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UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

°C degree Celsius mm miute

it foot mm mileter

ft cubic foot ppm part per milon

m inch s second

lb pound st short ton

m meter Vdc volt, diect curent

MHz megahertz W watt

CDU

DAS

DRU

MAS

ACRONYMS USED IN THIS REPORT

control and diplay unit

data acquisition system

dynamic reference unt

modular azuth and positionig system

MTBF

RLG

SDLC

mean time between faiures

rig laser gyoscope

synchronous data li control
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By John J. Sammarco1

FIELD EVALUATION OF THE MODULAR AZIMUTH AND POSITIONING
SYSTEM (MAPS) FOR A CONTINUOUS MINING MACHINE

ABSTRACT

Th report detai the testing and evaluation of a modular azuth and positionig system (MS)
to provide navigational inormation for a continuous minig machie. Vehicle navigation is part of the
U.S. Bureau of Mines research program in computer-asisted ming servg as a tool to increase ming

health, safety, and productivity. The Bureau is investigating other navigation systems, but MAS seems
to have the most promise.

MAS was intaled on a continuous ming machie. An operator used the mache to cut coal
whie researchers collected machie and MAS data. A comparison of MAS data for xy position and
data obtaied with an electronic tranit showed an increasing error for MAS. Afer 30 min of opera-
tion, the easting position error was -0.02 m, and the northig position error was 0.019 m; afer 60 min
of operation, the easting position error was -0.19 m, and the northig position error was -0.26 m.
Modications to MAS softare and to the operational procedure of the machie signcatly reduced
th error by a factor of 3.7. Researchers continue to reduce these errors.

lElecncal engineeer, u.s. Bureau of Mines, Pittsburg Resarch Center, Pittsburg, PA.
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INTRODUCTION

The U.S. Bureau of Mines is continuing to research
computer-assisted mining as a means of improvig worker
safety, especially by movig miners away from the dan-
gerous face area. In doing so, the Bureau's Pittsburgh

Research Center is investigating machine guidance and
control of computer-assisted minng machies for under-
ground and highwall mining applications (1-3).2 The
Bureau is researching machine guidance (4-5) since it is an
important part of computer-assisted mining. A machie
gudance system ca be used to control the motion and
position of the mining machie.

Considering the minig application possibilties of a
land navigation system called MAS,3 the Bureau began
testing its capability and accuracy under contract J030918
with Honeywell Militar Avionics Diviion, the manufac-

turer of MAS. Appendix A contais the general speci-
cations of MAS. There were two planed phases of test-
ing. Phase 1 involved evaluating MAS' operation and
accuracy on a Joy 14CM mining machine cutting a 20-ft
lift of coal. MAS was installed on a Joy 14CM modied
by the Bureau to collect data on machine xy position,
aziuth, pitch and roll, and vibration. Phase 2, now in

progress, involves refiement of MAS based on phase 1

results. Al mine tests were conducted in an experimental
mine section in West Virginia.

Honeywell has a 25-year record of involvement with in-
ertial systems, includig systems that employ ring laser
gyoscope (RLG) technology, such as MAS. For the last
10 years, RLG technology has been used in large-scae
production of commercial aicraf, specifcay the Boeing

757 and 767. RLG alo has over 3,00 miltar applica-
tions, which include the F-15 Eagle fighter, the Army
tactica missile system, and land-combat vehicles lie the
self-propelled Howitzer (6). With an aggegation of over
11 milon hours of use, the RLG displays impressive mean
time between faiure (MTBF) data (6). Over the years,
RLG's have established a positive history of experience
and servce.

The RLG is an optica gyoscope that differs from a
mechanca or "iron" gyoscope in that it does not have any
movig parts. Optica gyoscopes, such as the RLG, are
laser-based, solid-state devices. Optica gyoscopes are
smal and lightweight, have low power consumption, have
a fast response system level requirg less frequent system
recalbration, and accordig to Honeywell, are very reliable
in rugged envionments.

ACKNOWLEDGMENTS

The author wishes to than Timothy J. Matty, elec-
tronics techncian, Pittsburgh Research Center, U.S..
Bureau of Mines, and the personnel at Honeywell Miltar
Avionics Division, St. Petersburg, FL, for testing and data

analysis; Marowbone Development Co., Naugatuck, WV,
for providig a mine section for the evaluation, and, in
particular, Michael Boutelle of Honeywell for hi technca
descriptions of MAS incorporated into this report.

