International Journal of Engineering Technology Science and Research
IJETSR
www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 9
September 2017

Machine Learning wearable device information in Parkinson
unwellness Health Watching.
Bala Brahmeswara Kadaru1
Gudlavalleru Engineering College,Gudlavalleru
Siva Chintaiah Narni2
Gudlavalleru Engineering College,Gudlavalleru
Dr. B. Raja Srinivasa Reddy3
Ramachandra College of Engineering ,Eluru

Abstract— For the treatment and observance of Parkinson unwellness (PD) to be scientific, a key demand is that
measurements of unwellness stages and severity area unit quantitative, reliable and repeatable. The last fifty years in Pd
analysis are dominated by qualitative, subjective ratings obtained by human interpretation of the presentation of
unwellness options at clinical visits. Wearable are based on sensors to identify the functions,signs and easy-to-use
system for monitoring Pd signs for giant numbers of participant over extended durations are developed. This technology
has the potential to considerably improve each clinical diagnosing and management in Pd and also the conduct of
clinical studies. However, the major, high-dimensional nature of the {in order} captured by these wearable sensors needs
subtle signal process and machine learning algorithms to rework it into scientifically and clinically meaty information.
Such algorithms that “learn” from knowledge have shown outstanding success at creating correct predictions for
complicated issues wherever human talent has been needed to-date, however they're difficult to judge and apply while
not a basic understanding of the underlying logic upon that they're primarily based..
Keywords—Wearable;Clinical;Machine Learning;Learn.

INTRODUCTION
Wearable sensors ought to be physically and technologically versatile to change the observance of subjects in
their natural atmosphere. they need the potential to produce a fashionable stream of knowledge that may
remodel the observe of drugs. Personal observance technologies have exploded over the past 5 years, with
Google Glass™, FitBit™ and also the Nike+ FuelBand™ representative of the movement, And a part of the
larger move towards an “internet of things”. As sensors become smarter and a lot of omnipresent, they'll
change a lot of comprehensive observance. The richness of the collected datasets ought to result in higher
understanding of well-being and illness processes, ultimately leading to higher treatments and health
outcomes. whereas sensible glasses, fitness trackers and biometric wristbands represent the cusp of the buyer
market, medical specialty analysis is additionally taking advantage of wearable sensors, displays and
processors for finding out human and animal subjects in their natural atmosphere, the devices as seamless,
non-obtrusive and shut to the “wear and forget” ideal as doable so as to attain omnipresent aid.
I.

Figure. 1. Wearable sensors and their role in improving healthcare
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In non-invasive sensors that monitor activity, physiological operate, and therefore the atmosphere and
describes 3 clinical use cases the human factors concerned, as well as a way to scale back the barriers to the
meaning use of devices, minimizing physical discomfort for long-run observation, and addressing social
stigma related to visible observation of health, designed to be a comprehensive review of wearable sensors,
however describes a range of recent technology advances and applications that highlight the broad potential of
those systems to boost healthy and freelance living..
Medical practice aspires to diagnose patients at the earliest of clinical signs; to watch sickness progression and
quickly notice best treatment regimens. Clinical scientists and drug developers get to enrol massive numbers
of participants into trials with lowest price and energy, to maximise scientific validity of studies. Patients
would like to extend their quality of life whereas reducing physical clinic visits, and patient care seeks to
reduce reliance on the clinic and transition into patient’s homes. wearable devices and machine learning are to
describe information of technology.Which can be key to those aspirations. These technologies promise to alter
this vision by providing objective, high-frequency, sensitive and continuous knowledge on the signs of metal.
Some options of the human motion, also because the characteristics which might be measured through the
utilization of wearable sensors, with a selected target metal motion analysis.
Table 1. Parkinson’s disease – wearable sensors for human motion related measurements
Features
Gait
Posture
Leg movement
Hand Movement
Tremor

