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This report presents the results of work performed in
the development and testing of a Coal Face Measurement

System. It begins with a review of the measurement

method; and the techniques, hardware, and system
operation procedures. The next portion of the report
is devoted to a description of the tests performed at
the Department of Energy facility at Bruceton, PA,.

Conclusions are given in the final section.
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SYSTEM MEASURFMENT METHOD

Introduction

A measurement system was developed for the Hickhott
longwall shearer to determine the contour ot the coal

face as it mines coal. Contour data is obtained by an
indirect measurement technique based on evaluating the
motion of the shearer duving mining., Starting trom a
known location, points along the coal face are established
through a knowledge of the machines' positions and yaw

movements as it moves past the coal face,

The equipment used in this system can be groupad into three

parts. These are:

1) An angle transducer assembly
2) A distan.e trangducer assembly

3) Dpata storage and reduction electionics

The angle transducers measure the angle bhotween respoct jve
track sections as the shearer proceeds alomng the coal tace,
The distance transducer functions in conjunction with thew
to obtain relative angles at known positions. Atfter con-
pletely cutting the coal face the accumulated data is
stored on cassette tape and the present track profile is

computed and displayed.

T 4
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The transducer assemblies are shown in Figure 1l.l. The
data storaqge and reduction electronics is housed jin an

explosion proof enclosure, See Fiqure 1.1.1.

The coal face measuring equipment was constructed at the

e A ctdind aub e dite dadiaadien, oo |

] Benton Corporatior. and then transferred to the Department
of Enerqgy test facility at Bruceton, PA. Tests were per-
formed there for three different coal face profiles by
physically shaping the track, The system results were
compared to manually measured values and after analysis

shown to be within 00.1 foot of the correct contour,

L 1.2 Measurement Surface

The topoyraphy for a longwall mine complex is illustrated
in Figure 1, 2. The survey marks are points for which
coordinates have been established., All other points between

are unknown.

The technique used to measure the coal profile consists

of measuring the angle between "Eicotrack" rack sections

over which the shearer moves, and then performing trigono-
f metric calculations to determine its relative shape. The

rack sections are approximately two and one half feet in

length and are assembled with conveyor "pan" sections to

form a path of travel for the machine. The combined length




L8V 379NV Lyv) 3ONVLSIQ

262-400

be

L TR T
’V‘EE‘



2INSOTOuUF jooid uotrsordx:

b

262-400

be




'P ( be 262-400 5
|
| Survey
{ rks
Track Sections
. 0-10 0-10
.’ y/reen)
0-20 J Coal g 0~-20
Face
0-30 Longwall =30
: Shear
! Machine
; 0-40 0-40
6~-50 0-50
b — Conveyor Conveyor -
Tunne Tunnel
| 0~-60 0-60
D
|
I
’ Figure 1.2 Longwall Mine - Top View
|

ORIGINAL PAGE IS
OF POOR QUALIY

Figure 1.2.1 Track Sections




bc 262-400 6

2.0

2.

L}

1

N

of the unit can total several hundred feet. The actual
measurement surface is the "Eicotrack" rack face. It is
located on the "gob" side of the conveyor which is the

side away from the coal face. See Figure 1.2.1.

SYSTEM CONFIGURATICN

General

A block diagram of the system is illustrated in Figure 2.1.
It is divided into intrinsically safe and unsafe equipment.
The safe equipment consists of two high accuracy resolvers,
one incremental optical encoder and initiation switches.
These pieces are housed in the transducer assemblies. The
remaining equipment is housed within an explosion-proof

enclosure.

Angle Measurement

The angle transducers are mounted in a mechanical support
structure called the "angle cart". This unit contains the
mechanics that allow the transducers to accurately produce
repeatable angular positions. The angle transducers are
intrinsically safe brushless resolvers and are directly
connected to the angle measuring shoes. Figure 2.2 provides

an exposed view of the "angle cart",

The angle between rack sections is measured differentially by

the two resolvers. They are attached to a common reference
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(a) Side View - Partially Uncovered

T~

‘ (b) Top View - Completely Uncovered

Figure 2.2 Angle Transducer Assembly ‘
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surface and are displaced from one another by a distance
that is adequate to bridge two rack sections simultaneously.

This relationship is illustrated in Figure 2.2.1. i

Rack Resolver
Section

Figure 2.2.1 Track Angle Measurement Technique

The measuring device is designed so that &, the angle
between sections, is the sum of ®, and ®,. This design ?
permits the measured angle value to remain independent

of the angle measuring device location.

Wear and vibration may generate errors if the initial
relationship between the two resolvers is disturbed.

Vibration may produce a change which is static in nature
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and results in an error which occurs at a discrete interval
of time. When it does occur, all angle measurements there-
after deviate from the correct value by the same fixed
amount. Wear produces a change in the measurements which is
gradual but cummulative. These two problems are handled

by making a calibration measurement, across a surface that
does not change, just prior to measuring a rack angle. This
measurement is known a: the "bias angle measurement" and is
made along each rack section. Uncertainties that arise
because of surface irregularities are handled by making a
large number of L.ias measurements over a short distance of
track rather than one measurement at a fixed point., 1In the
computation phase, the bias readings are averaged and the
result ie subtracted from each angle reading to prevent any

accumulative error.

Distance Measurement

Distance measurement is comprised of defining 1) where the
coal shearer is relative to a known starting location and
2) when bias and angle measurements should be made. The
equipment needed to perform these functions consists of
electronic detection and measurement circuitry operating in
conjunction with an encoding transducer which is inter-

connected through gearing to the shearing machine drive rack.




S ——

( bc 262-400 11

Distance is measured by counting pulses that originate from
a 500 line optical incremental encoder. The encoder is
located inside a support structure called the distance cart
which is mounted overtop the shearer drive rack. A five
point starwheel-type gear contained in the distance cart
makes contact with the rack and rotates one fifth revolution
for each 126 millimeters of forward movement, The starwheel
{ rotation is transferred to the encoder through a system of

gears that permit distance measurement to be resolved to

Ry —N,

every 1260 micrometers of travel. Figure 2.3 illustrates

the side and bottom views of the distance transducer assembly.

Before distance can be measured, a known reference point
must exist. This point, known as Lthe zeoro point, is
defined by the simultancous activation of limit switches

and the encoder zero pulse. To guarantee that only one

——

reference point occurs along a coal face the limit
switches are geared to the starwheel so that one actuates
for every 7.14285 rotations and the other for every

\ 357.14285 rotations. This coarse/fine configuration

guarantees that only one reference indication occurs for

~—

each 885 feet of shearer motion. Once the zero reference

I%

point has been defined, absolute distance is measured by

“

an electronic up/down counter which accumulates pulses

—

from the encoder as the shearer moves along the face.
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\ The position at which bias and angle measurements are made
is determined by a second set of electronics that operates
in conjunction with the encoder and the absolute up/down
counter. The initial point at which the first bias
measurement occurs is defined by a comparator network out-
put that goes high when the absolute position value is
greater than a thumbwheel set value. As the comparator

goes high, another counter network turns on and it is this

—le‘ -

counter's output which is compared with a distance measure-
ment value, an angle start value and a distance measurement
recycle value. The operation of the second counter is

cyclic since the shearer rack geometry is cyclic.

