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Abstract

The analysis of the body movement is relevant in different
areas, such as therapy, rehabilitation, bioinformatics and
medicine. The Parkinson’s disease (PD) is a progressive
degenerative process of the central nervous system that
primarily affects the movement. To measure motor
disorders, body sensor networks and portable technolo-
gies are the trend for tracking and monitoring symptoms
in PD. Through the use of technological tools, such as
sensors, whether sensors for movement acquisition (ac-
celerometers, gyroscopes, inclinometers) or environment
sensors (sensors that record physiological properties), it is
possible to track the symptoms of Parkinsonism in a
person. A system has been designed using a Kinect
sensor, that uses the projection of patterns technology for
monitoring change in body posture, obtaining information
for a set of points or joints, and variation that could have
during the observed period. The designed Kinect sensor
system consists of four modules: the first acquisition of
the body movement of the patient with the Kinect sensor
V1.0, the second feature extraction module to process
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captured scene by Kinect V1.0, the third recognition of
the skeleton module and finally the acquired data
processing module, developed with MatLab. The acqui-
sition of the center of mass with the presented method-
ology, through projection of patterns used by the Kinect
sensor technology, is non-invasive a method and conve-
nient to use in people.
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1 Introduction

The Parkinson’s disease (PD) is a degenerative and pro-
gressive process of the central nervous system that primarily
affects the movement. In presences of symptoms of
Parkinsonism there is a need to use some sort of device to
capture signals or indicators of the body movement of the
patient in non-invasive approach, in order to assist diagnosis,
knowledge, and evolution of the disease with impartiality of
trial, which brings convenience and low cost, both to the
patient as to the physician. To measure motor disorders,
body sensor networks and portable technologies set the trend
for tracking and monitoring symptoms in PD.

In this research has been studied the movement of the
body of a group of healthy people, a through a system that
uses a sensor Kinect as a method of data acquisition, for the
purpose of establishing a descriptive platform position and
displacement of key joints of the human skeleton, so as a
basis to compare the position and movement of joints of
patients who have neurodegenerative diseases and recognize
some symptoms with motor impairment.
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2 The Extraction of Information of an Image
on a 3D Space

In systems that analyze and follow the body movement are
considered the parameters that determine the speed accord-
ing to the movement of the subject is generated by observing
body joints [1].

2.1 Body Tracking

There are different algorithms for body tracking; H.-Weiming
et al. in [2] studied some of them. Figure 1 show a resume of
these algorithms. In a Kinect system the detection of the

Fig. 1 Methods for monitoring
according to [2]
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position is based on dynamic models of the human body,
these models are taken as a basis for the movement of the
body to the skeleton mapping. In the tracking algorithm
based on the model of the skeletal figure, it is considered that
the essence of the movement is typically limited to the
movements of the head, torso and extremities.

The extraction of information of an image on a 3D space,
starting from one or more projections that represent it [3],
consists of two large processes, first to acquire an image of
the real event and is followed by another stage for the
analysis of acquired images to extract information.

The capture stage, considers everything related with the
formation process of the image and the mechanism whereby
the information of the physical world (scene) is transmitted.

Determines the variation of the regions when the scene

| Tracking Regions- _|takes place. The background of the image must be

calculated and maintained dynamically and moving
regions are usually detected by the subtraction of this.

The basis of this method is track objects representing its
= contours as well-defined borders, as well as an update
of these outlines dynamically in successive frames.

This method takes certain patterns of an object and try

Features-based _|to locate it in the next scene. It brings together the

monitoring features at its highest level and then makes a matching
between images
o It requires the development of an object model to follow,
Motdellzased =—body features are extracted and they are associated
racking with the structure of the model and the movement.
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Fig. 3 Dot structure of Skeletal Tracking for the Kinect (Color figure
online)

To extract information, once it is captured or acquires the
image of the scene in study, proceeds in four essential steps:
preprocessed, segmentation, description and recognition [4],
presented in Fig. 2.

Process Body Tracking

2.2 Technology of Projection of Patterns
with Kinect Sensor

The Kinect system uses the technology of projection of
patterns, where a known pattern of points of infrared light
hits on the surface whose distances you want to calculate,
determining its geometry through the analysis of differences
in the image obtained with the original pattern is projected
[5-7]. Dot structure of Skeletal Tracking for the Kinect, it is
shown in Fig. 3. The red point (0) represents center hip.

