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Abstract:

Monitoring of posture activities enables accurate differentiation of human behavior. In this paper, an
artificial neuromolecular system (ANM), a self-organizing system movtivated from brain information
processing, was used to separate human behavior patterns. We also looked into the biometric
features of each activity acted by each individual. Five healthy adults were invited to participate in this
study. Each individual was asked to perform walking, racewalking, stair ascent/descent and jogging
activities ten times. A smart phone was tied up with the left heel of each individual for data collection.
Experimental results show that the patterns of heel acceleration uniquely characterize differences for
each person's behavior patterns, and the proposed system could be used to analyze and estimate as
a classification tool by characteristic differences.
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1. INTRODUCTION

Successful monitoring of postural activities not only allows us to identify human behaviors, but also may
provide an aid in reducing the degree of injury caused by an accident. Instruments that quantitatively
monitor levels of physical activity (e.g., accelerometers) have been shown to viable outcomes. Drosou
et al.[1] presented a multimodal image analysis system that can identify subjects and monitor human
behavior through spatiotemporal analysis of human activities. Even though the system demonstrated
satisfactory results in human activity recognition; however, the constraint on indoor activities is its major
weakness.

To assess both indoor and outdoor daily physical activity, Bouten et al. [2] proposed using a triaxial
accelerometer. Similary, Mathie et al.[3] used a triaxial accelerometer to categorize different types of
human activities, including walking, leaning backward, leaning forward, falls, sitting, and standing.
Karantonis et al.[4] presented a real-time classification system for the types of human movement
associated with the data acquired from a single, waist-mounted triaxial accelerometer unit. Allen et al.
[5] used a single, waist-mounted 3-D accelerometer to classify static postures (lying, sitting, standing)
and five transitions between postures (e.g., sit-to-stand). It was reported that not all activities were
recognized equally well by the current devices. For example, Parkkd et al.[6] did not successfully
differentiate between sitting and standing, grouping these postures together; Ermes et al. [7] faced
challenges in recognizing such activities as cycling and ascending and descending stairs. Overall, as
stated by Sazonov et al.[8], reliable recognition of static postures and typical daily activities from a
single location of the body remains a challenge.

Most of the aforementioned studies emphasized how to improve recognition accuracy, but little was
discssued about the significant features of each individual activity that allowed us to separate one from
another (e.g., biometric authentification). Here, we assumed that some features were more
comparatively important than others, and that some features might be strictly personal, or even activity-
dependent. However, how to determine significant and insignificant features of each activity was
absolutely not an easy job. The ANM system originated from brain information processing possessed a
feature of self-organizing learning capability, based on a presupposition that the system captured the
gradual structure/function transformability feature of an artificial organism. With this feature, the system
was capable of determining significant and insignificant features, based on each individual behavior, in
a self-organizing manner.

To collect time-domain signals of each individual activity, an acceleromoeter embedded in a smart
phone was used. To link with the ANM system, some preprocessing of the data (i.e., the time-domain
signals collected) was needed. First, the data were converted into patterns of frequency and amplitude
features by using fast Fourier transform. Finally, the ANM system was applied to perform pattern
categorization.  Evolutionary learning mechanisms were used to determining significant and
insignificant features.

This paper is organized as follows. Section Il reviews the ANM system constructed earlier. Section I
describes the data collection system and data preprocessing, classification methods. Section IV
illustrates the input/output interface that links to the problem domain. Section V summarizes the results
of the experiments, and Section VI provides a discussion of the results. The final conclusions are drawn
in Section VII.

