth of data. The performance ranged
from 84% to 89% making this a viable way to interact with programs.

Another form of technology in this field uses eye gaze technology (EGT). EGT
determines the visual line of the user's eye and uses this as an alternate computer mouse.
This study compares the advantages of using EGT versus hybrid EGT/EMG signals [3].
When using EGT, the user's visual line of gaze controls a mouse pointer and the user can
leftclick by blinking their eye. In [3], the user may often move before blinking or
naturally blink causing false positives by the mouse left clicking when not wanted.

All forms of electrophysio signals have their advantages and disadvantages. EMG
and EEG data are both very difficult to filter because there is lots of noise or extra
unnecessary data that accompanies electrophysiological signals. EGT also suffers from
the issue of having false positive as well. For this reason, the combination of multiple
forms of data often may be able to reduce the problems the user experiences. In this study
the combination of EMG data with EGT data served as a way to reduce the false positive
problem with EGT data by using the EMG for mouse clicks. EMG signals can be read by
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placing electrodes on different parts of the user' body depending on the disabilities they
may have.

By using this EMG data for the mouse clicks rather than a blink, [3] was able to
conclude that the combination of EMG and EGT produces a lower error rate than EGT
data. This was deduced from an experiment where ten participants had to use eyegaze
technology to move a mouse pointer over an on screen box followed by a mouse click.
The participants each had 36 trials which they repeated twice, totalling 72 trials per
participant.

Another study shows how EMG data can be used as an alternative to joysticks in
controlling traditional electric powered wheelchairs (EPWs) [12]. The study stated that as
many as a quarter million people could benefit from hand free wheelchairs. EMG
electrodes are placed on the user's head, forehead, face, neck, back, shoulder, upper arms,
forearms and hands depending on the user's disabilities. This study created five different
gestures in order to allow the user to go forwards, go backwards, turn left, turn right and
stop. The experiment concluded that EMG signals serve as an efficient alternative to
joysticks on EPWs. The experiment also suggested that future advances in technology
and potential combination with other electrophysiological signals would allow more
important gestures such as speed up and slow down to be included.

The next study tested 20 different gestures and had to cut down to four gestures.
The gestures created were press fist, left fist, right fist and rotate fist in a circular motion
as seen in Figure 3 [6]. The gestures correlated to the commands forwards, backwards,
left and right, respectively. Electrodes were placed on 30 different subjects and they
would be able to control a toy control car by forming gestures. The results of the
experiments reported near 94% accuracy but still demonstrate some of the limits of EMG
gesture recognition because many studies that utilize EMG data on the user's forearm are
only able to use 4 or 5 distinct gestures. This study had to go from 20 gestures to 4
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because many of the gestures produce similar EMG signals. This also suggests why the
Myo currently only uses 5 EMG gestures and the necessity to combine other forms of
data with the EMG data.

Figure 3: NonMyo EMG Gestures [6]

One study was able to increase the number of gestures by incorporating spatial
data along with EMG data collected from placing electrodes on the user’s forearm [4].
Five subjects wore electrodes to collect EMG data on their forearms along with inertial
sensors on their wrist to collect acceleration and angular velocity of the user's arm, as
seen in Figure 4. Twelve different gestures were defined, many of which were a
combination of EMG and spatial data such as making a fist and twisting it, which is
similar to to grabbing a door and twisting a knob. Each subject performed each gesture 15
times for 5 sessions totaling 900 recorded gestures per person and each subject also
achieved an accuracy above 94%. This highlights the way that using multiple forms of
data can significantly increase the number of gestures one can perform.
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Figure 4: EMG electrodes and Inertial sensors [4]

Another similar experiment that placed EMG electrodes on the user’s forearm
used five hand gestures, rest, pinch, hand spread and point as seen in Figure 5. This study
is special because in addition to studying 20 able bodied individuals, it also included one
trans radial amputee as seen in Figure 6 [13]. The participants were placed in front of a
computer screen and had to perform each of the hand gestures 10 times in random order.
The study concluded that gestures could very accurately be recognized from EMG data.
This study highlights some of the ways EMG data can be used for people with
disabilities. Furthermore, the trans radial amputee had a success rate similar to the
healthy subjects despite changes in the shape of the amputee’s muscles.