Characteristics
Speed of Locomotion Variability of the
gait Rigidity of legs
Trunk inclination
Speed Motion Sensor, Motion Sensor
Length of Step, Step Frequency Stride
Speed Angle Amplitude
Amplitude Frequency Duration
Asymmetry
Fall Detection
Leg movement analysis

Sensor
Accelerometer
Gyroscope
Accelerometer
Accelerometer + Gyroscope
Accelerometer

Accelerometer
Fall
Accelerometer
Freezing of Gait
Accelerometer + Gyroscope
Levodopa induced
Duration Angle amplitude
Inertial sensors
Dyskinesia
Intensity Speed Duration Frequency
Accelerometer + Gyroscope
Bradykinesia
Pitch
Microphone
Aphasia
The accuracy of measurements of the parameters higher than represented depends on many technical options
that area unit typically in conflict with different desires like usability, wearability, technical practicability and
also the social acceptance of the devices utilized by the themes.
II. WEARABLE SENSORS

There are many prosperous cases wherever technologies have quarantined of the clinic to watch patients going
concerning their day-after-day life over extended periods. maybe the foremost notable of those is that the ECG
Holter monitor for police work arrhythmias. wearable device systems square measure more and {more}
changing into less obtrusive and more powerful, allowing observance of patients for extended periods of your
time in their traditional setting. Current commercially accessible systems square measure compact, penned in
sturdy packaging, and utilize either transportable native storage or low-power radios to transmit knowledge to
remote servers. the event and refinement of novel fabrication techniques, property power sources, cheap
storage capability and a lot of economical communication methods square measure essential to continue this
trend towards “wear and forget”.
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Sensors area unit primarily wont to monitor 3 forms of signals: activity, physiological and environmental.
information from these sensors may be collected, analyzed and created on the market to the wearers,
caregivers, or tending professionals with the goal of up the management and delivery of care, partaking
patients and inspiring freelance living. These sensors through native input and communication networks may
be helpful for partaking the user and should considerably impact adoption. For native input, versatile multitouch sensors are developed which may be move any desired form.
Accelerometer
One of the foremost common mechanical phenomenon sensors is that the measuring system, a dynamic
detector capable of an enormous varies of sensing. Accelerometers live} offered that may measure
acceleration in one, two, or 3 orthogonal axes.
There area unit many totally different principles upon that Associate in Nursing analog measuring instrument
is engineered. 2 quite common sorts utilize electrical phenomenon sensing and therefore the electricity to
sense the displacement of the proof mass proportional to the applied acceleration.
There are many other types of accelerometer, including:

Null-balance

Servo force balance

Strain gauge

Resonance

Optical

Surface acoustic wave (SAW)
Gyroscope
A gyro may be a device used primarily for navigation and measuring of angular speed 1) 2) 3). Gyroscopes
are offered which will measure motion speed in one, 2, or three directions. 3-axis gyroscopes are typically
enforced with a 3-axis measuring system to produce a full six degree-of-freedom (DoF) motion chase system.

Rotary (classical) gyroscopes

Vibrating Structure Gyroscope
Optical Gyroscopes
Electromyography
Electromyography, or EMG, may be a medical technique for measure muscle response to nervous stimulation.
myogram is performed victimization associate instrument known as associate medical instrument, to provide a
record known as associate myogram. associate medical instrument detects the electrical potential generated by
muscle cells once these cells contract. myogram are often performed with needle electrodes, so as to check
abundant localized potentials, or with surface electrodes to check larger muscle (group) contractions (known
as surface my gram or sEMG).
PERFORM System
he PERFORM project relies on the event of associate intelligent closed-loop system system that seamlessly
integrates a good vary of wearable micro-sensors perpetually observance motor signals of the patients.
information no inheritable are pre-processed by advanced data process ways, integrated by fusion algorithms
to permit health professionals to remotely monitor the standing of the patients, alter medication schedules and
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individualize treatment. Personalization of treatment happens through PERFORM‘s capability to stay track of
the temporal order and doses of the medication and meals that the patient is taking.