2. THE ANM SYSTEM

The establishment of an ANM system is based on two presumptions. Firstly, intra-neuron information
processing in the brain is extremely vital since it may directly or indirectly affect the triggering actions of
these neurons. Such neurons, called cytoskeletal neurons or enzymatic neurons, may combine
together in a self-organization way and accept input information from different times and spaces to
generate a series of output information for the control of outputs from other neurons or organisms.
Secondly, some neurons, called reference neurons, have a capability to control other neurons. By
integrating these two types of neurons, the ANM system becomes a multi-layered artificial neural
structure, which may generate effective operation and interdependent learning [9]. Furthermore, the
adaptability and learning capability of an ANM system may be enhanced according to the increased
variety of components inside the cytoskeletal neurons or enzymatic neurons [10].
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The main architecture of an ANM system, comprising one group of reference neurons and cytoskeletal
neurons (Picture 1), could be divided into 3 layers: high-level reference neurons, low-level reference
neurons and cytoskeletal neurons. The main function of reference neurons is the control or assembly of
other neurons. Each cytoskeletal neuron may be seen as a specific input/output converter while the
conversion of input information to output information is dependent on the intra-neuron dynamics. For
early ANM systems, cytoskeletal information processing occurred like cellular automation, based on a
presumption that the cytoskeleton may integrate information. The transmission of extracellular
information into the cytoskeleton will induce the circulating of various cytoskeletal signals, which then
may gather at a certain place to compose signal combinations. Eventually, this signal combination may
affect one cellular enzyme, such as the enzyme controlling the ion channel switch, to enhance the intra-
neuron potential and lead to a firing action.

A total of 256 cytoskeletal neurons were divided into 8 subnets with 32 neurons in each subnet. The
connection of input/output interface of central processing component in ANM system is shown in
Picture 2. The input/output interface is composed of receptor neurons and effector neurons.
Cytoskeletal neurons and receptor neurons are connected in the same way in each subnet to ensure
that each subnet may receive the same input signal from the same receptor neuron transmission.
Similarly, cytoskeletal neurons and effector neurons are connected in the same way to ensure that
organisms may act in the same way in response to the same output from each subnet.

The detailed subnet input/output interface consists of 64 receptor neurons and 32 effector neurons
(Picture 3). During the system configuration, each receptor neuron was connected to a cytoskeletal
neuron in a different and randomized way; therefore, each cytoskeletal neuron may receive information
from different receptor neurons to become different input/output information processors. Along with
learning process, these connections will be appropriately adjusted to fulfill the system requirements.
The effector neurons are connected with cytoskeletal neurons in a fixed way, and then according to
altered transmission of cytoskeletal neurons, the system output will be subsequently changed.

Picture 1: Architecture of the ANM system
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Picture 2: The input/output interface of central processing component
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As described above, the cytoskeletal neurons in the ANM system are divided into 8 subnets. In
response to the same input, these 8 subnets will be initialized and evaluated sequentially. Several
region networks with superior performance will be duplicated into those with inferior performance. With
a variation-selection evolutionary search, evolutionary learning will consist of 3 steps: evaluation and
selection of subsystems with better performance, duplication of superior subsystems into inferior
subsystems and varied performance of inferior subsystems (Picures 4 & 5).
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Picture 4: The evolutionary learning process of reference neurons
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Picture 5: The evolutionary learning process of cytoskeletal neurons
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The following description is on how to use two dimensional cellular automata to simulate the
cytoskeletal information processing. In Picure 6, each grid presents a basic unit of cytoskeletal
component and is indicated as C1, C2 or C3, based on the presumption that intra-neuron information
transmission is conducted by 3 various components (microtubules, microfilaments and neurofilaments).
The transmission features of these 3 components are different; the transmission speed of C1 is the
slowest but the transmission energy is the strongest; the transmission speed and energy of C2 are both
intermediate; and C3 has the weakest transmission energy but the fastest transmission speed.

Each unit could be a point for information input or output while an input point is called a readin enzyme
and an output point is named as a readout enzyme. A readin enzyme is responsible for receiving the
extracellular signals transmitted to the cellular membrane and transferring these signals into molecular
structure signals. When a signal combination arrives, the readout enzyme is responsible for the firing of
that neuron; however, there are some limitations to the conPicuration of readin and readout enzymes. A
readin enzyme could be deployed on any component while a readout enzyme could be only deployed
on a C1 component since it is believed that the firing of a neuron is caused by one certain type of
component.