Figure 5: NonMyo EMG Gestures [13]

Figure 6: Trans radial amputee recording session [13]

7

2.2 Spatial Data

One study done on the Nintendo Wii remote focused on its acceleration sensors to
recognize 3D hand gestures [14]. The Wii gestures were square, circle, rotate, form the
letter z and tennis swing. The authors of the study used Markov Models to help recognize
the shapes being formed. The study had 6 people perform each of the gestures 15 times
and was able to report an average accuracy of 90%.

Figure 7: Wii remote gestures [14]

Another device that focuses on utilizing spatial data is the Microsoft Kinect [5].
This device uses depth sensors to obtain the location of every pixel in its frame of vision
in order to make a skeletal map of the user’s joint by using infrared cameras. The wave
gesture is one example that the Kinect can read by breaking up change in location into
segments. If the user wants to wave their arm, their elbow will be below their hand and
their hand will move left and right. The left and the right movements are both considered
segments. When the user performs each segment twice in a row the Kinect will realize
the gesture has been formed.

Microsoft is making more and more innovative advances in Kinect technology
and the depth sensors are currently being improved to recognize hand gestures [9]. The
depth sensors are being upgraded to read hand gestures similarly to the Leap Motion [7].
The Leap Motion is a device that tracks the user’s hands up to 200 frames per second by
using infrared cameras. The Kinect can detect more complex poses as displayed in a
video comparing the Kinect to the Leap Motion.
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2.3 Myo for Text Input

Previous uses of the Myo armband for text input include the Myo’s built in
keyboard, and the Myo’s keyboard mapper. It has also been used in conjunction with
augmented reality which allowed the user to display a virtual keyboard and output
characters using the Myo’s gestural and spatial data [2]. Another keyboard script using
the Myo armband used the waveLeft and waveRight gestures to scroll through the
various keyboard characters [11]. Once the users found the character they wanted, they
just would perform the doubleTap gesture to output the character.

[15] used the Myo gestures to enter and exit different states and within each state
the user was able to output different keyboard characters. When the state was high a
character would be printed, while a low state returns the Myo to the start state. This
implementation featured an ordered gesture tree (OGT) that mapped four of the gestures
into binary commands as seen in Figure 8 below. At the first level of the tree there are
four nodes each represented by one of four Myo gestures. Each node is attached to four
different nodes at the next level of the tree each represented by one of the four gestures.
The second level represents the keyboard character that will be printed if you form
gestures by following the OGT. Following this model the user has access to n^k keyboard
characters, where n is the number of gestures and k is the amount of gestures needed to
be form in order to output one character.
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Figure 8: Ordered Gesture Tree [15]

Van Aken was able to evaluate the efficiency of using the Myo armband mouse
feature by using an on screen targeting program. This program was designed so that users
would have to move the mouse to the target and then click. He compared the speed and
accuracy of the laptop trackpad, a mouse and Myo’s built in mouse. The Myo was able to
click a minimum of 5 and maximum of 7 objects in 15 seconds, while the other two
clicked an average of 8 objects. The mouse had an accuracy of 87.2% while the trackpad
had a 96.3% and the myo 80.2%. This project also evaluated typing efficiency by
comparing the amount of words per minute could be typed with the Myo versus the
average in a 1998 study. The myo was able to achieve 5 words per minute with 100
percent accuracy and 6 WPM with 95 percent accuracy.
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2.4 Cognitive Load

These three different scripts all utilized interesting aspects of the Myo armbands
features. Utilizing some of the ideas from these scripts and all the forms of data the Myo
gives can produce interesting ways to interact with the Myo. However, all of this data
may be too much for the user to remember which is why techniques must be developed to
reduce the cognitive load of the user . One study highlights multiple problems that may
affect one’s cognitive load. The study focuses on the dual channels assumption, which is
that humans have different channels to process verbal and visual information, and each
has a limited capacity [8].

[8] had many different ways to reduce the cognitive load of the students
participating in this study. For our purposes we will focus on the offloading technique
where each of the users channels are overloaded when watching a visual animation and
text in a different location. Since the animation and text were in different locations, both
could not be viewed at the same time causing the channels to be overloaded. Providing
the text in an audio format was one proposed solution which would allow the students to
simultaneously view both pieces of information. To measure the effect on the subjects’
cognitive load, there were multiple groups of students who took a test on the information
that was being given. The students who received the information as audio and animation
performed much better than the students who had the text and animation.

