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The acoustic emission systems have a set of dis-
advantages, with cable communications from the 
monitoring object to the system being the most 
crucial one. Recently, wireless technologies have 
been developed. They are much cheaper and re-
move the mentioned shortcomings. Among them, 
the most perfect are radio-telemetric systems as 
the whole body of transmitting, receiving, and re-
cording hardware that is used to measure, to trans-
mit, to receive and to record, with the help of ra-
dio waves, various parameters characterizing the 
processes in the monitoring object. The use of ad-
vanced element base for building these diagnostic 
systems enables to improve their technical char-
acteristics, to reduce weight, dimensions, and po-
wer consumption.

Recently, hardware with the use of radio chan-
nel for transmission of acoustic emission data has 
been designed (for instance, by foreign holdings 
and corporations Mistras Group led by RAS (USA), 

Vallen Systeme (Germany), Brüel&Kjær (Den-
mark), INTERTUNIS, Diaton, DIAPROMEL (Rus-
sia) [1—10].

RAS (USA) is a leader on the acoustic emission 
device market. It offers Radio Channel recording 
system [7] based on advanced microprocessors. 
This wireless system contains a node consisting of 
primary transducer and module for recording the 
parameters of acoustic emission signal and trans-
mitting it in the digital form through the radio 
channel to the receiving station connected to PC 
via USВ. The nodes can operate using autonomous 
power supply source during several hours.

The system can operate in two modes: а) direct 
transmission of signals from the nodes to the base 
station; b) the networking mode, when the nodes 
transmit the signals to the base station via their 
neighbors. This mode is the most convenient for 
monitoring the long objects.

The diagnostic AE hardware of A-Line family 
32D (DDM/R) [8] (INTERTUNIS Ltd) has been 
widely used in Russia. The system consists of cen-
tral block for data collection and processing, on 
the basis of industrial computer; central two-way 
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station for receiving data from the АЕ modules 
and managing them; two-way station equipped 
with embedded batteries to ensure up to 8 hour 
autonomous operation; АЕ module; and primary 
transducer. The system ensures data transmission 
through radio channel within a radius of 500 m 
from the central station.

Also, there is wireless civil engineering object 
monitoring system manufactured by Geotech [9], 
which transmits data from the monitoring object 
without its visual survey. The readings can be 
transmitted to the user by different ways (for in-
stance, via Internet). Several primary transduc-
ers are connected to network thereby forming 
nodes which have power supply source and can 
autonomously transmit signals to short distances. 
Therefore, the central device is put to collect and 
to store the data from the nodes in database for 
analysis. In the case of critical situation, warning 
signal is activated. The central device calibrates 
primary transducers and reprograms their nodes 
in order to make the system flexible. The central 
device has a PC with constant power supply and 
respective software [10].

In Ukraine, despite some developments in the 
field of АЕ [11, 12], there has been no serial pro-
duction of AE hardware. The experience of opera-
tion of AE hardware designed at the Karpenko 
Physical and Mechanical Institute of the NAS of 
Ukraine for monitoring the long-operation objects 
[13], including 4-channel telemetric system [14—
16] has been utilized only to formulate the princi-
pal requirements for multichannel wireless AE 
hardware that would enable continuous monitor-
ing of conditions of structure or equipment operat-
ing in harmful and explosive environments as well 
as improvement of effectiveness and quality of 
monitoring. Among these requirements, there are:

 To reduce power consumption by primary trans-
ceiver module (PTM) (to increase the time of 
uninterrupted operation);

 To increase data transmission distance (out-
side area of probable risk);

 To enlarge area of object monitoring;
 To raise accuracy of source coordinates due to 
improved time synchronization of measuring 
channels;

To raise accuracy of AE signal magnitude due to 
increasing ADC capacity;

 To apply the optimization algorithms for an-
tenna installation with real extinction of elas-
tic waves taken into consideration.
Fig. 1 shows a flow diagram of 8-channel wire-

less AE system that mainly complies with the re-
quirements. It contains the following key nodes: 
8-channel AE transducers (1.1—8.1), primary 
(1.2—8.2) and demodulating (1.3—8.3) logarith-
mic amplifiers to amplify and demodulate the AE 
signals from transducer output; primary trans-
ceiver modules (1.4—8.4) to select, process, and 
to transmit the readings in the form of AE signals 
by radio channel; base transceiver module (BTМ) 
9 to receive the readings and service data by radio 
channel and to transmit them to PC via USB 
port; PC 10 to control the system operation, to 
process, to store, and to visualize the readings.