2.4 Roll Measurement

The roll transducer is mounted within the explosion-proof
enclosure. The transducer produces an electrical signal
proportional to angular displacement relative to a vertical
reference. The unit consists of a pendulum submerged in

damping fuild. The pendulum's position is sensed to

R NS s e -y 09090909090

| provide an analog voltage output of one half volts per
degree of inclination. The analog output signal is con-
verted into digital format by a twelve bit D/A (digital-to-
analog) converter., The most significant bit weight is 16

] degrees and the least significant bit weight is .0078 degrees.
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3.0

3.1

SYSTEM OPERATION

GCeneral

The measurement system is designed to operate as the longwall
shearer makes its numerous passes across the coal face,.

During this time the hardware electronics is sending
transducer readings to the system microprocessor (Rockwell
ATM 6500) for temporary storage. Each time the machine moves
to the end of the conveyor track the accumulated data is
stored on a cassette tape. After this transfer the same
temporary data is reduced mathematically by computer firmware

(non-volatile software) into a useable format for display.

purinjy the calculation process the present data is reduced
with data acquired when the shearer was first installed

in the mine. Normally before the first run the conveyor
track is aligned as straight as possible. Then manual
measurements are made of the conveyor track to obtain the
exact alignment. The resulting "manual data" is put on a
non-volatile integrated circuit memory chip which is added
to the system to become a part of the firmware. Afterwards
the shearer traverses the total coal face to obtain angle
information defined as the "initial run data". Subsequently
this and the "manual data" becomes the basis of all the

system calculations.
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! The system firmware performs the following:
; 1) Initialize system
| 2) Input and store transducer data
{ ( 3) Transfer accumulated data to tape
& 4) Reduce accumulated data to a display format
5) Display contour of longwall conveyor
‘ 6) Provide information on multiple shearer
( parameters.

A general system flow chart is given as Figure 3.1.

3.2 Power-up and Initialization

| At power-up the computer zeroes all of the data and control
, registers. It then configures each input/output port for
} correct data flow. The computer also sets numerous control

registers and retrieves the conveyor "manual" data from

non-volatile memory for later use. After set-up the computer

begins to convey visual information to the machine operator.
! The first display reads "At headgate position push start

hutton". When the operator acts upon this instructive

command the distance and angle counters are zeroed and the

P acquisition of data is enabled.

] The operator may alternately set the system for an "initial
5 | run" by setting the initial run (key-type) swvitch to "On"
before power-up. When this is done the initialization
routine is the same except that the cassette tape is also

-
positioned to its starting point. a




bc 262-400

Comr D)

. INITIALIZE

i t—
INPUT

BIAS,ANGLE ,ROLL
SAMPLES

RECORD DATA
| ON TAPE

B 3

CALCULATE
L COAL FACE
| PROFILE

r DISPLAY
; PROFILE
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3.

Data Acquisition

on the physical system the resolvers are displaced by fifteen
inches from one another. Each bias measurement is then made
across a five inch span of the thiriv inch trackage starting
at a point that is three and one half inches from the end

for the trailing transducer and eighteen and one half inches
for the leading transducer, Mecasurement is complete when
the trailing transducer has moved eight and one half inches
from the track section end - and the leading transducer has
moved to the twenty-three and one nalf inch location. An
angle measurement is initiated when the trailing transducer
has moved to the cighteen and one half inch lecation and the
leading transducer has moved onto the next track section
three and one half inches. 1t is completed when the trailing
transducer has moved an additional five inches to twenty-
three and one half inches and the leading transducer to the
eight ana one half inch point. Figure 3.3 illustrates

the technique used to make these measurements.

The procedure that is used to obtain transducer readinys
is primarily determined by the distance and angle
electronics. In this electrical section the following are
switch selectable:

1) Number of angular samples

2) Start location of first bias measurement

3) Start location of angle measurements
4) Measurement cycle repetition distance

See Fiqure 3.3.1.
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NUMBER
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BiAS AN OLE
START
POINT /
N 1 o
ANGLE
DISTANCE
FIRST REPETITION ‘JI
MEASUREMEN DISTANCE
Figure 3,3.1 Data Acquisition Sequence
The electrical hardware performs two major functions, First

it keeps track of the linear distance traveled by the mining
machine from the start point, The second use is to obtain
and add up the 100 r~asurement samples for each angle. After
addition the data is temporarily held and the computer 1is

sent an interrupt signal.

Upon receipt of this signal the data is immediately trans-
ferred to temporary memory for future application. The
computer thoen takes a roll measurement, saves the result

and then waits for the next anterrupt,
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3.4 Data Storage

After making readings on the last conveyor track section

the system transfers to tape the accumulated bias, angle,

and roll mensurements. This data is stored on a digital

cassette recorder in serial phase encoded (Bi-phase-level)

format. The recorder used to store this information is a

Ray ond Model 6406 "Raycorder"., This serves as the long

term, non-volatile, bulk data storage device for this

!
[ project.
:
i The information is retained on tape in the form of files.

Each file corresponds to one "run" of the mining machine;

where a "run" is the action of cutting the complete coal
face once. A 300 foot cassette tape was selected and can
retain the runs gencrated over a one month period,

|

If the mining machine has just completed an initial run,
then this original data is also transferred to non-volatile

| memory for future use.

3.5 Data Reduction

- The data reduction consumes the most time of the many
system activities. As an example; a mining machine with a

conveyor track 600 feet long would require approximately

1128

two minutes of system data processing. The numerous

” calculations that are made by the system computer are out-

' lined as a general flow chart in Figure 3.5.
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Figure 3.5 Data Reduction Flow Chart
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After the data has been converted to decimal values the
proaram calculates the bies deviation for each reading.
This is done by comparing the present bias measurements
with the "initial run" bias measurements. Under normal
conditions this difference would be very close to zero.
As soon as this calculation has been performed for each
value then the average bias deviation is determined.

The combined computation performed is:

N
B = ¥ (B, - B, init) )/N

i i

where:

B - average bias deviation

Bi - present bias value

Bi init - initial run bias value
N - number of angles measured

The next program segment calculates the angle change
across cach rack section by summing the manually measured
data to the difference value; the difference value being
the deviation of the present angle measurement from the

initial run angle value. The computation performed is:

A i) = (Ai pres -l\i init) + Ai man
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where:
A (1) - corrected angle value
Ai pres = present angle value
Ai init =~ initial run angle value
¢ A man - manually measured angle value

With the results from the two preceeding equations we can
calculate the actual angles between each rack section.

'he equation used is:
L)

A (1) = )Y ) (A (1) - B)
j=1 i=1
where:
A (I) - referenced angle value
A (i) = corrected angle value
| B - average bias value

| Fiqure 3.5.1 clearly shows the summation process.

| 8

! Fiaqure 3.5.1 Graphic Summation of Measurement Angles
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At this time the firmware determines the 'Y' coordinate
for each rack section referred to the position of the

first rack. The general equation is:

J
Y (3) = Y (j=1) + L *SIN (I A (I) )

I=1
where:
Y (jJ) = uncorrected Y value
L - length of rack section
A (1) = referenced angle value

Figure 3.5.2 presents a simple example. Y (@) equals zero.

