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ABSTRACT
Parkinson’s disease is neurodegenerative in nature and associated with characteristic movement disorders, such as hand tremor. Wireless
accelerometer applications may advance the
quality of care for Parkinson’s disease patients.
The acceleration waveform of the respective
hand tremor can be recorded and stored for postprocessing and progressive status tracking. A
wireless accelerometer configuration for monitoring Parkinson’s disease hand tremor is presented. The proposed configuration is envisioned to be conducted with the assistance of a caregiver. For initial engineering proof of concept
simulated Parkinson’s disease tremor is recorded through a wireless accelerometer node and
contrasted to a statically positioned and tandem activated wireless accelerometer node. Statistical significance is acquired regarding the
quantification of the simulated Parkinson’s disease tremor acceleration waveform and statically positioned acceleration waveform, while demonstrating a considerable degree of accuracy,
consistency, and reliability.
Keywords: Parkinson’s Disease; Wireless
Accelerometer; Parkinson’s Disease
Tremor Quantification

1. INTRODUCTION
Wireless systems that are effectively wearable constitute the potential to ameliorate progressive strain on limited medical resources. Wireless accelerometer applications have been advocated for their ability to quantify
Parkinson’s disease tremor [1,2]. Wireless accelerometers systems can provide valuable information regarding
Copyright © 2013 SciRes.

the patient status. Quantified data of patient response to
medication prescription can be used in optimizing therapy and therefore improving the quality of life of the
patient [3].
A wireless application, which is temporarily wearable,
should be uniquely designed to satisfy the goals of the
patient. A full 24-hour monitoring system may be too
intrusive regarding the privacy of the patient. Other advanced applications may be too complex for operation or
require new technical acumen, exceeding the capability
of the patient and potential caregiver.
An alternative application involves a wireless accelerometer node mounted to the dorsum aspect of the hand
through a glove worn by the Parkinson’s patient. The
patient can periodically mount the glove attached to the
wireless accelerometer node for evaluation and then remove the device until the following periodic evaluation.
Such a strategy could mitigate intrusion on the patient’s
perception of personal autonomy and privacy.
The proposed configuration advocates a tandem patient and caregiver operated system. The caregiver would
record a sample of the Parkinson’s disease patient’s tremor score through the operation of a wireless accelerometer node. The wireless accelerometer node conveys
the accelerometer signal through wireless transmission to
a local PC operated by the caregiver. The tremor acceleration signal could be stored for later post-processing.
Preliminary engineering proof of concept is demonstrated through the use of a wireless accelerometer node
mounted to the dorsum of the hand and secured by a glove
to quantify simulated Parkinson’s disease hand tremor
contrasted to a tandem activated static positioned wireless accelerometer node as a control condition.

2. BACKGROUND
2.1. General Features of Parkinson’s
Disease
Parkinson’s disease is a neurodegenerative disease that
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is comprised of characteristic movement disorder. The
general incidence for Parkinson’s disease predominantly
occurs for people of 55 years age and older [4]. Logically
for a population that is shifting to an older age range,
Parkinson’s disease is becoming a rampant medical concern. In the United States of America roughly one million
people are affected by Parkinson’s disease [5]. Especially
in a nation, such as the United States of America, with a
considerable sample of the population living in rural areas, a functionally wearable and wireless accelerometer
application can extend the service range of specialists in
urban settings [3].
The neurological origins of Parkinson’s disease are attributed to a degeneration of the dopaminergic neurons
from the substantia nigra [5]. The impairment to the function of the substantia nigra results in diminishing dopamine synthesis capacity for the caudate and putamen. As
a cumulative result, Parkinson’s disease symptoms, such
as distinct movement disorders manifest [6].
Parkinson’s disease is correlated with distinct movement disorder characteristics. Four predominate features
are:
 Shuffling of gait
 Impaired balance
 Rigidity as a result of increased muscle tone
 Resting tremor [5]
Resting tremor in some cases can diminish with voluntary movement [7]. The characteristic tremor rate occurs
at roughly four to five per second [5,7].
There are three conventional approaches to ameliorate
Parkinson’s disease:
 Drug therapy
 Pallidotomy [5,8]
 Deep brain stimulation [9]
The prescription of L-dopa is a standard aspect of drug
therapy to treat Parkinson’s disease [5]. The use of wireless accelerometer systems has been proposed for the
titration/optimization of drug therapy. The attributes of
the accelerometer signal for the respective patient with
Parkinson’s disease could provide specialized medical
experts quantified and objective feedback regarding drug
therapy efficacy [3,10].
The pallidotomy is generally considered a last resort.
All other available therapy strategies have been deemed
not effective. The pallidotomy involves brain surgery
that produces a lesion for the internal aspect of the globus pallidus [5,8].
A relatively novel alternative involves the subthalamic,
thalamic, or pallidal stimulation of the brain. The deep
brain stimulator consists of multiple parameters: amplitude, frequency, pulse width, and electrode polarity. Parameter setting combinations on the scale of a thousand
exist. The movement disorder specialist is tasked with
optimizing the deep brain stimulation parameter settings
Copyright © 2013 SciRes.
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[9]. Wireless accelerometer applications have been proposed to provide objective quantified feedback for deriving the optimal deep brain stimulation parameter settings [10].