PTM flow diagram is given in Fig. 2. Here, 3 is a 
microcontroller to select, process the AE signals, 
and to control transmission and receiving of infor-

Fig. 1. Flow diagram of 8-channel wireless AE system

Fig. 2. Flow diagram of PTM
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mation through radio channel. To reduce power 
consumption by PTM, a microcontroller MSP430 
with low consumption MSP430F2618 is used. The 
blocks 4, 5 are transceiver CC2520 and amplifier 
CC2591, respectively. Their simultaneous use has 
enabled to significantly increase range of commu-
nication. The module contains an autonomous 
battery 1. In addition to the above listed compo-
nents, the PTM has a controller USB FT245RL 
for data exchange with the PC. The power is sup-
plied from the PC via USB channel.

Enlarging monitored range has been achieved 
due to the use of 8 acoustic channels. The pri-
mary transducers are arranged with real extinc-
tion of elastic waves in the material of monitored 
object and specific shape of the object taken into 
consideration.

The system is based on SimpliciTI network pro-
tocol developed by TI corporation and targeted to 
the networks with low-energy devices (up to 30 
devices). It is very easy to use and requires mini-
mum resources of microcontroller. The SimpliciTI 
protocol supports the star topology with access 
point for receiving and sending messages to the ul-
timate devices. It gets disseminated with open 
code, does not require any license, and is easily 
customized to specific problems. 

Fig. 3 shows a general view of BTM. The sock-
et for USB cable is located on the side wall. The 
dimensions are 140 × 85 × 40 mm3.

Data flow chart for BTM as access point to the 
network is presented in Fig. 4. As the base module 
is activated, the block 1 initializes the microcon-
troller. This includes customization of its clock 
signal system, input-output ports, USB control-
ler, and base timer configuration. Then, program 
(block 2) initializes transceiver, with SPI channel 
for interaction between MSP430 and СС25220 
and switch of the latter to the receiving mode cus-
tomized sequentially.

After initialization of hardware part is complet-
ed, the initialization of SMPL_Init(sCB) (block 3) 
network starts. The sCB parameter is an index for 
the call function performed in the processor of in-
terruptions when the access point receives the pulse.

The callback function sCB filters the received 
packages depending on their identifier of com-
munication channel in order to identify the source 
of package and the request for connecting to the 
network of new ultimate device. The zero identi-
fier of communication channel means request for 

Fig. 3. General view of BTM

Fig. 4. Data flow chart for BTM
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connection. If the request is accepted, the access 
point assigns an identifier within the range from 
0 × 01 to 0 × 1D to the ultimate device connected. 
In accordance with the identifier of communicati on 
channel, the callback function sCB defines and in-
crements respective sPeerFrameSem or sJoinSem 
semaphore for their processing in the main pro-
gram body. If sJoinSem semaphore (block 4) is 
set, the function of communication establishment 
is called (block 7). Then, the number of devices 
identified by access point increases (block 8), with 
sJoinSem semaphore decrementing.

The sPeerFrameSem semaphore is set each time, 
when BTM receives message from a device in the 
network, with data received from PTM being 
transmitted to the PC (blocks 9, 10). The block 11 
transmits the control data back to the PTM. This 

can be information on the operation mode, dis-
criminating threshold, and the count of base timer 
for synchronization of all PTMs in the system. If 
neither of the semaphores is set, the program re-
quests from the PC a probable input of control 
data (blocks 5, 6).

Fig. 5 shows a general view of PTM. The socket 
on the front side wall ensures connection to the pri-
mary and the demodulating logarithmic amplifiers, 
the switch is used for activating the PTM operating 
mode. The block dimensions are 185 × 85 × 35 mm3. 
The block consists of two boards, the transceiver 
and the processor ones. Here, a 4.8 V battery with a 
capacity of 2.7 А · hour is located.

