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FOREWORD

The research presented in this report was conducted under Project
SYSTEC (Systems Analysis Approaches to the Evaluation of Combat Units),
under the auspices of the Unit Training and Evaluation Systems Technical
Area of the Army Research Institute for the Behavioral and Social
Sciences. The goal of Project SYSTEC is to build a subsystem of unit
evaluation which addresses, in an integrated way, the related problems
of combat unit data modeling, collection, processing, and interpretation.
The subject research focuses on data collection methodology applicable
to engagement simulation training and evaluation. This effort is part

of ARI’s Five-Year program of engagement simulation research.
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BRIEF

Engagement simulation represents a potentially pOWe:ful
training device for increasing and evaluating unit proficiency.
Army, Navy and Air Force experience with engagement simulation
all reintorce the prop051tion that the next best substitute for
actual combat experience is engagement experience with a simu-
lated enemy force, with as much realism and simulation accuracy
as possible. Based upon this rationale, the Training and
poctrine Ccommand (TRADOC) is now establishing requirements for
instrumented test range facilities that can provide the neces-
sary degree of simulation accuracy and measurement precision
to accomplish training and evaluation objectives.

The U. S. Army Research Institute for the Behavioral and
social Sciences (ARI) is now engaged in various relevant re-
search programs. These are directed toward upgrading engage-
ment simulation technology and methodology for training diag-
nosis and examining models that may pe useful for increasing
the empirical value of engagement simulation as & training
modality and methodology for the study of combat dynamics.

The following short-term study evaluates vehicle position
location systems for data acquisition potentially applicable to

methodological development of engagement simulation.
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Requirement

Two technical objectives were addressed in the work re-
ported upon: (A) review and analysis of low-cost, portable
vehicle location data collection systems, and (B) preparation
of recommendations for prototype development of such a system.

The two technical objectives were broken down into two
separate tasks: (A) an engineering evaluation of position lo-
cation techniques potentially suitable for engagement simulation
purposes; (These include description of physical and operating
characteristics, costs and accuracy estimations as well as
method-induced constraints and personnel requirements) (B)
the development of recommendations of a prototype system that
might satisfy both near-term study requirements as well as
longer-term requirements. The development of recommendations
for meeting near-term needs was to be supported by a preliminary
map survey, followed by a site survey at Ft. Carson, which

represents the next opportunity for a field study effort.

Procedure

The objectives of the study effort were broken down into
two relatively independent efforts: (A) a detailed study of
the state-of-the-art in position location technology across
the entire spectrum of optical, radio, laser and more subjective
techniques available, including evaluation of each class of
technique and vendor equipment with respect to relevant evalua-

tion criteria; and (B) a field study of Ft. Carson to determine
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site related idiosyncricies and how these idiosyncracies
influence choice of field measurement s, iems. Optical canging
and optical triangulation initially represented reasonable pos-
sibilities for field imeasurement purposeé, and these techniques
were evaluated at Ft. Carson and later at Ft. Belvoir with
respect to their potential for upgrading engagement simulation
data.

The engineering evaluation of potential data collection
methods included examination of both vendor literature as well
as federal data from such agencies as the National Oceanic
and Atmospheric Administration, U. S. Army TARADCOM and Armor
Board, the Law Enforcement Assistance Administration, Defense
Mapping Agency, Coast Guard, Navy Electronics Navigation Office,

etc.

Findings

The findings were clear-cut. Cost and accuracy factors
clearly pointed to the merit of radar position location systems
as the choice for procision position location. Optical methods,
such as optical ranging and optical triangulation, were also
determined to be suitable, but at the cost of increased man-
power, staff training and time. Optical ranging was found to
be of value, but limited to relatively short distances, while
optical triangulation could be used across a relatively large

test range area.
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No single method was found to be ideally suitable across
the full range of behavioral, physical and environmental var-
iables. While radio ranging techniques, such as Loran C/D
were found to be less terrain dependent, they could not sup-
ply the position location precision necessary for ARI research
purposes. In contrast, the low-cost radio ranging systems,
such as Motorola "Miniranger" and the Del Norte "Multitracker"
provided the necessary degree of accuracy, but at the cost of
increased terrain dependency, as electronic "line-of-sight"
systems.

The Motorola system appeared to be preferable, and with
the addition of further human factors and software innovations,
would appear to be a good candidate for meeting future ARI
study program needs. The hardware system is available at this
time and can be delivered within a 30-day period, but certain
human factors and software refinements would make this system
more useful, particularly given the desirability of acquiring,
analyzing, and displaying relevant behavioral activity data
above and beyond time/position data. This system can be pur-
chased for a price in the $100,000 range, but the costs of
recommended improvements with respect to building capabilities
for acquisition, transmission, storage and analysis of behavior-
al activity data are likely to represent an expenditure of three

to four times the hardware system costs.
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Utilization of Findings

In view of the magnitude of costs incurred routinely for
supporting engagement simulation exercises, it is recommended
that serious consideration be given to such a portable system
procurement and follow-up development effort. Both TRADOC and
ARI could find good uses at a variety of training and field

study locations.
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INTRODUCTION

The U. S. Army is increasingly directing its training acti-
vities toward event-oriented training and unit designated oper-
ational capabilities, which involve prescribing combat missions,
conditions and standards for its units. Underlying this orien-
tation is the premise that the next best alternative to actual
combat experience is experience derived through engagement
simulation.¥*

Previous Air Force emphasis upon event-oriented training
management was developed from analyses of Tactical Air Command
performance in Southeast Asia. TAC analyses of shortcomings in
mission performance concluded that air crews should train in
peacetime under conditions which approximate as closely as
possible those they can expect to encounter in battle. These
conditions should include simulated engagements that occur under
representative environmental conditions.**

One outgrowth of the Air Force's experience was the estab-
lishment of an elaborate and expensive training complex at
Nellis AFB, which was then used to provide event-oriented train-

ing in bombing and air-~to-air combat simulation.