Figure 2: Performance Wearable Sensor Network monitoring
PERFORM monitoring System
The wearable device accustomed recording the motor signals consists of a tri-axial wearable accelerometers’
network accustomed record the accelerations of the movements at every patient limb, one measuring system
and rotating mechanism (on the belt) accustomed record body movement accelerations and angular rate, and
an information feller (also placed on the belt) that receives and stores all recorded signals in a very SD card
.Sensors enable the system detection and quantifying a good vary of symptoms and measures of Parkinson’s
illness patient i.e. tremor, bradykinesia, dyskinesias and freeze of gait. All sensors transmit knowledge
exploitation Zigbee protocol to a feller device, with 62.5 cps rate
III.MEDICAL USE CASES
There area unit variety of medical uses for wearable sensors which will considerably impact the management
of chronic illness and health hazards. the subsequent use cases demonstrate the potential power of wearable
sensors for the management of Parkinson’s illness
Parkinson’s disease
Parkinson’s illness (PD) is that the second commonest neurodegenerative disorder once Alzheimer’s illness.
Its prevalence in industrialized countries is calculable at zero.3% of the complete population and regarding
one hundred and twenty fifth in folks older than sixty years whereas variety of wearable sensors area unit
being employed for patients with Parkinson’s illness (PD), the foremost vital challenge is combining info}
from these sensors to get helpful data and unjust information. Machine learning algorithms area unit usually
wont to analyze the advanced and unpredictable characteristics of wearable detector knowledge so as to check
following of movement disorders in metal patients. The overlap of voluntary activities of lifestyle with the
variability of motions resembling movement disorders will create it tough to resolve and monitor the motor
operate in metal and is driving the requirement for higher algorithms. Keijsers et al. Have utilized static neural
networks to notice dyskinesias from measuring instrument sensors worn by patients diagnosed with metal.
The patients administered written activities during a randomized order; but the temporal resolution was
restricted to one minute.
Gyroscopes to sight tremors on a per-second basis from subjects World Health Organization were created to
perform a written sequence of activities. Their rule yielded ninety nine.5% sensitivity on tremor-only
information and ninety four.2% specificity on tremor-free information. However, this rule wasn't capable of
distinctive between tremors and neurological disease. dynamic neural network (DNN) classifiers that area unit
enforced supported choices created through a rule-based controller at intervals the Integrated process and
Understanding of Signals (IPUS) framework. employing a multi-window approach, signal options were
calculated across multiple time and frequency windows of device information and provided as input to DNNs
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trained to sight the patient's quality and motor states. This information analysis approach was employed in
conjunction with one device providing a mix of each surface electromyographic information and tri-axial
measuring instrument information set at distal parts of every symptomatic limb.
IV METHODS
Table 2: Uses of machine learning algorithms for PD wearable sensor data.
Tasks
Voice[13]
voice, posture, gait,
tapping[1]