2.2. Accelerometers for Quantifying
Parkinson’s Disease Characteristics
The implementation of accelerometers and eventually
wireless accelerometers has been advocated for the objective quantification of Parkinson’s disease movement
disorder attributes, such as resting tremor. Wireless and
accelerometer sensor technologies have evolved. Wireless accelerometer applications have achieved the threshold of being demonstrated as viable for evaluating the
status of Parkinson’s disease patients [1,3,10].
Preliminary accelerometer systems have been demonstrated in the autonomous environment of the Parkinson’s disease subject. Based on the respective accelerometer signal data, the ability to classify Parkinson’s disease “on” and “off” states has been demonstrated. Further evolution of accelerometer devices can lead to individually optimized drug therapy strategies [11].
Accelerometer applications have been applied to objectively evaluate adverse side effects of drug therapy.
For example, the severity of levodopa-induced dyskinesia has been quantified using accelerometers [12]. The
quantitative feedback of the accelerometer signal can
enhance diagnostic acuity. A drug therapy strategy that
can enhance cognitive function but has the drawback of
amplification of movement disorder, such as tremor, can
be elucidated in an objectively quantified manner [13].
The feedback derived from the accelerometer signal
can be coupled with numerical methods. Spectral analysis of the accelerometer signal has contributed to ascertain the medication efficacy [14]. Wearable, but not
wireless, accelerometer applications have been applied
for elucidating gait features of Parkinson’s disease patients [15]. Accelerometers have been also proposed as
integral for brain machine interface systems incorporating wireless telemetry for augmenting the architecture of
neural stimulator technology [16]. The feedback from
accelerometer systems has been applied to discern the
efficacy of deep brain stimulation [17,18].

2.3. Wireless Accelerometers for Quantified
Assessment of Parkinson’s Disease
Characteristics
During 2009 LeMoyne et al. preliminarily demonstrated and advocated the use of wireless accelerometer
nodes for the quantification of Parkinson’s disease hand
tremor features [1,19]. Giuffrida et al. evaluated KinesiaTM consisting of integrated motion sensors, such as
accelerometers, for automated assessment of Parkinson’s
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disease tremor. KinesiaTM conveys the motion sensor
data by wire to a command module mounted to the wrist
for eventual wireless transmission [20]. However, the
connecting wire may be accidentally dislodged, impairing the function of the device. Wearable and wireless
accelerometer architectures have been proposed for quantifying the features of standard daily living activities,
such as gait quality, for Parkinson’s disease subjects [2123]. Although such a prolonged continuous monitoring
system may provide valuable insight for patient unique
Parkinson’s disease, a patient’s willingness to be continuously monitored is a debatable topic.
During 2010 LeMoyne et al. pioneered the use of an
iPhone for quantifying Parkinson’s disease hand tremor
through using an application for measuring and emailing
a recorded sample of the accelerometer waveform. The
iPhone application requires mounting the iPhone to the
dorsum of the hand, and then recording the acceleration
waveform of the Parkinson’s disease hand tremor. The
proper operation of the iPhone application for measuring
Parkinson’s disease hand tremor requires understanding
of the smartphone technology space [10]. Later in 2011
Kostikis et al. utilized a smartphone for evaluating Parkinson’s disease characteristics [24].
The proposed wireless accelerometer architecture promotes the use of a G-Link®Wireless Accelerometer Node
for evaluating Parkinson’s disease tremor of the hand.
The architecture utilizes a simple graphic user interface
for activating the recording of the acceleration waveform.
The wireless accelerometer node is secured to the dorsum of the hand through a glove. The proposed architecture should be easy to apply with a generally skilled caregiver.
Figure 1 illustrates the wireless accelerometer architecture. The compact nature of the G-Link®Wireless Accelerometer Node readily enables mounting to the dorsum of the hand through a glove. The G-Link®Wireless
Accelerometer Node has a mass of 46 grams, and has
multiple sampling rates, such as 512 Hz. The node can
temporarily store multiple samples of the acceleration
waveform that are later transmitted wireless to a local PC
[25].
For preliminary engineering proof of concept, two
G-Link®Wireless Accelerometer Nodes are incorporated
in the experiment. One wireless accelerometer node is
placed in a static position to serve as a control. The second wireless accelerometer node representing the experimental is mounted to the dorsum of the hand by a
glove, and Parkinson’s disease hand tremor is simulated.

