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DEVELOPMENT OF METHOD OF INCREASING

THE PERFORMANCE OF TOUCH NETWORKS
OF MEASUREMENT OF DISTANCES

06’exmom docridncenns € besnposiona cencopna mepexca npomoxony ZigBee, wo ¢ danomy dociioxcenni

nPONOHYIOMbCS 0N GUKOHANHS DYHKYLL sumipioeanns eiocmani mixc 06 exkmamu. Ocnoeni cghepu 3acmocysai-
HA — Ue 0XOPOHHI 00 eKmu, maxi K cKAAOU, MAzA3UHU, BUCTNABKI MA eKCNO3UUil, 0e 8aMIUBO KOHMPOIIE8AMU
nepemiuenist YIHHUX pedell na o0OMelcenii mepumopii 3 6eauxor Konyenmpauicto mooeil. Cencopu, w0 uKonani
Ha ZHYUKTI OCHOBL, NPUKPINII0IOMBCS 00 YTHHUX NPeOMemis ma 6ect 4ac nepedaiomy mMiic cod010 iH@opmauio npo
gidcmans 6i0H0CHO 00un 001020. OOHUM 3 HATOLALUL NPOOIEMHUX MICUb € 0OMENCENA NPONYCKHA CIPOMONCHICTIL
Kkanaxie nepedaui danux. Taxosxc, 01t ONUCAHUX UL NPUMILLEHD XapaKmepi Pi3Hozo poody nepeukoou, sk Mexa-
Hiuni (cminu, nepezopooxu, Memaiesi noiuyi mowo ), max i padionepeuwxoou, Hanpukiaod, 6e3npoesioni mepesicesi
inmepgeticu menedonise noKynyie ma iHuli.

B x00i docnidicenist BUKOPUCTNOBYBABCS Memo0 NiOsULeHHss NPOOYKMUSHOCME 0e3NPOGIOHUX CEHCOPHUX Me-
pedic, w0 nepedysaioms y ckiadi KOMN 10mepus06anux CUCmem suMipiosanis eiocmani, no6ydoeanux na ocHosi
dexomnosunii nuxcnix pienie emanonnoi modeni OSI.

Ompumano mi xe cami NOKA3HUKU NPONYCKHOT CRPOMOICHOCTI, WO Ul Y AHANL02i8, ale HABAHMANCCHNSL, SiKe NPU
UbOMY BUMPUMYBAB Mepescesull 8Y307 Yo y 2,5 pasu Oinvuum. Lle noe’s3ano 3 mum, wo 3anponoHo8anuii memoo
nidsuienns npooyKmueHocmi Maec psd 0coOMUBOCMEl, AKI NOKPAUYIOMb XAPaAKMePUCmuKy npooyKmueHocmi,
30KpeMa 6 30HAX HeBNEeBHEH020 NPULOMY Matlice 8 0684 PA3U.

3a60KU UbOMY 3a0e3NeUyeMbCs MONCIUBICTND POOOU MePeNCt 3 MAKCUMALLHONW weudkicmio 32,5 Mobim/c.
Y nopienanni 3 anarozamu, y axux maxcumaivna weuoxicmo cmanosums 12,5 Mbim/c, ue sabesneuye Oinvu
mouni pesyavmamu umipiosanns eiocmani. Taxooc, 3a6058KU UybOMY 3anacy WeUOKOCMI, 3a0e3neuyemves Kpauya
3a6a00CMILKICMb, 4 MAKONC MONCIUBICING POSMAULYBAHNL MEPENCCBUX BY3I6 HA OLILUWUX 6I0CMANIX.

Kmwouosi cnoBa: cercopra mepeca, mexaniuni eIuMUNnUL, KOMN IOMEPUI08AHA CUCTIEMA BUMIDIOBANN S, THPOP-
MAYIIHO-BUMIPHOBATLHA CUCMEMA.

