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Abstract. The equipment for operational non-destructive testing by the shock-wave method developed by the
Institute for Geotechnical Mechanics under the National Academy of Sciences of Ukraine, was successfully tested in
mine conditions and confirmed the results of theoretical and experimental studies on the possibility of using the
relaxation time of free oscillations of a metal-polymer anchor to assess the quality of its fastening. At the same time,
some drawbacks of the equipment were identified, which can be eliminated by improving both the data processing unit
and the sensor part. The areas of improvements, considered in this work, will improve the stability, speed, mobility and
ergonomics of the equipment.

It is possible to improve the data processing unit by implementing modern 32/64 bit ARM microprocessors with
higher computing power and with greater variability of circuitry solutions. It is possible to develop a new circuit based on
these microprocessors or to use available mini-solutions based on the ARM core. It will also improve the oscillator-
receiver unit, potentially making it completely wireless. For both options, it will be necessary to develop software, which,
due to the increased computing power, can be improved with additional algorithms for data processing. The increased
speed and a larger number of 1/O ports will also allow transferring the functionality of the analog part to the ARM
microprocessor, which, in turn, will reduce the board size, and the freed space can be occupied by additional batteries to
increase the battery life.

The introduction of ARM microprocessors will also allow, thanks to a large number of libraries and circuits for
wireless data transmission, the development of anchor vibration sensor with Wi-Fi/Bluetooth data transmission to the
processing unit, which, in turn, will increase mobility and ease of use. For maximum ergonomics, it is possible to develop
a combined design with an automatic stabilized hammer and oscillation sensor.

Keywords: anchor, shock wave method, non-destructive control, geophysical equipment.

Introduction. In the research process to find ways of non-destructive control of
anchors fastening, equipment based on the use of the shock wave method was
developed. The equipment received name KVAK (complex vibroacoustic control).

Several equipment variants were developed, each with a different functionality.
The first version of the equipment, KVAK-1 (Fig. 1), was rather an experimental
sample of mobile non-destructive testing equipment in order to confirm the results of
theoretical and laboratory studies. Tests of the equipment in mine conditions
confirmed the possibility of using the shock wave method and the damping time of
anchor oscillations to control the quality of anchor fastening, but also revealed a
number of design drawbacks of the equipment, such as insufficient electrical
shielding, large data scatter, liquid crystal display artifacts, no solutions to ensure the
possibility of working in a spark-explosive environment.

© S. I.Skipochka, V. M.Serhiienko, I. S.Krasovskyi, 2021


https://doi.org/10.15407/geotm2021.159.038

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2021. Ne 159 39

Figure 1 - Set of experimental equipment KVAK-1

These drawbacks were eliminated in the next version of the equipment, which
was named KVAK-2 (Fig. 2). The electrical schematic of the equipment was
significantly changed to ensure greater explosion safety [1]. The block diagram of the
KVAK-2 equipment is presented in fig. 3.

4 5 6

1 - power supply, 2 - sensor, 3 - analog signal processing unit, 4 - frequency grid shaper, 5 - cycle
control unit, 6 - display unit

Figure 3 - Block diagram of KVAK-2 equipment
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Further improvement of shock wave control equipment was based on the use of
microprocessor electronics and modern passive SMD elements.

The next version of the equipment, KVAK-4 (Fig. 4), received as a central
element of data processing 8-bit microprocessor ATMEL ATMega 32A. The use of
this microprocessor expanded the functionality of the equipment and at the same time
reduced the size of the board, the physical size of the unit, battery consumption and
increased shielding and protection from dust and moisture. The equipment calculates
and displays not only the value of the informative parameter, but also, due to the
capabilities of the programmable microprocessor, statistical processing of data is
performed directly at the place of research [2]. Implementation of the bigger LCD
screen with Ul programming capabilities displays not only an informative parameter,
but also additional values, such as battery level, intermediate values of statistical
processing, etc.
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Figure 4 — KVAK-4 control equipment

Although the use of the 8-bit microprocessor expanded the capabilities of non-
destructive shock wave control equipment, the results of tests of KVAK-4 equipment
in mine conditions revealed further opportunities for improving the equipment. In
particular, the following drawbacks were identified:

- LCD artifacts;

- with frequent strikes on the anchor it is possible to impose oscillations from the
previous strike, which leads to the summation of the values of the relaxation time;

- difficulties of controlling the anchors, that are fixed at a considerable distance
from the place of measurement, in particular in the mine roof.