This thesis will implement haptic and visual feedback as ways to reduce cognitive
overload. When a user tries to use the typing script they will have to worry about the
location of their arm and which characters are they allowed to currently output. By
providing visual feedback of the keyboard character they can currently output we will be
off loading some of the information the user needs to remember, thus reducing cognitive
load. Haptic feedback will also be provided in the form of a vibration to notify the user of
certain conditions and the location of their arm.
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3 Project Description
3.1 Gestures

Thalmic Labs provides a SDK for the Myo to access EMG and spatial data.
Programmers have the option of coding in C++, Lua and various other languages. The
typing script for this project will be coded in Lua which gives access to the five Myo
gestures; namely, fingersSpread, waveIn, waveOut, doubleTap and fist. The gestures the
user forms with their hand can be predicted by the EMG data recorded. The SDK also has
functions to calculate the velocity or position of the wearer’s arm with respect to yaw,
roll and pitch along with functions to calculate acceleration. The table below represents
all the gestures the user will be able to use by incorporating all the data the Myo provides.

Input

Input DESCRIPTION

Extra Details

myoGestures

Fist, waveIn, waveOut, fingersSpread, doubleTap

EMG

positiveGesture

perform one of the myo gestures when the angle of their arm with respect to

EMG

roll is greater than a degree chosen by the user. There are 4 of these

Spatial (roll > d degrees)

positiveGestures, one for each myo gesture except doubleTap.

Zones

perform one of the myo gestures when the angle of their arm with respect to

EMG

roll is less than a degree chosen by the user. There are 4 of these

Spatial (roll < d degree)

negativeGestures, one for each myo gesture except doubleTap.

Zones

Move arm up, down, right, or left at a certain velocity to perform swipeLeft,

Spatial (yaw or pitch

swipeRight, swipeUp or swipeDown.

velocity > v)

Twist elbow which will increase the roll velocity of the users arm to perform

Spatial (roll velocity > r)

negativeGesture

swipe

elbowRoll

this gesture. There is a negElbowRoll version of this gesture as well.
scroll

Hold arm inside of scrollZone for a certain amount of time

Temporal, Zones

temporalOutput

Hold arm inside of outputZone for a certain amount of time

Temporal, Zones

Table 1: All custom gestures
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For this project, an input will be the combination of Myo gestures, spatial and
temporal data used to output a character. The keyboard script will support over fifty
distinct input options in order to support the same number of keyboard characters. The
doubleTap myo gesture will be reserved for exiting the program and not used as an input.
The five Myo gestures are the first five gestures mentioned in the table above, followed
by positiveGestures and negativeGestures. PositiveGestures and negativeGestures are
essentially a way to double the amount of Myo gestures by incorporating the roll value of
the user's arm. For instance, if the user selects 0 degrees for their positive and negative
gestures and makes a fist at (roll > 0 degrees), they will have performed a positiveFist.
The Figures below display positive and negative gestures.

Figure 9: Roll = 0, PosGesture and NegGesture

An elbowRoll is a gesture where the user twists their elbow rather than their arm
and in doing so can achieve a very high roll velocity. The value of the velocity the user
must achieve is very high, such that the user can navigate through zones and other
gestures without accidentally performing an elbowRoll.

Figure 10: Elbow Roll Gesture
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In the table above there there are two forms of temporal inputs called scroll and
temporalOutput. They both require the user to simply keep their arm in the same location
for a certain amount of time. When performing a scroll the user’s arm must be in a
scrollZone, versus an outputZone for the temporalOutput gesture. A zone is simply a
region of space divided up by yaw and pitch data. A single character from a list of
characters is constantly recorded and as you perform a scroll the character from this list
changes. Every time you perform a temporalOutput gesture the last scrolled character is
printed.