Particularly favorable environment, for this kind of negative
effects is a clogged environment [1]. Among the various

1. Introduction

The timely determination of the position of an object
included in the wireless sensor networks results in the
generation of false information in a computerized system
for measuring the distance between objects. Such a disad-
vantage, in turn, can lead, for example, to untimely detec-
tion of theft of valuable things, a source of ignition, etc.

classes of computer information systems and networks,
a special place is occupied by systems and networks whose
transport service is based on the use of radio ester as
a data transmission medium for computerized distance
measuring systems (wireless sensor networks) [2]. Therefore,
when creating the scientific basis for the construction of
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computerized systems for measuring mechanical quantities,
the importance of wireless sensory networks is important.
Therefore, the solution to this problem is urgent by modi-
fying the existing classical reference model of the interac-
tion of open systems (EM OSI/ISO). According to this
model, most of the data transmission and data measuring
and measuring systems are designed, created
and operated. Equally important is theoretical
analysis and the search for optimal methods
for modeling and increasing the productivity

Considering the specifics of the operation of the Zig-
Bee data transmission network (IEEE 802.15.4), we also
consider the work of a device built using the recommen-
dations for the wireless data transmission technology in
wireless information systems, the structure of which is
depicted in Fig. 3 [5].

of data transmission channels for computerized

distance measuring systems [3, 4].

2. The ohject of research
and its technological audit

One of the most problematic places for
wireless sensor networks is the lack of timely
transmission of information, as well as trans-
mission errors. This, in turn, is the cause of
a disturbing situation and leads to a high proba-
bility of error in measuring the distance. The
object of this study is the components of the
wireless sensor network.

The problem area of this network is the sensor module,
which depends on the limitation of the power supply of
the battery, which in turn affects the impedance of its
data transmission, due to limit the power of its signal. In
Fig. 1 depicts a simplified model of the transport system
for transmitting sensor networks between two separate
network devices.

| v

| S I.__‘ Channel — M

Interference

Fig. 1. Conceptual model of the fragment of the transport system
of the wireless sensor network: 5 — subordinate one-channel
device (slave); M — main multichannel main unit (master)

The model works as follows. By command of the main
device, the subordinate transmits data about its distance
from neighboring devices, through a wireless channel, which
is affected by various types of interference. This scheme
is fairly simplified, since there may be several main or
subordinate units between the main and the subordinate
device, as shown in Fig. 2.

Fig. 2. The variant of the topology of sensor networks:
the main devices are painted

3
2 4 6
’ 1 %»’ 3.1 ‘ ’3.3‘4—»%
4.1 42 6.1 62
7

Fig. 3. Wireless data transmission device:

1 — network level interface 2, 3 — 051 layer layer sublayer module, 3.1 — host interface
block, 3.2 — built-in microcontroller, 3.3 — application/receiver unit 3.4, bus interface
block, 5 — memory, 4 — sub-level MAC channel level module, 4.1 — bandwidth controller,
4.2 — radio frequency receiver/transmitter, 6 — physical level module, 6.1 — physical

interface, 6.2 — antenna, 7 — automatic frequency setting unit

The technology of this device is as follows. The control
unit 1 sends the command to send the package and the
package itself to the subscalling level of the LLC level 3
channel. In the sublayer of the OS-level pool layer LLC
through the host-interface block 3.1, after passing the cor-
responding transformations using the applications of this
module, the package becomes a frame. After that, the built-in
microcontroller 3.2 transmits the frame to the receiver/trans-
mitter 3.3 block and, via the bus interface unit 3.4, records
the transfer status data into memory S, where they are
stored for a while. The receiver/transmitter 3.3 unit directs
the frame to the MAC sub-level of the channel level 4.
In the module sub-level MAC link-level EM OSI/ISO mo-
dules, the frequency band controller 4.1 selects the optimal
frequency band for this frame and directs the frame to
the RF receiver/transmitter 4.2. In this module, both the
transformation of the frame into electromagnetic oscilla-
tions and their modulation according to the contents of
the frame occurs. After that, the oscillations are transmitted
to the OSI 6 physical layer module, and the information
about the picked up unit 4.1 is transmitted to the frequency
range of the automatic frequency setup 7. The OSI physical
layer unit 6.1 submits electromagnetic oscillations to the
frequency set by block 7. The oscillations are directed to
the antenna 6.2, which transmits the signal to the radio.