These drawbacks can be eliminated by improving the data processing unit and
methods and means of registration of the damping oscillations of the anchor.

Ways for improvement. Data processing unit can be improved by two possible
ways. The first option is similar to the solution that was used in the development of
KVAK-4, namely in the use of only a programmable processor with the subsequent
development of the circuit part. The second option is to use ready-made solutions,
which are much more common for 32-bit and 64-bit microprocessors.
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As 1t 1s mentioned above, the KVAK-4 hardware uses the Atmel 8-bit
ATMega32A microprocessor. This microprocessor has a Harvard architecture
(program and data are located in different address spaces) and a command system
close to the ideology of RISC (Reduced Instruction Set Computing - calculation with
a reduced set of instructions), or, according to the manufacturer, an Enhanced RISC
Architecture [3]. It has 32 KB of Flash memory, 2 KB of SRAM and 1 KB of
EEPROM (non-volatile permanent memory). The maximum clock frequency of this
microcontroller, at using an external quartz clock, is 16 MHz’s. In the absence of an
external generator, it is possible to use an internal RC-generator with a maximum
theoretical frequency of 8 MHz, but the real frequency of this generator, due to the
peculiarities of the microprocessor, is much lower [4].

Today, almost every electronic device uses 32- and 64-bit ARM microprocessors
(Advanced RISC Machine) as a central control unit. Compared to the Harvard 8-bit
microprocessors, they have higher maximum clock speeds, better power savings and
larger data storage. So, if for the ATMega 32A microcontroller the maximum clock
frequency is 16 MHz, RAM is 2 KB, and the data storage, including the program, is
32 KB of memory, the ARM microprocessors are multi-core, with a maximum clock
speed in a gigahertz range, the amount of RAM and permanent memory reaches
hundreds of KB without taking into account the possibility of connecting additional
external storage.

An interesting addition to the ARM kernel design is the use of a 4-bit
circumstance code at the beginning of each instruction, which means that the
execution of each instruction is conditionally optional. Other CPU architectures
typically have circumstance code like branch instructions.

This significantly reduces the encoding of the bit suitable for moving the
instruction to the available memory; but on the other hand, it avoids branching
instructions when generating code for small if statements [5].

Let's compare the characteristics of microprocessors of the same value: ATMega
32A and LM3S5R31-1QC80-C1 [6] (Fig. 5). Their comparative characteristics are
presented in table. 1.

Table 1 — Comparative characteristics of ATMega 32A and LM3S5R31-1QC80-C1

AVR Atmel ATMega 32A ARM LM3S5R31-IQC80-C1
Bitrate, bit 8 32
Clock frequency,
MLz 16 80
RAM, kB 2 48 x8
ROM, kB 32 256 (256 x 8)
1/O ports 32 67
Timer/counter 2 8-bit, 1 16-bit 2 16-bit/ 1 32-bit
ADC 8-channel 10-bit 16-channel 10-bit
Interfaces TWSI, UART/USART, I2C, IrDA, Microwire,
SPI UART/USART, SPI, SSI, USB
Supply voltage 2 7V~55V 1.08V~132V
Temperature range -40°C ~ 85°C -40°C ~ 85°C
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Figure 5 — 32-bit ARM microprocessor LM3S5R31-IQC80-C1

Also, the increased speed and functionality will allow ARM microprocessor to
take over analog part functionality of KVAK-4 [7]. The improved equipment will be
smaller, lighter and more productive. The freed space can be allocated for additional
batteries to increase the autonomy of the equipment, which in combination with the
reduced consumption of the microprocessor will give higher operational time then the
KVAK-4. The block diagram can take the form presented in fig. 6.
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1 - power supply, 2 - sensor, 3 - analog signal processing unit, 4 - frequency grid shaper, 5 - cycle
control unit, 6 - display unit

Figure 6 — Block diagram of KVAK-2 equipment and block diagram of further possible
improvement

However, the use of ARM microprocessors also requires the development of
software adapted for this microprocessor. It is possible to use the same programming
language, C / C ++, but the machine code will be different, which in turn requires the
use of another software package to compile the code.

