Recent Innovations in Mechatronics (RIiM) Vol. 3. (2016). No. 1-2.
DOI: 10.17667/riim.2016.1-2/1.

Technological solutions to compensate
humanmeteorological measurement errors with
measuring human activity and movement

Adam Pintér
MOGI Department
Budapest University of Technology and Economics
Budapest, Hungary
adam.pinter@icicom.hu

Abstract—To enhance the objectivity of humanmeteorological
measurements, various instrumental measurements are
required. These equipments are suitable to explore the desired
relationships, only if those are able to record simultaneously
the individual's physiological and micro-environmental
parameters and their transients. It is also important to possibly
filter or measure the disturbances effecting our measurements
in order to compensate errors in our results. In our case this
factor is the physical activity of the individual, which has effect
on physiological parameters, therefore we have to register its
value in function of time. The following paper deals with
technical and theoretical questions of measuring this factor
and summarizes the ascertainment we collected during the
experiments. The topic is an integral part of teh PhD research
A. Pintér behooves at Budapest University of Technology and
Economics.
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|. STATE OF THE ART

About the topic of humanmeteorological® measurements -
which means measuring and exploring the effects of weather
on human organism - we have taken a survey in our last
article [1]. The conclusion was: However there are few
articles deal with the weather's influence on health and
mortality, there were not found any equipment measuring
physiological signals together with the personal
microenvironment in order to learn the direct relationships
[2-9]. The other topic is the measurement of the physical
activity. There are several articles in scientific journals
about human movements. For instance measurements with
tri-axis accelerometer in connection with visual inspection
from video recordings [10], and often there are articles
about studying human movements to improve inverse
kinematics [11]. Beside these there are papers about
different technical methods of measuring (view-based,
acceleration-based) [12-13], but during our research we
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have not fount any article about measuring the human
activity in order to compensate other measurement errors.

Il.  INTRODUCTION

Statements involved in this paper are related to an
equipment introduced in one of our previous publications
[1]. To measure objectively the atmospheric environment's
effects on human organism, we developed an apparatus,
which is able to record simultaneously the individual's heart
signals and micro-environmental parameters, such as
temperature and air pressure. For the appropriate evaluation
of collected data, it is also needed to filter other factors'
effects which have to be treated as disturbances. This paper
does not cover the trait of the measured physiological
parameters, nor the mode of evaluation of those, but instead
it involves the technical improvements of the cited
equipment, which intended to serve on the one hand the
easier and more expedient use of the device, and on the
other hand the more suitability for measuring the wearer's
activity.

I1l.  NOISES, ERRORS

We regard the human organism as a physical-technical
MIMO (Multiply Input Multiply Output) system, where the
outputs are the electric signals of the heart, but at the same
time the inputs are more diverse. Since our research
intended the aim to define the effects of atmospheric
parameters, the ideal would be, if we could measure these
effects clearly, differentiated. However, this is not possible.
Even a measurement - not physiological - performed
between laboratory circumstances is loaded with random
errors, measure errors and the incomplete knowledge of
plurality of input parameters.

The load error types and their characteristics [14]:
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» Gross, salient error: Error stem from malfunction
of the measure instrument or from inattention. The
origin should be investigated, and the cause should
be eliminated if possible.

= Systematic error: We call systematic errors those,
which are constant during repeated measurements,
or which variation is pre-determinable. Causes may
be known or unknown. This kind of error can arise,
for example, from the operation of members of the
measuring system (measuring chain) and from the
operation of the measurement process as well. The
sign and magnitude on the whole measurement
range is known.

= Random error: A measurement error that varies
randomly at the repeated measurements of the
physical value. Random error is a variate. There
are statistical methods that can be used to
determine an error bound for the random errors.