Vo (1) equals zero because the initial angle is assumed zero.

Figure 3.5.2 Uncorrected Y Coordinate Graph
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Once the last uncorrected Y coordinate value is determined
the conveyor track can be referenced to the position of
the zero rack section. This is done by calculating the
initial angle. 1In the following explanation Figure 3.5.3

may be used as an aid.

Y last

]

| \
AN
]

]

1

]

]

|

]

]

]

]

]

|

Figure 3.5.3 Graphic Initial Angle Determination

The initial angle would be derived most accurately by using:
ei (actual) = arctan (Y last/Xl1)
where:
ei (actual) - accurate initial angle value
Y last - last uncorrected Y coordinate value
X1 - accurate X distance
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:

A very close approximation to this would be:

8, (practical) = arcsin (Y last/(L*N))

where:

8, (practical) practical initial angle value

E Y last - last uncorrected coordinate value
L - length of rack section
N = number of rack sections

The arcsine equation was used because it does not require
the system to calculate all of the X coordisctes and thus

saves on computer processing time. Also the angles derived

b
from each equation were very similar. The equation used by
the computer is:
Y - Y(N
R = arcsin ( (Q{—; N( L)
' where:
|
L R - initial value
Y (#) = Y value for rack zero
| Y (N) = Y value for last rack
| L - length of rack section
N - number of rack sections

The last major calculation that the microprocessor performs

T
s« e e A s

is to determine the Y coordinates for each rack section

relative to the initial rack section.

ae e e s
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The equation is:

J
Y(J) = Y (J=1) + L * SIN (IT.1 (A(I)+R) )

where:

Y(J) =~ corrected Y value
3 L - length of track section
? A(l) = referenced angle value
i R - initial angle
, The resulting coordinate relationship is represented by
i Sob Bl gl Bl e /B - e
» ' ' l/
\ﬂ\-__—'—"’3 ya YO
vl Y2 Y
Figure 3.5.4 Corrected Y Coordinate Graph

3.6 System Display

t The coal face measurement system provides the longwall

| machine operator with two useful display routines. The first
displays the general curvature of the conveyor track while

] the second pinpoints particular physical parameters of the

mining machine.

s As the system operates, the curvature of the conveyor track

is automatically displayed each time the mining machine cuts
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the complete coal face. This curvature is specified as

L the physical displacement of the track from an imaginary
’ center-line stretching from one end of the conveyor track
E to the other. The length of the track is divided into
15 equal segments which allows for a track contour dis-
‘ placement to be presented for 15 locations. The displace-

ment is in feet and the direction of the curve is either
toward the coal face (FACE) or away from the coal face (GOB).
The operator sees an alternating display showing the dis-
placement to either side of the center line. The display

[ alternates every four seconds. See Figure 3.6.

g 11 2 2 3 2 1 § - - = - = @ FACE
g - = = = - - = g 1 2 3 2 1 @coB

Figure 3.6 Conveyor Displacement Display

\ During a mining operation the operator can also obtain the

T T T ——

following system parameters:

f' 1) Previous displacement of any rack
2) Present roll of the mining machine
2 3) Roll of any rack previously traversed |
‘ 4) Actual distance of the mining machine 1
from the starting point i
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These functions may be czlled by first momentarily pushing
the "function" pushbutton on the XP enclosure, See Figure
3.6.12., This permits the computer to enter the display
rocutine and present instructions to the operator. By
following the displayed directions, the operator is lead
step by step through the display format. Figure 3.6.2
through 3.6.4 describes the computer activites, the infor-
mation displayed and the actions requirei of the machine

operator,

The system also signals the shearer operator for any of
the following possible conditions:

1) Power failure

2) resolver anqular orror

3J) Cassette loading error

4) Cassette tape error

5) Cassette tape full
A resolver error is flagged when the computer senses that
an angle reading is ten degrees or more. If this occurs
the system displays question marks to insure that the
operator does not act on erroneous data, A cassette
loading error is signalled when a cassette has not been
inserted and/or the recorder door has not been closed.
A cassette tape error occurs whenever the recorder determines

that there was an error in the transfer of data to the tape.

i T AR R S R P & R,
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3.7

Data Retrieval

Each time the coal face is completely cut the accumulated
readings are saved on the cassette tape for future
evaluation. Thus after approximately one month a new
cassette must be installed in the system. For protection
from any contaminants, the cassette recorder mechanics is
contained within a separate sealed box. 8So instead of
switching tapes, hoxes will swapped. 1In order to retrieve
the data from the tape an identical Raymond cassette recorder
should be used. And with the appropriate Raymond formatter

option, direct input to a computer is accomplished.
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4.0 TEST RESULTS
4.1 General

The accuracy specification for the yaw measurement equipment ‘
required that the overall system be capable of calculating '
the true curve for a 600 foot coal face to within t 12 inches

of its true position.

System accuracy was confirmed through the performance of
nine tests at the Bruceton facility. These tests included
measurement acrose a straight track, a track bowed approxi=-
mately two feet towards the coal face and a track bowed
approximately one foot away from the coal face. All testing
was performed utilizing fifteen Eickhoff pan sections to
obtain a representative longwall configuration. Figure 4.1
illustrates the straight face track geometry at the Bruceton

facility.

4.2 Test Procedure

The initial test to confirm system performance was under-

taken on a straight track. The test results were positive.
The straight track tests were rerun two additional times

to confirm repeatability. Again the results were very good.
For the series of measurements the maximum deviation between
the manually me-sured values and the system measured values

was .03 inches. See Figure 4.2,
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The track was next bowed approximately two feet towards
the coal face. The bow was placed about midway between
the end points in an attempt to generate large positive
and negative angle readings. Three tests were m.’' and
compared with the actual track curvature. The actual
and computed results were the same to within .29 inches.
Figure 4.2.1 illustrates the track geometry and the

computed results.

The third configuration was a bow approximately one

foot away from the coal face. The results between
computed and actual geometries were the same to within
.11 inches. Figure 4.2.2 illustrates the track geometry

and the computed results for this configuration.

37
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CONCLUSION

A microprocessor based contour measurement system adaptable

to the Eickhoff shearer was developed for underground use.

The equipment was tested successfully at the Bruceton
facility for a number of simulated coal face contours.
Results indicate that the equipment can repeatedly measure
shearer conveyor angles to within ¢ 0.05 degrees and con-

tours to within 0.1 foot of the correct value.

Several measurement techniques were developed that bear
promise for use with other mine related equipment. The
resultant equipment includes intrinsically safe angle and

distance measuring transducers.

The angle measurement system required that a non-contacting
| low enerqy transducer be acquired. A search resulted in
the procurement of a low voltage 1 minute accurate size 11
t resolver. Circuiting was developed for use with it and

the simultaneous goal of accuracy and intrinsic safeness

was achieved.