The control flow chart of PTM as ultimate de-
vice is given in Fig. 6. Here, the block 1 performs 
additional initialization of ADC (used for digital-
izing the AE analog comparator signal envelope in 
order to determine the moment when the signal 
exceed the discriminating threshold) and DAC 
(for setting the discriminating threshold).

After the connection to network (block 3), the 
PTM operating mode is selected in the block 4. In 
the test run mode, the test sequence is generated 
(block 5) with its further transmission to BTM 
(block 9). The signal is digitalized in the control 
mode (block 7) at the output of logarithmic ampli-
fier 3 (Fig. 1) in order to control the noise level. In 
the basic mode, the AE data collection is activated 
(block 6). This includes the measurement of mo-
ments of arrival and magnitude of AE pulses. As 
time of accumulation expires, the data are sequen-
tially transmitted to BTM with a time lag (block 8) 
with further receipt of control data from it. The in-
formation obtained is used for timer synchroniza-
tion, setting of discriminating threshold, and se-
lection of operating mode.

Fig. 7 shows a flow chart of subprogram for pro-
cessing the analog comparator interruptions with 
one interrupting vector assigned to which CAIFG 
interrupting flag is tied. It is established on as-
cending or descending front of comparator signal 
(defined by CAIES bit of comparator control reg-
ister CACTL1). If interruption enabling bits CAIE 
and GIE are set as well, the setting of CAIFG flag 

Fig. 5. General view of PTM
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generates a request for interruption. The CAIFG 
bit can be discharged automatically, when inter-
ruption is processed, or by program.

As the comparator is triggered, at the moment 
when the input signal exceeds the discriminating 
threshold by descending front, at the output, 
CAIFG bit is set with a request for interruption 
generated. While the request is processed, in the 
block 1 of interrupting subprogram (see Fig. 7), 
the front on which the interrupting flag is set 
changes. This enables calling the interrupting sub-
program when the information signal drops lower 
the discriminating threshold. If the signal exceeds 
the threshold, the reading of PTM timer is sequen-
tially fixed and saved (blocks 3, 4); this reading is 
deemed to be the moment of AE signal arrival to 
the primary transducer of respective channel. The 
block 3 of subprogram initiates the run of 12-bit 
ADC microcontroller for which a cyclical single-
channel transformation mode is set. The signal 
attenuation below the discriminating threshold 
leads to reversing the comparator, with the block 6 
of subprogram stopping the ADC.

While the transformation result is loaded into 
the data register ADC12MEM0, ADC12IFG0 in-
terrupting flag is set. If ADC12IE0 and GIE bits 
are set as well, a request for interruption is gener-
ated. The ADC12IFG0 bit is discharged automat-
ically upon the call to ADC12MEM0 register or 
by program means.

The subprogram for processing ADC inter-
ruption saves the transformation result from 
ADC12MEM0 register and searches for maxi-
mum value in the array obtained.

The subprogram for timer interruption corre-
sponds to the interrupting vector of TBCCR0 
register for CCIFG bit. The CCIFG interrupting 
flag is set when the timer reaches the value stored 
in TBCL0 register. When the timer shifts from 
value recorded in the TBCL0 register to the zero, 
the comparator interruption and ADC operation 
are blocked and data transfer is initiated.

Fig. 8 features time diagrams of transceiver op-
eration showing the principle of PTM timer syn-
chronization. After the completion of AE data 

accumulation, during time T
ac, the PTM trans-

ceivers are switched sequentially for time Tt from 
the hibernating mode to the transmitting one 
(Fig. 8, а, b, c). 

The format of package data component trans-
mitted to BTM is given in Fig. 9. The PTM 
number is stored in the first byte, the number of 
AE pulses recorded is kept in the second byte. 
Three bytes are allocated for time of pulse arrival 
and two ones for the pulse magnitude. The size of 
data array cannot exceed 52.