3 Case Study

In this project, a system composed of a Kinect sensor, was
used to follow the change of body stance, finally obtaining
information about the location a set of point or systems of
joints on the Kinect sensor and variation that they might
have had during the observed period [12, 13].

For the body tracking method for different age groups, it
followed the process shown in Fig. 4. The designed system
using Kinect sensors consists of four modules: first one is an
acquisition of the body movement of the patient with the
Kinect sensor V1.0, the second one features the extraction
module to process the scene captured by Kinect V1.0, third

MODULES
> Vogieticn o the 1. Adquisition In order to get the movement captures, it has to be used a
§ - position ~ motion alteration test, like Romberg test, Forefinger test or
g g Barany indicator evaluation (it measures the postural
g3 4 balance), UPDRS scale (measures the degree of movement
g E " GetKinect \ alterations in Parkinson Disease), or any other medical tests.
2 Image
8 2. Feature extraction When the signal is totally prepared, it is started NUI API
g - x (Natural User Interface Application Programming Interface)
S Application with which contains the interface of Skeletal Tracking . Each frame
,% _S"e"’“" _T'ad‘""g_ _ ? contains a set of data that provides information of 20 points
2 that make up a structure of skeletal figure for the measured
+ instant [8] as shown in Figure 3.

i ~—~ 3. Reconigtion of skeleton

g jros o In our proposed system, some groups of joints are
§ Stop Skeletal Tracking At considered as one. In Figure 3 are shown each joint on
3 ¥ . +s the skeleton. It has been associated a coordinate to each
& Save (R joint in the skeleton. These coordinates are obtained in

foncits this phase, which can be stored in txt files. The txt files

. | allow to draw skeletal figure later.

g Structuring ar:d ’ 4. Acquired data processing

5 processing points o -—_—r T

g plestoe s The obtained joint coordinates are structured and processed
§. using a Matlab routine. The obtained points are grouped in
‘@ . B o ten (10) different branchs, from three different matrices
g Graphics associated with the coordinates x, y and z from each frame.

Fig. 4 Process for the body tracking method for different age groups and modules of designed system
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4 Results

It was realized a series of measurements to a group of people
with the purpose of establishing a model with a group of
patients from different groups of ages [8], in order to
establish a comparative basis of motor signs for the evalu-
ation of the position with the use of sensors, as it has been
reported in [9]. In this case study, has been considered the
track to body mass center, located in the middle of the hip, it
is taken as premise computer vision algorithms presented in

one works on the recognition of the skeleton module, and  [10] and the hierarchical model for visual objects catego-
finally, the acquired data processing module, which is based  rization presented in [11], see Fig. 5.

on a routine in MatLab.

Table 1 Data acquired of center of mass on the x axis (Volunteers, age)

Age
(years)
22
22
26
29
29
31
46
49
50
57
64
70
79
75

Gender | X,

0.0355
0.10656
0.07521
0.11948
—0.12748
0.0901
0.06309
0.09574
0.18671
0.01341
0.15188
0.22714
—0.04057
0.25321

o< Ries il Rile s Rl e R I-I-<liec B

X5

0.03555
0.10664
0.07522
0.11933
—0.12744
0.0901
0.06337
0.09617
0.18342
0.01351
0.15588
0.23424
—0.04078
0.08545

X3

0.0356
0.10671
0.07522
0.11919
—0.12741
0.09011
0.06364
0.09666
0.17875
0.0136
0.15912
0.23832
—0.04098
0.0602

X4

0.03565
0.10678
0.07523
0.11906
—0.12739
0.09012
0.06388
0.09715
0.17316
0.01368
0.16182
0.23855
—0.04117
—0.07075

Xs Xs X7 Xs Xo X0

0.03571 0.03577 0.03583 0.03588 0.03594 | 0.036
0.10684 | 0.10689 0.10694 = 0.10699 | 0.10704 = 0.10709
0.07523 0.07524  0.07524 = 0.07524 = 0.07524 = 0.07524
0.11892 = 0.11879 0.11868 | 0.11857 & 0.11846 = 0.11835
—=0.12737  —-0.12735 —0.12734 -0.12733 | -0.12733  -0.12732
0.09015 0.09017 0.0902 0.09021 0.09023 0.09024
0.0641 0.06431 0.0645 0.06468 0.06484 = 0.06499
0.0977 0.09823 0.09874 | 0.09923 0.09967 0.10009
0.16616 = 0.15662 = 0.14781 0.1406 0.13301 0.12542
0.01376 = 0.01382 0.01388 = 0.01393 0.01397 0.01401
0.16382 | 0.16458 0.1642 0.16303 0.16205 0.16039
0.23621 0.22942  0.22403 0.22056 = 0.21651 0.21357
—0.04135 —-0.04153 —-0.0417  —0.04187  —0.04205 @ —0.04226
—0.07991 —0.13775 —0.13499 —0.14351 —0.16498 —0.16256

