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ft foot kmjs kilometer per second
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A UNIX WORKSTATION MONITORING SYSTEM
FOR COAL-BUMP RESEARCH

By J. P. Coughlin1 and P. E. Wilson2

ABSTRACT

The U.S. Bureau of Mines has developed a monitoring system that acquires and, analyzes data for
use in determing the conditons that may precede mountai bumps in coal mines. Based on a UNI
workstation lied to an array of geophones in a workig longwal operation, the system captues
complete waveforms of microseismic events and simultaneously obtai continuous samples of the

voltage levels of each geophone. Event rates and locations are caculated and diplayed in real time on
-~--the~:U'~"I-=oy:l"~tation;-:--v¡hich-1. -:sitüated-~-in~~--ünde~&-oünd~instrùmentation=rûûm~~::~liese-~result-s--a1sô=~

are tranmitted from the workstation to a diplay computer near the longwal face. The system runs

continuously and has the capabilty to acquire, analyz, display, and archive microseismic (tranient) data
and single point data, such as closure and pressure changes, simultaneously.

lElectrical engineer.
2Physicist.

Denver Research Center, U.S. Bureau of Mines, Denver, CO.
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INTROOUCTION

Bumps are sudden violent f¡uures of mine rock that can
injure mine personnel and damage mine structures and
ming equipment. In a 3-week time period of exception-
aly high bump activity, the monitorig system described in
this report detected 2 very large bumps, 10 bumps of inter-
mediate or smal size, and 21,000 microseismic events

(smal-scae rock fractures). The 2 
large bumps caused ex-

tensive damage whie the 10 smaler bumps caused a lesser
degree of damage.

The goal of the U.S. Bureau of Mines research de-
scribed in this report is to develop empircal techniques for
forecastig mountai bumps. Much of the current work
toward th goal is based on the acquisition and analysis of
microseismic data. Laboratory testing and field studies
support the idea that patterns of microseismicity are re-
lated to the onset of faiure in materialso Some of the
earliest work in microseIsmics indicated that peak event
rates may be precursors to the faiure of materials (3).3

3Italicied numbers in parentheses refer to items in the list of refer-

ences preceding the appendixes.

.
..*, .. .

Direction
of mining

~
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Many other laboratory studies, among them Scholz (8) and
Reymond (5) have indicated the same relation. However,
a coal bump in a longwall operation is different from the
faiure of a relatively uniform test specimen under control-
led conditions. The geological envionment of a coal mine
consists of several bedding planes of differing materials,
each plane havig its own heterogeneous characteristics.
These geological and physical complexities may preclude
the use of rate anomales alone in bump forecasting, but
other parameters that may be related to bumps are being
investigated. Rowell (7), analyzg data obtaied with
the system described here, reports that more than a month
ahead of time the spatial distribution of microseismic
events outled the area where a very large bump was to

occur (fig. 1). Some field studies on the energy distri-
bution of microseismic events have found a probabilstic
relation between this parameter and the occurrence of
large, damagig bumps. Revalor (4) determined that a
low event rate with an energy distribution concentrating
more than 35% of the energy in high-energy events
indicated that the
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Figure 1.-Mlcroseismlc activit (September 30 to October 12,1989) ahead of the face. Asterisks denote event locations and are

logaritmically proportonal to event energy. Longwall face was 800 m to the left of the figure edge. The wagon wheel symbol marks
the location of a mountain bump that occurred 1 month after the depicted events. At the time of the bump, the face was 20 m to the
left of the bump location.



longwal face was approaching a dangerous area. Laocki
(2) showed that for several observation periods high-
energy events had a 70% to 80% tendency to occur when

the caculated probabilty of these events was increasing.

It is emphasized here that although these results are prom-
ising, it is nonetheless true that the longwal can be in a

dangerous area without any excessive concentration of
energy in the high-energy events, and that a coal bump ca
occur even when the calculated probabilty is low.

3

Several digital microseismic monitoring systems have
been developed by the USBM as part of a research effort
to reduce the hazd of bumps and rock bursts. One such
system designed for monitoring hard-rock mines is de-
scribed in reference 1. The present report describes the

implementation of a monitoring system designed specifca-

ly for use in coal-bump research. An overal description
of the monitoring system is given, followed by examples of
system data and a description of how the system operates.