An incremental optical encoder was acquired, combined with
energy limiting circuitry and limit switches to achieve

an intrinsically safe absolute distance ineasuring system

with a resolution of 0.05 inches.
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The complete measurement system is presently under review |
by MSHA for compliance with intrinsic safety standards.
When approval is received the equipment will be taken

underground and tested for operability in a mine environment.
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: APPENDEX A

A.@ COMPUTER OPERATION

} A.1 General

,

;

]

> The computer developed for the coal tace measurement

, system consists of four integrated circuit boards.
The AIM 6500 microcomputer makes-up the "heart" ot
the system. A memory board serves as the "Urains"
and two I/0 boards allow the "heart and brains” to
communicate externally. Fiqure A.l-1 pregents the
important featarces of each board.

n

»

' The computer takes on the character of g measurement

f . , . :
system with inclusion of operating programs,  Those
programs are listced as Figure A.1--2 and are locatoed
on EPROM (Electrically Programable Read only Memory)

! chips. They thus become a permanent part ot the
system.

In the following literature the programs are briotly

discussed, shown as flowcharts, and completely listed.

A system memory map is also providod,

A o e aaa
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1) AIM 6500 Microcomputer

4K
8K
8K
20

RAM
BASIC
MON ITOR

Column LED Display

2) Memory Board

32K
16K

Dynamic RAM

PROM

EPROM Programmer

3) Input/Output Board

10

Figure

8 bit Ports per Board

A.l-1 System Computer Hardwarce

A2
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PROGRAMS

INPUT/OUTPUT SETUP
RUN NUMBER
STARTING POINT
CONTOUR DISPLAY
ARC=TANGENT

EPROM PROGRAMMER
EPROM READER
REGISTER SETUPR

BAS1C

INPUT/STORE

DATA TRANSPER

LOCAT ION

4K EPROM

4K EPROM
plus

2K EPROM

2K EPROM

Figure A.l1-2 Syatem Computer Programs

A3l
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A.2 Program Execution Sequence

Immediately after turn-on all of the computer
input/output ports are configured for system
operation. After this the computer jumps to the
BASIC routine which temporarily jumps to a normal-
ization routine. When complete, the computer
returns to the BASIC routine which signals the

operator when ready.

While the coal is being cut the system is continually
moving between the BASIC and Data Handling routines.
The Data Handling routine inputs and stores the

generated bias, angle, and roll data. At the end

of each run, after all data has been input; the

Y
|

accumulated data is transferred to tape.

A ter replication the data is reduced algebraically l
| to a useable form by the BASIC routine. The computer 1
jumps to the Contour Display routine and presents ‘

the calculated results to the system operator.,

Figures A.2-1 and A.2-2 provide a very general program

execution sequence.
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SETUP
INPUT/QUTPUT
PORTS

‘ BASIC
ROUTINE

]

f

INTERRUPTS

DATA
HANDL ING
ROUTINE

Figure A.2-1 General System Flowchart
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‘ INTERRUPT ::)

INPUT AND
STORE DATA

TRANSFER
DATA TO
TAPE

No

Yes

PROGRAM
EPROM WITH
INITIAL DATA

— — ]

(e )

Figure A.2-2 Data Handling PFlowchart
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A.3 Input/Output S8etup Program

The very first step that the computer makes is to
send the tape recorder a stabilization command.
This is done to insure that the tape does not

move until required. After this all of the

system input/output ports are configured for their
particular application. The computer now executes

the BASIC driver routine. ‘

Figure A.3-1 showsa the flowchart while Fiqure A,3-2

presents the actual program listing.
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C TURNfON )

|

SEND TAPE
RECORDER
STABILIZATION
COMMAND

| SETUP X
INPUT/QUTPUT |
| PORTS |

I
<:VBASIC :)

T

Figure A.3-1 Input/Output Sctup Program Flowchart
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TEILRL:

"E=[ROQ
['mT3 PORT REGISTER
== 000 FPEC=$2502

; CONTROL REGISTERS

DOBF=$5282

Figure A.3-2

220008 MTAL=$3D00
==0000 DOBL=SS0A2
220000 DDAM=$3RA0
==0000 DDEM=§9AA2
==DE00 DDAR=$IEA3
==0000 DDBR=$3E02
==DB00 DDAS=$9BO0
==000d DOBS=$3B02
==0000 DDAT=§3FA0

==0ada (DBET=§3F22

i NORMALIZE TAFE UNIT

2REC LDA #3020
DFRZZZ STH CREBC
22El LDR #3FF
DFZBEC STAH CDEC
DFR= LOR #304
0BsS2I STH CREBC
25a¢g LOH #$S57
==0011

8S8C2H TR PBC
s PORT ZET. DIRECTION
RIET LUA #5000
BAFERD STR CRAC
1ER&DA STR CFRRD
ODRDLC TR CRED
A428S>H STH CRAL
==DRz22

RD1DAR4 STH CFREL
25284C STR CRANM
21DBRS STH CRENM
ZBEAREZR STR CRRES
ZBEZER STH CRES
ZcBFRDF STR CRAT
==0324

SBRTET STH CRET

Input/Output Setup Program Listing

A9

,PORT SET FOR INPUT

BE@FBAD STA DDAC
lER4DB STR DDAF
QDARDLL STA DDAM
R42S2E STR DDBM
AD10A4 STA DDAL
==DB46

852F4C STAR DDBL
S2D@AS STAR DDAR
3FREZE STR DDBR
2B4ZER STR DDRT
RSE<ES STR DDET

PORT SET FOR OUTFUT
2720
==[@57
ESDFZ0 STA DDAD
43ESA2 STA DDES

i PORT SET FOR OUT&IN

Q4B  LDR #$0F
2ER45% STAR DDBD

CFPORT SET FOR DRATH

LOR #$FF

B T T T

R7CH LDR #8304
10F=229 STR CRAC
s=0RE7

sCDFAR2 STR CRRD
ZFZBEL STR CRED
DF2B72 STH CRAL
E3CS4E STH CREL
DeecAS STR CRAM
276518 STR CRBM
==[@T3

852728 5TH CERS
ECOFARZ STR CRBS
4R28E1 STH CRAT

' DF2871 STA CRET

» JUMP TO BRSIC

E2RDLZ IMP $SQ80

UKIGINAL PAGE
OF POOR QUA;.!T?
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A.4 BASIC Program

The main program utilized by the measurement

system is the BASIC routine. All operations,

its operation. The most recent addition to this
program requests the operator to enter the mining
’ machine's track end-point locations. This inform-

ation references the measurement system results to

a known coordinate geometry and thus closes th

man-machine feedback loop.

Figure A.4-1 shows the flowchart while Figur

, through A.4-4 presents the actual program listing.