3.2 Zones

The scroll and temporalOutput gestures are two special forms of input because,
through the use of zones, a person could type every character on the keyboard using two
gestures. For example, a user could use the scroll gesture to move through the entire
alphabet and thus be able to output every letter in the output by also using the
temporalOutput gesture. Furthermore, this allows those who may not be able to access
EMG data efficiently (e.g., a mobility limit) to type. This means that with two gestures,
the user can type, but it also means the user will need to use two zones. The three types of
zones are scrollZones, outputZones and EMGzones. EMGzones are used to increase the
amount of EMG inputs the user has by outputting a different character when the same
gesture is done in two different EMGzones.

There will be an origin represented by the spatial orientation of the user’s arm at
(yaw = 0, pitch = 0, roll = 0). Each zone only uses some combination of yaw and pitch
bounded by up to four virtual geometric planes on specific yaw and pitch values that we
will call borders. If we only use one border like the point where (yaw = 30), then every
thing to the left of the border would be a single zone and everything to the right another
zone.
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The location of each zone will be in reference to the origin of the user’s arm at
orientation (yaw = 0, pitch = 0, roll = 0). The user will also be able to select the quantity
of zones they want to use and the size of each zone. For example, let’s say the user is
willing to move their arm 120 degrees in the yaw and pitch direction, the location of the
Myo on the forearm is the anchor point and your hand is the object that is rotating at that
point. This creates a rectangular pyramid with a spherical base. In the figure below, the
lines represent the edges of the zone and when the user moves their arm within a zone
they will be able to perform a gesture. The 3D shape of zones are difficult to visualize,
for this reason we will think of the zones as 2D boxes as shown in the figure below.

Figure 11: Zones
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Performing a fist in zone one will output a different character when in zone two.
The creation of the zones is done using a simple algorithm that takes as inputs the
maximum degree the user is willing to move their arm with horizontally(yaw) and
vertically(pitch) from the origin. If the user wants to create two zones they will also give
as input (2, 1) which will divide the zone by two horizontally and vertically by one. The
zones in this project can be thought of as a matrix represented by a yawArray and
pitchArray. The yawArray and pitchArray hold the x and y coordinates of the matrix. To
locate which zone the user’s arm is in, the getZone() function is called which searches
each list to see which yaw and pitch section the user arm is located, which takes O(n)
time. The values in the matrix are represented in a single list(zoneArray) and the value
given from the yaw and pitch arrays gets converted to a single number in the zoneArray.

3.3 Data Structures

String

Array

Description

ll

lettersLeft

Scrolls letters from z  a

lr

lettersRight

Scrolls letters from a  z

nl

numbersLeft

Scrolls numbers from 9  0

nr

numbersRight

Scrolls numbers from 0  9

pl

punctuationsLeft

Scrolls punctuations in punctuation list from left to right

pr

punctuationsRight

Scrolls punctuations in punctuation list from right to left

o

outputZones

Outputs last scrolled character

~

EMGZonesList

~ followed by characters that can be typed from gestures using EMG data

Table 2: Values represented in each zone

The user will also be able to change the speed of the spatial and temporal
gestures. The user will also be able to manually decide what each zone does before the
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start of the script by filling the list in the table aboves with the zones the user wants to use
for a particular gesture. In the figure below, the user would have created a 3*1 zones
which has a total of three zones and would have a value of {ll, o, ~abc}. All elements in
the zoneArray are strings and the table above describes what the strings in each element
in the zoneArrays will do. If the user moves into a zone that has the string ll, the scroll
gestures will changed the last scrolled character to a letter. Zone two in this example
would output the last scrolled character.

Figure 12: Zones with their values

The script is also designed to take in a list of all the alphabets, numbers or
punctuations. It then fills each zone that uses EMG data with those letters up to the
amount of EMG gestures the user plans to use. The third zone in this example holds the
letters abc which means the user has decided to use three gestures that use EMG data. All
EMG zones have the tilde(~) symbol to denote EMG zones. Had there been a fourth
EMG zone that zone would have been filled with the next three letters from the letter list.

17

3.4 Outputting Characters

Once the script starts the zones are automatically filled and the user will be able to
unlock the keyboard script by performing the elbowRoll gesture. The user will then have
a few seconds to move their arm to the position they want to be the origin and will
receive haptic feedback in the form of a vibration letting them know the origin has been
set. While the keyboard is in the unlocked state they can lock the keyboard script by
performing a doubleTap. The model below represents the general structure of the code.
When unlocked the user will be able to perform elbowRoll, negElbowRoll, swipeRight or
swipeLeft to press the “space” or “backspace” keys. Depending on the configuration of
the keyboard script certain characters will be allocated to each EMG gesture and those
characters will be typed when the gesture is formed.