* Tactical Training for Combined Arms Elements, REALTRAIN.
U. S. Army Armor School, TC 71-5 (1975)

** Gorman, MG P.F., Toward a Combined Arms Training Center.
(unpublished) (1976)
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Subsequent Air Force experience with event-oriented train-
ing revealed that proficiency improved proportionate to the
quality of simulation achieved. 1In effect, with higher degrees
of correspondence between simulation and actual battle condi-
tions, higher degrees of proficiency were observed. These
findings were also consistent with earlier Navy data, which
showed that after exposure to such simulation, Navy pilots per-
formed to remarkable degrees in Southeast Asia combat environ-
ments.

Based in part upon Air Force experiences, the Army's Train-
ing and Doctrine Command (TRADOC) has begun to evolve the con-
cept of the highly instrumented, natiem:l training center
(Gorman, 1976). When completed several years from now the
center will provide extensive quantities of accurate, high
resolution data on the dynamics of engagement simulation exer-
cises.

However, a more immediate requirement exists for develop-
ment of low-cost, portable data collection systems for engage-
ment simulation research. Instrumented ranges do exist but
are few in number, very expensive to operate, and present
accessability limitations. The Army Research Institute for
the Behavioral and Social Sciences (ARI) is now designing a
study program concerned with development of methodology appro-
priate for studies of engagement simulation and simulation
model development. Through this program is expects to enhance
the effectiveness of engagement simulation as a training modal-

ity for Army combat units.




Contract DAHC19-77-C-0031 entitled "Field Measurement and
Data Collection System for Engagement Simulation" with Behavior-
al Technology Consultants, Inc., was negotiated in order to
support a 60-day study that would provide feasibility informa-
tion and associated recommendations toward the development of
a measurement system for anticipated ARI needs. Cost and por-
tability were established as primary considerations for guiding
contractor study efforts, although a number of other considera-

tions were also viewed as necessary and desirable criteria.

GENERAL ORIENTATION TO ARI INFORMATION REQUIREMENTS

Field studies of engagement simulation exercises currently
operate under significant limitations. Research objectives
are secondary to training priorities, so that simulation
scenarios cannot be subjected to the experimental controls
that are routine in laboratory research. Consequently, field
studies of this kind are studies of opportunity, which require
complex trade-off considerations as well as flexibility and
creative thought on the part of investigators. Time and budget
constraints also represent important considerations in such
field studies.

In the current ARI engagement simulation research program,
studies are involved at different locations. Terrain features
of test range locations at these different Army forts vary con-
siderably. Different infantry, armored and air support configu-~

rations are involved from one exercise to another. Research




personnel support varies from one time of the year to another,
which puts severe strains on manpower-intensive research pro-
tocols. Technical and engineering support is meager, which
presents system reliability and maintainability problems. By
and large, opportunities for providing input into exercise pro-
tocols are limited, and constraints are placed upon the degree
to which research requirements can alter scenario design. In
addition, training schedules are subject to change with respect

to location, time, and other variables.

POSITION LOCATION - BASIC FACTORS

Locating an object in space is based on absolute or rela-
tive position, i.e., absolute position on the earth surface as
located on a map or other graphic representation or position
relative to an observer or mark whose position is known, as in
the observer benchmark aided system or the signpost transmitter
system.

A line of position (LOP) is generated by an azimuth (direc-
tion vector) by a range arc. Thus, a directional radar reading
(radio direction and range) provides both an azimuth LOP and a
range arc, whose crossing locates the target. The crossing of
two azimuth lines, e.g., RDF or optical, will also locate a
target. A range estimate from photo interpretation of image
size, optical range finder, or scaled reticle system gives one
LOP and a distance to locate the target. For accuracy and for

detection of false or inaccurate LOPs, three or more crossing
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LOPs are preferable to two.

The crossing of two LOPs establishes the correct position
of a target in a plane horizontal to the observer. However,
when using this technique to determine a location on a terrain,
the horizontal plane position must be corrected for altitude
differences between the target and the observer. Note that a
LOP is a straight line from the observer to the target. For
example, assume an observation post on top of a hill is higher
than a target such that the angle of the depression is 5° below
the horizontal. The horizontal distance is the LOP times the
cosine of 5°. 1In.a hilly terrain and with short distances,
this factor may be substantial -- well over 25 meters. The

correction can be computed mathematically.

CONTEMPORARY METHODS FOR POSITION LOCATION
A variety of alternative methods for position location
exist and offer possibilities for use in engagement simulation
studies. These general techniques are listed below and are
subsequently discussed with respect to their applicability to
ARI needs:
I. Optical ranging IV. Benchmark aided,
evaluator judgments
II. Optical triangulation
V. Unattended ground sen-
III. Radio-Based Positioning sors
VI. Laser ranging
Inherently, high frequency wave (optical) systems are more

accurate than low frequency, but are generally short range line-
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of-sight. Relatively low frequency (radio or radar) systems

give longer range (beyond the line-of-sight), and to some degree

are insensitive to intervening cover, but are less accurate.
Thus an optical bearing (light) or a laser of X-band pulsed
radar range can be extremely accurate, but cannot "see" through
trees or beyond line-of-sight. 'Systems such as RDF, LORAN, or
so-called pulse lock phase interference trilateration, although
less inhibited by terrain, are less accurate. These basic
constraints are well known, but are important in recognizing
that no existing system can be "all things to all people":
great accuracy at long range is not feasible, and high frequen-
cy systems are accurate. They are limited to line-of-sight.

It should be noted, however, that for relatively small

areas, some systems under development that use relatively low

frequencies, promise good accuracy not limited to line-of-sight.

The cargo security system developed by Hoffman Information
Identification for "LEAA"*, using three commercial radio and
other transmitter stations, gives promise of accuracy less than
100 feet in a circa 30 x 30 mile area. A system under develop-

ment by Kaman Science Corporation for TARADCOM**, using three

*Pulsipher, J. A., Automatic Vehicle Location Systems for Law
Enforcement Applications. Volume I: Executive Summary. The
Aerospace Corp., ATR-76 (7914-01)-1, Vol. I (1976).