Against a part of these we can protect by trying to built the
measure equipment in such a way that it measures the
parameters most accurate and most reproducibly. In our
paper [1] we also discussed, that the best - in metrology
often applied - way to eliminate disturbances caused by
uncontrollable, external effects is the numerous, long-term
measurement method, which can suppress the random noise.
But there are also known, disturbing factors as well, which
effects are significantly present. Unfortunately, this does not
mean that we can handle all of them, but some of them. In
this case this is the physical activity of the wearer. Over the
condition of the nerve system and the organism, the heart's
operation is highly influenced by the extent and the
transients or our activity. A measure could lead to false
results, for instance, when we the individual is running after
an autobus or sleeping discomposedly, which significantly
changes the measured parameters. In such cases we could
diagnose false relationships between the supposed inputs
and measured outputs. Thus, we can see, in our case it is a
systematic error, assuming that we know the level of the
activity in an acceptable degree regarding to the measured
physiological parameters. Thus, we can significantly
compensate its effect in the results about our activity-
measurements.

IV. MOVEMENT, ACTIVITY

Movements on human body can be very diverse. In our
study the exact form of the movement is not interesting,
only the extent of the influence on heart operation is. In first
approximation the intensity of the movement per time unit is
interesting for us and the duration of the movement. We
simply call it activity. We can get information about this
most easily, if we register the acceleration of the
individual's center of mass with a tri-axis MEMS
accelerometer, we produce a vector from the three
acceleration value and we integrate its absolute value over
the time.
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This is appropriate to separate well from each other, for
instance, running after the a bus, walking on the street,
working at the office and sleeping. But it does not give us
sufficient information, because it matters that the quantity of
the movement is based on forces by the human body - like
running - or, for example result of traveling on a vehicle.
Thus, it is important to make a second, more accurate
approximation, where we can draw conclusions about the
origin of the movement about the patterns of the movement.
In the third approximation we add the information to these,
which day period we are measuring the values. Than we
have a time-like comparison base, that characterize the day
period's typical movement pattern and extent, and then we
can recognize the movements, which differs from these,
which can be called "irregular" movements. At night, during
sleeping even a walk-like amount of movement is irregular
in the sense, that the subject individual probably woke up
and went out to the bathroom. This means that the
individual's physiological parameters should be treated
differently.

V. MEASUREMENTS

In the following paragraph we illustrate the separated
movements about our measurements and their measure
modes. The first questions are, how, with what frequency
and within what range we should measure the human
activity in order to get the more information from the
results. The problem is also important, because all
measurements of the sensor requires electric power, which
we want to economize with, as it is a mobile equipment.
Data storage question is not negligible question either. In
case of too much measurements, the amount of data we have
to store could become huge, moreover it could
unnecessarily make the data processing difficult.

Therefore we have to determine a measure frequency and
strategy which characterize the human body's movement
properly, but does not load the power supply more than
needed. For this we worked out a method, which only starts
to record the acceleration values, when the absolute
acceleration exceeds a threshold. This was determined that
sleeping and working in one place do not exceed this level.
This wvalue has been empirically determined with
preliminary measurements. In order to simplify the design,
such a MEMS sensor was chosen which possess an interrupt
output with the ability of observing the acceleration in IDLE
- low consumption - mode, and it is able to send a trigger
signal to the microcontroller unit, when exceeds a threshold
we set. In such a case the microcontroller wakes up from its
IDLE mode and send a command to the sensor unit to carry
out a tri-axis acceleration measurement, and the controller
stores it to a memory card completed with time stamps.
When the acceleration values permanently reduce under a
specified level, the system goes back to IDLE mode again.
To define the sampling frequency in a case of relevant
activity, we used Shannon's (Nyquist) sampling theorem as
a base [14].



Theorem: If the sampling frequency
2

h
is greater than two times the continuous signal's highest,
essential frequency ®, component,

S

0, >2-0,

then the original signal can be reconstructed from the
sampled signal. Using the Nyquist frequency, the sampling
must satisfy the following inequality:
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Physical quantities and their units in the formulas:
= o sampling angular frequency [Hz];
h sampling interval [s];
oo useful signal's maximum frequency [Hz];
oy Nyquist angular frequency [Hz].