Sensor(s)
voice recording
voice recording,
Smartphone
touch screen

Machine Learning
Algorithms
support vector machine ,DT

Parkinson's Disease

random forest

UPDRS motor Activities

Predication

1. Artificial Neural Networks (ANNs):
ANN is complex models which may predict, classify approximate operate or acknowledge patterns. on paper,
ANN area unit ready to estimate any operate and if used properly it will be used effectively in medication.
Outputs from artificial neural networks models area unit generated from nonlinear mixtures or input variables,
and such models will be effectively utilized to handle experimental information habitually discovered in
medication and to search out rules governing a method from raw input file functions. ANNs will be
diagrammatical as interconnected neurons, eligible to judge from inputs/outputs. This conjointly supports
machine learning at the side of pattern recognition. [5]
2.
K-Nearest Neighbour (K-NN):
The new sample, as having the category label of the nearest train sample within the feature house. it's doable
to use over one sample (typically Associate in Nursing odd range, as an example three or 5) from the coaching
set, and use majority selection to assign the category that seems most frequently amongst those samples
nearest to the check sample. The coaching samples that area unit near the check sample area unit called
neighbours, and this intuitive and powerful classification methodology is thought because the k-Nearest
Neighbour (kNN) classifier. The free parameter refers to the quantity of neighbours utilized in creating the
classification for the check sample, and may be optimized victimization cross-validation. the engaging
properties of kNN (with) is that the classifier‘s asymptotic32 error rate isn't over doubly the mathematician
error rate. [9]
3.
Support Vector Machines (SVMs):
Support Vector Machines (SVM) was popularized by Vapnik (1995) and has attracted nice analysis interest
within the machine learning community over the past decade. SVM constructs a choice boundary (separating
hyperplane) within the feature area increasing the margin between samples that belong to the 2 totally
different categories. By the law of enormous margin theory, it's expected this may offer sensible
generalization accuracy for unknown information. Those information samples that kind the choice boundary
upon that future samples (from a brand new dataset) are going to be classified, ar known as support vectors
and thus the name of this learner. In its simplest kind, and assumptive the existence of a linear boundary to
separate the 2 categories, SVM may be written as: [9]
----------------- (1)
4.
Classification and regression tree (CART)
The classification and regression tree (CART) technique could be a conceptually straightforward, nonetheless
powerful nonlinear, statistic technique that always provides wonderful results (Hastie et al., 2009). CART
finds the most effective split of the vary of 1 of the options, partitioning the vary of this feature into 2 sub-
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regions (nodes). This partitioning method is recurrent on every of the ensuing sub-regions, recursively
partitioning the initial feature area into smaller and smaller, hyper-rectangular sub-regions. This algorithmic
procedure are often painted diagrammatically as a tree that splits into in turn smaller branches, wherever every
branch represents a sub-region of the feature area [2]
5. CHAID:
CHAID was initial given in a commentary entitled”An alpha Technique for work giant Quantities of
Categorical Data” by Dr.G.V.Kass within the 1980 ‘Applied Statistics’ Journal[ 4]. The procedure, associate
degree off shoot of associate degree earlier the technique referred to as Automatic Interaction Dection (AID)
[3].
The CHAID analysis is extremely easy and intuitive. CHAID initial determines that of the predictor variables
is best in distinguish among completely different levels of the variable quantity inside the population. In then
partitions the population on the premise of great classes of that variable. CHAID involves a complicated
application of the essential Chi-Square Contingency check introduced in each basic statistics
6. ID3:
ID3 stands for induction decision-tree version three. In ID3, a algorithmic procedure is employed to construct
a choice tree from information. we tend to tentatively choose associate attribute to position on the basis node
and build one branch for every doable worth of the attribute. therefore the information set at the basis node
split and moves into girl nodes manufacturing a partial tree. build associate assessment of the standard of the
split. Repeat the method with all different attributes. every attribute chosen for cacophonous produces a partial
tree [7].
7.
C4.5
The divide-and-conquer approach to call tree induction, generally known as top-down induction of call trees,
was developed and refined over a few years by /Ross Quinlan[8] of the university of Syudney, Australia. A
series of enhancements to ID3 culminated in associate important and wide used system for call tree induction
known as C4.5. These enhancements embrace ways for handling numeric attributes, missing values,
clangorous knowledge and generating rules from trees.
V.PARKINSON’S DISEASE DATA
The dataset utilized in this experimental study could be a voice base records originally derived from Oxford
by Georgia home boy very little. The sickness consists of 195 records collected from thirty one individuals
whom 23 area unit affected by Parkinson’s sickness.
Table 3: Parkinson’s Data Description
SNO
1
2
3
4
5
6
7
8

734

Description
voiced essential incidence
Measure of deviation to essential incidence

