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STAND-ALONE HARDWARE ANALYTICAL SYSTEM AAK12
FOR DETECTION OF GEOLOGICAL FAULTS IN COAL BEDS
WITH THE USE OF SEISMIC EXPLORATION IN MINES

The general-circuit solutions for stand-alone hardware analytical system AAK12 have been described taking into account
the safety measures for its implementation in mines. The performance capabilities of the main units and modules of the
equipment have been considered for analogue and digital processing of recorded seismic signals, visualization and on-line
analysis of the current measurements, as well as for data storage for further computer processing. The AAK12 basic

technical specifications have been given.
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In the recent years, as the depth and geological
conditions of coal mining have got more compli-
cated, the hardware and methodological frame-
work of in-mine geophysics should be improved,
especially in the field of seismic exploration as
the principal method for detecting different types
of geological faults of coal seams [1, 2]. These
faults drastically worsen the effectiveness and sa-
fety of mining operations. In addition to the abo-
ve said, reliable and quick forecast of geological
conditions is of particular relevance due to en-
hancing role of mechanization of coal production
and use of state-of-the art techniques of mine de-
velopment, which demand compliance with more
strict requirements for completeness and accura-
cy of predictive geological and geophysical infor-
mation. The means of complex mechanization of
mining operations have been designed for specific
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ranges of variation of geological parameters of
coal seams, with any changes beyond the accept-
able limits leading to a decrease in the efficiency
and safety of works and even to their suspension
or termination. These special difficulties arise as a
result of sudden, unforeseen geological distur-
bances provoked by single excavations.

The Ukrainian State Research and Design In-
stitute of Mining Geology, Geomechanics, and
Mine Surveying of NASU is one of the leading
organizations in the field of scientific and practi-
cal study of the geological conditions of coal de-
posit operation with the use of the seismic explo-
ration methods. The Institute deals with full-
scale research and development projects involv-
ing a wide range of highly qualified experts and
specialists with the help of cutting-edge equip-
ment. More than six years ago, the Institute com-
pleted a basic research on the development of
theoretical and methodological framework of in-
mine geophysics by order of the National Acade-
my of Sciences of Ukraine. At about the same
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time, it finalized the development of mine seismic
station CIII12K. The results obtained were fo-
cused mainly on implementing the in-mine seis-
mic exploration methods based on the waves re-
flected and transmitted in the prepared extrac-
tion column, which at that time seemed to be very
relevant. However, the hardware not being well-
fitted to operation by method of seismic location
where the signal/noise ratio reaches the critical
level and a lack of specialized embedded software
for effective data analysis (which is particularly
important for forecasting the mining geological
situation before doing a single excavation) cur-
rently have a negative impact on the effectiveness
and efficiency of mine geophysical works and, ulti-
mately, on the stable and safe production of coal.
In the context of the problem it should be not-
ed that the foreign researchers are striving to im-
prove the reliability of in-mine geophysics by in-
creasing the ADC digit capacity and signal re-
cording by individual modules without the use of
traditional streamer, which allows them to sig-
nificantly improve the quality of information re-
ceived. The most similar foreign analogue of
CIII12K equipment is the 24-bit modular seismic
station SUMMIT [3] for in-seam seismic explo-
ration manufactured by German firm DMT, but
its widespread use in the coal mines of Ukraine is
problematic because of hardware weight exceed-
ing 200 kg. In addition, its dimensions preclude
its delivery to the mine without the use of special
equipment; it uses explosive sources of elastic vi-
brations only; and finally, it is impossible to ana-
lyze information in the mine conditions. Taking
into consideration the growing demands of the
coal industry for the quality and timing of fore-
cast information, as well as a heightened pace of
the development of new technologies and related
machinery the results of the above studies can be
regarded as necessary for improving the basic
methodological developments and technical
means of mine geophysics and for adapting them
to the current conditions. On their basis, in 2012,
a hardware analytical complex AAK12 has been
designed and manufactured within the research

project «Development of autonomous hardware-
analytical complex for detecting the geological
faults of coal-beds by seismic methods».