MICROSEISMIC MONITORING SYSTEM

The USBM monitoring system presently operates in an samplig systems. The primary system acquires fu

underground coal mine in eastern Kentucky. Situated in waveform data at the samplig rate (5 kHz per chanel)

a fresh-ai entry 500 ft from the stop lie of the nearest of the data acquisition hardware. A secondar system,

coal panels, an intrumentation room (fig. 2) is connected operating at the much-reduced rate of 80 Hz, samples the

though several thousand feet of signal cable to an array data provided by the acquisition hardware and obtais
of geophones (fig. 3) positioned around the currently ac- quasi-random continuous samples of the voltage output of

tive longwal. Power for preamplifers, which compensate each system geophone. Al data are archived periodicaly
for signal 

losses in the cables, is provided from within the on magnetic tape for future detailed analysis whie pre-

instrumentation room by a USBM-designed power supply liinary analysis on-site derives event locations and rates
with special circuit-breaker features (5). With this unit as from the full waveform data. Along with the continuously
a power supply, the geophones, preampliers, and cables sampled data, these locations and rates are displayed in
are permissible for use 

in underground coal mines under real time in the underground research station (fig. 4).
-- '-MmèccSaiety-añâ-CHeaitlAdmiirätionpermit'E'p::f5=o;--==c,'CA-mülIita-šlëin-g"miccomplilè'Ymstãlled in frešii=-áiflõw ,-

The mai part of the USBM monitoring system is a near the longwal face (fi. 5) serves as a remote display
Concurrent Computer Corp. UNI workstation4 with an for the UNI workstation. Several thousand feet of cable
integrated data acquisition system and the capabilty of and two modems transmit event locations and rates from

iiultaneously acquiring data and runng multiple analy- the UNI workstation to this computer, which diplays

:is and diplay routines. these results in a 2-day time widow that begi at mid-
Operating under the control of USBM-developed soft- night 24 h prior to the current day. The event location

ware the UNI workstation acquires data with two display is updated as each event occurs; the rate diplay is, updated at least every 15 min.
- 4Reference to specific products does not imply endorSement by the

U.S. Bureau of Mines.

Figure 2.-instrumentatlon room. From left to right are shown
the amplifier and power supply rack, the event detection hard-
ware, and the UNIX workstation.

Figure 3.-Geophone installation.
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Figure 4.-Aal monitoring system display. locations are updated each time an event is located. Sampled signals are
updated every minute and the rate plot Is updated at least every 15 min.

Figure 5.-Near-face monitor.

The basic tyes of data that the system acquires are

transient event data (high samplig rate) and continuous
data (reduced samplig rate).

TRANSIENT EVENT DATA

Figue 6 is a multichanel display of the waveforms as-

sociated with a microseismic event detected by the USBM
monitoring system at the research site. When a mIcro-
fracture occurs in mie rock, an elastic wave is generated.

Thi elastic wave, havig a duration that may range from
less than 20 ms to more than 100 ms, propagates though
the mine rock at a velocity (average 4 kmjs) that is char-
acteristic of the point-to-point geology and stress state
within the mine rack. Geophones deployed in an aray
around the zone of mIcroseismic actvity convert the inci-
dent wave into a voltage signaL. In the USBM monitorig
system, this voltage signal is sampled cqntinuously by the
computer-based data acquisition system. When certai
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Figure 6.-Actual multichannel waveform display (vertcal axis is -10 V to +10 V for each channel).

hardware-determined conditions are met, the system rec-
ognes that a microseismic event has occurred and

subsequently stores the set of voltage signals spang
the duration of the event. Thi tye of data acquisition,
providing liited-duration data such as that depicted in
figure 6, is known as "transient capture."

CONTINUOUS DATA

Besides acquiring transient waveform data, the moni-
toring system records continuous samples of acoustic emis-
sions in the vicinty of each system geophone. From the
output of each geophone, three parameters that may be
related to local activity are obtaied, a count of the num-
ber of times the voltage exceeds a given threshold, the sum
of the absolute value of these voltages, and the maxum
value among the voltages. These parameters are based on
geophone voltages sampled at the rate of 80/s and com-
piled over a time widow of 1 min. When the 1-min time
widow ends, the corresponding parameters are posted as
an update to a display covering a midnight-to-midnight
time period.