MAPS CONFIGURATION

MAS has multiple confgurations, makig it adaptable
to requirements of various applications. For instance,
MAS ca operate with or without odometer input. In
Phase 1 tests, no odometer input was used because the
mining machie tracks can slip whie traveling, thus givig
inaccurate odometer inormation. Instead of odometer
input, MAS uses zero-velocity update (ZUPT). With
ZUPT's, MAS ignores the odometer signals. Instead,
position errors are controlled by ZUPT's. When the sys-
tem determines the machie has reached "zero velocity," a

2Italic numbers in"parentheses refer to items in the list of references

preceding the appendixes at the end of this report.
3Reference to specific products does not imply endorsement by the

U.S. Bureau of Mines.

ZUPT automaticay intiates and takes less than 30 s to
complete error correction.

The dynamic reference unt (DRU) is the heart of the
MAS system. It contais thee RLG's, three accelerom-
eters, and a control and diplay unt (CDU). The CDU is
a terminal that displays inormation to the user, and
provides mean to input control commands and data to the
DRU since the CDU acts as a "bus master" on the DRU
data bus. The CDU ca be used to collect up to 50 data
points. However, in Phase 1 tests, Honeywell replaced the
CDU with two GRID portable computers. The computers
operated with customized application softare to diplay

data tyes and formats most usefu to Phase 1 tests. In
addition, using two computers makes it possible to collect
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data two ways: one computer constantly acquies data-
two samples every second; the other computer gathers

data at high speeds at select intervals during the tests
(during the sump and shear cycle of the mining machie
for Phase 1). The GRID computers can also collect data
on floppy disks, far exceedig the memory capacity of the
CDU. MAS was alo modifed to time-stamp all re-
corded data with the system clock from the GRID com-
puter. This time-stamp ca be synchronized with clocks of

other data-collecting devices, enabling comparison of data
points used upon a single-time event.

DRU OPERATING MODES

The DRU has two operating modes. In the fist mode,
"align," the DRU initializes withi 20 s afer power goes
to the unit or the DRU receives a restart command. Dur-
ing initializtion, the DRU accepts and processes data
when given the "accept position" or "accept geodetic data"
command. For Phase 1 tests, the geodetic position of the
DRU mounted on the ming machine was determined by
a transit at mine survey mark 5895. The DRU position
used during initialization was a northing of 307624.07 ft

and an easting of 1622669.076 ft according to the localed
West Virgia State Plane Grid Map. Once initial position
coordinates are entered into the DRU, true north is de-
termined by the DRU by "gyocompassing." In the process
of gyocompassing, a gyoscope's spinning ax is confed

to a horizontal plane such that the Earth's rotation causes
the gyo to paralel itself to the Earth's axs, thus pointing
to true north.

The second mode of operation is "survey." In this
mode, the DRU provides position orientation and angular
rate data. Two submodes exist under survey: the odom-
eter mode and the exclusive ZUPT mode. Since mining
machine tracks are prone to slip, Phase 1 tests configured
the DRU without odometer input. Hence, the DRU was
configured in the exclusive ZUPT mode.

DRU ELECTRICAL INTERFACES

The DRU has three connectors: 11 for electrical sig-
nals, 12 for electrical power connectors, and J3 for unit
test functions. Phase 1 only deals with the 11 and J2

connectors.
Electrical power was supplied by an external Hewlett-

Packard power system at 28 V dc. The DRU turns on if
the steady-state voltage is 18.5 to 36.0 V dc. Once the
DRU is on, steady-state voltage can be as low as 16.3 V
dc. Between 16.3 and 15.0 V dc, operation of the DRU is
unreliable. The DRU turns off if voltage falls to or below
15.0 V dc.

3 r
DRU data are serialy transmitted on a binar coded

digital data bus. The J2 connector provides access to the
DRU data and the data bus. The electrica specifcations
of the data bus conform to the Electric Industr Associa-
tion (EIA) standard RS-422, which applies to a balanced
transmissiün lie made, up of two conductors. A binar
value is encoded onto the line by creating a dierential in

voltage between the conductors. Balanced lies have the
advantages of longer transmission distances up to 4,00 it.
Transmissions using electrical specications meeting RS-
422 are also less susceptible to electrica noise.