**A Study Directed Toward Applying Navigational Grid System
Information to Remote Control Target Vehicles. TARADCOM R&D
Laboratory Technical Report No. 12298 (1977).
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transmitters and not requiring line-of-sight, gives promise of
accuracies under one meter within a small area (4 x 6 kilome-
ters) .

The most inexpensive instrumentation involves the use of a
sextant. The angles between a reference point and two other
references on either side are measured at the target. The sex-
tant can measure angles accurately to less than one minute cf
arc, and is effective for distances of many kilometers from the
reference points. However, since it can measure only one angle
at a time, the sextant must be used at the target's location.
This method of estimating location requires adjacent angles

which precludes its use for moving targets.

VARIABLES INFLUENCING METHOD SELECTION

The principal variables for selecting a method for a
portable engagement simulation data collection system are as
follows:

I. System acquisition costs VI. Invasive constraints

II. System portability VII. System useability
III. Terrain applicability VIII. Reliability and
maintainability

IV. Availability/delivery
IX. Data accessibility
V. Position location accuracy
X. Operating conditions
Generally, electronic systems are expensive, but may well
be cost-effective when all the true cost elements, including
manpower, are considered. Note that in using electronic sys-

tems, it is desirable to determine actual measured errors,

7
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which typically are three or more times larger than the theo-

retical limits of the equipment.
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SCHEMA FOR METHOD SELECTION

A general schema for method selection and technique
evaluation can be devised to present the data in a comparison
matrix. In its most basic form, this matrix is represented
in Table 1, which allows for evaluating prospective methods on
the basis of the ten variables enumerated. This general sche-
ma can be elaborated further to take into account more detailed
considerations. Examples of these further elaborations of the
general schema are provided in Appendix D, which presents

details for method evaluation and associated recommendations.

COSTS

The figures listed in Appendix D identify arbitrary cate-
gories that represent the range of acquisition cost for various
classes of locations sensing equipment. The figures represent
the approximate upper bound for each category. For instance,
a theodolite system that costs $4500, would be classified in
the $5000 category. A system costing $5,100, would also fall
into the $5,000 category.

The purchase price figures represent the cost of a minimal
location sensing system, generally with a single remote unit for
target (if required). Additional costs are the unit costs for

each additional remote target device.
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Table 1

METHODS
Optical Bench-

Evaluative Optical Triangu-— Radio mark Ground Laser
Criteria Ranging lation Ranging Aided Sensors Ranging
Costs + + 22 + = —
Portability + + + + 1 %
Terrain
Applicability - - + - = L
Availability/
Deliverability + + 15 + = =
Positioning
Accuracy = + gl - + =
Invasive
Constraints + + 5 = 3 +
System
Usability ~ - + = & -
Reliability/
Maintainability + + + e = +
Data
Accessibility + + £ = = 2
(Behavioral Data)
Operating
Conditions + + + + + &

+ = Acceptable

- = VUnacceptable

+ = Variable

10



PORTABILITY

"Portability" refers to the ability to transport the equip-
ment. Only the basic data gathering units are considered.
Additional devices such as computers and displays may be useable

from stationary locations only.

TERRAIN APPLICABILITY

The "Line-of-sight limitations" should be interpreted for
the class of instruments being evaluated. Optical instruments
require visual line-of-sight -- target must be able to be seen
by an observer. Radio instruments may -- not always -- require
an electronic line-of-sight. An antenna can receive a radio
signal in light foliage even though the target is invisible to

an observer.

AVAILABILITY/DELIVERY

"Commercially available" means that the instrument is in
production and being used in the field. "Available in 12 or 24
months" generally refers to devices which have completed proto-
type evaluation, are being put into production and as yet are
available only as prototypes. "Prototype undergoing develop-
ment" identifies those units that have progressed through the
initial engineering development and are being field evaluated.

Production availability has not been scheduled for such units.

11
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POSITION/ACCURACY

The figures presented in this report represent the actual
accuracy achieved during field tests. Generally these figures
are considerably lower than the manufacturers claims. Only the
average or typical accuracy is considered. Some instruments --
handheld laser ranging device, for example -- have shown a
tremendous variation in accuracy. Other devices, although sub-
ject to large variations in accuracy, internally compensate for

the variations through multiple estimates and data averaging.

INVASIVE CONSTRAINTS

These items identify possible invasions of engagement
simulation realism. "Visual line-of-sight" requires that the
targets have an antenna positioned to receive signals. For
instance, armor vehicles cannot strap the position sensing
antenna down during approach maneuvers. "Interference (radio)
sensitive" devices are affected by significant RF power or
carrier harmonics. Interference should not be present on prop-
erly maintained equipment typically used in engagement simula-

tion exercises.

SYSTEM USABILITY
Most of these items are self-explanatory. However, "“Gap
free data" refers to the ability of the system to estimate loca-

tion data consistently. Providing that the usage constraints

12
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are met. "Gaps in data" will occur in those systems that measure
discrete interval lanes only. "Manpower intensive/independent
operation" refers to the minimal requirements for operating the
system. However, it would be advisable to assign at least one

person to monitor automated devices.

RELIABILITY/MAINTAINABILITY

"System reliability" refers to the functioning reliability
of the system hardware. "Observer reliability" is an indica-
tion of the human factors engineering applied in the equipment
design. Item 5 does not mean that especially trained techni-
cians must set the system up. However, it is recommended that
such technicians at least be present when setting up the more
complex electronic systems. The other items should be self-

explanatory.

DATA ACCESSABILITY

These items are self-explanatory.

OPERATING CONDITIONS

The "daytime" and "24-hour" items indicate the dependence
of the location measuring system upon sunlight for visual opera-
tions. Equipment will be classified as "weather dependent" if
the system becomes inoperable during weather conditions likely
to be encountered during engagement simulation. The "Master

station" refers to the site at which a remote, non-mobile

L3




[ sensing station is established. The "Remote station" --

3 remote to the "Master station" -- is a response unit mounted on
B a target. "Battery poWered" identifies those units designed
for low voltage, DC power. Even the higher voltage line-
powered equipment can be operated from batteries, but the
devices were not so designed. "Line power" would normally be

obtained from power transmission lines or portable generators.