Fig. 6. PTM control flow chart
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Fig. 7. Control flow chart of comparator interruption subpro-
gram processing

Fig. 8. Time diagrams of transceiver operation

Fig. 9. Structure of information component of the package 
transmitted from the PTM to the base

Fig. 10. The flow chart of software for radio-telemetric system
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After the transmission is completed, the trans-
ceiver of each PTM is switched to the receiving 
mode. During time Tr (Fig. 8, а), the control data 
from BTM are received (Fig. 8, d). Among these 
data, there is the time count Ni (i=1, ..., 8) of base 
timer (Fig. 8, e) used for synchronization of every 
PTM timer.

The PTM transceiver operates in the active 
mode during one hour only

 tre t rT T T= + , (1)

the rest of time, it is in the hibernating mode. This 
approach enables to reduce significantly the con-
sumption. The base transceiver exchanges infor-
mation with peripheral devices during time 

 *8tra treT T= , (2)

(Fig. 8, d), for the rest of time, it waits informa-
tion from PTM.

The software for system blocks was developed 
in IAR Embedded Workbench IDE that is a pow-
erful mean of software design for the MSP430 
microcontrollers.

The flow chart of software for PC, which controls 
the 8-channel radio-telemetric AE system and is 
destined for storage, processing, and visualization 
of diagnostic information is given in Fig. 10.

In the block 1 of the program, the BTM is con-
nected to PC through USB port. The block 2 ini-
tializes global variables of the program using ini-
file. Here, it is possible to set the required number 
of AE channels to be used, type of monitoring ob-
ject (line, plane, cylinder, sphere), noise discrimi-
nating threshold for AE channels, AET coordi-
nates, as well as parameters for tuning of radio 
channel (output and amplification of transceiver).

The block ensures the planning of experiment 
aimed at effective selection of AE signal. The file 
where the experiment data will be stored is as-
signed with name; the following main parameters 
of PTM and BTM system are set, computed or 
measured depending on the specific conditions of 
experiment:

1) Discriminating threshold U
p of АЕ channel 

signal;

2) Output of PTM and BTM radio transmitter 
(measured, depends on maximum distance be-
tween the PTM and BTM);

3) PTM and BTM radio transmitter amplifi-
cation (measured). Here, depending on type and 
dimensions of the monitoring object, the refer-
ence point of coordinated is chosen, AET location 
is set and its coordinates are determined.

The acoustic wave speed in the monitoring ob-
ject is set a priori or measured. It is a necessary 
input parameter of algorithm for computing the 
AE source coordinates.

The block selects one of the four operating 
modes:

1) The basic mode for selection, initial proces-
sing, accumulation, visualization, and storage of 
re adings represented as AE signals during the 
monitoring of important industrial objects and 
structures;

2) The control mode;
3) The test mode;
4) The settings mode.
The block 3 organizes recording of control data 

in BTM; thereafter, the program switches to the mo-
de of waiting for information from BTM (block 4). 
As the confirmation receipt is received, the pro-
grams switches to the block 5 that organizes se-
quential input of data packages from BTM takes 

Fig. 11. General view of wireless AE diagnostic system
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place. The program branching depends on the se-
lected mode in the block 6.

In the basic mode, the block 7 verifies the input 
data with respect to their reference to the real AE 
sources by a set of program criteria [17]. For the 
RF modulator combinations that comply with the 
criteria for acoustic antenna geometry, the AE 
source coordinates are computed in the block 8.

The block 9 visualizes the processing results in 
the coordinate system that corresponds to the 
type of location (linear, planar, cylindrical, or 
spherical) and selected antenna configuration. In 
the block 10, the decision on continuation or ter-
mination of experiment is made. In the case of 
continuation, the control shifts to the block 3 
again. The system is ready for the next data input 
from PTM. Otherwise, the block 11 records the 
input data to file and exits the program. The file 
of data obtained in this mode contains informa-
tion on magnitudes and moments of appearance 
of AE pulses of 8 PTM and AE source coordinates 
in the coordinate system corresponding to select-
ed type of location.

