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Abstract — Human movement analysis is a research field
with clinical and biometrics application. It has been
shown useful in the objective measurement of gait,
balance, falls risk assessment and mobility monitoring.
Running and/or walking are also integral activities to
most athletic disciplines. From a technological point of
view, biometric walk-run recognition can be categorized
into three approaches: machine vision based, floor
sensor based and wearable sensor based. In this paper
the accelerometer-based walk-run and shot measuring
system is described. The results can be used for medical
and sport purposes and also for biometric identification.
The electronic system and results of measurement walk-
run under laboratory conditions have been presented.
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L INTRODUCTION

A particular way or manner of moving on foot is
the definition for gait. Every person has his or her own
way of walking. Several human factors, such as age,
injuries, gender, pace, lower extremities disorders
and/or abnormalities etc. may change a person’s
walking style into a slight different walk, either
permanent or temporary. Aged persons have a reduced
range of hip motion at faster walking speeds and 5
degrees lower hip extension range compared to their
young age [1]. It also appears from early medical
studies that there are twenty-four different components
to human gait, and that if all the measurements are
considered, gait is unique [2, 3]. This has made gait
recognition an interesting topic to be used for
identifying individuals by the manner in which they
walk. Furthermore, running, jogging and walking are
also very important for most sports. The analysis of
biometric gait for medical purposes has been studied
for a longer period of time [4 - 8]. It appeared to be
useful also for identification and surveillance in
forensic medicine, since the gait analysis provides
more reliable and efficient means of identity
verification. Fig. 1 illustrates the principle of
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examination in laboratory. Patient (or runner) carries
electronic system attached on the body. It consists
from accelerometers and Bluetooth communication
module. The subject can walk or run on treadmill
ergometer, therefore speed and slope of the treadmill
band can be exactly regulated. Measured values are
sent wirelessly to personal computer. An important
point to be noticed is that the running speed, slope
angle, heart rate, carbon dioxide expenditure and
oxygen consumption can be also measured during
examination [9, 10]. The electronic system can be used
also for swing analysis in tennis, squash, badminton
etc. [11 - 13]. The photo of running test on treadmill
ergometer in laboratory is shown in Fig. 2.

Figure 1. Block diagram of measuring system. 7 - treadmill
ergometrer, A - accleration sensor (or sensors), ES - electronic
system, B - bluetooth modules, PC - personal computer.

II.  METHODS

Apart from the machine vision and floor sensor
based gait recognition, the wearable sensor for gait
analysis is the most recent approach. This is based on
attaching or wearing motion recording sensors on the
body of the person in different places: on the waist,
pockets, shoes etc. The sensors can have several
purposes due to retrieving numerous types of data.
Sensors of different types can for instance be
accelerometers (to measure acceleration), gyro sensors
(to measure rotation), force sensor (to measures the
force when walking) etc, but most literature so far has
put a great focus on accelerometer based gait
recognition [14, 15].
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An accelerometer based gait recognition
application can improve authentication in electronic
devices. An example would be to implement the
application in mobile phones. Due to the unobtrusive
way of collecting data it can be applied for
continuous-verification of the identity [16 - 21]. This
means that for each step a user performs, the user's
identity will be re-verified to ensure that it is not
another person who has the mobile phone in hand, but
the same user is authenticated. Researching at different
methodologies to analyzing the features of gait is
increasing and becomes a popular area of research,
especially in gait biometrics [22 - 29]. Feature
extraction from gait signals is a crucial for the efficient
gait recognition. For a general gait analysis the digital
signal processing is used. It is important to note that
for sport purposes (fast running or shot analysis) the
sampling frequency must be substantially higher then
for slowly walking patients, therefore new electronic
system was developed for this purposes.