14




REVIEW OF DATA COLLECTION TECHNIQUES

Each of the six general methods for data collection
referenced previously is employed in a variety of commercially
available instruments. Recent increases in military demand
have made position location system developments an active area
of engineering development. Development is especially active
in radio ranging systems as well as in laser ranging and unat-
tended ground sensors. It is important, therefore, to distin-
guish between commercially available systems that may or may
not be available within the next year or so. It is also
important to obtain as much literature as possible concerning
tests of system specifications independent of sales literature
describing system specifications. Controversies can exist be-
tween manufacturer claims and evaluative reports published by
government sources such as the National Oceanic and Atmospheric
Administration. Previously published surveys indicate that
costs of the different data collection methods can fluctuate
significantly. Although hundreds of thousands of dollars may
be required to purchase some radio ranging systems, alternative
radio ranging systems may cost a small fraction of this amount.
In short, while a particular manufacturer's equipment may be

ideally suited for near-term ARI uses, costs can be prohibitive.

Within a given class of methods, invasive constraints and

data accessibility vary considerably. It is possible for

15
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example, to obtain behavioral data concerning unit behaviors via
voice channel in conjunction with time/position data, although
this requirement has not typically been included in radio rang-
ing instrumentation. A number of systems across various method
categories require minor invasive constraints, such as radio
"line-of-sight." 1In this case, an antenna must be in electronic
view of a transmitter for adequate operation of the system.

This section provides an overview of the general data
collection methods available for ARI uses. More detailed de-
scriptions and evaluations follow in the appendices of this

report.

OPTICAL RANGING TECHNIQUES

One of the most inexpensive and easy-to-use methods for
obtaining position location is optical ranging. Optical rang-
ing refers to the technique of locating a target's position in
polar coordinates, relative to an observer's location. Such a
system can s;mply consist of a telescope containing a reticle
used for estimating distance in terms of the size of the target.
A more complex and more accurate system can be constructed
through mounting an optical rangefinder to an optical transit
or theodolite. The transit is used to determine the angle or
rotation from a predetermined landmark. The rangefinder then
measures the length of the vector to the subject.

Three classes of optical rangefinders exist. The simplest
device is a fixed power telescope containing a finely graduated

16
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reticle and requires a target's precisely known size. 1In ad-
dition, the target must be perpendicular to the observer's line-
of-sight. The accuracy of this instrument is a function of the
size of the virtual target image which decreases with distance.
An alternate form of this system uses a variable power tele-
scope to maintain the virtual target image size up to the maxi-
mum range. A different system uses binocular vision to estimate
distance. Due to the logarithmic operation, this instrument is
generally useless beyond 250 meters.

The main disadvantage of optical ranging lies in its lim-
ited range and the inaccuracy of the obtained data, which in-
creases proportional to the distance between the observer and
the target, for somc instruments. The time required for locat-
ing and estimating distance for multiple subjects is such that
rapid sampling intervals are precluded. Measurement errors also
result when the target or subject is higher or lower with res-
pect to terrain level than the observer. These may be substan-
tial. In addition, the system cannot be operated in adverse
weather conditions. Optical ranging is limited to 1 Km. Most
instruments cannot measure distances greater than about 200 m
with any reasonable accuracy.

A typical observation station would include three persons.
Due to the high frequency of operation, the instrument man

should be free to solely operate the ranging device. In order

17




to reduce data transcription errors, a person should be dedica-
ted to recording data. Automated digital recording is not
available for optical ranging systems. A third person is re-
quired to select targets and back up the other two.

About three dedicated days of training are required to
achieve minimal proficiency on an inexpensive rangefinder/tran-
sit system. This could be reduced to one day if the transit is
replaced with an appropriate theodolite.

The more important features of optical ranging systems are
summarized in Table 2. The evaluation data reflect systems

being used at ranges up to 1 Km.

OPTICAL TRIANGULATION

Optical triangulation techniques are based upon simple
geometric principles. All the parameters of a triangle can be
calculated, given: (1) one side length and any two angles,
(2) two side lengths and the vertex angle, or (3) three side
lengths. Field triangulation techniques measure two angles and
one distance between vertices. Measurement is usually accom-

plished by first locating U. S. Geological Survey or military

"benchmarks," implanted markers that have been precisely located

through surveying. The distance between the benchmarks can be
easily determined using survey instruments. It is then neces-
sary only to obtain angular data for target position estimation.

If benchmarks are inaccessible at a particular test site,

18
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EVALUATION OF OPTICAL RANGING SYSTEMS***

Binocular Range

Table 2

Fixed Power

Variable Power
Graduated Reticle,

Finder, Leitz Graduated Reticle, Redfield Accu-
No. 8026-15 "Mil Formula" Range
COSTS 1 1 1
PORTABILITY 1 1 il
TERRAIN
APPLICABILITY e by 2 1 2
AVAILABILITY/
DELIVERY 1 2 2%
POSITION/
ACCURACY 2%* 2% % 2
INVASIVE
CONSTRAINTS i i 4 1
SYSTEM
USABILITY oy Fp B % Ly 35 95 7 o S
RELIABILITY/
MAINTAINABILITY 1, 4, 8, 9, 11, Ny, Gy 8y 10 10, 14 1y, 3, 8, 9, 11,
DATA
ACCESSABILITY 2 2 2
OPERATING
CONDITIONS Ly 35 4 1, 3, 4 1; 3, 4

14

*Modification to standard product required

**Accuracy seriously degrades with distance

***Reference indicators described in Appendix D
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temporary benchmarks must be precisely located relative to
permanent ones.

Instrumentation available for optical triangulation varies
considerably in cost and precision of measurement. Portnble
optical theodolites can measure angles accurately to one second
of arc. Consequently, with benchmark data, theddolites can be
used to measure distances accurately at many kilometers. Less
expensive optical instrumentation can also be used, with attend-
ant losses of precision. Optical instruments used for optical
triangulation achieve greater accuracy than rangefinders.