While developing the AAK12 prototype spe-
cial attention was paid to the explosion protec-
tion, as it should comply with the legal acts of
Ukraine on protection of health and safety for
conducting research in the coal mines of all types,
including hazardous with respect to gas and/or
coal dust explosions [4—7]. EPL of AAK12 mine
extra explosive-proof electrical equipment has
been implemented with the use of protective «non-
sparking electric circuit> |[7]. The spark-safe elec-
trical circuits of the complex have been ensured
due to the use of the special modules of spark pro-
tection, which limit currents and voltage of non-
sparking circuits in accordance with the require-
ments of § 1.5 GOST 22782.5. The blocks with
increased supply voltage are equipped with addi-
tional galvanic separation units. This solution re-
quires the use of several microcontrollers for
functioning of separate units. Exchange of com-
mands and data between the different units of
AAK12 is realized through the chains having gal-
vanic separation. AAK12 (Fig. 1) consists of the
following blocks and modules:

1) A1 analysis unit (designed for controlling
the operator of working cycles of the complex,
storing the signals accumulated in non-volatile
memory, visualizing the received signals, and ma-
king their final analysis);

2) A2, A3 measuring units (perform the com-
mands of the analysis unit: signal amplification,
filtering, and analog-digital conversion, primary
processing and analysis of received signals);

3) A4 central communication unit;

4) A5 remote communication unit;

5) Time marker;

6) Micro-telephone headset;

7) Geophones (for converting the seismic sig-
nals to the electrical ones);

8) Float-mounting connector;

9) Adapter;

10) Coil;

11—13) Connectors; and
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14) Streamer cable.

The central communication unit (3), the re-
mote communication unit (4), the time marker
(5), and the coil (10) are designed for synchro-
nous operation of the complex blocks and for
communication between the operator and the
point of excitation.

The specific requirements for explosion safety
of equipment impose restrictions on the interface
hardware. In AAK12, there is used an interface
with galvanically separated receivers and trans-
mitters (standard EIA 422/V.11).

The analysis unit is a split-design profile (BO-
PLA) with the ends closed by screwed caps. The
block contains: a battery pack, an explosion safe-
ty module, a regulatory control module, a CPU
module, a memory module, a FLASH SDCARD
module, a real time clock module, an LCD con-
troller (320 x 240 pixels), a controller of 18-key

ISSN 1815-2066. Science and Innovation. V. 10, no. 1, 2014

N\ \
2&2& 2é 2% 2E2E2E2E 25 2é 2é2é12

AN
\2

9

Fig. 1. Block schematic diagram of the stand-alone hardware analytical

system AAK12

membrane keyboard, an interface module RS-
422, and an interface module of the communica-
tion unit. The analysis block has one 9-contact
connector to connect the measuring unit and the
communication unit. The exterior of analysis unit
is showed in Fig. 2.

The stand-alone hardware and analytical com-
plex consists of two identical measuring units, with
each of them containing six seismic channels.

The measuring units perform the following
functions:

+ Amplification and filtering of geophone output
signals;

+ Transformation of amplified and filtered sig-
nals into digital form;

+ Primary processing and analysis of the received
signals;

+ Lodging of conversion results to the analysis
unit;
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Fig. 2. Exterior of the stand-along analysis unit

Fig. 3. Exterior of the stand-along measuring unit

Fig. 4. Exterior of the remote communication unit

+ Setting of parameters for signal amplification,
filtering, and conversion upon commands from
the analysis unit;

+ Lodging of the parameters and status data of
measuring units to the analysis unit;

+ Oftline check of measuring units and compen-
sation of hardware errors.

The measuring unit comprises:

+ An instrumentation plate which is the base
plate designed to convert the amplified and fil-
tered signals to digital form, as well as to moni-
tor the battery status;

+ Six amplifier cards for amplifying and filtering
the output signals of geophones and for com-
pensating the displacement of «0» channels;

+ A processor card for controlling the resources
of the measuring unit and the FLASH SD card,
as well as for transmitting the accumulated sig-
nals to the analysis unit for further visualiza-
tion and analysis;

+ A spark safety card designed to provide the po-
wer supply and explosion safety of the measur-
ing unit.

