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Abstract: There is a growing number of Church buildings that acquire electronic bell ringing equipment which
malkes, it possible to automate the electronic ringing. However, most of current devices do not take inte account
the temperature conditions which leads to damage of bells. This study describes the approach to the
construction of the Automated Management System (AMS) of sounders with high upgrading rate in the case
of chime automated management system. The system has a web-based access mechanism. We have also
developed the system’s self-tuning algorithm which implies execution of a series of test strikes. Specific
attention 1s paid to the selection of the best parameters of the control signal, namely the period and duty factor
of the Pulse-Width Modulation (PWM) which was chosen as a means of changing the DC motor speed and
the rotation direction. The analysis of experimental studies showed that in order to achieve the loudest sound
one needs to vary the period and the duty factor of PWM with regard to the environment. The proposed device
has a self-tuming function which eliminates inaccuracies in operation related to the human factor.
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INTRODUCTION

The music signal always has sharp level spikes for
example, during work on percussion instruments such as
kettledrum, drums, bells, triangles, cymbals, tambourines,
etc. This
construction of an automated management system for one
of these instruments the bell.

Presently everything 1s subject to modermzation,
even such seemingly conservative part of our world as
the Church. Electric lamps successfully replaced the
candles and the usual bell towers were replaced with
chime automated management systems or electronic bell
ringers. The reasons for mtroducing such systems were
connected as a rule with the lack of professional bellmen
as well as of course with convenience to perform various
chimes without having any skills. The advantage of such
systems 1mplies the possibility to tramn new bellmen for
Churches. Rising the automation level can improve the
quality of ringing, optimize control and execute remote
system control.

Therefore, actuality of application of chime automated
management systems in the Church sphere is very

study deals with an approach to the

high. In addition, 1t gives the possibility to use the bell
tower not only for its mtended purpose (to convene
parishioners to worship) but also to use it as a chiming
clock to chime according to the particular schedule
{example, Saint Isaac’s Cathedral) or like the emergency
chime of bells.

Despite all these advantages, the opposite opimon
exists stating that this approach to the creation of bell
turret contradicts the existing traditions and cannot be
applied (Anonymous, 2009).

There are several types of bells with different design
and accordingly with different method of sound
extraction. Some bells have fixed clapper they ning by
swinging the bell itself. In other cases, the bell 13 fixed and
only the clapper is swinging in other types of bells there
is no clapper at all and the stroke on the fixed bell is made
using a hammer fixed outside the bell (Klopotarul, 2008;
Ivanushkin et al, 2003). The bell systems are also
classified directly according to the number of bells, their
size, shape and weight. All this gives a wide range of
different ways and mechamsms which help to extract
the sound from these instruments (Anonymous et af.,
2011a).

Corresponding Author: Alexandr Belousov, Department of Technical Cybernetics, Belgorod State Technological University,

Belgorod, Russia

9068



J. Eng. Applied Sci., 12 (Special Issue 11): 9068-9074, 2017

Today the bell towers are equipped with electric bell
ringers which can have a keyboard for manual playing,
connected with the control unit by means of wires or
wireless connection. The operator controls the intensity
of the bell’s swinging, the clapper or hammer blows
depending on the design of the bell. In the latter case, the
bell ringer play can be compared with playing piano. The
difference is that when you play the piano, you press
keys and pianoforte hammers hit the stretched strings
while during chime hammers hit the bells.

As an example, the management system, based in
Maastricht (Anonymous, 2009) could be regarded as one
of the first automated chime management systems used in
Burope.

Similar systems were developed in the early Middle
Ages and can be considered as forerunners of popular
music boxes that produce sounds with a set of dowel pins
placed on a spimning cylinder or disc. The melody 1s
played through the drum spinning. Cylinders are usually
made of metal. In some expensive models changeable
cylinders were used which served as specific music
programs and could give the possibility to change the
melody. In such systems bells with hammers placed on
the outer side are used which 1s typical for European
countries. Originally, the dirum, made of two wrought iron
wheels with removable dowel pins was connected with
the tower clock. Later cylinders were made of yellow metal
n the form of single piece.

When you enable the tower clock (usually every
hour), the drum starts spiming. Once one of the pins
passes under the lever, the hammer starts to lift. The
hammer falls back on the bell when the pin is passed as a
result, the lever is returned to its starting position due to
the return spring. Currently, in such systems the drum
that produces typical sound during spinning, the use of
which is associated with certain disadvantages has been
replaced by the plastic tape with holes, supplanting pins.
Levers were replaced by electromagnetic relays and
controllers started to provide system management.