S — - it A

Al0

1f not performed as a part; originate from it.
The program completes two major processes. One
section calculates the general coal face contour
from the accumulated data while another section

displays more detail on the mining machine and

e

e

A.4-2
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SETUP
BASIC
VARIABLES

-

REGISTER
SETUP
SUBROUTINE

DATA
HANDL ING
ROUTINE

STARTING
POINT
SUBROUTINE

FUNCTION
REQUEST

ENTER TRACK
END-POINT
LOCAT | ONS

SPLAY
INFORMATI ON K]
ON POSITION, PERFORM
TRACK CONTOUR DATA

CALCULATIONS

No DATA
INITIAL HANDL I NG

\auy —* ROUTINE
? G

3
Yes l‘éﬁ

z CONTOUR
DISPLAY
SUBROUT I NE

Figure A.4-1 BASIC Program Flowchart
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| 370 RINT: = .PRINT:
LIZT ”’E LEFT/RIGH .
18 POKE4, 30 . FOKES, 2 140 FRINT" " PRINT" GO3UB1190
¢ 13 N=USR(Q) PUSH FUNCTION BUTTON 388 PRINT" “:PRINT"
‘ 20 M1s=PEEK(179%2):D " GOZUB1180 ) TO SELECT DIGIT".GOS
1N r1~1 yD(ML+L) E 159 FRINT" " PRINT UB115@
M1¢1 ) s Tt‘EN ENTER BUTTON" 339 PRINT" " . PRINT"
: ¢ 28 Psxu" CERINT“A :G0sUBL180 PUSH ENTER WHEN OK":
; T HEADGATE FOSITION® 160 IFPEEK 27832)=2 GOSUR1190.
‘e GOSUBL18G S4THENT=0 GOTOL30 400 Y1=0 Y2=Yl . yl=y
, € PRINT" FRINT"P 176 IFT=2000THENL1ZZ 2 FRINT"
| UEH START suffuu GO @ ) ) ;04 IFN=ATHENPRINTY
1150 189 T=T+1:50T0130 Y2, Y3 :.60T0410
22 K2= % 2= IFFEEK 193 FORY=LTOS FRINT 495 IFR=OTHENPRINTY
2632140191 THEN22 v . 1,92:¥Y2" LEFT END":
¢ A POKE4R&AD. 225 PO 208 'FY'lTHE?PHI@T  GOTO410
: VE4AED, 204 DIZFLACEMENT OF RACK 408 PRINTYL; Y2, Y¥3"’
40 POKE4B4FZ 129 " GOTON2%9, FIGHT END"
SG POKE4D4EL. 120 PO 210 IFYsZTHENFRINT" 410 P=1
KE4482, 120 PREZENT ROLL" . GOTDES 428 IFP=ZTHENPOKEZS
D POKE4RdERD, 206 FO @ g £82,2 GOTD45H
( PIalagh, 204 gz IFY=STHENPRINT® 429 IFP=3THENFOKEZS
3 V2= @228 FRINT" ROLL OF RACK SECTION £52,4 GOT0450
TEFPEEK(18422)400TH "GOT02SY 440 POKE3S622. 1
‘ ENZA 228 1FY=4THENPRINT" 450 GOSUBL1134: RE UR
7t IFPEEK (13424 =07 PRESENT CDISTANCE" GO N
; KENFRINT"INITISL RUN To2%9 455 IFPEEK(37823)=2
{ CGOTOE 240 PRINTUEXIT FROM SHTHENP=P+1 GOTOSHE
| 20 PRINT'PROCEED" ROUTINE" : 4560 IFPEEK(2TEII)1:Y
| 25 FOKES, 112 FOKES, 258 GOSUBL1180 IFPEE Z47THENS20
| 289 N=USR (D) K(27622)=2S4THENNENT 473 P=P-1
190 IFPEEK(LTETT =2 Yo GOTOL36 e 420 IFP=@THENF=:
SSTHENL14 260 IFPEEK(27633)=2 4599 GOTO420
' , 1% JFPEEK(3TEZ2)=2 S1THENZ2D €35 IFP=4THEN41D
. ‘ S THENLID 278 IFT=SOOTHENLZE 510 3070420
| 112 IFPEEK(15445)=1 280 T=T+l. uOTOiéﬁ €28 IFPEEK(ITEIZI V(Y
[ THENTS 296 IFV'~’HEN9?Q_ ZfZTHENRETUPN
: 117 GOTOSH 203 IFY=s4THENLGER 20 FORY=@OTOS FRINT
] 113 2=1 POKELTETT. @ 219 IFY=STHEN1Z29 :
] ; 119 IFPEEK(13424)=d s1g IFZ=1THENZZ saa IFP=2THENYZ=Y
b THENIFPEEK (123422 :=1T7 215 PRINT" "'PQINT" 0TOE78
3 HEN117 THIS IS FIRST RUN" SS@ IFP=2THENYI=Y 03
e 11% IFFEEL 4 e 247 GOSUB1159:GOTOL OTOSTH
; THENLEZO e zh T S5@ yYi=Y
e 117 R=16836 GOSUB1 220 T=0 N=d 57 xFN PDTHENFRINTY
EF 2 R=17152 GOSUB118:0G 238 PRINT" “ PRINT" 1,%2; Y2 GOTO6G0
e 0701618 ! PUSH STEF FOR RACK # 520 IFR=@THENPEINTV
' 11% EQRX=1TOMi+1: PO " . 1;¥2; 93" LEFT END":
3 KER. 83 249 IFFEEK(27623)=2 GOTOER® ™
4 11% R=fR+1 NEYXT RETU S2THEN2ES 530 PRINTYL; v2, y3iv’
s RN x5a IFTSWGUTHEN128 FIGHT END" -
- 120 Y=0:T=3 260 T=T+1:G070248 £80 GOSUB116@
4 128 PRINT" " PRINT" 365 GOSUB370:GOSUBY £16% IFPEEK(37EII)=2
- DISPLAY ROUTINE":GOS 55 3070650 S THENNEXT : GOTOSZo
g UB1126 s20 RETURN

ORIGINAL PAGE IS
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bc 262-400

6%0 IFPEFK(Z7822 ) =2
S1THENESO

650 IFT=100000THENF

QKEZ9682, 0:G0TO0220
670 T=T+1 . G0SUB4SS.
GOTOESO
680 FOKEZ9832, 0. IFY

"1=QTHENIFY2=QTHENIFY

2=QTHENZZ0O
650 A=Y1+100+Y2»10+
Y2 IFX{=M1+1THENT10
?ee PRINTH lleINTN
ENTRY TOO LRRGE":GOS
UBL1150:GOTOZ20
?18 T1=0 PRINT" "
29 PRINT"USE UP/DD
uN SWITCH" . GOSUBL190
‘PRINT"
TIO PRINT"TO CHANGE
RACK NO. " G0SUBL1150
749 GOSUBL1ED
TEQ Y1=39 IFY=ITHENS

Yy

TTR IFECK ) C{OGTHENY1=
g Eidi==EC)