In this paper we propose a method for increasing pro-
ductivity, which consists in improving the algorithm of
service requests in the data transmission channel, as shown
in Fig. 1. And also in the modernization of the structural
scheme of the data transmission device, shown in Fig. 3.

3. The aim and ohjectives of research

The aim of research is to develop new and improve
existing technology solutions to increase the productivity
of wireless sensor networks that are part of the distance
measurement systems. To achieve this aim you need:

1. Propose a mathematical model for handling applica-
tions in the queues of data transmission channels for wireless
sensor networks in single-channel and multi-channel devices.

40
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2. To investigate the adapted queue management algo-
rithms that can optimize the distribution of applications
in the queues of wireless sensor devices.

3. Develop an algorithm for functional alignment of
the lower levels of the OSI reference model in order to
improve the performance of wireless sensor networks in
areas of uncertain reception and to investigate the effect
of extending the standard frequency band.

4. Insert into the block diagram of the wireless data
transmission device the corresponding changes based on
the algorithm of the functional association of the lower
levels of the reference model OSI.

4. Research of existing solutions
of the prohlem

Issues of the study of information-measuring systems,
including the study of technologies for modeling, control and
interaction of computerized systems for measuring mechani-
cal quantities (in particular, the distance between objects),
are devoted to the work of modern scientists, among them:

— works [6—8], which are devoted to measuring the

distance of the means of measuring equipment;

— works [9-13], devoted to the measurement of dis-

tance by means of wireless sensory networks;

— works [14—18], which, in addition to measuring dis-

tance, are also devoted to the analysis of the charac-

teristics of the sensory networks themselves.

In [6], it is suggested to use the Internet to control the
measuring head, but in the analysis and correction of the
measurement results, the Internet does not take part. The
content of work [7] is devoted to the development of analog
interfaces of information measuring systems, but it does not
consider the means of increasing their productivity. In [8], this
refers to the correction of measurement errors through the
information-measuring system, but it is proposed to use cable
communication. In work [9] a general overview of existing
technologies of sensor networks is conducted and only their
weaknesses are analyzed. In papers [10, 11] algorithms of
localization are considered that can improve the process of
measuring the distance between objects. The work [12, 13]
addresses the existing problems of the integration of sensory
networks and the ways of their solution. In works [14—18]
we are talking about methods of localization using satellite
navigation systems, in particular [18] also refers to energy-
saving technologies for sensor networks.

In this paper, it is proposed to consider recommenda-
tions for improving the technical characteristics of wire-
less sensor networks. It also affects the accuracy of the
localization process and the measurement of the distance
between objects in uncertain reception areas and with
insufficient noise immunity.

5. Methods of research

As the main indicator of the technical
characteristics of wireless sensor networks,
the belt delay time in the transmission chan-
nels (Wyyeues) is used. This time is one of the 1

on the total time of arrival of the signal between neigh-
boring devices. This indicator is its direct component.
First, a mathematical bits delay model in a multichan-
nel device (that is, connection with more than 2 adjacent
devices) will be proposed. This process will be considered
with some inaccuracy, since it is presented as stationary,
without taking into account transient processes (for example,
establishing a connection). Transaction, which is an indivisible
object in the system of simulation of general purpose, equates
to a bit that moves from the source of information to the
consumer. Each phase was modeled by SMO G/M/n with
failures and discipline of FIFO. The GPSS imaging model-
ing system provides the collection and statistical processing
of transacti data held at each point of the model, as well
as the intensity of the failures. The bite delay time in the
transmission channels (Wyyeyes) of the given network is deter-
mined according to the formula for calculating the delay time
in the queue of the multichannel device with expectation:

unﬂues =~ ( 1 )

S
i=1

where A is the intensity of receiving bits transmitted to
the i-th state; Lgjyenes — the average number of bits trans-
mitted and determined by the following formula:

N
Soi'h
i=1 " =,
n'n!(l—Zpi /n)
i=1

where n — number of distributed subchannels of wireless
data transmission, which for this case consists of 23 sub-
channels; Py — the probability that the subchannel is cur-
rently busy is determined by the formula:

N N N N
o Xp e Y
i=1

P=(1+E—t =+ =L H— ,
n!(n—Zp,]
i=1

1! 21 n!
where p is the load on this wireless data transmission
network, determined by the formula:

N
2
p=-=—, (2)
0

where A is the intensity of the receipt of bits to the data
transmission network at that state; p is the intensity of
service of bits in the data transmission network. Substi-
tuting all these values into formula (1), we obtain the
following resultant formula:

Lquews )

Lqupues =

-1

+

indicators of network speed, which in turn
also affects the accuracy of the localization
process and the measurement of the distance
between objects. This is extremely important
in cases where the distance is determined based

queues — }\'

N N N
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Master unit «Master> transmits bits at odd moments
of time, and the subordinate device «Slave» — in a pair.
This model has a hierarchical structure because the de-
vice, which for a particular section of the network is the
main, for another site can be subordinate. An experimental
study of this model was carried out using the GPSS in-
strument tool, with 10% runs. From the obtained results,
it was found that the delay time correlation corresponds
to the actual available ratio of network parameters [19].

A single-channel communication model is proposed
(when the device has a connection with only two neigh-
boring ones), the results of which would reflect the time
and the quantitative parameters of the mechanical data
transmission measurement data. The simulation model is
presented by an open one-channel mass service system.
The model, according to Kendal’s classification, is a model
of the G/M/1 class with discipline (application processing
algorithm) FIFO. The time delay of bits in the trans-
mission channels (Wjeues) of the given system will be
determined according to the formula for calculating the
delay time in the queue of the one-channel device with
expectation [19]:

Lqueuex
= N ’

S (1-R)

unemﬂ\ ( 3 )

where Lgueues — The average number of bits to be trans-
mitted is determined by the following formula:

where P, is the probability that the data link is n bits
and is determined by the formula:

N
P, = P(]ZP;",
i=1

where P, is the probability that the subchannel is cur-
rently busy, is determined by the formula:

where p is the load on the wireless data network, deter-
mined by the formula (2). Substituting these values into
formula (3), we obtain the following resultant formula:

N
Sh
N {— =t
dn—
n=0 2 }\'i

{—| =t
u

N "
2
i=1

(N+1) n

“/queues =

N

> h(1-Py)

i=1

The algorithm of the functional association of the lower
levels of the reference OSI model (Fig. 4) is proposed.

Network layer

<

Yes

A 4

Channel layer

|

Physical layer

r'y

Fig. 4. Block diagram of the signal gquality status analysis algorithm

This technology in works [20, 21] has been applied to
research networks TEEE 802.11, and in this paper it is
proposed to apply it to sensor networks of the standard
ZigBee (IEEE 802.15.4) using the algorithms «FIFO»,
«Priority service», «Weighted queues». This made it pos-
sible to obtain from the formula (5) the results shown
in Fig. 5, 6.

Kbit/s
140

120

80

60
40
20

0

0.00002 0.00003 0.00004 0.00005 S

Fig. 5. Depending on the bandwidth of the transmission channel
from the processing delay time

Kbit/s
250

200 —_—
150 —

100

50

0.00002 0.00003 0.00004 0.00005 S

Fig. 6. Chart of dependence of the bandwidth of the canal
of transmission from the time delay to the processing with the expansion
of the bandwidth

The algorithm is based on controlling the bits of the
physical level frame. It is designed for the purpose of
obtaining the required information from frame fields that
contain information about the data medium. In this method,
the network level sends queries for the physical state of
the signal at the given time at certain intervals. Informa-
tion about the status of the signal is contained in the
field in which the first bits contain information about

4
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the speed of transmission, and others
about the signal status [20]. ,
The queue management algorithms : 2

are required to work in times of tem-
porary overloads with the maximum |

load of transmitting channels of the
sensor network. It is part of a compu-
terized system for measuring mechanical
quantities.

This is required when the network
device cannot cope with the transmis-
sion of bits to the source interface at !
the rate at which they are transmitted.
If the cause of the overload is the in-
adequate performance of the processor
unit of the network device, then the
raw bits temporarily accumulate in the
input queue of the corresponding input
interface. There may be several queues
up to the input interface if different
service requests differ in several classes.