Figure 13: State Diagram for Outputting Characters
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The onPoseEdge() function is called everytime the user forms an EMG gesture.
Then the Myo records the the user's current zone and roll. The script will look through
the gestures the user decided to use and see if any of those gestures were actually formed.
If the user had positiveFist as one of their gestures and the user formed a fist, the program
would use the roll of the user's arm to confirm a positiveFist was formed. The gestures
the user selects are stored in an array and the index each gesture will be used to decide
which character will be printed.

3.5 Cognitive Load

The user must remember which zone their arm is located in, which zones can be
used as scrollZones and outputZones, what characters are stored in those zones, which
EMG gestures the user will use and the characters those gestures correspond to in each
zone. Therefore, the mental effort needed to use the script can be substantial. We can
reduce the cognitive load on the user by using haptic and visual feedback. Therefore, the
characters that can be printed from the current zone in which the user's arm is located will
be displayed on the screen. Haptic feedback will be provided in the form of a vibration to
let the user know if their arm is not in any zone, or to confirm an action such as unlocking
the keyboard has taken place. They can choose to have a vibration occur whenever they
switch to another zone to help them navigate the zones. The vibrations from the Myo can
be short, medium or long and will be used to signify different events that have occurred.
When the user leaves the zones there will be a moderate vibration versus a small
vibration from moving from one zone to another. This feedback, in conjunction with the
user deciding the combination of gestures they find optimal, is designed to minimize the
cognitive load required.

We will test the ability for the script to work solely with spatial data. The goal is
to display the scripts’ ability to work specifically for people who may have disability
such as a missing hand or someone who cannot form the EMG gestures. This will rely
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heavily on zones and temporal gestures. We will also test for the efficiency of the script
when combining both EMG and spatial data at the same time. This will require the user
to learn all of the Myo gestures and decide which ones are most comfortable for them.
Then they will decide however many zones they want to use to represent the entire
keyboard. We will be able to analyze EMG data, versus spatial/temporal data and
spatial/temporal/EMG data.
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4 Experiment Design
There will be four participants in this study and each subject will be given a
chance to get acclimated with the new form of typing. The subjects will be shown three
different customizations of the keyboard script which each highlight different types of
custom gestures. The experiment will consist of the user typing as many words as they
can in two minutes. From this we will be able to retrieve their average words per minute
and compare it to [15] thesis results.

In each of these trials the users will be able to use swipe gestures to delete and
backspace. Each trial will allow the user to type letters az and numbers 09. There will
be a list of words that are on the computer screen that the user must type. The subject is
to type as many words on the screen as possible. There will also be a Trial 4 and 5. The
first three subjects will take the first three trials. The fourth subject will take all five trials
multiple times in order to monitor this subjects constant improvement. Trials 4 and 5
represent two more configurations that do not use all of the letters of the alphabets and
numbers. These trial uses the same amount of letters as the experiment from [15].

Trial 1: Uses 9 zones where zones 1, 3, 7 and 9 do nothing. Zones 2 and 8 scroll between
numbers. Zones 4 and 6 scroll between letters. Zone 5 is an outputZone and the user can
output the last scrolled character.

Zone 1

Zone 2

Zone 3

null

NR

null

Zone 4

Zone 5

Zone 6

LL

TemporalOutput

LR

Zone 7

Zone 8

Zone 9

null

NL

null

21

Trial 2: Uses 9 zones where zones 1, 3, 7 and 9 do nothing. Zones 2 and 8 scroll between
numbers. Zones 4 and 6 scroll between letters. Zone 5 is an outputZone that outputs when
the user forms the myo gesture of their choice.

Zone 1

Zone 2

Zone 3

null

NR

null

Zone 4

Zone 5

Zone 6

LL

myoGesture

LR

Zone 7

Zone 8

Zone 9

null

NL

null

Trial 3: Zones 4 and 6 scroll between letters. Zone 5 is an outputZone that outputs when
the user forms the Myo gesture of their choice. Zones 1, 2 and 3 use three of the EMG
gestures that each correspond to one of the numbers in each of those zones.