Parkinson’s disease tremor as an experimental contrasted
to a tandem activated static control. The apparatus for the
experiment is illustrated in Figure 1. The sampling rate
for both the experimental and control wireless accelerometer nodes was 512 Hz. 20 trials were conducted based
on the following protocol:
1) Mount the experimental wireless accelerometer node
to the dorsum of the hand, securing the wireless accelerometer node with a glove;
2) Place a tandem activated control wireless accelerometer node in a static position;
3) Activate in tandem the data-logging mode for both
wireless accelerometers (simulated tremor experimental
and static control);
4) Initiate simulated tremor;
5) Continue Steps 1-4 for 20 trials;
6) Download acceleration waveform signals from wireless accelerometer nodes by wireless transmission to the
local PC.

4. RESULTS AND DISCUSION
4.1. Results
The resulting data for 20 trials were wirelessly conveyed to a local PC for post-processing. The data consisted of Microsoft Excel Comma-Separated-Value files
representing each trial. Each Comma-Separated-Value
file was comprised of four column vectors representing
time, X-acceleration, Y-acceleration, and Z-acceleration.
Based on the three orthogonal acceleration components,
the magnitude of the acceleration vector was calculated
to represent the acceleration waveform for the temporal
domain.
In order to minimize transient effects, the acceleration
waveform of the 5-second duration between 2.5 seconds

3. EXPERIMENTAL PROTOCOL
The preliminary implementation of the G-Link®Wireless Accelerometer Node for quantifying Parkinson’s disease hand tremor involved the evaluation of simulated
Copyright © 2013 SciRes.

Figure 1. Wireless accelerometer architecture for quantifying
Parkinson’s disease hand tremor using G-Link®Wireless Accelerometer Nodes; control (left) and glove mounted experimental (right).
Openly accessible at http://www.scirp.org/journal/apd/
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and 7.5 seconds of the 10-second acceleration waveform
sample was analyzed. The time-averaged acceleration
using a trapezoid rule was acquired for each respective
acceleration waveform sample of both the simulated
Parkinson’s disease tremor and static condition. LeMoyne et al. has previously advocated the time-averaged
acceleration technique for quantifying the acceleration
waveform regarding Parkinson’s disease [1,10,19].
The time averaged acceleration data acquired between
2.5 and 7.5 seconds for the 20 trials of the statically positioned control and experimental simulated Parkinson’s
disease hand tremor demonstrated a considerable degree
of accuracy, consistency, and reliability while establishing statistical significance. Based on the 20 trial sample,
the time averaged acceleration for both the statically positioned control and experimental simulated Parkinson’s
disease hand tremor were bound with a 98% confidence
level respective of a 2% margin of error about the mean.
Comparison of the time averaged acceleration for the
simulated Parkinson’s disease hand tremor wireless accelerometer node to the static positioned wireless accelerometer node exhibited statistical significance based on
a one-way ANOVA with alpha <0.05.
Table 1 features the mean, standard deviation, and coefficient of variation regarding the 20 trials for the tandem activated wireless accelerometer nodes. The acceleration waveform of the experimental wireless accelerometer node that represents simulated Parkinson’s disease tremor is presented in Figure 2. Note the cyclical
nature of the acceleration waveform in Figure 2, which
is representative of simulated Parkinson’s disease hand
tremor. The control wireless accelerometer node, which
is placed in a static position, is illustrated in Figure 3.
Note the acceleration waveform for Figure 3 is effectively constant.