TS8O MsINTC(E (%2 28
+K2)/100

T30 IFY1<OSTHENPRIN
T" " FRINT"RACK"X"F"
MUFEET" GOTOE7O

200 PRINT" " PRINT"
RACK"X"G"M"FEET" . E(X
ve=E (R ) QOTOETO

220 N=x*2+16282:Yes=
FEEK(M) :YZ=FPEEK(M+1)

220 IFYZ0=2THENYZ=2
SE-Y2 ¥Y2=15-Y3 Y1=H

240 YZsINT((YI*256+
Y2ir B75125+KI:/10

250 IFY1=STHENFPRINT
" " PRI“T"PRC’( u-(\."uﬁuv
2"DEG" . GOTOS7@

260 PRINT" " PRINT"
PH':* "X"F"v-\“tEU“

278 GOSUBLL1Se

280 IFPEER(ZTEI3 =2

47 THENS20

2530 IFPEEK(ZTRIZHNCY
ZOFTHENS4H

‘E“‘ Nsx=-1: F“:=E‘THEN
MEa+l GOTOR0

219 G0TCTel

S20 asdel IFi{sM1+l
THENTRE

')’

‘Figure A.4-3

BASIC Program Listing

920 XAs¥-1

940 IFPEEK(27832)=2
S1THEN1220

950 IFPEEK(276:2)=2
S4THENLZ2D

960 IFTCOSOOTHENT=T
+1:.G0T087TO

970 IFT1=4THEN120
980 T1=T1+1.50T0720
988 GOsSUB11¢€9

952 FORN=1TO2 Yi=3
954 Y2=PEEK (40152 )R
ND224

998 YZ=PEEK (40154 A
ND1%

1000 IFYZ =8THENYZ=
2368=-Y2¥3=s15-y2 Yi=%

1010 SCN)=YI#2858+Y2
'NEXT

1014 JFSCL)C,5(2)TH
ENSS2

1901€ Y2=INT(SC1 % @
TR12%5+K3 1710

1020 IFY1=STHENPRIN
T* ":PRINT"ROLL G"Y2
"DEGREES" GOTOD1108
1040 PRINT" ":PRINT

“ROLL F"Y2"DEGREES" :.

GOTD1400

1660 GOSUB1150

1661 FORN=1TQ2: :Y2=P
EEK(44704)

1062 YI=PEEK(40788)
1064 SC(N)=YI*2S56+Y2
‘NEXT

1068 IFSC(L1)<>S(2)TH
EN1G€L

1670 Y2=INT(SCLa%].
32282%+K3)/10

10590 PRINT" ":PRINT
"LOCATION"Y2"FEET"
1108 GOSUB1150:IFPE
EKCITE22:=291THEN1Z2
5}

1116 IFPEEK(Z7&2231r=
254THEN1ZD

01139 IFT=2000THEN12

1149 T=T+1.IFY=2THE
N332

1150 GOTO1051

1160 PRINT" ":PRINT
"PUSH EXIT TO EXIT":
GOSUBL190 PRINT" "

Al3

1170 PRINT"& FUNCTI
ON TO RETURN" :GOZUBL
130 T=0 RETURN

m—— O

1130 FORD=1TOL1000 N

EXTD RETURN

1150 FORD=1TO2008 N
EXTD :RETURN

1220 IFZ2=1THEN1£10

1220 GOTO70

1240 PRINT" " FRINT
“PROCESSING"

1250 Ni=M1-1 N2=2#*N
%55-75.6:K1-.0000958
1200 BP=1228%8 EBl=12
800 AP=12212 Al=1282
4 AM=14326

1210 N=1 FORU=BTONZ
STEPZ

1220 BL=PEEK(BF+U):
BH=FEEK(BP+U+1

1229 IFBH>1Z27THENBL
=EL-256 . BH=BH~-255
1220 IL=PEEK(BIl+U):
IH=FEEK(BI+U+1>

1239 IFIH>127THENIL -

=]L-236: IH=]H-255
1240 AL=PEEK(AP+U):
AH=FEEK(AP+U+1)
245 IFAH>127THENAL
=AL-256  AH=AH-2T5
1350 SL=PEEK(RI+U):
SH=PEEK(RI+U+1)

1255 IFSHO127THENSL

=5L-296  SH=SH-25%

1260 ML=PEEKC(AM+U’
MH=FEEK (AM+U+1 )

1265 IFMHO127THENML
=ML-256: MH=MH-25%
1270 D(N)=BL-IL+(BH
=IH)*256

230 C(N)=RAL-SL+ML+
(HH=SH+MH)*256

1339 N=N+1:NEXT
1409 FORN=1TONL® D (N
+1)=DCNI+DC(N+1 ) NEXT
1410 B=(D(M1) /M1 »K
1:CCL)=C(1)*K1-B
1420 FORN=2TOML :C(N
2L IN)*K1-B+C(N=1):N
EXT

1439 Y=0 . FORN=1TOM1
(Y=Y+SINCCON) »  NEXT

continued




Figure

-

bc 262-400

1440 POKE188 61 POK
E1289, 214 Ys(Y1-Y2/K2
YK=Y

145@ VsY/(Mi+1) R=R
TNCVY/SOR =YY+l )

1470 DC1)=sKk*SINCR)

1470 FORN=1TOM1 [N
+1 )2k SINCCINI+R  +D 0

N -

1430 NENT

1450 FORN=1TOM1+1
1520 E(N =DON:  IFDC
N'>ATHEN1SED

1520 IFD(N)=BTHENLS
28

1540 C(N)=INT(=DON)
*Ko+K2+43 IFCiNI=43
THEN1S20

150 D(N)=4% GOTOLS
30

1520 DCNXSINTCDON
Fo+b2 +4% IFD N =437
HEN1SED

1570 C(N =45 GOTOLS
ol

1520 D(N =42 C(N =4
1950 POKELE29S+N, D¢
N FOKELTL1S1+N, CONY
1620 NEXT

1510 POKE4, @ POKES,
213 N=USRCQ)

1520 GOTO%8

1220 PRINT" “:PRINT
"END=POINT ROUTINE":
GosuB1138

1640 PRINT" ":PRINT
"PUSH FUNCTION BUTTO
N" GOSUB118@

1650 PRINT" ":FPRINT
“TO BEGIN" .GOSUB1180

1660 R=Q . IFPEEK(278
IZ0{0254THENLEZD

1670 T=0 N=1

1680 PRINT" ":PRINT
“PUSH STEP TO ENTER"
.GOSUB11S0

1650 PRINT" " .PRINT
"END=FOINT LOCATION®

GOSUB1188

1790 IFPEEK ITEZ2)=
2S2THENATZ

1716 IFT=SOOTHENLEZ
[

1720 T=T+1 GOTO16820

1720 GOSUBZTH

1749 GOSUB4SS

1750 IFPEEK(ZTEl2)=
<S1THENLT2O

1760 IFT=SQOTHENFOK
E29622,0:G0T0187

1770 T=T+1:60T01740

1729 POKEZS€:22. 0. IF
R=1THEN120O

1790 X= v1*199+ 2410

+¥2 R=1.G0TOL67

1200 V23?1*108+V2*1
O+Y2:Y1=X/K2.60T0124
(%

1818 END

A.4-4 BASIC Program Listing continued
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bc 262-400 AlS

A.3

Normalization Program

Whenever the Register Setup program is executed
the coal face measurement system is placed on a
ready status. In this routine the system power
is checked, all of the temporary control registers

are setup, and if necessary the tape is rewound.