Signals could be transmitted between the same types of components. While extracellular signals are
transmitted to cellular membrane to open a readin enzyme, this readin enzyme simultaneously opens
components at the same position. These opened components again affect neighboring similar
components and the continuous effect leads to a signal circulation of the cytoskeleton. As shown in
Picure 6, the readin enzyme at (2, 2) receives a signal and then activates the C2 component to
generate a signal moving along the column starting from the C2 component at (2, 2) to the C2
component at (8, 2). During this process, activated components enter into a transient refractory phase
right after the signal transmission in order to form a directional signal flow. During this refractory phase,
this component cannot be activated again until the end of refractory phase to ensure one directional
transmission.

Signals could also be transmitted between different types of neurons. On the cytoskeleton, one type of
connection protein (microtubule associated protein, MAP) is especially responsible for the connection
between different components. Upon contact with a connection protein, the signal of a certain
component will be transmitted by this connection protein to a different component at the other end to
induce an energy level change. Such an energy change may produce a new signal circulating among
components. For example, the readin enzyme at (4, 3) receives a signal to activate the C1 component
and then moves to (8, 3) along the C1 component. Two connection proteins at (8, 3) respectively
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connect to C2 at (7, 2) and C3 at (8, 4), to affect the energy levels at these 2 positions. Since the
energy of C1 is greater than that of C2 and C3, new transmission signals are generated individually on
C2 and C3 components. However, if the signal is transmitted from C2 at (7, 2) to C1 at (8, 3), a new
transmission signal is not necessarily generated to the C1 component due to the difference in
transmission energy levels of various components.

Picture 6: Cytoskeleton of cytoskeletal neurons
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In the ANM system, to ensure the capability of the cytoskeleton to integrate signals from various times
and spaces, it is presumed that various components possess different energy impacts. Energy
association decides the difficulty level for a component activation (components with higher energy
levels are easier to be activated), as well as the signal transmission time between components and
signal combination required by neuron firing. For each component, the energy has to reach S (Strong)
level to be activated to generate a signal movement. For the precedent example, the signal was
transmitted from C2 at (7, 2) to C1 at (8, 3) without generating any new transmission signal since the
energy level is under S. However, the energy level of C1 is raised to | (intermediate), indicating a nearly
activated state. With a timely signal from C3 at (8, 3), the energy level of C1 may possibly be raised to
S and then signal movement of C1 will be activated. On the other hand, without any timely signal, the
energy of C1 will gradually dissipate in time.

Furthermore, transmission energy levels among the same components are all S, like C1 to C1, C2 to
C2, and C3 to C3, which could be due to the particular relationship between the same components;
they easily open each other despite the different energy levels of C1, C2 and C3. This is the reason
why this type of energy level is defined as S and accounts for the signal transmission between the
same types of components.

As described above, once a signal combination reaches the readout enzyme, that particular neuron will
fire. The cytoskeleton has the capability to integrate signals from various times and positions. For
example, C1 at (8, 3) may simultaneously connect to C2 and C3 through two connection proteins to
generate 3 different sets of signal combinations at C1 to induce the neuron firing, including C2 signal
activated by (2, 2) or (3, 2), C1 signal activated by (4, 3), and C3 signal activated by (1, 4) or (4, 4).
Among C1, C2, and C3, the moving speed is different and the required time for signal integration is
different; subsequently, the time required for neuron firing is also different.

For the adjustment of neuron transmission behavior and the assembly of neuron groups, the

evolutionary learning of ANM system takes place at 5 levels:

1) at the readin enzyme: controlling the activation point of the initial signal,

2) at the readout enzyme: controlling the point of integration of response signals (indirectly controlling
the neuron firing),

3) at the cytoskeletal components: controlling the signal pattern on the cytoskeleton,

4) at the connection protein: controlling the impact of signals between various components,

5) at the reference neurons: controlling or combining various neurons to accomplish one particular
assignment.

The first 4 levels are intra-neuron evolutionary learning (internal dynamics) and the fifth level is inter-
neuron evolutionary learning. For the current system variation, only one level is altered in one variation
cycle, and another level will only be altered after several cycles of learning. With such cycling
procedure, learning at each level may sequentially conducted.
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3. DATA
GYROSCOPIC SENSOR

The user behavior data were collected from the accelerometer of a smart phone tied up with the left
heel of each subject. Our preliminary result showed that such positioning allowed for differentiation of
the most critical parts of the gait cycle, such as heel strike, stance phase, and toe-off as well as
accounting for differences in loading of anterior and posterior areas of the foot in ascending/descending
stairs.