In the same case, when the reason for the overload is
the limited throughput of the source interface, bits are
temporarily stored in the initial queue (or queues) of this
interface. Conceptual models of networks with the use
of various algorithms for managing queues in networks
are represented by an open multiphase mass service sys-
tem. Each phase was modeled SMO G/M/n constructed
according to the conditions of one or another queuing
algorithm. The resulting formula for determining the de-
lay time of bits in the transmission channels (W,eues) of
this network is formula (1), because the model of this
network is also presented in the form of multichannel
QoS with expectations. We describe the operation of this
system: the bits coming from the sensor, which transmits
the measurement data, are in the queue for service. Next,
they are in turn redistributed to the workstations that
are their addressees. They then turn in the queue for
processing to the desired destination [19-21].

Typically, each level of the signal corresponds to a num-
ber from 0 to 6. Based on the data obtained, the net-
work layer generates an idea of changing the states of
communication, constantly comparing the current and the
previous state (n<mny or n>ny). In case when the state
change corresponds to n<mng, the network level sends
a re-request. This cycle will take place until the situation
becomes the opposite (n>ng) (the branch is «yes»). Only
then will the network level send to the channel package
and will order an order for its transfer. Then the channel
level, in the presence of a free channel, will order the
generation of bits to the physical layer, according to the
specific package [20].

The features of this algorithm were taken into account
in the structural scheme of a wireless data transmission
device line that would serve as a communication function
between applications of the physical and network levels
of the reference OSI model. That is, it would work on
the basis of this algorithm. It is for this reason that in
the existing block diagram of the wireless communication
device, shown in Fig. 3, the signal quality analyzer 5 is
introduced (Fig. 7).

When constructing the device, the blocks are divided
into modules according to their belonging to one or ano-
ther level of the reference model.

S

Fig. 7. Wireless network device with a system for improving the quality of transmission
of metering indicators in areas of uncertain reception or insufficient immunity:

1 — contraol unit 1, which is part of the NMS, the network level module 2, 3 — 0SI layer level
sublayer module 0SI, 3.1 block host interface, 3.2 — built-in microcontroller, 3.3 — application block
receiver/transmitter, 3.4 — bus interface block, S — memary, 4 — MAC sublayer module link level,
4.1 — Bandwidth controller, 4.2 — radio frequency receiver/transmitter, 5 — signal analyzer,

6 — physical level module, 6.1 — physical level interface, 6.2 — antenna, 7 — automatic frequency

setting unit [21-22]

6. Research results

As a result of the simulation, the parameters of the net-
work operation were received, in particular the delay in the
queues of the transmission channels of adjacent devices, which
corresponds to the bandwidth of the transmission channel
in the case when the load on this channel is maximal [19].

3 models of the corresponding structure were consi-
dered, in which 3 different traffic control algorithms were
used in various IEEE 802.11 standards, namely «FIFO»,
«Priority service», «Weighted queues». A study was con-
ducted to compare the characteristics between these algo-
rithms according to the bandwidth criteria of transmission
channels, the maximum rate of transmission of indicators,
the transmission rate of indicators, and the number of
subchannels. Following a series of comparative studies,
the Analityc hierarchy process (AHP) decision-making
procedures were used to obtain the following aggregate
coefficients based on these algorithms, namely:

— the algorithm «FIFO» — 0.228;

— algorithm «priority service» — 0.222;

— the algorithm «Weighted queues» is 0.55.

As a result of these comparisons, it was investigated that
the algorithm of «weighted queues» is twice as good as the
other two. Studies have been conducted that showed that
the results obtained using the G/M/n model for modeling
transmission of sensor measurements by sensor networks
are the most accurate among other models.

The model of sensory network at the conceptual level is
explored. Based on the simulation results of this network at
the standard band of the ZigBee network (2400-2483.5 MHz
ISM band), the characteristic (1) yielded a characteristic in
Fig. 5. The standard band was expanded by 80 MHz and the
formula (1) removed the characteristic that is shown in Fig. 2.