Figure A.5-1 shows the flowchart while Figure
A.5-2 through A.5-6 presents the actual program
listing.




hibosasnk iR At o o e i S e

bc 262-400

( s )

DISPLAY
POWER
FAILURE

'

SETUP
REGISTERS
FETCH
MANUAL DATA
FRON EPROM
MOVE
RECORDER Ves
TAPE TO
LOAD POINT o
FETCH

BIAS AND ANGLE
INITIAL DATA
FROM EPROM

-
( nevum 4;:)

Figure A.5-1 Register Setup Program Flowchart

|
!
i

e el
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T A A T Y Y

bc 262-400
s SAVE JEFRG CONSTANT
5490 ROFF LOY WSFF
G S B LS SRR TG el o642 L
NORMAMLICE FROUTINE Ce INY
Ba00ad LDA $0Q008. Y
48 fobay
e=8400 LOC®IOGFE Ceis CPY #8512
: COFT  BNE L
readfp LOCA=24508
i  CLEAR DISPLAY
228400 NUMANGEEAELD
. : 2OFUES JSK SESFQ CRL
ee2dQ00 FUNLON=S4621 F
2efd00 FUNHI®=$4622 s NORMBLLZING
22sd D@ RPMLs§S30! RAOD LDY #4800
==5410 LOADND
25400 FMH=$4502 B91Es4 LDR MIGNOR. Y
il i ' C338  CMP #7; /
=2e4@0 COUE=g4%1S Fol2 BED ALT
2ROSEF JSR SEFOS QUT
22id00 FMLHIE=$4516 b
ce INY
=zc400 ROOUNT=$4S0E 4C1ees JMF LORDNO
=400 LOOUNT=84%0F ==z541E MIGNOR
4E4F EYT “NORMALI
=xs400 FERON=$DEOD 2 ING
3'-7.'}'.' ..1 ;:;D“‘IDHGE‘ i H-TEP ”M! l‘."E':T[:'F

225400
==sd00
=zsd00

==:400

-

"
wy

n

]

Lo}
-
=

)

==n4 00

==2400

FROMKH=D 108
FROML=$D1S0
FUNC=$3201

PLIER=$4517

Figure A.5-2

==ad4ZH
R90A
sboznd
ASES
8DBIRY

ALT

LDA #3500
STH $R402
LDR #8685
STR $RA402

i SYSTEM POWER STATUS

ADBZ 36
2001
acD3EE

=26420

LDR FBD
EMI RAR
JMF ERTERR

i TURN RECORDER ON

==542C
R9G3
spaz96

Register Setup Program Listing

RAA
LDA #3508
STH PBD

Al7

ITURN.ON DELRV
2DAAEE JSR DELAYL
» CASSETTE LORDED ?

ARD2@9S LDA PAC
oA ASL A
1928  BPL CCC

==544A BBB

§0FOE9 JSR SESF@ CRL
RoOe  LDY #soe0
==c44F LOADCL

B35064 LDAR MSGCLE. VY
C328 CHP &,

FOF4  BEQ BBB
?GOSEF JSR SEFOQT OUT
cs INY

4C4F64 JMP LOADCL

==5450 MSGCLE
4241 BYT "CASSETT
E LOARDING ERR; “

=26472
 TAPE POWER STATUS
==5472 CCC

ADBR3S LDA PAC
1993  BPL DDD
4C0366 JMP BRTERR
i TURN RECORDER OFF
==547A DDD

AS0@  LDA #8300
806296 STA PBD

; TURN=OFF DELRAY

203566 JSR DELRY

TR T ST R R . AT SRR .




T

x

bc 262-400

cERO-PAGE
R3O0 LDA

gSFe STA
R34s LDA
LU
" =s¥d8R
A338  LDA
2554 T
*:‘:; st‘ﬁ
gEF*T STh
RSOO LDA
8%Fe STA
R3ZE LOA
S5F7 STR
x4 5h
RS0A LDA
g5F%  STA
RSZH LDA
g5F3  STH
A3Be  LDA
oSFR STH
RS540 LDA
gSFE STH
=z d MM
H30u LOA
8SFC  3TH
R324 A
2EF0 STH
TEMP  RAM

R334 LDA
800745 ETH

RS89 LDA
SLOR4S STH
F

==54BC
800E4S STH
F,

g0aC4S STH

F

CONSTANTS

#s00 I
$F2
g4c
SFZ

#3500 Bl
fF 4

LF s
IFS

#5000 Al
IFé
#5.¢
$FT

#$00 BF
$F:

#3090 ROLL
SFH

#5340

SFB

#3500 AF
$EC

#5-4

§FD
CONSTANTS

#3504 AIFF
£4507

#3500
$§450R RTY

$4T0B FNT
§4500C ONT

£4500 DRF

T STR #4514 IFR

Ao 5-3

800442 STH
g0R742 STH

ssid(CE
S0OR48 STH

A351 LDA
800OZ4s =TH

s GET RUN #

A91S  LDA
8500  3TA
A945 . LDA
8501 "STA

==540DE

ASLT LDA
gs02 STH
ASB2 LODA
gse: STA

R91e LDA
04 STH
RS45 LDA
gses STH

==54EE
<0depR JEIR

i GET NO
R528@ LDA
28500 STR
R346 LOR
8501 5TH
RSLC LDA
850z STAH
R302 LDR
s=g4FF
8502 STH
R%21 LDR
8504 STH
RS4¢ LDA
2505 STH

20000DR JSE

$4:94 RRAE
$4507 CTE

$430R TFR

#551 YR
$4€02

FACE CODE

#$1°
$00
#5475
$01

L1 3%
$02
#$02
$02

#51¢
$04
#3545
$0%

RFROM

OF ANGLES

#$20
$00
#$4¢
$01

#$1C
$02
#s02

$02
#3521
04
#54¢
$0%

RPROM

Register Setup Program Listing

AlS

i MANUAL DATA START

‘RS0@  LDA #$00
g%00 STA $00
==6%510

$0054% STA LOCA
AS2S8 LDR #s$253
8501 STR $01
20054 STA LOCAR+1

i MANUARL DATA END
<OBFES JSR LIMIT

i MANUAL DATA EPROM
AS1E  LDA #$1E
8502 STA so2
==5521

R%02  LDA #s02
8562 STR se:

<0A0DA JSR RPROM

 INITIAL KEY TURNED?

ADB1352 LDA FUNC
CS7F  CMP #$7F
Fea>  BEQ YES
4C0166 JMP RUN

==6522
; TURN RECORDER [N

==6532 YES

308 LDA #$0:
800236 STA PBL

i TURN=ON DELAY
Z0AREE6 JSR DELAYL

i TRFE TO LOAD POINT
i LORD COMMAND RERDY

AS77  LDRA #377
eDe23% STA PBC

 INTERMEDIARTE DELAY
203566 JSR DELAY

continued




——————— T R R —" —_—

bc 262-400

: eei542
f LORD COMMAND SENT -
s ,STRBILIZE RECORDEF

ASST  LDA #g%7
| BOOZ3% 3TH FEC

i " JLORDPOINT LOOF

' ==5547 LFLOOP

| RDOR3S LDA FAC
2310 AND #5190
DEFS  ENE LFLOOP
TURN=0FF DELAY

JSR DELAY

 TURN RECORDER OFF

2i3%6es

R39A LDR #8000
g0e298 STA FBD

T RUN NUMEER
RD RMH

T @

mm

LUA #8503
5 STAH RCOUNT

2=6SSE IHREAD
| 200001 JSF PROMH
2¢ 1TR RPROM

*OM RDDR EMFTY ?
243 L0A FMH

CME 83FF

BED HIERD
AT NEXT AUDE.