A. Data Collection Procedure

In the present study, data were collected at a frequency of 16.66 frames per second (fps). Five healthy
male subjects were invited to participate in the study. Those who had impairments that prevented
physical activity were excluded. Only one of these five subjects was smoker (a heavy smoker). For
each of the following class activity, each subject was asked to perform 20 times. The data collection
protocol is:

1) Class “walking” (100~120 steps/min);

2) Class “race-walking” (140~160 steps/min);

3) Class “jogging” (80~200 steps per minute);

4) Class “stair ascending stair’; and

5) Class “stair descending”.

B. Data Preprocessing

In the present implementation, the ANM system only accepted binary patterns. The following described
how to covert the time series signals into binary patterns for the ANM system. First, an FFT (Fast
Fourier Transform) algorithm was used to convert each time-series signal collected into components of
different frequencies and their maginitudes. Noted that in the present study only the signals in x-axis
were taken into account (though all the signals in the other two axes could also be used).

Next, the data in frequency domain were divided into 16 equal groups, ranging from frequency 0 to
frequency 6. (Our experimental result showed that significant frequencies only falled within the range
of frequency 0 and 6.). The first group covered the data of the range of frequency (0, 0.375], the
second the range of frequency (0.75, 1.125], and so on (see Table 1). For each group, the maximum
magnitude falling within that range of frequencies was chosen to represent the significant data of that
group. (Here, we assumed that the greater the magnitude of a specific frequency, the more significant
feature of an activity induced.)

The final step was to binirize the data after step 2 into 64-bit patterns for the ANM system (noted that
each bit of a pattern corresponded to the firing activity of a receptor neuron). For each range of
frequency, the minimal and maximal numbers for these training patterns were determined (to be
denoted by MIN and MAX, respectively), and the difference between these two numbers was divided
by 5 (to be denoted by INCR). The encoding of each actual parameter value (to be denoted by
ACTUAL) into the corresponding 4-bit pattern was shown in Eqg. (1). All the data collected were
combined in a pattern matrix Fs,c. Subject s represented one of these five distinct subject classes: A,
B, C, D, and E, whereas class ¢ represented one of these five distinct activity classes: walking, race-
walking, jogging, stair ascending, and stair descending. Table 1 gave an example of the feature
vectors of two subjects.

noLLmif MIN < ACTUAL < (MIN + INCR) (1)

v...*v,if  (MIN +INCR) < ACTUAL < (MIN +INCR x2)

=q". . x*vif  (MIN+INCR x2) < ACTUAL < (MIN +INCR x3)
voxxxkn if  (MIN 4+ INCR x3) < ACTUAL < (MIN +INCR x4)
wxkxxn qf  (MIN +INCR x4) < ACTUAL < MAX

4. INPUT/OUTPUT INTERFACE

The ANM system as currently implemented has 64 receptor neurons and 32 effector neurons. The
connections between the cytoskeletal neurons of each competing subnet and its I/O interface are the
same. This ensures that corresponding cytoskeletal neurons in each subnet (neurons with similar
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intraneuronal structures) will receive the same input from receptor neurons, and that the outputs of the
system are the same when the firing patterns of each subnet are the same. Each effector neuron is
controlled by eight corresponding cytoskeletal neurons (i.e., one from each competing subnet). An
effector neuron fires when any one of its controlling neurons fires.

Effector neurons are divided into four groups, representing four different overall behaviors of the system
(they can also be used to represent component behaviors that combined to yield an overall behavior).
In the present study, for each input pattern, the first 8 pulses (temporal sequence of firings) of the
effector neurons were taken as its corresponding output. To measure the degree of similarity (DS) of
two outputs, the longest common subsequence algorithm (LCS) was used.