Within the liits described in appendi A, the continu-

ous data acquisition system may provide a quantitative
measure of the activity loca to each geophone, and does
provide a measure of longwal advance. Thus, each chan-
nel in figure 7 shows, to some degree, a periodic modula-
tion caused by the action of the shearer in sweeping back
and forth across the face. With the number of cycles
equal to the number of shearer passes and a known aver-
age cut size on each pass, the longwal advance rate ca be
obtained. This measurement is useful in normalizg the
detected event rate to the rate of longwal advance. One
planned use of the continuous data acquisition system is
to obtai comparisons between microseismic activity and
slowly varyng mine-envionment parameters, such as con-
vergence or pressure change. Since al data wi be ac-

quired under the same acquisition system, synchronition
of measurements is possible down to the - time between
samples in the continuous sampling system (0.0125 s in the
current system). Two conceivable applications for this are
in destressing operations and in the long-term monitoring
of mine structures such as yield pilars.
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Figure 7.-Aal continuously acquired signal data display. The vertcal axs Is the sum of the voltges In each channel In 1-mln
time periods. Horizontal axis Is time In hours. Shearer passes cause the periodic rise and fall of signal that may be seen on most
channels.

SYSTEM OPERATION

Figue 8 is a block diagram of the USBM monitorig
system. As the figure shows, elastic waves incidents at
each geophone are converted into voltage signals that are
amplied and then transmitted viii several thousand feet of
cable to the acquisition system in the instrumentation

room. .Aer frequencies outside the range of 25 to 800 Hz
are fùtered out, the signals are amplied a second time so
as to be in the proper range for the digitizg electronics.

Subsequent to this, the signal are transmitted in paralel
to the UNI workstation and an external event detecton
instrument.. On the workstation, a softare-controlled
data acquisition system continuously digitis each voltage

signal, storing the numenca results in a set of memory
buffers organed as a ring. The event detection intru-
ment provides the workstation with a signal indicatig
when the current set of buffers contais a waveform
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voltage signal to digital values with 12-bit resolution at the
rate of 5 kHz per chanel, or an 80-kHz aggegate rate for
the 16 system chanels. The converted values are stored
in buffers holding 1,00 samples of the signal per chaneL.
Three successive buffers store the digitized sigal corre-

sponding to one tranient event.

Two programs, one for tranient capture and another
The event detection intrument operates by comparing for general-purose processing, were developed to con-

voltage signal on each system chanel with an adjustable trol the workstation monitoring system. The tranient

tngger voltage. When the theshold voltage is first exceed- capture program interfaces diectly with the digitig
ed, a tier is started. If additional crossings of the trigger system, and obtais both transient and sampled data from
threshold by other chanels amount to a given number the digitized data buffers provided by the AID processor
(user adjustable between four and nie crossings) within (fig. 9). When a vald tranient event signal is detected,
a set tie interval, an electronic pule is tranmitted to the the transient capture program writes the correspondig
UNI workstation to indicate that a tranient event has data bufers to a disk fie. The continuously sampled data

been detected. The tie interval over which triggers are are obtaied from every bufer provided by the AID proc-

counted is set so as to exceed the maxum expected essor, whether or not a tranient event has been detected.
travel tie across the geophone array for locatable events. These samples are selected by dividig each data bufer

In order to prevent spurious triggenn, the event into a set of 16 sequential search widows for each chan-

detection hardware must alo screen out noise that, occur- neL. In each search widow, out of four evenly spaced
rig simultaneously on several chanels, may mimic the samples, the voltage measurement with the greatest abso-

onset of a tranient event. Such noise may be generated lute value is selected. The 16 maxum values thus select-
by the shearer or envionmental sources. The system ed for each chanel are then put into a special memory-

_~ screens iiöis~ Q!i-~~c~E~3.ell?~iiy.j~iq.~~m&:the:-mn.lias,eA,stoi:~gecs)'~tËin",kio~¡is:-~Y-NJleß_s,age3lueu~" ,,'
irggerigtbeshold accordig to the duration and ampli- (appendi B). At this point, the general-purpose program

tude of the noise. Thus, relatively long or recurring noise takes over the processing of the continuously sampled
signal in a given chanel build up and maitai a high data.

voltage theshold; this keeps the noise from repeatedly The general-purose program polls for data at 1-s tie
triggering that chaneL. interval, first removig sampled data from the message

queue and subsequently checkig for new tranient capture

fies. The sampled values obtaied from the queue are

accumulated over 1-min bins and displayed in 1-day charts
begig and ending at midnight. If there is a new
transient event fie, the processing program caculates and
displays the latest update of event locations and rates.

8

associated with a microseismic event. If no signal is sup-
plied, the workstation software discads the oldest portion
of the buffered data and saves the remaider as prehistory
for the next event. This process is repeated continuously.