The instrumentation plate is a mother board to
which the six amplifiers are connected via the
connectors. In addition, on the board, there are
located the buffer registers for communication
with the processor board, the ADC, and the line-
ar regulators.

The amplifier card consists of the following
components: a pre-amplifier, active power supply
filters of preamp, a controlled attenuator, a chan-
nel amplifier, a tunable low pass filter on switch-
able capacitors, a compensator of «0» displace-
ment, and a linear power supply regulator.

The processor card consists of the following mo-
dules: an interface,a CPU,a RAM, and a FLASH
SD. The spark safety card of the measuring unit
includes amperometric resistors, two current mir-
rors, a protective power transistor, output volt-
age protective modules, and a regulator module.

The case of measuring unit is a split profile
(BOPLA AVRN 1040) closed with screwed caps.
The end caps have the connectors for connection
to the analysis unit and the streamer of the stand-
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alone hardware. One of the caps has a warning
sign with the words «<OTKPBIBATD B IITAXTE
SAITPEHIEHOs («DO NOT OPEN IN MINE»);
the level and type of explosion safety is PO Na X;
IP54. The external view of the measuring unit is
showed in Fig. 3.

The communication units are intended for
synchronizing interaction of the pulse of seismic
vibrations and the process of its registration, as
well as for ensuring voice communication be-
tween the excitation points and recording of
seismic vibrations.

The remote communication unit is designed to
fix the time of signal from the time marker with
respect to the pulse formation, synchronization,
and transfer to the communication link. The cen-
tral communication unit is designed to receive
from the communication line the sync pulse and
to form the pulse to start recording of seismic sig-
nal. Both the communication units are also de-
signed to provide voice communications.

The exterior view of remote communication
unit is showed in Fig. 4.

The principal technical characteristics of AAK 12:

Number of seismic channels .............. 12;
ADC digit capacity, bit................... 12;
Range of recordable frequencies, Hz. .. . ... From
5 to 4000;
Noise, mcV, maximum. ................... 0.5;
Channel-by-channel attenuation of signal,
dB .o +112;
Samplelength........................... 256; 512; 1024;
2048; 4096;
8192;
Number of accumulations ................ or 1 1o 255;
LPF cut-off frequency of, Hz ............. 125; 250; 500;
1000; 2000; 4000
Sampling frequency, Hz.................. 250; 500; 1000;
2000; 4000;
8000; 16000;
Capacity of non-volatile storage, Gbyte, mi-
DIMUM © e e 2;
Channel similarity (amplification), %, mi-
DIMUM © e e e i 98;
Crosstalk, %, maximum .................. 0.05;
Level and type of explosion safety of the ana-
lysis unit, the measuring unit, the central
communication unit, and the remote com-
municationunit........... ... .. oL PO HNaX
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Mass of the system’s components, kg:

Analysisunit............ ... ... 1.2;
Measuring unit. ...t 1.1;
Central communication unit. .............ooon.. . 0.4;
Remote communicationunit ....................... 0.4;

Dimensions of the system’s
components, mm:

211 x 140 x 36;
183 x 110 x 45;
113 x 108 x 35;
113 x 108 x 35.

Analysis unit
Measuring unit
Central communication unit
Remote communication unit

CONCLUSIONS

The stand-alone hardware analytical system
AAK12 has been designed and manufactured for
getting detailed, reliable and timely information
on availability and nature of geological faults in
the rock mass, which drastically reduce the effec-
tiveness and safety of mining operations under
complex geological conditions of coal mining.