Table 2 Data acquired of center of mass on the y axis (Volunteers, age)

Age
(years)
22
22
26
29
29
31
46
49
50
57
64
70
79
75

Gender |y,

—0.2833
—0.22107
—0.16732
0.23773
—0.02209
—0.42804
—0.13417
—0.03881
0.15829
0.07208
—0.16
0.22714
0.13999
0.13999

T ™M m T mZ 2 mZg g T

Y2

—0.283
—0.22099
—0.1672
0.23767
—0.02207
—0.42776
—0.1342
—0.03858
0.15575
0.0721
—0.16172
0.23424
0.11304
0.11304

Y3

—-0.283
—0.22092
—0.16709
0.23762
—0.02204
—0.42751
—0.13423
—0.03832
0.15332
0.07212
—0.1625
0.23832
0.10631
0.10631

Ya

—-0.283
—0.22085
—0.16699
0.23758
—0.02202
—0.42716
—0.13427
—0.03803
0.14966
0.07213
—0.16205
0.23855
0.06886
0.06886

Ys Yo Y7 Y8 Yo Y10

—-0.283 —-0.283 —0.284 —0.284 —0.28356  —0.28358
—0.22078  —0.22071 | —0.22064 | —0.22057  —0.22049 —0.22041
—0.1669  —0.16682 | —0.16674  —0.16667  —0.16661 @ —0.16655
0.23745 = 023734  0.23719  0.23693  0.23669 = 0.23639
—0.02201  —0.02199 | —0.02198  —0.02197  —0.02197 @ —0.02196
—0.42673  —0.42633 | —0.42598 | —0.42559 —0.42514 —0.42473
—0.13431 —0.13435 | —0.13439  —0.13444  —0.13448 —0.13452
—0.0377  —0.03738 | —0.03705  —0.03674  —0.03644 —0.03615
0.14595 = 0.13978 = 0.13308 = 0.12988 | 0.12689 = 0.12474
0.07215 = 0.07217 = 0.07219 = 0.0722 0.07222 = 0.07224
—0.16061  —0.15847 | —0.15473 | —0.15022  —0.14399 —0.13665
0.23621 0.22942 = 0.22403 = 0.22056 = 0.21651 0.21357
0.05767 —0.04716 = 0.01002 -0.0112 | —0.02394 —0.02526
0.05767 —0.04716 = 0.01002 —-0.0112 | —0.02394 —0.02526
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Fig. 6 Shaft displacement in
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Fig. 7 Shaft displacement in Track to body mass center
axes y of center of mass 02
0,2

—-Origen

-Male,22 years

FE o —— ~Female,22 years
2 —Male,26 years
£ o e —Male,29 years
E‘ &= o~ e /'1.99,,,\“_ _____ - 150 200 250 —Male,29 years
g 0.1 A o — — —Female,31 years
2 —£ — —Male,46 years
g Male,49 years
s o2 —~Female,50 years
E ~Female,57 years
R -Female,64 years
Female,70 years
Male,79 years
o m——— Female,75 years
-0,5
frames

With a series of measurements to a group of people of
different ages, we can establishing a model of reference, to
classify them in different age groups as [8] suggest. Data
acquired center of mass on the X axis is show in Table 1 and
data acquired center of mass on the Y axis is show in
Table 2.

The displacement in axes X of center of mass is show in
Fig. 6 and displacement in axes Y of center of mass is show
in Fig. 7.

5 Discussion

The results obtained with the methodology used in this
proposal, for the monitoring of body center of mass of a
group of volunteers from different age groups, shown in
Fig. 6, exposed that the group of volunteers with greater
variation from body center of mass with regard to the origin,
is represented by people with different ages both for the axis
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X as in the shaft Y. To obtain information about the center of
mass of a body, will allow analyzing the positions of equi-
librium, as well as also could work in the appropriate
increase of stability with the support and caring by a spe-
cialist. The acquisition of the center of mass with the pre-
sented methodology, through projection of patterns used by
the Kinect sensor technology, a method is non-invasive and
convenient to use in people. Although, is important to
consider the constraints of the sensor (maximum distance
from the camera to the human body in observation).
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