Another significant advantage of the ARM microprocessor is the ability to
program it when connected via USB, unlike the AVR, which required the purchase of
an additional special programmer for hardware programming.

The Proteus software package, which used for emulating hardware and test
program code, is also suitable for similar tasks for ARM microprocessors.
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The use of 16-bit microprocessors is also possible, but at a cost close to 32-bit
microprocessors, the speed of such microcontrollers is between 8-bit and 32-bit, their
use seems inefficient.

Another promising, but more expensive, way to improve the digital data
processing unit is to use ready-made solutions, so-called mini-computers, or single-
board computers, for example, the Raspberry Pi [Fig. 7].

Figure 7 — Raspberry Pi single board mini-computer

The Raspberry Pi is a series of small single-board computers (SBCs) developed in
the United Kingdom by the Raspberry Pi1 Foundation in association with Broadcom.
The original model became more popular than anticipated, selling outside its target
market for uses such as robotics. It is widely used in many areas, such as for weather
monitoring, because of its low cost, modularity, and open design. The Raspberry Pi
hardware has evolved through several versions that feature variations in the type of
the central processing unit, amount of memory capacity, networking support, and
peripheral-device support.

At the time of writing, the latest model of the Raspberry Pi is version 4 and its
variants.

The Raspberry Pi 4B model was presented on June 23, 2019. Despite the
preserved dimensions of the previous series (85.6 mm % 56.5 mm), the rest of the
system has undergone significant changes. Among other things, the new arrangement
of mounts and I/O ports makes the new series incompatible with the housings of the
previous series. However, compatibility with expansion cards from the previous
series 1S maintained.

The new series is based on the BCM2711 chip system (SoC) which uses a quad-
core 1.5GHz ARM Cortex-A72 processor with a clock speed of 1.5 GHz,
manufactured with using a 28 nm tech process.

This microprocessor supports the standard ARM GIC (Generic Interrupt
Controller), which significantly speeds up the operation of virtualization systems.
Wi-Fi support remains at the level of the 802.11ac standard, but unlike the previous
series, Bluetooth version 5.0 support is added.
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The fourth series is available in three RAM configurations: 1, 2, and 4 GB of
LPDDR4 standard RAM. In June 2020, a model with 8 GB of RAM was released.

Unlike the previous series, the Gigabit Ethernet network adapter now runs at full
bandwidth, and is not limited to the 300 Mbps USB 2.0 gateway in the third series.

Like the previous series, the Raspberry Pi 4B supports Ethernet (PoE) power
technology with an optional expansion card.

Instead of one HDMI port, the new series has two micro-HDMI ports. It is able to
output HDMI 2.0 4K @ 60 Hz signal to one monitor, or 4K @ 30 Hz to two
monitors, play 4K video. Thanks to the system's existing VideoCore 6 accelerator,
the new computer will be able to play H.265 and 4K @ 60 frames per second video.

The system is powered by the USB Type-C port.

The Raspberry Pi runs mainly on operating systems based on the Linux kernel.
The Raspberry Pi Foundation provides the Raspberry Pi OS (formerly called the
Raspbian), a Debian-based (32-bit) Linux distribution for download, as well as third-
party Ubuntu, Windows 10 IoT Core, RISC OS, LibreELEC (specialised media
centre distribution) and specialised distributions for the Kodi media centre and
classroom management [8]. It promotes Python and Scratch as the main
programming languages, with support for many other languages. The default
firmware is closed source, while unofficial open source is available. Various
operating systems for the Raspberry Pi can be installed on a MicroSD, MiniSD or SD
card, depending on the board and available adapters.

Also, unofficial operating systems include such flexible systems as FreeBSD,
OpenWrt and even Android. The NOOBS tool is used for installing the operating
system.