Zone 1

Zone 2

Zone 3

0, 1, 2

3, 4, 5

6, 7, 8

Zone 4

Zone 5

Zone 6

LL

myoGesture

LR

Trial 4: Uses 3 gestures that correspond to a letter in each zone.

Zone 1

Zone 2

Zone 3

Zone 4

a, b, c

d, e, f,

g, h, i

j, k, l
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Trial 5: Scroll letters left and right using zones 1 and 3. Zone two outputs when
myoGesture is performed.

Zone 1

Zone 2

Zone 3

LL

myoGesture

LR
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5 Results and Analysis
5.1 Analysis of Words Per Minute

The results of the experiments are shown in the table below where the numbers
represent words per minute. In all three trials the amount of words per minute were
surprisingly low for all participants. It is clear that the keyboard script does not provide a
reasonable alternative for typing relative to a keyboard and a typical user. However, the
main reason appears to be that there are way too many keyboard characters to type using
such a limited number of gestures.

Subject

A

B

C

Trial 1

1.6

.6

.8

Trial 2

.8

1.6

1

Trial 3

.8

.8

.8

Result 1: Word Per Minute Count per Experiment

When using the scroll gesture the common complaint from all users was test
subjects was that they would scroll past the letter they wanted to type. For instance,
subject A may have tried to scroll to the letter “x”, but accidentally scrolled to letter “y”.
Then the user may try to go from “y” to “x” and get to “w”. This drastically slowed down
the typing speed. One solution to this problem would be to slow down the speed at which
the programs scrolls through letter. This would ultimately slow down the program as well
because it would take significantly longer to reach the letter the user wanted. For
example, if scrolling from one letter to another takes one second, the amount of time it
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would take to type the word “myo” would take at least 35 seconds assuming the user
makes no errors.

The best solution is training the user to use the script. Trials 1 and 2 used
essentially the same configuration except the way the user outputs from zones 5 is
slightly different. From watching subjects A, B and C, I noticed all of them get more
fluid in using the script and they also started to anticipate when they needed to move their
arm in order to get a specific letter. For example, when trying to type “x” a user may have
moved their arm when they noticed the letter “v”. By the time the user’s arm reached the
outputZone the letter x would be the last scrolled character. The users also developed
techniques such as rapidly moving the arm from the outputZone to the scrollZone and
back to the outputZone. When done quick enough the current character that can be output
would advance by 1 or two letters. The ability to anticipate when to move the user's arm
between the outputZone and scrollZones may explain the increase in words per minute
for subjects B and C. Subject A specifically said using using the EMG gestures was very
troublesome which would probably explain why this subject did not improve.

Subject D

Run 1

Run 2

Run 3

Run 4

Trial 1

.5

.8

1

1.6

Trial 2

1

1.2

1.6

2

Trial 3

.8

.8

1

1.6

Trial 4

2

2

2.2

4

Trial 5

2

2

3

2

Result 2: Word Per Minute Count per Experiment
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After analyzing the user data I concluded that the words per minute will increase
greatly if each user is able to get much more practice with the script, thus improving their
ability to anticipate when they will scroll to a character. As a result I ran the experiments
on subject D to see if their would be a constant improvement if I run multiple times. After
each run there was constant improvement for trials 1, 2 and 3. Furthermore the subject
was able to increase the speed at which the subject was scrolling. This suggest that with
enough practice the scroll speed could increase even more, thus increasing the amount of
words typed per minute.

[15] was able to achieve 5 words per minute in typing only using the letters “am”
and “.”. For this reason I added Trial 4 and Trial 5 which use the same characters as the
experiment in [15]. The configuration of the scripts are shown above in section 4 of this
thesis. This script also utilizes the space and backspace with the swipeGestures. But it
also uses a elbowRoll and negElbowRoll to output the letter “m” and period. The amount
of words per minute achieved from these trials were better than trials 1, 2 and 3 which is
most likely because there were less potential letters to types. Furthermore, Subject D had
much more practice using the script because subject D ran the experiment multiple times
allowing subject D to better anticipate scrolling through characters.