In the Trimty Episcopal Church such system 1s
represented by four beautiful bronze bells made by
famous Meneely Bell Company of West Troy, NY in 1895.
The largest bell weighs 2,000 pounds.

Hammers were mounted by means of mounting
brackets. Chime is performed every hour and it is possible
to use bells both individually and jomtly. Clume 1s
automatically controlled through the Chime Master
Millennmium Bell Control System and manually with a
manual wireless remote operating panel.

Another example of such a system is the automated
bell turret at the Church of the Archangel Michael in
Arkhangelsk. The system comprises 15 bells and 15 able
to play up to 59 canonical chimes.

The “Electronic bell ringer™ system nstalled m the
Svyato-Uspenskiy men’s monastery of Lipetsk allows

simulating all the movements of the arms and legs of the
ringer while adjusting power and time to strike the bell.
The system 1s controlled by pressing one of the switches,
each of which corresponds to a certamn type of chime
(Anonymous, 2013).

St. Alexander Nevskiy Cathedral in Simferopol has a
two-storied bell turret which includes a large number of
bells which in tum complicates the management process.
Besides clappers, the bells weigh up to several hundred
kilograms. The mstalled automated system cannot
completely replace the ringer but makes his work easier.
This system makes it possible to activate all the bells at
the same time through the stretches and the pedals
{Anonymous, 201 5).

Presently, the Russian market offers quite limited
choice of chime automated management systems and
usually most of them, like their European analogues do
not have the self-tuning option but are only able to play
tunes which are stored in ROM base. This requires
periedic manual tuning control of the sound by changing
the program or modermnizing the equipment which n turn
requires certain knowledge and skills. However, not all of
these systems consider the environmental impact, namely
the temperature which is important during cold winter or
hot summer. System management is carried out mainly in
two modes either manually or through a mobile phone on
GSM channel. It s not always accessible because it
requires writing understandable customer applications for
various mobile platforms, allowing one-click system
management instead of writing SMS-messages.
Furthermore, it should be noted that the prices of
such systems are often umreasonably high Table 1
shows some characteristics of such systems, for
COIV eience.

The developed system 18 deprived of such
disadvantages because it provides self-tuning parameters
due to the presence of feedbacks on the outside
temperature and the sound amplitude as well as the
web-based access availability in addition to control by
means of SMS-messages, that provides cross-platform of
client-side of the system (Table 2) (Belousov et al.,
2012).

The main feature of this study is that structuring of
the chime management system is considered from the
perspective of the theory of automatic control which
allows applying the methods of this theory and relevant
principles to the system which is being developed In
particular, the application of the principles of management
with regard to deviation and perturbation allows
providing the best system performance under varying
environmental conditions. The algorithm of the system
self-tining based on the principle of management with
regard to deviation, allows to take into account the
tension of the rope (cable wire) to ensure the best
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Table 1: Brief comparison of the chime automated management systems

Possibility of Possibility of Possibility of remote Consideration Existence of midi
remote control remote control control through radic  System of environmental kevboard/ remote
System through GSM through GPRS channel self-tuning impact control panel
1 o = = =
2 . . + . .
3 Optionally - - Optionally Optionally
4 2 z + . z
5 - - E3 Optionally
Developing system + + - fid fid -
Table 2: Conditions for experiments and results of measurements
Conditions for experiments Results of measurements
Experiment series No.  xy (duty factor) (%)  x;, mc (period) Al A2 A3 Ay 572
1 98 200 221 214 223 21933 2233
2 93 300 151 153 149 151.00 4.00
3 88 400 93 104 95 9733 34.33
Z(H controllers. The construction of these controllers and the
results on the modelling experiment are provided
v (Vas et al., 1997).
i ) x() The study describes basic features of adaptive
(0 YY > oY > management systems, one of them implies lack of
> necessity to have large volume of imtial mformation to
generate the management signals (Zervos and Dumont,
1988).
The study attempts to develop the new multi
Fig. 1: AMS structure, built upon the combined parameter  self-tuning PID  (Proportional-Integral-

management principle YY (MD): Management
Device, OY (OM): Object of Management, x:
given value of the management quantity, y
management 1mpact, 7: external perturbation
impact, x: management quantity)

possible sound of bells and the presence of a temperature
sensor provides the management principle with regard to
perturbation the principle of compensation.

The principle of management with regard to
perturbation 1s implies that the control system monitors
the perturbation factor which m this case 13 the
temperature of the environment and having regard to this
factor the system builds control algorithm in such a way
that the effect of tlus factor on the system 1s
compensated. Thus, there 1s a combined management
principle (Fig. 1).