EVENT DETECTION HARDWARE

UNIX DATA ACQUISITION SYSTEM

The UN workstation is equipped with an analog-to-
digital (AID) processiig system, which operates independ-
ently of the workstation host processor. As confgued for
coal mine monitorig, th AID system converts analog

,

SUMMARY

Thi report has descrbed a newly developed micro-

seismic monitorig systeni that has been intaled at an

active underground longwal operation. The system ac-
quies transient event and continuous microseismic data

and has the capacity for the simultaneous acquisition

of pressure, closure, or other near-static measurements.

Analysis operatig concurently with data acquiition
makes preliar inormation avaiable on-site. The in-
clusion of analysis and diplay fuctions in the on-site
operation makes it possible to test research concepts as
they are developed and provides the mine with data that
may assist operating decisions.
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Figure g.-Transient and continuous data acquisition system. The integral AID processor continually provides digitized signals In
buffers holdIng 1,000 samples per channel.
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APPENDIX A.-FACTORS AFFECTING THE CONTINUOUS SAMPLING SYSTEM

The contiuous samplig system is an experiental when the shearer is movig toward the geophone and de-

technque to evaluate the level of microseisic or other crease as the shearer moves away from it. The position of

signals in the vicity of each geophone in the USBM the shearer relative to the side of the longwal panel ca
monitorig system. The application of the system is to then be establihed from a scae of voltages. The preci-
detect the movement of the longwal shearer and to meas- sion of ths location depends in part on how much the
ure microseismIc activity that llay not, because of size or signal changes during the saplig tie penod.
location, trgger the tranient captue system. The abilty of the samplig system to keep up with the

The inormation provided by the contiuous samplig flow of data depends on the total amount of storage space
system consists of four statistica parameters that are in- avaiable in the UNI message queue and on the relation
tended to represent what may actualy be occurg, either between the rates at which data is written into the queue
a set of microseIsmic events loca to the detectig geo- and read from it. Data wrtes occur five ties per second;
phone or rock noise caused diectly by the impact of the data reads, on the other hand, occur either once per sec-
shearer on coal. These parameters are caculated for each ond or whenever the data readig program has finhed an
geophone chanel from samples obtaied with a set time unterruptible task such as writing data to disk or ca-
penod, curently 1 min. The parameters are the sum of culating the location of a microseismic event, which takes
the (absolute) voltages exceeding a given threshold, the about 1 s. There are also various unpredictable delays in

count ofthese voltages, their absolute maxum value, and getting the data read out of the queue. These are due to
their average value. the multitaskig nature of the UNI operating system,

The degree to which the caculated parameters actualy which wi temporary pre-empt the reading program in
represent the sigal sources depends on four major fac- order to run another task such as a screen update or an
tors. These are the algonth used to obtai the samples, operator-invoked program. To alow for delays of al

-~lhe a~~~J-tbl~_spare_i_n.:-,:the::-IJNl~mess-age":queue;:!he~sam~:_~==tý'pes;=th=qüeue~for:~hi=âCquisition-~system=Was~àl(fcated~~------"----
pIig time penod in which the samples are compiled, and

the choice of the parameter denved from the samples.

How these four system characteritics have their effect is
discussed below.

The AID processor contiuously acquies data bufers
that hold 1,00 samples for each chaneL. The data ob-
taied by the contiuous samplig system are denved from

th succession of buffers. It is at the bufer level that thi
acquiition system is contiuous. Each buffer is divided
into a set of sequential search widows. In each widow,
sized so as to be smal in relation to the duration of a
tyica microseismic event (12.5 ms versus 20 ms min-
mum), four equaly spaced samples are exained and the

voltage with the maxum absolute value is obtaied and
stored. The number of samples that ca be exained in

each search widow depends on how well the computer
ca keep up with the caculations. The adequacy of the
number ca be established by the measure of correspond-
ence between measured and known or expected results.
Testig with articialy generated signal havig fre-

quencies in the 50- to 4O-Hz range indicated that four
samples are sufcient.

The relation between the samplig tie period and the

rate at which the source signal changes afects the preci-
sion of the results that ca be derived from the cacuated
parameters. For intance, as the shearer moves across the

longwal panel, the peak voltage amplitude detected at a
geophone directly in lie with the shearer should increase

with enough space for 10 data entries (2 s worth of data),
al of which ca be read in a fraction of a milecond. In
practice, some data gaps show up but th amounts to
several seconds in a 1-min tie period. In field tests
under conditions of ordinar processing and diplay, the

continuous samplig system accurately tracked a constant
amplitude signal of a frequency (40 Hz) exceedig the
maxum expected frequency of transient events for thi
monitoring aray.