Nevertheless it determines the minimum criteria. Imagine a
case, when we would like to sample a sine signal and then
reconstruct it. As long as we miserably sample just at the
zero-crossings, we get a constant zero signal instead of the
real form of the original. Thus, it is subservient to sample
eight-ten times the frequency of the movement pattern's
adducent frequency. For the base of our tests we chose the
maximum power running of a human, which is one of the
most active and fastest movement in common days. Then
the acceleration values in direction "z" - about experiences -
can be approximated very grossly with a sine-like wave with
a 3 [Hz] frequency. On a numerous experiment's results,
analysing the curves we came the conclusion, that a 25 [Hz]
sampling is proper to reconstruct the signal. This confirms
our theoretical starting point as well. On the following
figures we can see well, that the 12.5 [Hz] sampling
frequency could not characterize well enough the pattern of
human running, it was only able to represent the
acceleration of the human body distorted. In turn, the
sampling with 50 [Hz] frequency war not significantly
better than the 25 [Hz], therefore in the end we decided at
the 25 [Hz] sampling rate. On the figures values in direction
"z" are around 1 [g] because of Earth's gravity acceleration.
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iAccelX: 1.04 iAccelY:0.19 iAccelZ: 0.18 iAccelXYZ: 1.42 iAccelAbs: 0.65 maxAccelAbs: 3.49 avgPeak: 2.45 peakFreq: 2.47

Fig. 1.: Measured acceleration values with 12.5 [Hz] sampling frequency
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Date: 2013.09.24 16:37:24 data count: 192 full scale: 4 G ODR: 25.0 Hz duration: 7.68 sec
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iAccelX: 1.04 iAccelY: 0.19 iAccelZ: 0.19 iAccelXYZ:1.42 iAccelAbs: 0.64 maxAccelAbs: 3.49 avgPeak: 2.78 peakFreq: 2.60

Fig. 2.: Measured acceleration values with 25 [Hz] sampling frequency
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Date: 2013.09.24 16:37:24 data count: 385 full scale: 4 G ODR: 50.0 Hz duration: 7.70 sec

iAccelX: 1.04 iAccelY: 0.19 iAccelZ: 0.19 iAccelXYZ: 1.42 iAccelAbs: 0.64 maxAccelAbs: 3.49 avgPeak: 2.81 peakFreq: 2.73
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Fig. 3.: Measured acceleration values with 50 [Hz] sampling frequency

We also have to tell a word about the measuring range. In
general, MEMS accelerometers can be configured to several
different measuring range. These are typically — +2 [g], +4
[g], and £8 [g], or sometimes different. As long as the
integrated AD converter encodes the full set measuring
range on the same number of bits, in particular case we can
achieve a poor resolution. General measurement principle is
to select a measurement range, that surely includes the
maximum values of the useful signal, but at the same time
we should choose the narrowest of these. Consider the event
that, say, if we want to register movements with

+1.5 [g] maximum acceleration, and we measure on +8 [g]
range. The given 10-bit resolution covers the +8 [g] range
anyway, however our measurements never reach this level.
Accordingly, the highest bits will always be zero, does not
carry information, while the finer acceleration values are
under the resolution and lost. Thus we unnecessarily
reduced resolution of the sensor. Since the human body is
capable of producing a wide range of accelerations, we
decided to work out a dynamic strategy for this question:



The sensor in default is in IDLE mode. It observes
(as mentioned above), if the absolute acceleration
exceeds the 1 [m/s?] threshold. It equals 0.1 [g].

If yes, the sensor in default starts to measure on £2
[g] with 25 [Hz] sampling frequency. In this range,
for example, can fit turning in the middle of the
night and going the bathroom.
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If the measured data still crosses the threshold of
+4 [g], the sensor switches to the largest
measurement range, £8 [g]. It is an extreme case.
With the reduction of acceleration values, the
sensor gradually returns to smaller and smaller
measurement ranges, and will finally re-enters
IDLE mode.