LoOok

sbzzd4e STH RUNHI
£l ==555E

EEQE4S INC
4CTBSS JMP

HCOUNT
SHEERD
P FREVIOQUS ARDDE =8 2
HoERD

LOA RUNHI

ENE HETORE

3 5TR FMH

= SLOW

"
U Y
n

Drl SRS I DR

-
PO e e O [}
o "
O |
DL S

AT
0D

A.5-4

; EPROM RMH RDDR TO @

ssgS7C
EED248
200201
<d0eDs
EEQEST

HSTORE

INC RMH
JER PROMH
JSF FPROM
INC HCOUNT

:REﬁD R"L

==5528
A30Y

BDOF4S
801649

==£530
205001,
20000R

» EPROM

RDQ14E
CSFF
Foil

s LOO

==5550
AOC148
8De146
EEOF4S
DRESR

EE164°
4C50es

==£0RE

SLOW

LOR #$00
STR LCOUNT
STA RMLHIE

SLRERD
JEF PROML

JER RPROM

ARDDR. EMPTY ?

LDR RML
CMP #SFF
BED :SET

AT NEXT ARLDER

SINCR

LOA RML
STH RUNLOW
INC LCOUNT
BNE SLREAD
INC RMLHIE
JMF SLREAD

» NERR END OF PRAGE 7

== SRE
RD2146
CSFE
Daos

i PRGE CODE

ARD1T4%
DOEZ

SSET
LDA
CMP
BNE

FUNLOW
#SFE
LZEROD
6 ?

CODE
SINCR

LOA
BNE

,PREVIOUS ADDR. =0 ?

==5SER
RDZ145
poes

g0a14s
4CDeES

Register Setup Program Listing

LZERD

LDA RUNLOW
BNE LSTORE
STR RML
IMP NORMKE

» EPROM

s=s3CS
EEG148
20%eD1
290005
EEOF4S
peo:

EE1£45

meglDE

s NORMAL 1 2E

ss6006
§0FOES

ARBOA

==55DB
BIESES
C93B
FO1%
<QOSEF
D

Cs
4Chess

s=60ES
4E4F

I Ty Trem——

Al
RML RDDR TO @

LSTORE

INC RML
JSR PROML
JSR FPEOM
INC LCOUNT
ENE NORMEZ
INC RMLHIE

KEY

NORMKE
JSR SE5F2 CRL

LDY #$00

LORDNE

LDA M3G1, Y
CMP ¢,

BEQ KEY

JSR SEFOT QUT

INY
JMP LOARDNK

MSG1

. BYT “NORMALI

2E KEY; ’
i INITIAL KEY TURNED?

==60F7
ADB152
CH7F
FOF3
4CF366

KEY

LDA FUNC
CMP #$7F
BEQ KEY

JMP RETURN

i GET RUN NUMEBER
i RERD RMH

==£601
R30S
80OE4S

==5606
2ooebl
200aDA

i EFROM
RDB248

CSFF
Faos

RUN
LDR #s0¢&
STR HCOUNT

RHRERD
JSR PROMH
JSR RPROM

RDDR.
LDAR EMH

CMP #SFF
BEQ RLOW

EMPTY 7

continued




=zsele BIRS-INITIAL STRET
EEQE4T INC WCOUNT IRL START
dT0E8E JMP RARERD RS0 ‘

= »
e
D

L]

e
—4t
S Ol O

, 8900
CRERD RML -:5;'5

-
LOLN

RY SUBROUTINE
SECOND

~
-

2o 8U324S ITRH LOCA 1
=e3510 RLOW RSZZ  LDA #8212 ten
35l DA s5g@ 8561 TR $@1 ==:230 DELAY
SUOESS 3T LOOUNT 8DB345 ITR LOCA+L Reo _ LDR #3542
30LE4% ITR RMLHIE o 801743 STA PLIEF
TR Wl ==ii3R DELA
. SLrEAr FEIRGTINI TN RNE RIFF LDY ##FF
b, IZF =RpML CHEFES 1R Tt e=ge 30 NUT
SO A0R JSE RPRONM = R AAFF Ll 83FF
= INITIN . ==oE32 NYT
SEROM RDDR  EMETY PIAETHRTINL R 88 DEv
i Rad8  LDA #3130 OFD  BNE Ny
AUDL&E LDR %L 8502 ST $02 - VE
~SEE "ME #$FF ==EEEF o Dk s BNE N¥T
Feil  BED RSET RIGE LDA #3504 S iaal R
?5[: STP:‘ £0 C'L.'"; E'NE [E-F’ .
LOOK AT NEXT ADDR T 14 RTS :
200008 J3F RERON 1
=571 RINCR g CELAY SUBROUTINE :
| P0L49 LA BML ANGLE=INITIAL STRRT 10 SELONDS |
: & STH RUNLUOW
| EEOF4S INC LCOUNT REGE  LDA #5040 ==ciAR DELRYL
[623  ENE ELREAD 2S00 ITA $00 RE e LN P
EELS4% INL RMLHIB SDOE4S ST LOCA 801745 5TA FLIER
472488 JMP RLRERD HSE (DA &3¢ ==ceAF DELALE
, S € AZFF  LD# #$FF
P R 580 STS $0- fféé&l NAKT
NERF EN[ OF FRGE 7 BUB34T ITA LOCA+1 REFF LOY #$FF
[ s ==EEEI Yy T
s=:c4l RIET P ANGLE=-INITIAL END 2 DEY
A02146 LDA RUNLCK i DOFD  BNE NvT
| DATE CME #$FE 20BFES JSR LIp CH DEX
F DOBS  BNE TRANS SRR O3 cingt gaFe BNE NyT
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A.6

A22

Input/Store Program

The program that is executec '« *t often by the
system is the one that inputs and stores all of
the data. This routine occurs each time the
angle and distance electronics hardware sends

an interrupt signal to the computer. When ac~
tivated, the input resolver angle sum is divided
by the number of samples and the result is
temporarily stored for later calculations. The
program is also designed to detect rcvsolver
failures which would not be averaged out by

data reduction.

Figure A.6-1 shows the flowchart while Figure
A.6-2 through A.6-5 presents the actual program

listing.
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Figure A.6-1 Input/Store Program Flowchart
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A.7 Data Transfer Program

Rach time the coal face is completely cut the

Data Transfer Program is executed. If after

cutting the coal the system power is still good

then the accumulated data is coupied to tape. If

the system happens to be making an 'initial run' then

the generated information is also retained on an

Figure A.7-1 shows the flowchart while Figure
A.7-2 through A.7-6 presents the actual program
listing.
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