The data bus timing and data protocol conform to the
normal synchronous data li control (SDLC) mode. The

data li control dermed in SDLC provides a reliable

means to tranmit data, and format standards and mech-

ansms for data flow and error control. The actual def-
inition for the command and data message formats are in
miltar specifcation MIL-D-70789 (AR).

DRU TEST SETUP SYSTEM

The general test setup is depicted in figue 1. The
general test setup consists of a Joy 14CM mining machie
modied to provide appendage sensor data for recording
by the data acquisition system (DAS). The appendage
actuation and position are under computer control. The
minng machine is remotely controlled by an operator
using a remote-control pendant. The radio control signals
are also received and recorded by the DAS in the control
room. The GRID computer is the primar control and
display system for DRU data, and is located in a remote-
control room. The GRID has been updated so that the
display shows the parameters most critical, such as ma-
chine position, in real time. Operators control the DRU
by using GRID personal computers (PC's).

The GRID's provide a quick data reference of the dis-
tance the ming machine moves along a given headig

from a given reference point. To explain, a reference
point is established at a survey mark near the begig of
an entry. "Along track" is dermed as the distance along a

centerline from the survey mark to the end of the entry,
and "cross track" is the distance normal to either side
of the centerline. Assume a survey mark established as
o track and 0 cross track. A position at 10 ft of track and
3 ft in cross track then defines a position coordinate 10 it
down the centerlie of the entry and 3 it to the left of this
centerline, both distances referenced from the surey
mark. Negative values of cross track would be to the right
or clockwse in reference to the centerlie. Thi track-

cross track display is helpful in evaluating the performance
of the DRU in real-time.
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LeItz
transIt \system

Joy 14CM mining machine \VDynamIc Remote
reference unIt Appendage radIo control -

a (DRU) sensor data receIver-

Power supply \V(28 V de) Remote

i
radIo control f-

receIver

GrId Case KeIthley 500
Icomputer data acquIsItIon

Wachln.system (OAS)
command.

Control room

Figure 1.-General test sep.

TWO DATA ACQUISITION SYSTEMS

Phase 1 tests used two separate PC-based systems to

acquie data. System 1 was confgued and operated by

the Bureau to acquie mi machie operation data.
System 2 consisted of two GRID 38 PC's, and recorded
DRU data and sent command messages to control the
DRU as needed.

System 1 is a PC-based data acquisition system to
collect the analog output voltage of each machie ap-
pendage sensor and the remote-control pendant radio
signal that actuate the appendages and tram cicuits.
The mai components of the Bureau's DAS are the Dolch
38 PC, the Joy radio remote-control pendant and receiver
connected to the PC to obtai radio signal from the

pendant, and the Keithley 500 DAS. System 1 collected al
machine data and time-tagged it in synchronition with

"
/ Joy pondant

(318 MHz)

Remote control
of Joy 14CM

tie-tagged DRU data obtaied by Honeywell's GRID
computers.

LEITZ TRANSIT SYSTEM

To determine the actual machie position, the Leitz
Set 3 electronic tranit station that automaticay computes
sureyig inormation is used. The data obtaied by tran-
sit are a baselie reference for the actual machie xy
position and headig durg Phase 1 tests. DRU data are
compared to the tranit readi to determine DRU accu-
racy. The Set 3 has an accacy of 3 s and a range of
12,100 ft. The tranit uses an inared light beam to

measure ditance. Two retrorefiective targets were placed
at the rear of the ming mache to enable tranit sightig
to the machie. The accuracy of the tranit for ditace

and coordiate determation is presented in appendi B.
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TEST METHODOLOGY

Phase 1 experiments took place in a five-entry mine
section in West Virginia. There, an operator used a Joy
remote radio pendant to remotely control a Joy 14CM.
Phase 1 tests were designed to be nonintrusive; the op-
erator mined coal from the entries as he would in tyica

mining operations. Researc.ers collected both cutting-
cycle sequence and machine-po,sition data as the operator
cut coaL.