However, subject D’s best trial was trial 4 which made no use of scrolling, thus
the user did not have to worry about scrolling past the letter they were trying to type. The
reason why I chose this configuration was because the subject A specifically said the way
to type numbers in trial 3 would have been very convenient had the subject been efficient
at performing EMG gestures. Trial 4 removed the problems from the previous trials and
simply required the user to be able to memorize the arrangement of letters in each zone.
By the fourth run of the experiment subject D was able to better memorize the EMG
gestures corresponding to each zone and letters. After more practice the words per minute
would probably have improved even further.
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Subject D was also able to get a higher word count from trial 5 which is probably
because there were less letters to have to scroll between. Subject D would still have to
confront the problems when using the scrolling gesture, but would still get a faster speed
because there were less letters to scroll between. I also had subject D run trials 4 and 5
before 1, 2 and 3 in order to prevent subject D from getting a chance to get used to the
scroll gesture. Ultimately each customization requires the user to have enough practice in
order to increase their word counts. Each experiment was run with minimal practice to
see how quickly someone would be able to get adjusted to the scripts.

5.2 Technical Issues

All subjects except for subject C had no problems performing any of the
swipeGestures. However, subject C had much more success with using the elbowRoll
gesture as a way to delete characters. Subject A struggled to perform the myoGestures
and for this reason specifically said the first script was the best script. Subject C had
struggles performing the EMG gestures as well, but this was only in trial 3.

Trial 3 had a problem where the Myo would freeze while still recording data.
Once the Myo unfroze all the data it recorded would be output instantly. This suggested
that there was no bug in the program, but a potential issue with the amount of RAM on
the myo. Or there may have been a problem with sending and receiving all the EMG and
spatial data. This freezing problem rarely occurred in trials 1 and 2. Trial 3 was the only
trial that relied heavily on both EMG data and spatial data, and trial 3 where the problem
was most apparent.

None of the users complained about the experiments or gestures being physically
taxing except for subject A. Subject C was the only subject that forgot what some of the
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custom gesture were while performing the experiment. But the subject was able to figure
out what was necessary to type the character.

All four subjects experienced issues with the yaw and pitch of the Myo changing
while they were using the script. The gyrometer of the Myo is very accurate, suggesting
the user drifted their arm to away from the center while using the script. This problem
can easily be resolved by simply recentering the myo every time a character is typed.

All of the subjects typed the wrong keyboard character multiple times. Every time
this is done it slows down the typing speed of the subject because they would then have
to delete the character. Ways to reduce these false positives need to be developed.

The users knew what letters they could output because there was on screen text
telling them which characters they could currently output. The only problem with this is
that the letters instructing the user were too small because it used the Myo debug console.
Had there been a graphic that showed the last scrolled character, the user may have been
able to get a faster word per minute count.

5.3 Universal Design

Although the current state of the keyboard script does not work well for typing,
the script definitely supports the ideal of universal design. As long as the user of the
armband has a high range of mobility with their arm, they can use the many features of
my script regardless of how well they can perform EMG gestures. There are many scripts
use only five gestures to control a program such as music or netflix. Therefore the 4
swipe gestures and 2 elbow roll gestures can be used as a literal replacement for the
EMG gestures regardless of ability to perform EMG gestures.
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This same logic applies for the scroll gesture and temporalOutput gestures. The
configuration of trial 1 is the perfect example of this because that configuration was
intentionally designed to see if someone would be able to type without utilizing EMG
gestures. Furthermore, even though subject A could perform gestures, he specifically
stated he did not like using them. Subjects B and C can perform gestures, but sometimes
failed to perform them simply because the current technology in EMG gestures
recognition is still not perfect.

29

6 Conclusion Future Work
It is very easy to conclude that the custom gestures created in this thesis using a
combination of EMG, spatial and temporal data do not serve as a viable form of text
input for people who can type on a traditional keyboard. However, someone with some
form of disability that provides no alternative for typing can still find this script very
useful. Nevertheless, the rate at which anyone can type with this script will be very
inefficient unless the user practices using the script for a long period of time. However,
for other task such as powerpoint, netflix and a variety of other task, the concepts in this
thesis can be utilized. For example, trying to select a movie on netflix can utilize the a
similar configuration of my keyboard script as trial 1 and 2. Future improvement of this
script can involve using the same configuration as trial 1 and 2. But using the distance of
the user's arm from the outputZone as a measure of the scrolling speed. For instance, if
we look at the configuration of trial 5, when the user’s arm is closer to the right edge of
zones 3 the scroll speed would be significantly faster than when near the left edge. The
script should also recenter every time the user outputs a character to ensure the user does
not lose track of the location of the outputZone.