If the sensor measures a value which is close to the
limit of range, it set to next, greater measure range,
which is +4 [g]. In this range fit most ordinary life
occurring acceleration.

Examination of movements are continuously taking place,
the figures below represents some typical movements. On
figures values in direction "z" are around 1 [g] because of
Earth's gravity acceleration.

Abs. acceleration [g]

1.014
1.012 1

1.010 1
.,'\ I i j‘* w\
1.000- i H ’ llJ ' |‘ ‘

0.9%

M

\ M \'NI " .‘ : M “\H H‘p “' A “‘ ik
U I “‘V*“ u'i;‘w ! ’” i

0 1 2 3 4 5 6 7 8 9 10 1 12

h\ .l

time [s]

Fig. 4.: Movement pattern of sleeping in calm

Abs. acceleration [g]

1.05
1.04 4

1.03 ’

1.02 P_ !

1.01—_'|, ﬂ
- k’w-mH
[

0.98 | ‘ |]{ ‘

VIO Y 1 |
l'ﬁl..f“.‘ I[HL ||1'Jl MIU, |*fl1l-w I ,V L,n.;\r ‘4,,“ ﬂ |rf|=ﬁu'|' Mﬂﬁ” ‘I l|\ "h '., W’}J ‘ M |§.J|“|
Ll i

WJ

i ‘g“w

HI[

0.97 v

0.96
0 2 4 3 8 10 12 14 16 18 20

time [s]

Fig. 5.: Movement pattern of awake breathing
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Fig. 6.: Movement pattern of walking on street
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Fig. 7.: Movement pattern of jumping

V1. TECHNICAL IMPLICATIONS

There are two important points to keep in mind. One is to
serve the increased electric power demand came with the
acceleration measurements. For this end the previous
equipment's power supply had to be further developed.
Namely it is not expectable from the wearer to change the
batteries frequently, because this would lead to additional
costs and inconvenience for the patient. An obvious solution
is the rechargeable lithium-cell battery power, however it
implies further technical solutions:

= charging the lithium cell and energy management;

= protect the lithium cell against over-charge and
under-discharge;

= protect the lithium cell against over-heat;

= monitoring the discharge, the time left to disorder,
and intervention of the software in time;

= designing the necessary mechanical connection for
recharge.

For these problems the nowadays available, integrated
charger circuits provides a lot of help, however in order to
monitor the warming, we must choose such a lithium cell,
that has an integrated thermistor, and we have to lead it to
the microcontroller through an operational amplifier based
driver circuit. As long as the temperature reaches a given
level, the charging or the consumption must be aborted
immediately. It is advisable to choose a cell, which has a
built-in circuit which provides protection against over-
current load and switches the poles of the cell to
disconnection over a certain load current. Most of the
lithium cells available today includes this security feature.
Mechanical design of the charger solved by gold-plated
sliding contacts, so we can simply dock the mobile device to
the terminal.



Another consideration is to ensure better co-movement of
the equipment with the human body. Not relevant, for
instance, an acceleration measurement with a neck strep,
dangling instrument, because in this case the equipment
does not follows the centre of mass of the individual. For
this purpose such an evolving is reasonable which is
smaller, lighter and can be fit to the body more easily. For
this end the next generation equipment - which is under
design at the moment - is:

= integrated into the chest electrode belt;
= smaller and lighter than its predecessor.

VII. RESULTS

The solutions sketched in the paper result such an
equipment form, that supports the comfortable, long-term
wearing, and contributes to more accurate and more
relevant measurements. The first generation of equipment
has also provided many valuable measurement data in our
research, but the physical activity is an important
compensating factor, to which this degree of modification is
reasonable. Taking the activation values into consideration
at the evaluation of the collected data is under elaboration,
but tests to date indicate great improvement in the
usefulness of the measurement data, so this solution is an
adequate and proper way of noise-filtering.
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