The mining studies with the use of equipment
AAK12 cost about UAH 20 000 (according to the
estimates made by the authors for the method of
seismic location, on the basis of the applicable
government rates). The expected economic effect
of implementation of the system may reach sev-
eral hundred thousand hryvnias per one mine
working, due to minimizing the damages from
emergency situations.
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A.B. Anyugepos, B.B. Tymanos,
0.0. Inyxos, O.1. Apxunenxo

ABTOHOMHUM ATIAPATHO-AHAJIITUYHUNA
KOMILJIEKC AAK12 U1 BUSIBJIEHHS
TEOJIOTTYHU X MTOPYIIIEHD BYTIJIBHUX
IIJIACTIB METO/IAMMU IIIAXTHOT
CEMICMOPO3BIJIKU

[IpencraBneno onuc MPUHITUIIIB CXEMOTEXHIYHUX PillleHb
aBTOHOMHOTO arapaTHO-aHATI THYHOTO KomItekcy AAK12 3
ypaxyBaHHsIM 3a0e311e4eHHs Ge31eKU N0ro BUKOPUCTAHHSI B
HIAXTHUX YMOBax. Po3risiHyTo OyHKIIIOHAIBHI MOKINBOCTI
OCHOBHUX BY3JIiB i MOZYJIiB PO3POGJIEHOI anaparypu moa0
aHaoroBoi i G poBoi 0OPOOKK PEECTPOBAHNX CENCMIYHUX
CUTHAJIB, Bi3yasisallii i OlepaTUBHOTO aHAJII3y PE3yJIbTaTiB
[OTOYHUX BUMIpIOBaHb, 30€PEKEHHS TaHUX JJIS TOAJIbIIOT
KoMIT'toTepHOI 00poGKu. TIpuBeseHi OCHOBHI TexHiuHi Xa-
pakrepucTnky Komriekcy AAK12.

Knrouoei cnosa: mIporHO3 TipHUYO-TEOJIOTIYHUX YMOB,
aBTOHOMHUM anlapaTHO-aHATITHIHUH KOMIIJIEKC, celicMiy-
Hi curHanu, BUGYX03axXuCT, iICKPOOE3NeYHNU eJIeKTPUIHUI
JIAHTIIOT.
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A.B. Anyugepos, B.B. Tymanos,
A.A. Inyxos, A.U. Apxunenxo

ABTOHOMHDBIN ATITTAPATHO-AHAJIUTUYECKU
KOMILJIEKC AAK12 V1S BBIABJIEHUA
TEOQJIOTUYECKNX HAPYIIEHUM YTOJIBHBIX
IIJIACTOB METO/IAMU IIIAXTHOM
CEVICMOPA3BEJIKU

[Ipezncrasiieno onucanye IPUHIUIIOB CXEMOTEXHUYECKUX
pelieHnii aBTOHOMHOTO AlIapPaTHO-aHAIMTUYECKOTO KOMII-
sekca AAK12 ¢ yuerom obecriedernst Ge30IaCHOCTH €ro KC-
MOJIb30BAHMS B IIAXTHBIX yCJOBUSIX. PaccMoTpeHsl (hyHK-
IMOHAJIbHbIE BO3MOKHOCTA OCHOBHBIX Y3JIOB M MOJYJIei
paspaboTaHHON almapaTypbl IIPH aHAJIOTOBON U IU(PPOBOIL
06paboTKe PEruCTPUPYEMBIX CEICMUYECKUX CUTHAJIOB, BU-
3yaJM3aliil U OIEPaTHBHOTO aHAJIN3a PE3YJBTaTOB TEKY-
IMUX U3MEPEHU, COXpaHEHUs AAHHBIX /UL TOCJeLyIomei
KOMIIbIOTEPHOI 06paGoTKu. IIprBeseHbl OCHOBHbBIE TEXHMU-
YecKue XapakTepucTuku komiiekca AAK12,

Kniouesvie cnoea: mporio3 ropHO-re0JOrHYecKux yc-
JIOBUTA, aBTOHOMHBIIT alllIapaTHO-aHATUTHYECKU I KOMILIEKC,
ceficMIYecKre CUTHAIIBI, B3PbIBO3AIINTA, HCKPOOE30macHast
9JIEKTPHYECKAs T[ETIb.

The paper was received on 12.06.13
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