DESCRIPTION OF A MINING SEQUENCE

First, the mine operator algn the mining machie at
the face (lit 1) as seen in figue 2. Then the machie
executes a "li," as described below, at the face, removig
coal from an 18-ft wide, 2O-it deep area. After completing
the lif as position 1, the machine moves to lift 2 and

performs another lift, cutting lifts sequentially.
Cutting a li involves two major cuts, a "box cut" (sec-

tion A), and a "slab cut" (section B) as shown in figure 2.
The first cut is the box cut, in which the machie operator
manually gudes the mache during the operation, visualy
algng a fixed point on the machie to a centerline point

I

@IØ
I

I

I

i

+
Li ft

..

loyited at the entry. The second cut is the slab cut, where
the operator repositions the machie to the other side.

ESTABLISHING ZERO VELOCITY

For accurate tests, researchers must establish "zero
velocity" for the Joy 14CM. Initial zero-velocity charac-
teriztions are made when the machie's trams are not
movig and when the shear is not cuttig coal. These two
conditions must be met at the same time. The cutting
sequence provides multiple, predefied opportunties to

establish zero velocity for the ming machie. Should the
DRU detect any motion over a preset level defied as a
zero velocity, it would terminate the ZUPT's. Zero veloc-
ity ca be set at dierent levels so the DRU ignores

insigncat movements. In the Bureau's tests, it is not
desirable to take ZUPT readigs durin sumping or cut-
ting since the machine moves during these operations:
The machine trams forward to do a sump, and test data
show slight position movements durg cutting. Takg
ZUPT's during these operations wi cause erroneous
MAS data.

I~~
-2~IBl'm

0~%
+

Lift 2.,
KEY

ø Box cut
@ Slab cut

Figure 2.-Uft containing box and slab cut.
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DRU TEST RESULTS

With a system of this type, the error sources are gen-
erally not distinct. Certain tyes of errors, such as soft-

ware coding errors, may have an effect only under certain
conditions. Tyically, error sources are always present but

are more dominant under certai conditions. The discus-
sion below documents the error sources found during
Phase 1. Whe only one source of error is discussed on
a given graph, other error sources may also be active. A
given graph addresses only that error best characterized by
the given conditions.

The transit expresses the xy position of the minng
machine by east and north axs data as referenced to the
West Virgia State Plane Grid Map. The transit data are
the baselie reference for the machine position. Figure 3

is the delta plot between DRU and transit data. A delta
of 0 indicates that DRU and transit data are equal. The
data plot shows the transit and DRU tracking together un-
til about 34 min. Thereafer, the delta values become sig-
nificant. The maxum north axs delta was - 43.95 cm at
77.9 min, whie the maxum east axs delta was -54 cm
at 79 min.

Figure 4 shows one of the signficant sources of error
during the demonstration. It shows approximately a 2-min

period during which the continuous mining machine was
stopped several times for 2 to 3 s. The plots have been
annotated with circles indicating three points during this
time period with such a stop occurrng. If any of the stops
had been increased to 6 s, the DRU would have collected
sufficient data for a ZUPT, thus improvig system
accuracy.

Data analysis indicates the system is abnormaly sensi-
tive to vibration, thus preventing ZUPT's at various times.
This vibration, normal for the operation of the machie,
should not have been high enough to prevent a ZUPT,
thus contributing to the observed position errors. The
vibration sensitivity was attributed to a softare error and
is probably the single largest source of position error
during the demonstration. The software determines when
a ZUPT can be taken. ZUPT activity can be monitored
by observng "COUNT." Each time data are acquired for
a ZUPT, COUNT increases by one. Analysis of the data
showed that, in cases of high machine vibration, the
softare did not allow a ZUPT when it was acceptable to
do so.

The errors due to vibration sensitivity are also generally
evident in figue 5. During the elapsed time period from

o to 35 min, the minig machie was experiencig relative-
ly low levels of vibration since only about 75% of the
cutting head was in contact with the coal face. In the

remaiing time period from 35 to 90 min the cutting head
was in full contact with the coal face. High levels of
vibration were experienced. One could see the machie
"bouncing" during sump and shear operations.