Another convenience of the Raspberry Pi is the ability to program via a regular
USB and SD-card connection, without the need to use a special programmer.

The use of Linux-based operating systems and, with some limitations, Windows,
makes it possible to install specialized programs (such as spectrum analyzers) to
process data directly at the site of the experiment.

In this case, to use the same display as in KVAK-4, would be irrational. For
normal, comfortable work with the equipment a display with a diagonal of at least 3.5
" and a resolution of 320x480 pixels is required (Fig. 8).

Figure 8 — 3.5" 320x480 pixels display module based on the ILI9481 controller
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Although the Raspberry Pi-based solution has advantages in computing power,
usability and areas for further improvement, it also has a significant drawback - the
cost of the Raspberry Pi 4B, display module and accessories can exceed $ 200.

In addition to the data processing unit, the equipment and methods of obtaining
data of the anchor oscillating process also need further improvement.

In the KVAK-4 equipment, two variants of sensors and a special oscillator are
used for registering the anchor oscillations (Fig. 9).

3
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1 - cap sensor to register the vibration of the anchor; 2 - contact sensor for vibration detection of
arbitrary structures; 3 — hammer with a stabilized impact force

Figure 9 — KVAK equipment components

Obtaining data on the condition of the anchor involves the following sequence of
actions. If possible, install a cap sensor on the free end of the anchor, otherwise, use a
clamping conical sensor. The corresponding sensor is connected by a cable to the
input of the electronic unit. Applying periodic strikes to the end of the anchor with a
special hammer, record the corresponding values of the informative parameter. In the
latest version of the KVAK-4 equipment there is an automatic rejection of anomalous
data from the sample and statistical processing of the sample array for this control
point.

The short cable connection restricts the freedom of action of the operator,
complicates the control due to the need to keep the processing unit, the sensor and the
oscillator, especially when monitoring the condition of the anchor in the upper part of
the working. Certain inconveniences are also associated with the need for the
operator to strike a large number of strikes, preferably of with the same force, on the
end of the anchor, which in the case of mass control is a heavy task.

These shortcomings can be corrected in two ways:

- the sensor is fixed on the free part of the anchor, is connected by a cable to the
data processing unit, the oscillations are excited by an automated exciter, without the
participation of the operator;
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- the sensor is attached to the free part of the anchor, is connected to the data
processing unit wirelessly via Bluetooth or Wi-Fi, vibrations are excited by an
automated exciter, without the participation of the operator.

The second option, together with the use of the Raspberry Pi 4B mini-computer
with built-in support for Bluetooth and Wi-Fi protocols, gives non-destructive shock
wave control equipment flexible computing capabilities, maximum mobility and ease
of use.

The main inconvenience of working with KVAK-4 equipment and high load on
the operator is the application of a series of consecutive strikes with a given time
interval, so as not to impose oscillations at too frequent strikes, and control the
impact force to average it, for more stable results.

Development of the oscillator with automatic strikes will eliminate this
drawbacks and increase the convenience of working with the equipment.

The development of such device depends on the possibility of using wireless data
transmission methods in mine conditions. If Wi-Fi and Bluetooth data transmission
protocols work smoothly, with sufficient reliability and integrity of the transmitted
information, when located next to the functioning mine equipment, it will bring the
ergonomics of non-destructive mine control equipment to a new level, compared to
previous developments. The possibility of using wireless data transmission needs
further research.

Automatic strikes to excite the anchor oscillations can be implemented using
programmable electric motors, which themselves would strike and return the hammer
to its original position. Control of this device can be transferred to the data processing
unit. To do this, additional button on the front panel needs to be added and a motor
control algorithm, that would release the hammer, force it to strike, and return to its
original position and have a time delay to dampen the current oscillations before the
next strike, needs to be developed. Also, for more efficient use of the equipment, it is
proposed to display a message about the readiness the next impact.

Conclusions. The possible directions of further improvement of the non-
destructive shock-wave control equipment were considered.