For the same activity acted by an individual, our goal was to group them together, as closely as
possible. However, as we knew, the time series signals collected at different times would not be
exactly the same. This meant that the feature patterns (through the data preprocess procedure)
provided for the ANM system would be different, and presumably the outputs generated from the
system would not be the same. Given the same activity acted by an individual, the assignment of the
system was to transform these different feature patterns into the same outputs (or similar outputs)
through evolutionary learning acted on the system’s structure. Cohesion, a term in computer
programming, was used to measure how strongly-related of these outputs. (The greater the degree of
cohesion was, the better the fithess the system possessed.)

For the different activities acted by an individual (or the same actvitiy acted by different people), our
goal was to separate them as clearly as possible. That is, different outputs should be generated for the
different activities acted by an individual (or for the same actvitiy acted by different people). Coupling, a
term in computer programming, was used to measure the similarity of two outputs. (The smaller the
degree of coupling was, the better the fitness the system possessed.)

When taking the above-mentioned two factors into account, our goal was to maximize the degree of
cohesion but to minimize the degree of coupling. The performance level (or fitness) of the system was
determined by the degree of cohesion subtracted by the degree of coupling.

5. RESULTS

As mentioned above, there were five healthy male subjects invited to participate in the study, and each
of them was asked to perform a specific ctivity twenty times. The goal of the experiment was to test
whether the system could differeniate subjects, based on the same activity they performed. All the
feature vectors (patterns) belonged to the same activity were grouped together as a set. In total, there
were five activity sets, one for each activity class. The ANM system was trained and tested in turn for
each activity set, with one half of the patterns for training and the other half for validation. That is, for
each activity set, we trained the system with one half of the data until fully differentiating five different
subjects was completed, and then tested it with the other half of the data.

Then, for each activity set, the ANM system after substantial training was tested with the other half of
data. The experimental result showed that, among these five activity sets, the system achieved the
highest accuracy (4.53) and the second highest accuracy (4.37) when it was tested on the stair-
ascending set and the walking set, respectively. That is, the features of their stair-ascending and
walking activities were comparatively more distinct than those of the other three activities. As shown in
Table 2, the system was able to almost 100% identify the ascending activities of subjects B, C, D, and
E. By contrast, the accuracy was comparatively low (2.32) when we tried to differentiate them from their
stair-descending activity. A previous study [7] has shown that recognizing ascending and descending
stairs was a challenging job. Our result was interesting, as the ANM system was able to differentiate
these subjects from their stair-ascending activity but not from their stair-descending activity. A possible
reason might be due to the fact that those who participated in this study were healthy and
comparatively young, and most importantly, they had less experience of accidental fall. Unlike the
elderly, stair-descending appeared to be a pleasant and mild activity for them, when compared with
stair-ascending. Our intuition, but definitely not a conclusive remark, was that they tended to perform
stair-descending activity in a comparatively more casual way than stair-ascending. Quite possibly, the
results might be different if the subjects investigated were the elderly people. Indeed, this would be an
interesting issue worth for advanced study.
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Unlike the other three activities, race-walking and jogging were not necessarily the daily activities for
most people. Hardly a consistent pattern of activity could be formed for those activities peole did not
perform regularly, as they tended to act differently at various times. This might explain why the
recognization accuracy was comparatively low when we tried to differentiate them from their jogging
activity. An interesting result was found on the jogging set that all these five subjects were identified as
subject D. Except the race-walking activity, the recognition accuracy of subject D was 100% correct for
the other four activities. That is, when they all performed the same activity, it was more easily for us to
separate subject D from the others four subjects.

Our summary was that it was comparatively more difficult to differentiate them from their non-daily
activities than from their daily activities (except the stair-descending activity). On very rare occasion,
these five individual selected ever engaged in race-walking activity. Hardly form specific patterns when
one rarely engaged a particular activity. Among the five activity classes, from their walking and stair-
ascending activities, we were able to differentiate different subjects but faced a challenge in
differentiating them from their descending activity.