The characteristics of optical triangulation equipment are
summarized in Table 3. A representative transit and a theo-
dolite suitable for ARI's position data needs are evaluated.

These systems are discussed in greater detail in Appendix A.

RADIO-BASED RANGING

Radio-based locations are derived by first determining the
azimuth. The distance can then be estimated using range arcs,
radio frequency time of arrival (pulse lock phase interference),
or high frequency pulsed radar ranging.

Phase measuring systems have lower accuracy and higher
price tags than pulse systems. Short-range systems are general-
ly limited to a few targets, whereas medium-range systems handle
a relatively large number of targets. These systems inherently

suffer from ambiguity problems corresponding to 1/2-wave-length

20
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Table 3

EVALUATION OF OPTICAL TRIANGULATION SYSTEMS*

Dietzgen Theodolite

Lietz Transit No. 115 No. 6020-A6E
COSTS 2y 8 3% 18
PORTABILITY 1 3
TERRAIN
APPLICABILITY L i
AVAILABILITY/
DELIVERY il i
POSITIONING
ACCURACY 1t gt
INVASIVE CONSTRAINTS 1 1
SYSTEM USABILITY 2 3,6 2y 3; 6
RELIABILITY/
MAINTAINABILITY A SEE el g i [ [ de 3, Ty 9 1L, 14

DATA ACCESSABILITY

OPERATING CONDITIONS

* Reference indicators described in Appendix D

21
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of lowest modulating frequency; lane count losses are far and
away the greatest user complaint. A summary comparison chart
comparing most of the available radio ranging systems is found

in Appendix C.

Radio Triangulation

Target location can be fixed by crossing three or more
directional LOP after determining the azimuth of a target radio
signal transmitter from the observer. The observer's receivers
employ an actual or RF constructive loop which receives the
transmitted signal at greatest amplitude on the azimuth of the
transmitter. Thus the process is one of signal detection across
the radio spectrum (in an Army exercise, target transmitter
frequency can be predetermined, eliminating the need for fre-
quency scanning), making rough determination of transmitter
azimuth and fine tuning the receptor "looph to point of highest
strength. This point gives the target transmitter direction.

Accuracy of radio triangulation is a function of signal
strength, signal characteristics, receiving equipment accuracy
and range. Generally speaking, accuracies are poor, long range
being hundreds of feet. Equipment accuracy limitations are in
the order of 2.5° RMS*.

Even homing beacons, such as those used for downed air-

craft, lifeboats or weapon (torpedo, missile) recovery are found

*DF-301E Direction Finder Product Description. Collins Radio
Company of Canada, Ltd. (1973).
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in practice to provide LOP only sufficiently accurate to guide
the observer (recovery unit) to the scene where more precise

(optical) measures can take over.

Radio Trilateration

Radio trilateration systems using the vehicle transponder
or the fixed transmission stations system provide long-range,

24 hours a day, relatively all-weather, non-line-of-sight
(although large obstructions can cause shadow zones or signal
warp distortion), and reasonably accurate capability. The most
familiar applications are in Loran C and Loran D, using fixed
transmitter stations. Loran D uses 16 pulses/sec. versus 8 for
Loran C, and has special coding. It is somewhat more accurate
at shorter ranges. Navigation-Management Corporation (MINIRAN)
(2 m accuracy at 45 Km) and the Aerospace/Hoffman system (100
foot accuracy equipment capability) are examples of radio tri-
lateration.

Radio trilateration has two measures of accuracy: pre-
dictability and repeatability. Predictability refers to a
prediction of a location on the surface of the earth based on
the intersecting hyperbola or range arcs, with known corrections
entered. Repeatability refers to accuracy in returning to the
same point. Repeatability accuracy is commonly 10 times greater
than predictable accuracy. Thus, predictable accuracy can be
greatly improved by intensive "pre-mapping"” of the operational

area.

23
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Loran manufacturers typically advertise about 100-200 meter
predictability, 10~20 meter repeatability at long ranges. Ter-
restrial users of Loran are subject to perturbations not applic-
able to marine or airborne users such as structure effects on
conductivity, carrier communications interference, and power-
line influences; which limit predictable accuracy,* but can be
partially overcome by detailed pre-mapping or operational pro-
cedures.

Of some pertinence is Loran accuracy as advertised and as
observed. Interviews with professionals at NOAA, Navy, Coast
Guard and other unbiased sources which monitor and keep current
on Loran technology, generally reflect the opinion that one
should not count on actual usable accuracy much better than
1/10 mile. The Coast Guard reportedly has sought, to date un-
successfully, 100-yard accuracy for St. Lawrence Seaway naviga-
tion. As indicated, certain manufacturers state great accuracy.
For example, Litton System's AN/PSN-6 MASSTER claims 47 m ac-
curacy. Technology Inc. ** reports that the complex impedance
technique, one of the best, gives average miss distance of 439
feet. Histograms in the report show miss distances on the order

of 1000-3500 feet for salt water prediction, 100-500 feet for

*Loran C. Conceptual Analysis, DMV, New York State, NTIS #PB-
258-251 (1976).

**Evaluation of Loran Target-Coordinates Prediction Techniques,
Alexander & Mason, Tech Report TI-0497-73-1 (1973).
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third-order polynomial prediction. Thus, actual tests do not
necessarily bear out claims. However, in a small area, with
careful and intensive pre-mapping, accuracy on the order of 20
meters should be attainable. KAMAN reports repeatability (1 m.
in a 4 x 6 Km area) for their remote control system, and esti-
mates potential predictability of a "few meters"*, but has not

developed a system for position location.

Radar Ranging

High precision radar ranging readily gives range accuracies
+ 2 m. over 10-30 km., and is not necessarily beyond cost para-
meters. It is limited to electronic line-of-sight and requires
target transponders. Echo radar is also accurate, but cannot
readily distinguish target from other echos (trees, rock, ter-
rain). Data on military echo radars in a non-marine environ-
ment were not available. Police radars use the doppler effect
to measure speeds, but are not designed for ranging.