4.2. Discussion
The wireless accelerometer application presented in
Figure 1 represents a wireless and wearable system for
evaluating Parkinson’s disease hand tremor. The apparatus consists of wireless accelerometer nodes, associated
software, a base station for receiving wireless transmission with USB connector, and a local PC. The experiTable 1. Simulated Parkinson’s disease hand tremor contrasted
to static position for wireless accelerometers (20 trials).
Condition

Static
position

Simulated Parkinson’s
disease hand tremor

Mean (g’s)

1.0001

1.0375

Standard
deviation (g’s)

0.0001

0.0154

Coefficient of
variation

0.0001

0.0148
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Figure 2. Acceleration waveform for simulated Parkinson’s
disease tremor, incorporating glove mounted wireless accelerometer node.

Figure 3. Acceleration waveform for the statically positioned
wireless accelerometer node.

mental wireless accelerometer node is mounted to the
dorsum of the hand and comfortably secured by a glove.
The tandem activated control wireless accelerometer is
placed in a static position. The primary components of
the Parkinson’s disease evaluation system communicate
by wireless transmission.
The wireless accelerometer data collected demonstrated a considerable degree of accuracy, consistency, and
reliability. The acuity of the presented wireless accelerometer configuration for monitoring Parkinson’s disease
hand tremor should facilitate the quality of evaluating
patients with Parkinson’s disease. The quantified feedback regarding tremor may augment the titration of drug
therapy and consideration of patient-unique therapy strategies.
The proposed wireless accelerometer configuration is
envisioned to be operated by a generally skilled caregiver.
The Parkinson’s disease patient would have their health
status periodically evaluated. During an evaluation the
patient wears a glove securing the wireless accelerometer
node to the dorsum of the hand in a manner similar to the
Openly accessible at http://www.scirp.org/journal/apd/
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application illustrated in Figure 1. A series of acceleration waveforms quantifying Parkinson’s disease hand
tremor are recorded and wirelessly transmitted to a local
PC. The recorded acceleration waveforms can be postprocessed on the local PC using a software algorithm.
Another strategy involves conveying the acceleration
waveform data by email for remote post-processing as
demonstrated by LeMoyne et al. [10].
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5. CONCLUSIONS
A configuration incorporating a wireless accelerometer
application has demonstrated a considerable degree of
accuracy, consistency, and reliability for quantifying the
acceleration waveform of simulated Parkinson’s disease
tremor. The experiment consisted of two wireless accelerometer nodes that were tandem activated. One wireless
accelerometer representing the control was placed in a
static position. The other tandem activated wireless accelerometer representing the experimental was secured
by a glove to the dorsum of a hand that simulated Parkinson’s disease hand tremor. 20 trials encompassing the
control and experimental wireless accelerometers were
conducted, and post-processing quantified the time-averaged acceleration of the respective acceleration waveforms.
Regarding the 20 trials, the time-averaged acceleration
for the statically placed control and simulated Parkinson’s disease hand tremor experimental were bound by a
98% confidence level based on a 2% margin of error
about the mean. Statistical significance using a one-way
ANOVA with alpha <0.05 for the time-averaged acceleration of the statically placed control and simulated
Parkinson’s disease hand tremor experimental was determined.
Based on the successful initial proof of concept regarding the wireless accelerometer application, an expanded investigation quantifying hand tremor for Parkinson’s disease patients may be warranted. The proposed
wireless accelerometer configuration is envisioned to be
operated by a general skilled caregiver for periodically
quantifying the features of patients with Parkinson’s disease hand tremor. Future evolutions of the configuration
involve the development of expanded software techniques for automation of feature acquisition and database
storage for establishing progressive patient unique trends
and therapy feedback.
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