The goal of the above experiment was to identify subjects by their behavioral characteristics or traits (to
be referred to as biometric identifiers). In the following, our goal was to find out these biometric
identifiers. More specifically, our aim was to investigate the contribution of each frequency made to
recognition accuracy and to determine the best conPicuration of frequencies used for identifying
different subjects. Here, we assumed that certain frequencies were much more significant than others.
By significant frequencies, we meant that they were utilized by the system to identify subjects and
altering them would greatly affect recognition accuracy. By contrast, insignificant frequencies were
those whose changes had not noticeable effect on recognition accuracy.

The system after substantial learning with the activity set was tested, but with an altered set of patterns
on which it was trained. As stated earlier, the training set was comprised of 64-bit patterns (or 16-
frequency patterns). The alteration was made by altering a specific frequency position of every pattern
on the training set (i.e., the activity set). (The modified set was used as a test set to the system.). That
is, the test set was exactly the same as the training set, apart from the altered frequency position. The
entire test sets were generated by systematically altering a specific frequency position of every pattern
on the training set from frequency 1 to frequency f16. That is, a first test set was generated by altering
frequency f1 of each training pattern, a second test set by altering frequency 2, and so forth. In total,
this yielded 16 test sets.

The experimental result showed that some frequencies were comparatively more important than others
in differentiating subjects. As shown in Table 2, significant frequencies were different for each activity
class, and each frequency more or less played some roles in pattern categorization. For example, in
differentiating subjects from their walking activity, frequencies f4, 6, f10, and f12 played a vital role,
whereas frequencies f1, 2, f5, f7, f11, 13, f14, and f16 were comparatively insignificant. By contrast, in
differentiating their jogging activity, f5 was the only frequency shown significant.

Table 1: Average recognition accuracy in five-subject recognition for each activity

1. Ascending 2. Walking
Stair-A ing (%)) Subject tested Walking (%) Subject tested
Subjects trained A B C D E Subjects trained A B (o} D E
A 53 0 57 0 54 A 52 0 19 53 0
B 12, 100 0 44 62 B 100 100 81 50 84
C 100 72 100 91 29| C 74 60 100 0 43|
D 0 21 28 100 0 D 0 48 0100 100
E 59 44 0 41 100 E 34 74 56 85 85
3. Race-walking 4. Jogging
Racewalking (%) Subject tested Jogging (%) Subject tested

Subjects trained A B (¢} D E Subjects trained A B C D E
A 100 0 40 0 47| A 8 0 64 35 78
B 28 100 100 100 67, B 85 36 64 71 0
C 15 0 7 78 3 C 0 7 93 0 17|
D 7 45 73 64 0 D 100 100 100 100 100
E 0 82 0 59 100 E 54 64 0 35 61

5. Descending (2.32, 46.4%

Stair-D ing (%) Subject tested

Subjects trained A B C D E

A 0 100 38 32 9

B 75 7 100 58 45|

C 32 0 25 0 0

D 43 96 0. 100 36,

E 100 21 0 99 100|
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Unless these subjects had distinct features at this frequency, otherwise it was insufficient to differentiate
subjects with a single parameter. This confirmed the above-mentioned result that differentiating
subjects from their jogging activity was not very successfully. In the case of differentiating them from
their descending activity, except 7, all frequencies played some role in pattern categorization. From
the other viewpoint, the specificity was lost, as all frequencies were treated equally important. This
explained why the accuracy was comparatively low among the five activity classes.

Table 2: Frequencies used in differentiating activities

Motion Parameter

Activity fifp f3 fu f5 fo £ fg fo fio fiq Fio f13 f1a Fis fie
walking —— 0O ®6 — @ — 00O @ — @& —— 0 —
jogging — 0 — 0 @0 — 0 — — — — — o O C
race-walking |[-— @€ O — — ¢ — O O — @ — — — —
ascending - — — — @€ 000 —— 00— 0 — —
descending OO0 O @ O @ — ® OO O @€ OO O O
(“®”: most significant, “o”: moderately significant, “~": insignificant)

6. DISCUSSION & CONCLUSION

The proposed methodology, a self-organizing learning system, demonstrated satisfactory results in
pattern categorization, allowing for accurate recognition without individual calibration. Even though
in some cases the performances of our proposed methodology matched or outperformed those of
some previous studies; however, a fair comparison was hard to be made. This was due to the fact
that not only different type and conPicuration of sensors had been used for different studies, but
also the types of behaviors investigated were distinct. We believe that the actual accuracy may be
even higher as more different types or numbers of sensors were used. However, it should be
noted that it is not goal to build the state-of-art classification system for monitoring posture activities,
but to construct a self-organizing system that can differentiate different posture activities in an
autonomous and also look into what biometric features possessed by the activity of each individual.