Other programs withi Honeywell documented vibra-

tion sensitivity, thus reinorcing conclusions of abnormal

0.4

.2

E

.¡
~
II
C
z
ê -.2
en

~

.0 _____

KEY-East
--- Noth

-.4

-.6
o 80 90

Figure 3.-PoslUon delts for east and nort axes.

42

40

38
I-Z::00

36

34 KEY

o Machine stop

32
54.35 54.37 54.39 54.4\

TIME, 103 s
54.43 54.45

Figure 4.-count versus time for machine file M22L3.

burgess.danielle

burgess.danielle



vibration sensitivity. Around the same time as Phase 1
data analysis of this project, the U.S. Army was testing
MAS under controlled vibration conditions. The vibra-
tion test faied, and an internal team of investigators

sought the cause of the problem. They identifed and
corrected the MAS softare to change the way vibration-
al data are used. The softare used for the Bureau's

demonstration is identica to the softare originaly used

by the U.S. Army; therefore, a verified solution exists.
System vibration can also cause errors in takg ZUPT

data during the ming machine's sump and cutting ac-

tions. ZUPT data should not be taken during sump since
the machie advances forward half the cutting drum's
diameter, about 22 in. Advancing 22 in during a sump
occurs at a very slow rate; hence, the DRU must be able
to recogne thi and not take ZUIT data (no increment

in COUNT). Test results show that no data for ZUPT
were taken durig sump actions since the machie's
position changes during sumps. In addition, no data
should be taken during the cutting action since the ma-
chie experiences minor translations that would accumu-
late as position errors if data were taken. Figue 6 depicts
the status of COUNT during the sump and cutting actions.
The position of the shear is shown on the graph along with
annotations for the sump and shear actions. Note that
COUNT does not increment during the sump or the cut-
ting; hence, no ZUPT data were acquired.

Carefu comparison of COUNT shows a minor, correct-
able source of error; the minng machie had not been
stopped for 5 s when COUNT was incremented. Thus,
velocity data containig motion were contaied withi
caculations for ZUPT. This was due to a minor softare

7 ='
logic error withi the ZUPT control portion of the code
that faied to reset a timer used in determing when the
vehicle has been stopped long enough to warant a ZUP.
Ths error was then corrected.

The manual operation of the ming machie was an-
lyzed to be somewhat erratic and nonrepeatable. The op-
erator does not control the machie to a repeatable, set
pattern. An overal sequence of sump and shears may

take place but each action contais minor deviations.
MAS accuracy would improve if a set pattern of machie
operations was established.

Other Bureau projects in computer-assisted ming in-
volve using a computeried script of cutting actions. Such
a cutting cycle was submitted to Honeywell for evaluation
(fig. 7). Phase 2 tests successfully used thi cutting cycle
to help improve MAS accuracy.

25 16

Cl.... 15
Z 200

1
E 14
rn 15

1
0 I

..
0. Z

I 13 ::c
1 I

0c: UIl 10 "'Sump~:i 12a: IIl..
Count

1.. 5 I I 11::
Co Shear t- Shear--~position

0 10
53.17 53.18 53.19 53.20 53.21 53.22 53.23 53.24 53.25 53.26

TIME, 103 s

Figure 6.-ZUPT data during sump and shear.
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Figure 5.--ort-axs position versus elapsed time. Figure 7.-Computer-controlled cutng cycle.
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ENTRY PROFILE TEST RESULTS

Profùe tests show the potential amount of coal that
could be mined if machie operators know the exact ma-
chie position, and if operators control the machie to cut
the li preciely at a width of 20 ft. A navigation system

for computer-assisted ming is important because with
proper machie position data, as obtaied from MAS, an
operator could use computers to control the continuous
mier accurately, thus achievig the precie geometr of a
cut. Of course, productivity is secondar to health and
safety benefits, which a navigation system alo achieves.
The more accurate a navigation system, the more miners
ca depend on remote gudance of a ming machie, and
the less exposure they wi have to the dangerous face

area. Profùe tests are of interest to researchers to eval-
uate how well manual operation ca guide a machie. Th
provides a relative comparon for the accuracies of MAS
positionig data.