Features
F0,Fh,Flo
Jitter(%), Jitter(Abs), RAP, PPQ, DDP

Measure of deviation to amplitude

shimmer, shimmer(Db), APQ3, APQ5, APQ, DDA

Measure a part of sound towards tonal
component into the tone
Non linear Dynamic Complexity measures
Scaling Exponent
Non linear measure of essential incidence
deviation

(NHR) & (HNR)

Health Status 1-parkinson; 0-Healthy

Status

RPDE , D2
DFA
spread1, spread2, PPE
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Phon_R01_S25_4,151.989,163.736,144.148,0.00168,0.00001,0.000068,0.00092,0.00204,0.01064,0.097,0.005
22,0.00632,0.00928,0.00928,0.01567,0.00233,29.746,0.334171,-0.67793,6.9812,0.18455,2.129924,0.106802,1.
Phon_R01_S25_6,152.848,57.339,132.857,0.00174,0.00001,0.000070,0.00096,0.00225,0.01024,0.093,0.0045
5,0.00576,0.00993,0.01364,0.00238,29.928,0.311369,0.676066,-6.73915,0.160686,2.296873,0.11513,1.
Phon_R01_S07_4,151.884,160.267,128.62,0.00183,0.00001,0.00076,0.001,0.00229,0.0103,0.094,0.00469,0.0
0582,0.00871,0.01406,0.00243,28.409,0.263654,0.691483,-7.11158,0.14478,2.065477,0.093193,1.
IV DECISION TREE MODEL
Decision Tree

Figure 3: Decision Tree model
Three computational measures: 1) Bhattacharyya distance measure 2) Chi-square measure 3) IBL.
1.
Bhattacharyya distance measure:
The BDM is a similarity of two discrete or continuous probability distributions. It is closely related to the
Bhattacharyya coefficient which is a measure of the amount of overlap between two statistical samples or
population.
The BDM between two classes under the normal distribution can be calculated by extracting the mean and
variances of two separate distribution or classes
Computation formula used to measure the feature selection is given in equation (2) as
------------- (2)
BDM (p, q) =1/4ln (1/4(p2/q2+q2/p2+2)) +1/4((µp- µq) 2/p2+q2)
Where
DB (p, q) is the Bhattacharyya distance between p and q distributions or classes,
p 2 is the variance of the p-th distribution
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µp is the mean of the p-th distribution and
P, q is two different distributions
2.
Chi-square measure(CS):
This methodology calculates the connexion of the attributes by computing the worth of the chi-squared datum
with relevance the category attribute, for every attribute of the computer file set. the upper the load of
associate degree attribute, the additional is its connexion. The chi-squared datum will solely be calculated for
nominal labels. The chi-square datum could be a statistic applied math technique accustomed confirm if a
distribution of discovered frequencies differs from the theoretical expected frequencies [11].
Chi-square (CS) =∑ (Oi-Ei) 2/Ei----------------------- (3)
Where Oi is Observed Data
Ei is Expected Data
3. Instance-Based Learning(IBL):
In Instance primarily based learning the training examples ar hold on verbatim associated a distance perform
is employed to see that member of the training set is closed to an unknown take a look at instance. Once the
closest instance has been set it category is foretold for the take a look at instance. the sole remaining drawback
is process the space perform which isn't terribly tough to try to to.
Different attributes ar usually measured on totally different scales, thus if the geometrician distance formula
were used directly, the result of some attributes can be fully dwarfed by others that had larger scales of
measuring. Consequently, it's usual to normalize all attributes values to lie between zero and one scheming
Ai= (Vi-max VI) / (max VI – min VI)
Decision Tree Construction(DT)
Input: Selected Data Set from Parkinson’s;
Output: Disease patterns
Procedure:
Select Samples Si from Data
For each attribute A
Do
Divide the data instances into ‘k’ independent sets.
Select classifier Ci/i=1…m
Load instances
a) Construct training data set and test data set.
(B Compute split data using the following equ
DT=sqrt (BDM*IBL)/CS-------- (4)
(c) Sort trees according highest DS value.
End while
Calculate Accuracy, Precision, Recall, misclassified rate and statistical f-measure.
Done
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V.EXPERIMENTAL RESULTS
Table5: Parkinson’s Data Evaluation