It was established, that the data processing unit as well as the exciter and receiver
of the anchor oscillations need to be improved. The data processing unit can be
improved if more efficient ARM microprocessors are used as the basis of the
computing node. This can be done in two ways: by developing a new circuit based on
the ARM microprocessor, or by using ready-made multifunctional solutions based on
the ARM core. It will also improve the oscillator-receiver unit, potentially making it
completely wireless.
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AHortauis. PospobneHa B I'MM HAH VYkpaihm anapaTypa OnepaTMBHOMO HEPYWHIBHOrO KOHTPOIMK YAapHO-
XBUNbOBVMM METOAOM MPONLLNA YCMiLUHi BUNPOBYBaHHS B LIAXTHUX YMOBAX, MiATBEPAMBLLM PE3yNnbTaTh TEOPETUYHNX Ta
eKkcrepuMeHTanbHUX  JOCRIDKEHb MNP0 MOXMMBICTb  BUKOPWUCTAHHA  Yacy penakcauii  BiflbHUMX  KOMNMBaHb
MeTanononiMepHOro aHkepa Ans OLiHKW SKOCTi MOro 3akpinneHHs. BogHovac, Oynu BusiBneHi ge-aki Hegoniku poboTu
anaparypu, YCyHyTV siKi MOXITMBO NpW BAOCKOHANEHHI sk 6110ka 06pobKM JaHWX, TaK i CEHCOPHOI YacTUHMW. Po3rnsHyTi B
pobOTi HanMpsIMKM BOOCKOHANEHHS [O3BOMATH MIgBMLLMTK CTaBIMbHICTb, LUBMAKOAiK, MOBINBHICTE i €proHOMIYHICTb
anaparypu.

Mokpawut 6rmok 06poOKM [JaHWX MOXIMBO LUMSXOM iMnnemeHTauii 6inbw cyyvacHux 32/64 6itHux ARM
MikponpoLiecopis 3 BinbLUOK LIBWAKOAIEK Ta GinbLUIOK BapiaTUBHICTIO CXEMOTEXHIYHUX pilleHb. Moxnnea sk pospobka
HOBOI CXEMM, LLIO 3aCHOBaHA Ha 3a3Ha4eHWX MIKpoOMpoLecopax, Tak i BUKOPUCTAHHS CEPIAHMX MiHi-pilieHb. [Ons obox
BapiaHTiB Oyae noTpibHa po3pobka mporpamHoro 3abesneyeHHs, B sike, 3@ PaxyHOK MiABMLLEHOI 0BYMCIIOBANbHOI
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30aTHOCTI, MOXIMBE BMNPOBaMKEHHS A0AATKOBMX anropuTtmie obpolbku Ta Bupadi gaHux. 36inbluieHa LWwBMakodis Ta
Oinblua KinbKicTb MOPTIB BBOAY-BMBOMAY TaKOX A03BONMTL nepeknactit Ha ARM Mikponpouecop YacTuHy doyHKLioHany
aHaroroBoi 4YacTWHM, L0, B CBOK Yepry, 3HW3UTb PO3MIPU NnaTW, a 3BifIbHEHWM MPOCTIP MOXIUBO 3alHATK
aKkymynstopamu 6inblUoi eMHOCTI, 45151 3BiNbLUEHHS Yacy aBTOHOMHOI poboTK anapaTypu.

BnpoBampkeHHs ARM MikponpoLecopiB Takox [4O3BONMTL, 3aBASKM BENUKIA KinbkocTi Gibniotek Ta cxem Ans
Ge3npoToBOi Nepedavi AaHux, po3pobky aatymka konmeaHb aHkepa 3 Wi-Fi/Bluetooth nepepaveto manmx go 6noka
00pobkK, Wo B CBOK 4epry 36iMblMTL MOGIMBHICTL Ta 3pyyHicTb pobOTM 3 anapaTypow. [ns MakcumanbHoi
EProHOMIYHOCTI, MOXTMBa po3pobka KOMOIHOBAHOI KOHCTPYKLji 3 aBTOMaTW4HMM CTabinisoBaHnM 30yoHMKOM Ta
[aT4NKOM KOMNMBaHb.

Knto4oBi cnoBa: aHkep, yaapHO-XBUMbOBHUIA METOA, HEPYMHIBHWIA KOHTPONb, reodisnyHe 06nagHaHHs.