The study suggests approaches for dynamic
management of digital management system self-tuning
(Mintarno et al., 2011). The suggested self-tumng
algorithms provide definition of such process-dependent
parameters as supply voltage, stroking frequency. The
application of the mentioned approach withuin the
designed system 1s limited by specific properties of
firmware platform.

The study suggests PWM-management through
mstalling the system using four mteracting fuzzy

Differential) pitch and yaw angle regulators under
parametrical ambiguity and external perturbations
(Salu and Pradhan, 2014). PID parameters are real-time
updated. The model 15 1dentified upon the regressive
model which parameters are calculated upon the least
squares method. The obtained results show the
advantage of the suggested regulator as compared with
regulators with fixed coefficients given the external
impact.

The study censiders the approach to designing the
self-tuned regulator upon the iteration learning process
(Noack et al, 2014). As compared with standard
approaches, the suggested method implies two main
steps. The first step is to calculate the input variable upon
the ILC (Iterative Learming Control) algorithm and the
second one to optimize the feed forward regulator under
given parameters. The operability and efficiency of the
suggested method are shown upon the use of the
imitation model.

MATERIALS AND METHODS

The information interaction scheme is shown on
Fig. 2. The system has two sensors: the first (D1) takes
the temperature of the environment. The impact force at
the bell depends on this temperature (under low
temperatures and hugh impact force can break the bell), the
second (D2) responds to changes in the amplitude of the
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Fig. 2: Scheme of the information interaction. D1: temperature sensor, D2: sound sensor, IM: executing mechanism

unpact, creating a feedback on amplitude and frequency
of the audio signal. Both sensors are connected to the
controller which in turmn, depending on the data obtained
from sensors and given the start signal, controls the direct
current motor impelling the clapper by linkage system.
Besides, it means that it is possible to control such
system using GSM-channel that requires GSM-module
comnected with the controller and having access through
a web-interface which implies the runming server
(Glagolev et al., 2013).

DC motor with a permanent magnet having the
following serves as an executing
mechamsm:

characteristics

¢« Power 60 W

¢ Consumption current on a high speed no more than
The 6.5 A

+  Armature speed 3800 rpm

The H-bridge 1s used with a view to control the speed
of the engine and have the same direction of
rotation (Horowitz and Hill, 1989). The device has the
power-switching module because the microcontroller that
controls its operation is not able to with stand the current
sufficient to open the used transistors (Shiklai scheme or
“Darlington’s complementary transistor’™).

The distinctive and the most important feature of the
developed system 15 the ability to self-tumng wlich
simplifies the execution of commissioning works. This
system also allows automatic adjusting the parameters of
the operation algorithm in a changing environment
(e.g., cable stretchung). The developed STC algorithm
shown in Fig. 3 in the form of block diagram, consists of
an execution of set of test hits with sequential changes in
period (T) and pulse ratio (3) of PWM (Pulse Width
Modulation), processing the obtained data array and
determimng  the suttable signal
parameters produced by the controller. Consequently, we
have the self-tuning system without reconstruction or

automatic most

modification of the program code (Holmes and Lipo,
2003).

Setting of the pulse ratio
changing range S: S:+S;
Setting of the period changing
range T: T=T,

Setting of the pulse ratio AS and
period AT changing increment

Obtaining of the amplitude
array Al]

Searching the maximum
element(max) in array A[]

Max_arr|

k|[1 ax
Max_arr[k][2

k][3

T

mi
T
S

Max_arr

v
Searching the maximum
element among max_arr[i][1]
and determination of
its index imax

Tmax = Max_arr [imax][2]
Smax = Max_arr [imax][3]

Fig. 3: STC algorithm
RESULTS AND DISCUSSION

Before starting to plan the experiment, one should
make sure that the experiments are reproducible. For this
purpose, there have been several series of parallel
experiments in the given range of impact factors change.
The results of these experiments are summarized in
Table 2. For each series of parallel experiments, we
calculated the arithmetic value of the response function.
In order to carry out the experiments with the required
degree of reliability, it is sufficient to carry out three
experiments (N = 3). The estimated value of cochran’s
criterion 1s calculated according to Eq. 1:
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2
max s’
G, = Jz =0.567 oy

DN
j:1Sj

The relevant value of cochran’s criterion found
for N =3, f=k1 =2 P =095 G = 0871 The
condition G _p<@ 1s satisfied, therefore, the experiments
can be considered reproducible.