Certain medium~-range systems, like Accufix (Megapulse
Corp., Medford, Mass.), Argo, HiFix, Hydrotrak, LORAC, Maxiran,
OMI, RAYDIST, TORAN, and a number of short-range systems like
Artemis, Autotape, Syledis, Trident, give acceptable accuracy,

but are not appropriate to ARI objectives because of relatively

*Erskine, J.S., A Feasibility Study of a Navigational Grid Sys-
tem for Remote Control Target Vehicle Applications. TARADCOM
R&D Laboratory Technical Report No. 12222 (1976).
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high costs and elaborate system installation requirements*.

Conclusion
Of the systems that were evaluated, three seem technically
adequate to meet ARI's data requirements:
® Motorola Miniranger III
® Del Norte Technology Trisponder (or Multitracker)

® Litton Industries Position Location System,
AN/PSN-6

The first two systems use pulsed radar. Litton's system
is a Loran C unit. All three have been used for several years
in a variety of land environments. The Motorola and Litton
units are currently being used by the Army. Of these two, the
Motorola system costs less than the Litton system and provides
date more reliably and accurately.

Table 4 provides an evaluation summary of the systems for
ARI's data requirements. Appendices B and C contain more de-
tailed system descriptions and technical comparisons, respec-
tively.

Both the Del Norte and Motorola systems require few person-
nel present. In fact, the equipment is designed for unattended
operation. However, it seems advisable to assign a person to

monitor the equipment performance. Since few people are

*Munson, RA R.C. Positioning Systems, Report on the Work of
WG4146. Presented at the XV International Congress of Sur-
veyors, Stockholm, Sweden, June, 1977.
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Table 4

EVALUATION OF RADIO RANGING SYSTEMS*

Multitracker AN/PSN-6
(Del Norte Miniranger III, Position Location System,
Technology, Inc.) Motorola Litton Industries
cosT S5¢ 9 57 9 A, A
PORTABILITY 1, 2 1, 2 T <2
TERRAIN
APPLICABILITY i 1 3
AVAILABILITY/
DELIVERY 1 51 1l
POSITION
ACCURACY 1 1 1, 4%*%
INVASIVE
CONSTRAINTS 2 2 4
SYSTEM
USABILITY 2 4, 5, 6%%,8 20 dy 5, 6%%; 8 2, 4, 6, 8
RELIABILITY/
MAINTAINABILITY jE s P L e 2 o 3, 5 1Ly 13 B 3y By Ly 13
DATA
ACCESSIBILITY 354 3, 4 3, 4
OPERATING
CONDITIONS 2, 5, 6 2y 556 2% 8, 6

% Reference indicators described in Appendix D.

** If not line of sight.

*** Should be able to achieve 25m. accuracy by intensive pre-mapping the site.

Otherwise, 100 m. accuracy can be expected.
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required to operate the equipment, training requirements are
minimal. At least one person should be trained to field install
and operate the system -- two persons would be preferable. A
one-time investment of about two weeks training per person
should be sufficient.

Both systems can record the data in digital form on mag-
netic tape, thus eliminating a major source of error -- human
data recording. Motorola supplies a general package of computer

programs for transforming and reporting the data.

Benchmark, Evaluator Aided Judgments

Thus far, ARI has tended to use benchmark, evaluator aided
judgments in its previous studies of engagement simulation. In
this context, the term "benchmark" does not refer to precisely
surveyed markers, but rather to the use of local landmarks that
are arbitrarily chosen. This visual method is relatively crude
from a position evaluation point of view because the method re-
quires subjective estimates of distance from the chosen land-
marks. However, evaluators can provide important behavioral
data above and beyond position/time data, which can be impor-
tant to the study of tactics and doctrine.

Evaluators usually are placed on tanks where they note po-
sition and activity data as a function of time. Particularly
emphasized are recordings of crew behaviors at decision points

where units split off on departures from platoons.
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After a simulation exercise, observers typically meet to
compare observations and reconcile discrepancies in the obtained
data.

The main advantage of evaluator-aided judgments appears to
lie in the fact that a nearby or mounted observer is in the
best position for recording behavorial activity data. With
respect to position location data, however, the method is
heavily manpower intensive if accuracy requirements are to be
met. Some of the caracteristics of benchmark-aided ranging are

summarized in Table 5.

Unattended Ground Sensors

In Viet Nam, unattended ground sensors were developed to
detect *he passage of men and vehicles. More recent applica-
tions of unattended ground sensors have taken place in the
Middle East, for detection of disturbances caused by the passage
of target objects. The information is then transmitted to a
distant monitoring site for data link. These early generation
systems were active radiators, which transmitted information
on a continuous basis. They were susceptible to weather differ-
ences, with attendant false alarm rates. They were also highly
vulnerable to jamming. Additional limitations include terrain
dependencies and range limitations. Linear-array sound-ranging
designs were represented in these systems, which could not be

deployed by artillary and could not process the high fire rates
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Table 5

EVALUATION BENCHMARK-AIDED JUDGEMENTS*

Benchmark-Aided Ranging

COST 1, 8
PORTABILITY ——

TERRATIN
APPLICABILITY Ly B

AVAILABILITY/
DELIVERY 1

POSITIONING
ACCURACY 1%, Gxx

INVASIVE
CONSTRAINTS 1

SYSTEM
USABILITY 1, 4%**

RELIABILITY/
MAINTAINABILITY 1, 4, 6, 7

DATA
ACCESSIBILITY 1

OPERATING
CONDITIONS 1y 5

* Reference indicators described in Appendix D.
** Heavily dependent upon the observer's proximity to the benchmarks,
observer's distance estimation skills, and the accuracy of surveying

the benchmarks.

*** "Interference" refers to visual and behavioral distractions.
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that can occur with modern weaponry.*

The Army is continuing its sophistication of unattended
ground sensor systems at the cost of millions of dollars. The
fact that these newer systems are still under development with
consequent high costs precludes their practical considerations
for ARI purposes. After 1984, however, it is possible that
these techniques might be fruitfully employed for ARI purposes.