AnHoTauus. PaspabotanHas B MITM HAH YkpawHbl annapaTypa onepaTWBHOMO HepaspyLLatLLero KOHTPOns
Y4ApHO-BOITHOBBIM  METOZOM MpOWNA YCnellHble WCMbITAaHWS B LIAXTHbIX YCMOBMSX, NOATBEPAMB pe3ynbTaThl
TEOPETUYECKNX U  IKCMEPUMEHTANbHbLIX MCCMEA0BaHNA O BO3MOXHOCTM WCMOMb30BaHUS BPEMEHW penakcauum
cB06OAHbIX KonebaHuin MeTannononMMepHOro aHkepa Ans OLEHKM KavyecTBa ero 3akpenneHus. B 1o xe Bpems, Obinm
oBHapyXeHbl HeQoCTaTkM PaboThbl annapaTypbl, YCTPAHUTL KOTOPbIE BO3MOXHO MpU COBEPLUEHCTBOBAHMM, Kak Groka
06paboTky AaHHbIX, TaK 1 CEHCOPHOM YacTu. PaccmoTpeHHble B paboTe HanpaBneHust COBEPLUEHCTBOBAHNS NO3BONAT
NOBbICUTb CTABUNBHOCTb, BbICTPOAENCTBIE, MOBUIBHOCTD 1 SPrOHOMUYHOCTL annapatypsb!.

Ynyywutb 6rok o6paboTku AaHHbIX BO3MOXHO NyTeM BHegpeHus 6onee coBpeMeHHbix 32/64 ButHbix ARM
npoLeccopoB ¢ 6oMnbUM BbICTPOAEACTBIEM M BOMbLLIEN BAPUATUBHOCTbLIO CXEMOTEXHUYECKMX pelleHnin. Bo3moxHa kak
pa3paboTka HOBOW CXeMbl, OCHOBAHHOM Ha YKa3aHHbIX MPOLECccopax, Tak U UCMONb30BaHNUS CEPUAHBLIX MUHW-PELLEHUIA.
Ona oboux BapuaHTOB noTpebyetcs paspaboTka MporpammHOro obecneyeHus, B KOTOPOE 3a CYET MOBbILIEHHO
BbIYMCNUTENBHON CMOCOBHOCTM, BO3MOXHO BHELPEHUE OOMOMHUTENbHBIX anroputMOB 06paboTki W BbiAaun AaHHbIX.
YBenuyeHo bbicTpogeiicTene 1 Gonbluee KONMYECTBO NOPTOB BBOAA-BbIBOAA Takke No3BOnuT nepesBect Ha ARM
MWKPOMPOLIECCOP YacCTb (PyHKLUMOHANa aHanoroBOi 4acTW, YTO, B CBOKW OYepedb, CHU3UT pas3Mepbl Nnathbl, a
0CBODOX/OEHHOE MPOCTPAHCTBO MOXHO 3aHATb AOMOSMHUTENbHBIMU aKKyMynsTopamu, Ans YBEMUYEHWS BPEMEHM
aBTOHOMHOW paboTbl annapaTtypbl.

BHegpenne ARM npoueccopoB Takke nossonut, bnarogapsi Gonbwomy konuyectsy Gubnmotek m cxem Ans
BecnpoBogHON nepefaym gaHHbIX, paspaboTky aatyuka konebaHui aHkepa ¢ Wi-Fi / Bluetooth nepepayeit faHHbIX B
Bnok o6paboTtku, 4TO, B CBOW OYepedb, YBENMYMT MoBunbHOCTL W ypobcTBO paboTtbl ¢ annapatypon. [ns
MakCUMarbHOW 3PrOHOMWYHOCTW, BO3MOXHA paspaboTka KOMOMHMPOBAHHOW KOHCTPYKUMM C  aBTOMATUYECKUM
cTabunuanpoBaHHbIM BO30YANTENEM W LATYMKOM KonebaHuiA.

KntoueBble cnoBa: aHkep, yaapHO-BOMTHOBOW METOL, HEpa3pYLUAKOLLMIA KOHTPOIb, reodusmndeckas annaparypa.
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