Figure 2. Measuring walk-run on treadmill ergometer in

laboratory
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Figure 3. The shot acceleration measuring (e.g. for tennis swing).
A - accleration sensor, ES - electronic system

Figure 4. Block diagram of electronic system. 4, —acceleration
sensor ADX1.345, A, — acceleration sensor ADXL377, B —
bluetooth module, A/D — analog/digital converter, SPI — serial
peripheral interface, SCI — serial communication interface, CORE —
microcontroller core
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Figure 5. Example of real time acceleration measuring for £16g
range

Block diagram of electronic system is shown in
Fig. 4. The 2 type’s acceleration sensors were utilized.
For walk-run purposes the ADXL345, 3-axis, £2g,
+4g, +8g, +16g digital accelerometrer was used [30].
Bandwidth can be set from 0.05 Hz to 1600 Hz.
(Therefore output data rate from 0.1 Hz to 3200 Hz).
I°C and SPI digital communications are available for
ADXL345. Sampling frequency was 500 Hz for gait
measurement and Bluetooth RN-42-DS was used for
wireless connection to PC [31]. For fast, hard shot or
swing measuring (e.g. tennis, squash, badminton, see
Fig. 3) second type of accelerometer was used. The
range can be developed by simple example. Suppose
60-g tennis ball approaches a racket at v;=—16 [m/s].
The ball is in contact with the racket for A7 = 0.004 [s]
and then rebounds at v, = 18 [m/s]. The ball
acceleration and average force exerted by rocket can
be derived by

a=(v,—v,)/ At = [m.s?] )
(~16-18)/0.004 = —8500

F=m-a=006-(-8500)=—510 [N, kg, ms’] (2)

The shot and acceleration is absorbed partly by
hand but from previous example can be seen that wide
range accelerometer must be used, therefore the
ADXL377, 3-axis, £200 g accelerometer with analog
outputs was used [32]. The ADXL377 has provisions
for band-limiting the Xour, Your, and Zoyr pins. A



capacitor must be added at each of these pins to
implement low-pass filtering for antialiasing and noise
reduction. A minimum capacitance of 1000 pF for
output pins is recommended (Bandwidth is 1 kHz for
1000 pF). Sampling frequency was set to 1 kHz (or 2
kHz). The Freescale microcontroller MKL.257128 was
used for electronic system construction [33]. For real
time measuring and data storage the new program was
developed. Fig. 5 shows example of real time
measurement (time evolution of X, Y, Z signal of
accelerometer).

III. RESULTS OF MEASUREMENTS

In this part the example of examination for fast
walking-running attempts is presented. Long distance
runner runs on treadmill 120 min. Heart rate,
pulmonary  ventilation  oxygen  consumption
parameters were continuously measured, see Fig. 6.
The measuring was two times interrupted for
biochemical parameters measuring. Electronic system
with accelerometer was placed in right leg and short
periods of signal were periodically measured.
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Figure 6. Long distance runner measurement example on
treadmill ergometer - From top to bottom: Heart rate, pulmonary
ventilation (in 1/min), VO,.kg- (oxygen consumption per kg in

ml/min)
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Figure 7. Long distance runner measurement example on
treadmill ergometer. Time diagram of 3-axis accelerometer signals,
X,Y,Z from top to bottom. Beginning of run

The time evolutions of signals from accelerometer
are shown in Fig. 7. 3D phase projection is presented
in Fig. 8 and frequency spectrum in Fig. 9. From
frequency spectrum is possible find gait period which
is confirmed by means of correlation diagram in Fig.

10. Signals in Fig. 7 — 10 are taken on the beginning of
run; frequency spectrum near on the end of
examination is shown in Fig. 11.
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Figure 8. 3-D phase projection of accelerometer signals.
Beginning of run
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Figure 9. Frequency spectrum of signal Y. Peak value is 1.9 Hz.
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Figure 10. Normalized correlation of signal. Beginning of run
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Figure 11. Frequency spectrum of signal on the end of
examination. Peak value is 1.58 Hz



IV. CONCLUSION

In this paper the electronic system with two types

of accelerometer sensors for run-walk or shot analysis
for medical or sport purposes was described. Sampling
frequency for such application must be much higher
then sampling frequency usually used. Electronic
system is wirelessly connected to personal computer
which is used for real time measuring and also for data
storing. Electronic system was designed for working in
laboratory or outdoor but in range of Bluetooth
transmitter-receiver. Example of measurements for
long distance run was also presented but detailed
evaluation of measuring was not described in this

paper.
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