For future planning purposes, some discussion of the
current development emphasis may be useful. The unattended
ground sensor systems now under development (REMBASS) can be
planted through a variety of means, including air~ and artillery-
delivery. Both magnetic and seismic/acoustic classification
devices will be available. These units will be more "intelli-

gent," so that discriminations between the nature of detected ob-
jects can be improved. Altering signals will be initiated only
when a target is detected,  rather than on a continuous basis,
thus decreasing vulnerability to intentional or unintentional
jamming. Division-level control centers will be able to decode
signals, then record and display data to analysts who will

report the activities detected. Both distance and terrain
limitations will be overcome. Improvements are also planned

in the functional life of sensors through improved battery de-

signs.

*White, J.W. The Changing Scene in Electronic Distance Meters.
Presented at the ACSM Annual Meeting, St. Louis, Missouri. (1974)
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Another improvement planned for these new generation
systems involves function specialization. Contracts underway at
this time include system designs especially constructed for
artillery muzzle blasts and shell bursts, and designs
especially constructed for man and armored activity detection/

Because of their cost and the past difficulties experi-
enced with unattended ground sensor systems, their use is not
recommended for ARI purposes at this time. Some of the char-
acteristics of unattended ground sensors are summarized in

Table 6.

Laser Ranging

Accuracies, in the order of centimeters, are possible with
laser ranging. Conbined with a visual bearing, very accurate
fires are obtainable. The equipment is not unduly complex and
is relatively low in cost. However, laser or other light reflec-
tive systems currently have operational limitations which limit
their use to relatively static situations.

Commercial laser or light beam ranging systems rely upon a
mirror/prism or other target reflactor which must be carefully
set up and aligned with the transmitter source for each reading.*
Optimally, fifteen minutes, but more commonly thirty minutes, are
required to line up and obtain a reading. One cannot expect a
tank or APC to stop for half an hour while a man jumps out and

lines up the equipment each time the observer station wants a

*White, J.W. The Changing Scene in Electronic Distance Meters.
Presented at the ACSM Annual Meeting, St. Louis, Missouri (1974)
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Table 6

EVALUATION OF UNATTENDED GROUND SENSORS*

Extant Sensors' REMBASS
System Sensors

COSTS 1 no data
PORTABILITY il i
TERRAIN
APPLICABILITY 2 3
AVAILABILITY/
DELIVERY 1** a4
POSITIONING
ACCURACY 1x*k  gEkk 1kkk  Axk*k
INVASIVE
CONSTRAINTS 3. 4 3
SYSTEM
USABILITY 25 4, 6, 7 2 g T
RELIABILITY/
MAINTAINABILITY L, 6, L@, LL s [ 10 0
DATA
ACCESSIBILITY 3 3
OPERATING
CONDITIONS 2 A0 506 2919, 6

*Reference indicators described in Appendix D.
** Available from military sources.

*** Heavily dependent upon the proximity of the sensors to a target and
the accuracy of surveying the senors' locations.
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reading. Further, laser or light reflector systems suffer the
other limitations of high frequency systems; i.e., light-of-sight
only. For the accuracy needed, laser or light ranging offers

no advantages, other than initial cost, over other line-of-sight
methods, such as pulsed X/C band radar, which do not entail
similar time delays.

The Army has developed a handheld laser-ranging device to
locate targets in the range of 200 to 10,000 meters. However,
tests performed at Fort Benning in 1976* demonstrated that the
unit was not safe for use by field personnel (without protective
equipment) , and were not sufficiently accurate. 1In fact, the
average error rate for eight observations per trial or team
ranged up to 10 percent. The standard deviations of these errors
ranged to approximately 20 percent.

Therefore, while a brief generic description of the laser/
light system follows, these systems are judged unresponsive to
the objectives and are not further developed. Some of the
characteristics of laser ranging systems are summarized in Table
7. A typical commercial system is included.

Laser ranging equipment directly measures line-of-sight
distance using light interferometry. A modulated light beam is
reflected from a target. The distance to the target is determined

from the phase shaft in the reflected beam relative to the trans-

*Operational Test III of Handheld Laser Rangefinder, AN/GVS-5,
TRADOC Project No. 8-EE-GVS-005-601 (1976)
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Table 7 3
EVALUATION OF LASER RANGING SYSTEMS* r
4
Newlett/Packard Handheld Laser Rangefinder
No. 3810A AN/GVS-5
COoSsT 4 no data
PORTABILITY 1 3
TERRAIN ~
APPLICABILITY Thel=2: Y, 2
AVAILABILITY/
DELIVERY 1 4
POSITIONING
ACCURACY 1 5
INVASIVE
CONSTRAINTS 1 a
SYSTEM
USABILITY 23S Ly 3; 6, 7
RELIABILITY/
MAINTAINABILITY D, TG 8, 9 Ul 0d 1, 4, 7Tp 8y 1k, 14
DATA
ACCESSIBILITY Zp 4,%% 2
OPERATING
CONDITIONS Ly 3y 4y 6 1, 3, 4; 6

* Reference indicators described in Appendix D.

** Requires modification to instrument.
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mitted light.* Commercial equipment can measure several kilo-
meters with millimeters accuracy.

However, they have to be aimed very carefully to ensure the
proper target is being ranged. This is not critical for com-
mercial systems. The Army's system is designed to reflect from
military targets and will also reflect from objects in the

enviroment.

Photography

Fixes are possible by combining bearings with range
estimates based on photographs. The target photos would be de-
veloped rapidly and ranges extrapolated from comparison with
standardized photos of similar targets at known ranges, or by
computing image size versus distance.

This method has been mentioned because of U. S. Department
of Transportation photography usage in traffic analyses. How-
ever, photographic road traffic studies typically are motion
pictures for traffic engineers to improve flow or for traffic
safety engineers to study "near misses" not shown by accident
investigations per se.