Another improvement involves reducing the amount of data that the script
constantly polls for by either designing the script for a specific task or using multiple
states per task. Trial 3 would constantly freeze up potentially because it would constantly
ask for EMG data for multiple gestures and numerous forms of spatial data. If this is not
the reason why the data would freeze up, having less code would still increase the
accuracy of the spatial data read because it would poll for the data at a faster rate. A
future improvement could be to remove the idea of having a customizable script and
designing the script for one specific purpose such that the code is much more concise and
the myo has less data to work with theoretically preventing the device from freezing. Or
the scripts can be designed such that there are multiple states, and each state utilizes its
own specific configuration. Since each state is designed for a specific task , when in one
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state you will only need to ask for data that is needed for one particular task. This
essentially serves two purposes, reduce the chance of the myo freezing up and getting
more accurate readings from the spatial data.

One example of using multiple states may deal with using the Myo to navigate
through multiple web pages. You may have an on screen visual that tells you which
webpage you will navigate to using an output gesture in the same way that the users
could scroll between letters. Once you go to the website of your choice you can change
states to a new state that can better interact with the particular website. This would be
perfect for playing games that can use the myo armband or for people who may have
certain difficulties interacting with their computer. The on screen visual displaying the
website the user can select should also be improved so that it is easier to read and is
presented in a convenient location on the screen.

Thus, scrolling is a fine alternative for whenever there is a list of items to choose
from. For example, the master control/detail flow on an android or tablet application list a
series of pages you can choose between. If each page is linked to a specific state, once the
user chooses a page the they will be taken to that page and the state will be changed to
allow the user to interact with the device. However, if you need to repeatedly choose
from list of items or in this example constantly change pages, it is not as effective. This
was proven from the ineffectiveness of scrolling with the typing script.

The user can reserve a specific location or zone such that every time the user
moves into this zone the program knows the wants to go back into the state where they
can scroll between pages. For example, the user can have a zone above their head and
every time they raise their hand the user can resync the myo and use scrollZones to
switch between android pages. Or the user can simply put different android pages into
each zone and have a gesture reserved for switching pages.
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The usage of the swipe gestures and EMG gestures combined with spatial data
like fist are perfect for users who struggle to use some aspects of the Myo. Subject D
found he swipe gestures more accurate than EMG gestures even though this participants
liked both forms of input. This user would rely mainly on swipe gestures to interact with
a powerpoint presentation. For example, the Myo has a builtin script to use a
powerpoint, and the user can swipeLeft and swipeRight to navigate between the pages of
the powerpoint in place of waveIn and waveOut.

Another future improvement involves simply creating more gestures to give the
users even more options. For example, there can be gestures that utilize the acceleration
data of the myo. For example, forming a myoGesture, holding it while rotating the arm
can be simulate turning a doorknob if done with the fist gesture. Or acceleration can be
used to create more gestures such as punch or fingersnap. Another way to create more
gestures is by trying to recognize shapes formed by the change in the user's arms yaw and
pitch. The script is designed such that the user can decide however many zones they want
to use. It may seem impractical to use more than nines zones because more zones also
means smaller zones which can be difficult to navigate. However, for recognizing shapes
and letters, utilizing more zones may be useful.

Trying to type an entire sentence using this keyboard script is very ineffective but
the coding techniques used in the script have a plethora of other practical uses. Many of
theses practical uses apply to people who may not be able to perform EMG gestures
which makes spatial data and temporal data a significantly more powerful tool than one
would imagine. EMG data is powerful as well and as new algorithms are developed to
interpret EMG data the ideas in this thesis will improve as well. When you apply the
concepts of this thesis to everyday technology such as, electric powered wheelchairs,
phones, laptops, games, robotic arms and more you will get great results.
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