As a result, it is concluded that the bandwidth expansion,
albeit at the very least, worsens the speed of ZigBee sensor
metering over time, but significantly improves other param-
eters, including bandwidth. The one-channel sensory network
is investigated. The transmission of measurement indicators,
in this case, will take place from one measuring device to
another. Dependence of the transmission bandwidth (C)
from the delay time for processing in the feeder channel,
as shown in Fig. 8, was obtained by the formula (3).
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Fig. 8. Depending on the channel capacity of the transmission channel
from the delay time for processing in the feeder channel

In Fig. 8 there is a linear increase in the load indi-
cating the stable behavior of the servicing devices in the
simulation of stationary processes using models G/M/1.

An experiment was conducted with a standard al-
gorithm for the operation of the touch device whose
structure is depicted in Fig. 7, the results of which are
shown in Fig. 9.

The saturation point Xj is determined by the formula:

1
Xo= VR,
where Xy — the largest load for this network; V,; — visit
factor for node d; Ry is the time the bits are hosted for
the node d.

In the transmission channels of this network, the redist-
ribution of flows will occur with the help of the queuing
algorithm «Weighted queues».

Next, the experiment was modified, according to the
algorithm depicted in Fig. 4, and its description. On the
basis of research data, the formula (1) obtained the cha-
racteristics given in Fig. 10.

As shown in Fig. 10, this algorithm introduces into the
work of the sensor network a rather positive change. This
is evident from the fact that with a significant increase in
the load in the transmission channels, the delay time for
bits in the queue for processing almost did not change.
That is, the data transmission channel of the device running
on this algorithm can withstand the load almost 2.5 times
than with the standard algorithm. It is likely that such
an improvement is due to a reduction in the percentage
of false packets and requests for their re-sending, which
also require a certain amount of time to process. And
also the transition to a standard with more power when
the signal level falls. It definitely improves the stability
of the sensor network, greatly reducing the likelihood of
no signal in uncertain reception areas.

7. SWOT analysis of research resulis

Strengths. The strength of this development, in com-
parison with analogues, is the ability to maintain stable
performance of the bandwidth, with a significantly higher
load. This development will not cause additional costs for
more powerful batteries for touch devices, nor does it
require additional technical support after its introduction.

Weaknesses. The weak side of the development is that
there will be additional costs for the upgrade of touch
devices. This is due to the replacement of microcontrollers
and/or their reprogramming to the proposed algorithm.

Opportunities. Implementation of the proposed deve-
lopment into the sensor network will enable it to trans-
mit data without falling performance, while maintaining
a 2.5 times load than analogues.

Threats. At the first stage of the system implementa-
tion, it is necessary to allocate additional funds for the
implementation of the software and hardware complex.

Kbit/s

12700 1. A mathematical device was de-
12600 //L_: ® veloped for studying the process of
12500 - service requests in the queues of data
12400 o Xo transmission channels for wireless sen-
12300 /‘//v sor networks, Which er_labled the results

12200 = of research with sufficient accuracy.
12100 ol .2. It was found that the adapted.al—
gorithm «Weighted queues» according
12000 to the criteria of transmission capacity
11500 of transmission channels, the maximum
0.000073  0.000075 0.0000765 0.0000775 0.00007789 0.000078  0.000079 S rate of transmission of indicators, the

Fig. 9. Chart of the delay time dependence on the load of the transmission channel

transmission rate of metrics, the num-
ber of subchannels is 2 times better
than others.

Kbit/s

33000 3. An algorithm that combines the
32500 — 7N lower levels of the OSI reference model,
32000 // e in combination with the extension of
31500 L the standard bandwidth, has improved,
31000 // which improved the data transfer rate

30500 — by almost 200 Kbps.
30000 — 4. The block diagram of a wire-
29500 less data transmission device has
29000 been upgraded, having functionally
28500 combined the blocks corresponding
0.000073  0.000075 0.0000765 0.0000775 0.00007789 0.000078  0.000079 S to the lower levels of the reference
Fig. 10. Chart of time delay dependence on load of the transmission channel OSI model. This allowed the device,
; 44 TEXHONOTTYHMIA AYAHT TA PE3EPBH BUPOEHHUTBA — No 3/2(41), 2018
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with constant rates of bandwidth, to withstand 2.5 times
the load.
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