The choice of statistica measure is another important
factor. Other parameters, in addition to the four curent
parameters, alo might be obtaied. Åmong these statiti-
ca parameters are the modal count and the modal voltage
with each tie period as well as the sum of the squares

of the voltages (as a measure of energy). The abilty of
the computer to keep up with the continuous flow of data
is a major consideration in this regard, paricularly in the
case of the sum of squares. It is'liely that some form of
modal measurement wi be tested experientaly, since
the mode should be somewhat less noisy than the other
parameters.

Although the contiuous samplig system is showig
usefu results immediately and has the capacity for fuer
applications parcularly in relation to destresing activi-
ties, th system has two major deficiencies in comparon
with a transient capture system. One is intric to the

system and the other is related to the experiental and
statistical nature of the system. First, since the data



provided by the continuous samplig system are great-
ly undersampled (80 samples per second versus 25- to
8oo-Hz signal frequency range), there is no spectral inor-
mation. Second, unle the tranient capture system, the
continuous data acquiition does not provide event -based

inormation. Thi may be a correctable deficiency since it
is possible to define an artifcial event by establishig

11

two voltage thresholds and a minimum interevent time that
would correspond to the start and end of such an event.
Even with thi technque, however, the system would not

provide a reliable measure of single events, but rather an
indication of when the average or total number of local
events is rising or falg.
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APPENDIX B.-USES AND OPERATION OF THE UNIX MESSAGE QUEUE

A message queue is one of several methods provided
under the UNI operating system for independently op"
erating programs to share inormation. Other methods
are signalg, semaphores, shared memory, pipes, and sim-

ple input-output rediection. A complete description of

these methods generaly is available in UNI manuals
and books on UNI. Only the message queue wi be
described here.

There are several features that make ~ UN message
queue particularly convenient and usefu in the area of

program communication. In the current application, the
two most important are that the data may be in any for-
mat and that the operating system takes care of the detais
of synchronizing read-write access to the queue. Other
characteritics of the message queue are that data entries
are identifed by a user-dermed tye number and that
access to the queue is regulated by a key code, which can
either be dermed by the cooperating programs or derived
for the cooperating programs by a systém cal.

In the USBM coal mine monitoring system, a UNI
message queue is used for several purposes. The priary

acquisition when data, riles are being archived. For con-
venience in processing, event rile names are set by month,
day, year, and a numerical rile index, which simply corre-
sponds to the time-ordered sequence number of the event
on the given date. Every day at midnight, the fie-naming
system changes. When this happens, the data acquisition
program posts the new fie-naming system to the message
queue. The processing program detects the new-name

message and begis po~g for riles under the new naming
system as soon as there are no remaig fies under the
previous system. In addition to providing a flexible way to
maitai a convenient rile-naming system among cooperat-

ing programs, the UNI message queue has use in mai-
taining continuous data acquisition when previously ac-
quired data are being archived on magnetic tape. In order
to avoid confcts, the data acquisition program must write
newly acquired data to a directory other than the directory
being archived. Via a simple program that writes the new
directory name to the message queue, the system operator
sets the acquisition program to write data riles to a new
directory. As in the regularly scheduled file name change,

- ~1._s_e, -as~~~!llj()n~-4::-l~:~-Jli~__te¥,=j~tn-Jf~!!sfer-:.ata~~_ni:ple-s~~_.==tl1ß~-n-ami.tt~syst€m~,based:--)n.ihe-ne\v- direetoPj -is-a-lll6m-ati~:-
from the data acquisition program to a processing pro- cally passed on to the processing program.

gram. There are two further uses for the message queue. Figure 9 (in the main text) shows how continuous data
These are related to convenience in operating the moni- acquisition operates in conjunction with transient data"

,toring system and to the maintenance of continuous data capture. Figure B-1 is a schematic of the message queue.

TYPE: DATA

END

OF
QUEUE

TYPE: DIRECTORY TYPE: FILENAME
START L
OF r- -- --
QUEUE

- - - -- i- - - -- Contents:
New file name ~ - --1

Contents:
New directory name

Contents:
Sampled data

+

Date and time

(seconds)

Figure B-1.-Data and file control. The message queue holds new file and directory names as well as data.
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