Features
MDVP:RAP
Spread1
MDVP:APQ
PPE
Spread2
Shimmer:APQ5
MDVP:Shimmer
Shimmer:APQ3
MDVP:Shimmer(dB)
Shimmer:DDA
MDVP:Jitter
D2
MDVP:Jitter(Abs)
MDVP:Fo
MDVP:Flo
MDVP:Fhi
RPDE
NHR
HNR
MDVP:PPQ
DFA
Jitter:DDP

Feature
Number
6
19
13
22
20
12
9
11
10
14
4
21
5
1
3
2
17
15
16
7
18
8

BDM

IBL

CS

DT

0.178
0.208
2.03
1.26
1.30
2.20
1.41
2.29
0.82
0.277
1.74
0.510
0
0.110
0.15
0.23
1.16
1.58
0.321
0
1.47
1.77

24.67
80.40
25.22
65.43
96.67
32.22
35.90
41.74
31.60
41.74
28.12
83.15
28.48
74.80
57.08
37.79
110.0
15.01
106.5
26.40
111.7
24.66

17.2117
13.0932
13.0932
13.0932
13.6284
8.8798
8.8798
8.8798
8.8798
8.8798
0
0
0
0
0
0
0
0
0
0
0
0

0.1205
0.3123
0.5463
0.69072
0.8194
0.9477
0.7989
1.0995
0.5713
0.9585
0
0
0
0
0
0
0
0
0
0
0
0

Accuracy
According to Skodda et al.based on the take a look at cases proportion, i.e. classifying the take a look at set
properly by the classifier is understood because the accuracy. [12]
TP= (TP+TN) / (TP + TN + FP + FN) ----- (5)
Precision:
The fundamental component i.e. preciseness and Recall permits to live text performance’s .The rule that
classifies the information consequently referred as preciseness and if the preciseness price is one,000 it
includes one hundred pc accuracy. [6]
PrecisionTP=TP/ (TP+FP) ---------- (6)
Recall
However, recall worth is taken into account because the proportion of sophistication relevant info that is
classed properly [6]
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Recall (TPR) =TP/ (TP+FN) ------- (7)
Fmeausre
Fmeasure is outlined because the mean for exactitude and recall
Fmeasure=2*(precision*recall)/ (precision+recall) ----- (8)
Error-Rate:
The misclassification rate or the take a look at set is thought because the error rate [10]
R=1-Acc (M) ------------- (9 )
Where R is the error rate, Acc (M) is the Accuracy of the selected variables
Table 7: Parkinson’s accuracy measures
Models
ANN
ID3
C4.5/J48 CART
Accuracy
74.1
84.61
86.2
89.74
Precision
0.76
0.87
0.89
0.9
Recall
0.85
0.86
0.925
0.89
Fmeasure
0.9
0.86
0.9
0.9
Error-Rate 0.259 0.1539
0.138
0.126

DT
90.1
0.9
0.89
0.9
0.09

Figure 4: Comparison of models in terms of accuracy and Precision.

Figure 5: Comparison in terms of error rate.
VI.
CONCLUSION
Recent advances in versatile physical science show nice promise for aid observation. an excellent deal of labor
has been accomplished toward the combination of wearable technologies and communication similarly as
information analysis technologies so the goal of remote observation people within the home and community
settings will be achieved. once observation has been performed within the home, demonstrating easy
repetitive use, approval needs that (a) it provides associate degree correct parameter of a clinically relevant
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feature of the sickness, (b) there's confirmed proof that this parameter has associate degree ecologically
relevant response among some specific clinical application, and (c) a target numerical vary exists wherever
the parameter measures adequate treatment response.
VII.
1.
2.
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