The entr profùe tests for entries 1 and 2 gave re-
searchers data to caculate the amount of raw coal re-
moved. The test profie data were imported to AutoCad
softare, which caculated the theoretica volume of coal

removed for a 2O-it-deep entr. Table 1 compares actu
and theoretica amounts of coal removed for entres 1 and
2, and shows the actual short tons of coal not removed
based on coal density of 104 st/ft3.

Table 1 shows that in entr 1 there is a dierence of

16.1 st between the theoretica value and actu value of
removed coal. In entr 2 the dierence is 12.2 st. The
profie of entr 1 is shown in fie 8.

Table 1.-Cmparlson of actal col removed

and theoretcal maxImum volume of coal
removal from entrle. 1 and 2

Entr 1 Entr 2

Acual coal removed:
Volume.. .. ......... tt..

Weight. . . .. . . . . . ... . st. .
Theoretical coal available:

Volume............. tt..
Weight. . . ... . . .. ... . st..

Coal not removed ....... st . .

4,239.6
202.5

4,30.6
223.8

4,549.3
4,539.0

16.1

236.6
236.0

12.2

PHASE 2

As mentioned earlier, Phase 1 tests were to assess the
feasibilty of MAS for determing the position and
headig data for a continuous miner. Results of Phase 1
tests warant further investigation to arrive at more
competent conclusions. The DRU's accuracy proved less
than desirable, and Honeywell identifed many sources of
error. However, there are immediate solutions to these
errors as well as improvements for the test setup to
increase accuracy. The followig items for Phase 2 testing
were incorporated to improve DRU accuracy.

· Use computer control to give sufficient time for
ZUP's and to control the machie's movement so that
the time between ZUPT's is less than 1 min. Using the
Bureau-developed computer-assisted control of a Joy

14CM durg a cutting cycle (fig. 8), the machie opera-
tions are predictable and repeatable. Thi contrasts with
the erratic, nonrepeatable set of machie operations re-
sulting from manual control used in Phase 1. As Phase 1

test results prove, manual control is detrental to DRU
accuracy since ireguar machie movements ca prevent
necessar ZUPTs. A computer-controlled cut cycle pro-
vides sufcient time to complete a ZUP, whie prohibit-
ing èxcessive tie elapses between ZUPs.

. Modi the DRU baselie softare to address vibra-
tion sensitivity and softare logic problems. Then, usin
the computer-controlled cutti cycle, run tests with the
DRU mounted on the Joy 14CM.

. Analyz the DRU softare under hi-vibration en-
vionments at Honeywell prior to any field testi.

Phase 2 tests were run using the computer-controlled
cuttig cycle. Analysis of the data shows that the accu-

racy has improved by a factor of 3.7 as compared with
Phase 1 results. Fige 9 depict the northg and eastig
errors as compared with tranit data Th corresponds to
the errors as depicted in figue 6 for Pha 1 tests. The

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle

burgess.danielle



0.4

9 \

i

KEY

- North
--- East

\\-

A

1

8

6
4

I. 2

~ CL
oC 2~
tn 4
Cl

6

8

1

....

B

.. 8..
I. 6ÜZ 4
oC~ 2tn
Cl 0
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. T northig and eastig positions ca be tranlated to along

track and cross track. Figue 10 depicts these errors with

respect to measurements made by the tranit.
Machie headig inormation from the DRU was com-

pared with data from the tranit. Fige 11 depict the

headig errors based on tranit data. As Phase 2 pro-

gresses, other data from the DRU such as pitch and roll
wi be analyzd. Phase 2 refiements wi contiue in or-
der to improve MAS's accuracy for ming applications.
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Figure 9.-Phase 2 norting and eastlng errors.
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Figure 11.-Phase 2 heading (azimut) errors.

FUTURE WORK

Phase 2 testing has led to a deeper understandig of
DRU operation and has given weight to operational modi-
fications that wi facitate future tests and accom-

modate other applications. As a result of Phase 1 and
Phase 2 work with Honeywell, the basic application of a
DRU to ming equipment has proved to be feasible.
Thus, the Bureau wi intiate a purchase of a DRU, modi-
fied with softare from Phases 1 and 2. Th Bureau-
owned DRU wi be used to support continuig work
in computer-assisted ming and wi also serve as the

navigation system for research into other applications such
as highwal ming. The entie MAS system is not need-
ed since the Bureau's exitig computer system ca be
used with the DRU.