In order to determine the number of experuments
needed to ensure the reliability of the
results, we used methods of the theory of probability
statistics.
determine the accuracy of experimental measurements

reached

and mathematical First, one mneeds to
of the audio signal amplitude during field study
(®).

Then, it is necessary to determine the standard
deviation of the amplitude of the acoustic signal (g)

pursuant to Eq. 2:
Z p;(AH,-AH)Y’ 2)

n

Where:

n = The mumber of measurements (test, preliminary)

AH, = The value of 1 measurement (the amplitude of the
audio signal)

Al = The middle arithmetic value of the measurements
(the amplitude of the sound signal)
P = Number of identical measured values

Then, the number of experiments is defined by
Eq 3
2 2
N Tw© 3)
62

where, UU_=F(F.) is the value of the critical range of
F-allocation (table value) of the Laplace function:

E, = (1-0)/2 4

where, 0 standard deviation (value of the amplitude of the
sound signal); & accuracy of measurement (value of the
amplitude of the sound signal); & = 0.05 significance level
U, 1s F(0.95/2) = F (0.475) = 1.96.

Experimental research has suggested the dependence
of the sound amplitude on the control signal parameters
which 15 shown in the diagrams presented by Fig. 4
and 5. The diagrams show that the loudest sound is
achieved with a maximum pulse ratio of the control
signal. With increasing time of the signal injection, the
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Fig. 4: Dependence of the amplitude on the control signal
modulation period
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Fig. 5: Dependence of the sound amplitude on the control
signal pulse ratio

sound amplitude also mcreases but there 1s some
period value T, after which the increase in the period
leads to the decrease in the sound amplitude.

Summing up the previously mentioned in order to
achieve the best sound quality (maximum volume), for
example, it 1s necessary to choose the period value T =T,
and the pulse ratio value of the control signal should be
also maximized.

The suggested system control algorithm as well as
the developed structure are not unique and are widely
used in the design and setting algorithms for automated
management systems. However, the use of approaches
and methods of control theory for such systems allows us
to look once again at the design process of their
structures and automation, streamliing of these
processes using standard methods and approaches as
well as providing a high quality. For example, using the
principles of menagement by exception and the
perturbation allows greatly increase the degree of
automation of management processes automation peal by
the presence of feedback and before the effect of
disturbances on the controlled process. Thus, a slight
complication of the structure of the system and its
software allows for the possibility of taking into
account the influence of the ambient temperature to
prevent accidents and automation of system settings,
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limiting the need for human intervention in the
functioning of the system to the installation of the
equipment, its primary setting and decision-making on
the start-up/stop. Similar devices have the beat-changing
function (Ivanushkin et al, 2003) but the lack of a
temperature-reading system does not allow calculating the
unpact force accurately. This can lead to the damage of
the bell.

The use of automated systems to control the ringing
of bells 1s a logical development of this area, since, the
process itself as a blow ringing the bell tongue is a basic
mechanical and does not require the presence of a person
and control algorithms similar systems in the simplest
case, the open loop control are nothing more than a set of
actions for on/off actuator in which role can be different
types of engines (Ivanushkin et al., 2003), for certain
periods of time. Development and implementation of such
systems in Russia and abroad will automate the process
of bell ringing, will provide additional advantages in
sound quality, the ability of the remote control and
prevent possible accidents during the cold periods.

CONCLUSION

The developed automated chime management system
has a number of competitive advantages as compared
with similar systems. The mamn advantages are the
possibility  of  self-tuning, of the
temperature of the environment and management through
web-interface which implies cross-platform use of the

consideration

system from the part of the client. The use of the system
will allow automating the chime process, there will be no
need for a professional bellman at the Church; this system
will also, significantly reduce the time required for the
system setting and will enable remote control. The
principle of system construction, executing mechamsms,
sensors and control device used in the system, due to
their relative cheapness will reduce expenses on the
creation and nstallation of the system not >20% in
comparison to its competitors. Of course such system has
some disadvantages, for example, each bell has only one
sensor which is a piezoelectric element that indirectly
measwures the sound amplitude through bell oscillation
amplitude during the impact. This problem could be
solved through installing additional sound sensors
working on other principles which will provide
measurements that are more accurate. This is important on
the self-tuming stage. However, this in tum, causes
increase of costs due to the need to increase the
assortment of the sensors themselves as well as the need

for additional expansion beoards for control devices
because of the limited number of inputs/outputs. Such
simplification 13 not critical and does not affect
fundamentally the quality of the system which
predetermines its high level of competitiveness.
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