If the block 2 selects the test or the control 
mode, the block 6 switches control to the block 9 
where the data obtained are visualized in accord-
ance with test saw-tooth sequence or noise level 
at the output of logarithmic amplifier. The latter 
is used for estimating the noise level at the output 
of envelope detectors in PTM’s АЕ channels in or-
der to set the optimal level of their discrimination 
during the experiment planning.

The settings mode is used at the stage of BTM 
and PTM configuration. It foresees the verifica-
tion of correctness of block reaction on various 
directives (instructions) sent by PC through 
USB port. 

The software was developed in DELPHI. The 
multi-window user interface includes the main 
menu, toolkit, standardized dialogue boxes, and 
popup help.

Fig. 11 shows a general view of packed wire-
less system blocks. It consists of 8 blocks of PTM, 
base block of BTM, imitator block, and amplifier 
blocks.

Basic Technical Parameters 
of the System Designed

Amplification factor of primary amplifier 35 dB 
Maximum amplification factor of loga-
rithmic amplifier  . . . . . . . . . . . . . . . . . . . .  92 dB 
Frequency of AE signal envelope discre-
tization . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0,2 MHz
ADC розрядність of AE channel  . . . . .  12
Accuracy of measurement of AE signal 
arrival time  . . . . . . . . . . . . . . . . . . . . . . . . .  1 μs
PTM data package volume . . . . . . . . . . .  52 bytes
Structure of data package  . . . . . . . . . . . .  Number of PTM,
  Number of AE pul-
  ses recorded (≤10),
   their magnitude
   and time of arrival
Time of AE data accumulation in PTM  up to 1 s
PTM running time  . . . . . . . . . . . . . . . . . .  170 hours
Radiofrequency range   . . . . . . . . . . . . . . .  2400 — 2483.5 MHz
Transmission distance  . . . . . . . . . . . . . . .  100 m
Dimensions:

PTM:  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170 × 83 × 24 mm;
BTM:  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 × 83 × 24 mm

The system has been tested under laboratory 
conditions and got metrological certification.

CONCLUSIONS

1. A structure for 8-channel wireless AE sys-
tem for monitoring the long-operation objects 
has been proposed.

2. A software for the system hardware and the 
PC controlling the system and post-processing of 
AE data has been developed.

3. The designed wireless AE system matches 
the world cutting-edge counterparts in terms of 
both the technical parameters and the software.
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ДЛЯ МОНІТОРИНГУ ОБЄКТІВ 

НАФТОГАЗОВОГО КОМПЛЕКСУ

Розкрито структуру діагностичної 8-канальної систе-
ми бездротової передачі акусти¬ко-емісійної інформації 
під час моніторингу обєктів тривалої експлуатації. На-
ведено результати розробки програмно-алгоритмічного 
забезпечення для апаратної частини системи і для персо-
нального компютера, який здійснює управління систе-
мою та постобробку акустико-емісійної інформації. На-
ведено основні технічні характеристики системи.

Ключові слова: акустична емісія, система бездротової 
передачі інформації, програмне забезпечення.

В.Р. Скальский, Е.П. Почапский,
Б.П. Клим, О.Г. Симакович, Я.Д. Толопко,

П.П. Великий, П.М. Долишний

Физико-механический институт
им. Г.В. Карпенко НАН Украины, Львов

ДИАГНОСТИЧЕСКАЯ СИСТЕМА
БЕСПРОВОДНОЙ ПЕРЕДАЧИ СИГНАЛОВ

АКУС ТИЧЕСКОЙ ЭМИССИИ
ДЛЯ МОНИТОРИНГА ОБЪЕКТОВ
НЕФТЕГАЗОВОГО КОМПЛЕКСА

Предложена структура диагностической 8-канальной 
сис темы беспроводной передачи акустико-эмиссионной 
информации во время мониторинга объектов длитель-
ной эксплуата ции. Представлены результаты разработки 
прог раммно-алгоритмического обеспечения для аппа-
ратной части системы и для персонального компьюте-
ра, осуществляющего управление системой и постобра-
ботку акустико-эмиссионной информации. Приведены 
основные техни ческие характеристики системы.

Ключевые слова: акустическая эмиссия, система бес-
п ро водной передачи информации, программное обес пе-
чение.
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