Specic areas of modication for DRU softare have
been identifed. Modications and subsequent testig have
been designated for a Phase 3. These softare modica-
tions have been divided into two groups-ose that fa-
ciltate the operation of the DRU and those that wi
enhance the DRU's accuracy.

CONCLUSIONS

The fist phase of the program was to determine the

general feasibilty of using MAS for ming machie nav-
igation. MAS was deemed feasible to use for ming, but
certai performance problems have been identifed that
can be corrected by software modifcations. The first
problem is that the time between the continuous ming
machie's stops necessar to perform ZUPT's exceeded

1 min; a ZUPT should occur at least once every minute.
The Bureau's solution was a computer-assisted ming
sequence that includes sufcient time for ZUPT's.

Second was the problem of vibration sensitivity, which
according to Honeywell, occurs in other programs using
MAS baselie softare as well. The solution by a Hon-
eywell research team was a minor change to the softare.

The thid problem deal with the erroneous data collec-
tions for ZUPTs. Th was solved by a minor logic
change in the DRU softare.

SIrce the identifed errors have workable solutions, the
basic operati characteritics and basic phiosophy of us-

ing the system as a self-contaied, inertial land navigation

unt merits more investigation. Phase 2 tests, which en.
compass the detaied recommendations presented in th

report along with the proper softare modications are
now in progress. The fist test under Phase 2 has yield-
ed an accuracy improvement by a factor of 3.7 as com-
pared to Phase 1 results. Phase 2 wi continue to reduce
positional errors.
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APPENDIX A.-MAPS GENERAL SPECIFICATIONS

Physica:

Size:
Weight:
Power:

8.7 by 10.75 by 15 in
45 lb nominal
100 W nominal from power-on

to shutdown at 24 V dc supply
18.5 to 36 V dcInput voltage:

Envionments:

Temperature: - 46° to 600 C
Vibration: track vehicles
Shock: Howitzr gue
Ful water immersion

Radiation hardened

Communcations interlace:

RS422
1553B (optional)
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APPENDIX B.-LEITZ SET 3 TRANSIT ACCURACY

The Leitz Set 3 transit system electronicay measures
angles and distances by using an inrared light beam. The
tranmitted light beam reflects off the target and is re-
ceived by the system, which caculates the distance to the

target. Angle measurements employ an increment-coded
glass circle. A diode light transmission passes through the
glass, and a photo diode on the other side detects how
many increments pass by.

The basic specifcations of the transit system, as sup-
plied by the manufacturer, are as follows.

Specifcations

Angle accuracy . . . . . . . .
Minum angle display . .
Maxum distance .....
EDM accuracy . . . . . . . .

Set 3

:t3"
1"/5"
12,100 it
:t(5 mm + 3 ppm)

Since the tranit is the baselie reference to which the
DRU is judged, it is important to dicuss the sourcesòf
errors. Leitz provides detaied dicussion of error sources
and error budgets. Atmospheric condition errors ca be
arithmeticay corrected by entering temperature and baro-

metric pressure. Other sources of error are internally
compensated by the transit system. Refer to figure B-1
for the caculations to determine, distance accuracy and

coordiate accuracy.

Distance Accuracy :t(5 mm + (3 ppm X distance)).

Example: Let distance (d) = 30 ft.

Accuracy = :t ~0.01625 it + (3x10-6 x 30 it) l.

Accuracy = :t (0.6134 ft)
or Accuracy = :to.545% ofreadig at 30 ft.

Coordinate Accuracy

COORDINATE POINT YA:

Let Y coordinate e"or = Ey
Let distance d = 30 ft. A

By =:t5 mm + (3 ppm x distance).
By A = :t (0.613 it).A

COORDINATE POINT XA:

Let X coordinate e"or = Ex
A

Given: Angle accuracy = 3" = 0.0008333°.

Let horizontal distance = 10ft.

Ex = horizotnal distance x tan (angle accuracy).
Ex A = 10 ft x tan (3").
Ex A = 10 ft (0.~~145).

ExA = :to.OO145 ft.
A
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Figure 8-1.- Transit xy coordinate errors.
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