This paper presents a self-organizing methodology for automatic recognition of five different activities
(walking, jogging, race-walking, ascending stairs, descending stairs) and also for automatic
identification of five different subjects, based on the same activity class. The design of using a mobile
phone as an input sensor requires minimal additional effort for everyday use. The proposed
methodology requires only minimal processing of the sensor data. Overall, the low intrusiveness and
high accuracy of the proposed device should enable long-term studies of human mobility in free-living
conditions given further improvement and durability of the sensor design.

ACKNOWLEDGEMENT
This research was supported in part by the R.O.C. National Science Council (Grant NSC 102-2221-E-
224 -038 -MY2).

REFERENCE LIST

1. A. Drosou, D. loannidis, K. Moustakas, and D. Tzovaras, "Spatiotemporal analysis of human
activities for biometric authentication," Computer Vision and Image Understanding, vol. 116,
pp. 411-421, March 2012.

2. C.V.C. Bouten, K.T.M. Koekkoek, M. Verduin, R. Kodde, and J.D. Janssen, A triaxial
accelerometer and portable data processing for the assessment of dialy physical activity, IEEE
Trans. on Medical Engineering, Vol. 44, no. 3, 1997.

3. M. J. Mathie, N. H. Lovell, A. C. F. Coster, and B. G. Celler, "Determining activity using a
triaxial accelerometer," Engineering in Medicine and Biology, 2002. 24th Annual Conference
and the Annual Fall Meeting of the Biomedical Engineering Society EMBS/BMES Conference,
2002. Proceedings of the Second Joint, vol. 3, pp. 2481 - 2482, 23-26 Oct 2002.

315



10.

Human Capital without Borders: Management,
Knowledge and Learning for Quality of Life FWEVEY Knowledge and Learning

25-27 June 2014 - Portoroz, Slovenia Wty International Conference 2014

D. M. Karantonis, M. R. Narayanan, M. Mathie, N. H. Lovell, and B. G. Celler, "Implementation
of a real-time human movement classifier using a triaxial accelerometer for ambulatory
monitoring," vol. 10, pp. 156-167, Jan 2006.

F. R. Allen, N. H. L. E. Ambikairajah, and B. G. Celler, "Classification of a known sequence of
motions and postures from accelerometry data using adapted Gaussian mixture models,"
Physiol. Meas, vol. 27, pp. 935-951, 2006.

J. Parkka, M. Ermes, P. Korpipaa, J. Mantyjarvi, J. Peltola, and I. Korhonen, "Activity
classification using realistic data from wearable sensors," Information Technology in
Biomedicine, IEEE Transactions, vol. 10, pp. 119 - 128, Jan 2006.

E. M, P. J, M. J, and K. I, "Detection of daily activities and sports with wearable sensors in
controlled and uncontrolled conditions," IEEE Trans. Inf. Technol. Biomed. IEEE Eng. Med.
Biol. Soc., vol. 12, pp. 20-26, Jan 2008.

E. S. Sazonov, G. Fulk, J. Hill, Y. Schutz, and R. Browning, "Monitoring of Posture Allocations
and Activities by a Shoe-Based Wearable Sensor," Biomedical Engineering, IEEE
Transactions, vol. 58, pp. 983 - 990, April 2011.

J.-C. Chen and M. Conrad, "Learning synergy in a multilevel neuronal architecture,"
Biosystems, vol. 32, pp. 111-142, 1991a.

J.-C. Chen and M. Conrad, "A multilevel neuromolecular architecture that uses the
extradimensional bypass principle to facilitate evolutionary learning," Physica D: Nonlinear
Phenomena, vol. 75, pp. 417-437, 1994b.

316




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