Use of photography would appear to have few advantages but
many complexities and disadvantages relative to other optical

systems. The advantages are a permanent reading available for

*McCullough, W.R. The Measurement of Distance Using Light. Pre-
sented to the 15th Survey Congress, Newcastle,N.E.W.,Australia.
May 1972
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after the fact, precision analysis, and perhaps low light

(infra red) use. However, image displacement measurement would

have to be calibrated or adjusted for angle of presentation

in each of three axes, a very formidable task, even with comput-
ing equipment. Photo equipment of the precision indicated is not

conducive to field use by non-professional (photographic)

personnel. Obviously, optical, line-of-sight limited photography
is less accurate for range estimates than are other means, and

requires optical azimuth measurement.

While interesting as a concept, and not necessarily grossly
inaccurate when used by highly trained photo interpretation
personnel, photography as a field rangefinding methodology is
inherently limited and complex. Location determinations by
visual bearings and radar ranging appear simpler and more
practicable.

Field testing might be justified, but it is doubtful if
photography as a replacement for visual (eyeball) or electronic
techniques would prove advantageous. Certainly at the present
untried, untested stage, it cannot be recommended for FY 78 use.
Some of the characteristics of photographic ranging techniques

are summarized in Table 8.
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Table 8

EVALUATION OF PHOTOGRAPHIC RANGING*

Photographic
Ranging System

COST 2
PORTABILITY 1
TERRAIN

APPLICABILITY |
AVAILABILITY/

DELIVERY 1
POSITIONING

ACCURACY 2k %
INVASIVE

CONSTRAINTS i)
SYSTEM

USABILITY ad, 16, 7
RELIABILITY/

MAINTAINABILITY 1, 4y 5. 6. 8, 10, Ir; 14
DATA

ACCESSIBILITY 2
OPERATING

CONDITIONS l, 3, 4

* Reference indicators described in Appendix D.

** Heavily dependent upon target range and target orientation relative to
the observer.
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ENGAGEMENT SIMULATION DATA COLLECTION ANALYSIS

For the purposes of satisfying the ARI requirement to
collect behavorial and positional data during the first quarter
of CY 1978, a study was made of the engagement simulation
area at Ft. Carson, Colorado. The study was primarily concerned

with assessing the ling-of-sight constraints and estimating the

ranging distances involved. The engagement simulation area studied

is identified in Figure 1.

Figure 2 (Engagement Simulation Area Surface) was constructed

from curves illustrating elevation variations between pairs of
points. The points were the intersections of east~west lines
north-south lines with the engagement simulation area in Figure
1. The curves were constructed at equal distance intervals and
drawn together as a composite figure. The entire composite was
slanted 45° to the east to allow the north-south graphs to be
viewed.

As seen in Figure 2, the terrain for the engagement simu-
lation studies is gently rolling between the Northern and
Southern Objectives. The area is bounded by high mountains
on the east and west (not shown). The Northern and Southern
boundaries are the ridge of large hills that contains the North-
ern objective, and the Southern objective.

Target position location is greatly complicated by several
rather deep and tortuous creek beds. The problem is further
compounded by the narrow but dense forests that border all the
creeks. The area outside of the creek bed borders is devoid of
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any significant ground cover.

Therefore, it is quite likely that armor vehicles attacking
the southern objective will travel the creek beds. These creek
beds provide the only areas consistently invisible to the ob-
jectives, and to any other location in the vicinity. How-
ever, Ft. Carson personnel observed that the creek beds become
unsuitable for armor maneuvers during the winter. In addition,
the creek beds appear to be ideally suited for ambushes from
the defending forces. Therefore, it is possible that the vehicles
may risk exposure and travel the outside of the forest border-
ing the creek beds. In this case, visual line-of-sight to the
vehicles could be established.

Due to the rolling nature of the land, optical position de-
termining sites must be located significantly higher than the
engagement terrain. The alternative would be many observation
sites in the area. This is costly. The most likely candidates
for visual observation sites are Timber Mountain and Site A
(Figure 1), Site B (Figure 1) is an alternative but at a lower
elevation. - However, the ranging distances are excessive -- 2
to 4 kilometers. It was observed that Realtrain identification
plates could not be read, reliably, at about 3 kilometers,
using a 23 diameter telescope magnification.

Therefore, it appears that no remote optical position
locating system is feasible for use at this portion of Ft.
Carson. Radio ranging techniques cannot maintain constant

electronic line-of-sight into the creek beds. 1In some places,
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the bed is deeper than 20 feet. However, this is not common
and radio ranging could be used if infrequent gaps in the data
are acceptable. Table 9 summarizes the requirements for ARI's
data collection at Ft. Carson together with the most likely sys-
tem for satisfying these demands. This system is the Motorola,
Miniranger. Unfortunately, the Miniranger III radio ranging

system is hardly a low~cost item.

COSTS

ARI is searching for a low-cost remote date collection
system to use as a temporary measure until a more suitable
technique can be implemented. Unfortunately, the Miniranger
III system costs approximately $100,000 when tailored to ARI's

purposes.
PORTABILITY

All the currently available position determining systems
require a line-of-sight to the target. Since the engagement
simulation area is laced with rather deep creek beds, the ob-
servation sites must be located as high as possible above the
area to maximize the available line-of~sight area. The most
likely observation post ~- Timber Mountain (Figure 2) -- is
accessible by road. The most likely secondary OP -- Site A
(Figure 1) -- is approachable only on foot. Data collection
equipment must be backpack portable. The slave tracking station

of the Miniranger III system fulfills this requirement.
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Table 9

FORT CARSON DATA COLLECTION REQUIREMENTS*

Fort Carson

Miniranger III **

Requirements Motorola
COSTS 3 D 2
PORTABILITY 1 1, 2
TERRAIN
APPLICABILITY 3 3
AVAILABILITY/
DELIVERY ¢ 1
POSITIONING ACCURACY 2 4
INVASIVE
CONSTRAINTS 3 4
SYSTEM
USABILITY 2y 4, 6, 8 2, 4, 6, 8
RELIABILITY/ 1, 3, 6, 8, 1, 3, 6, 8,
MAINTAINABILITY 10, EL; 13 1, 13
DATA
ACCESSIBILITY 2, 4 3, 4
OPERATING
CONDITIONS 1, 4, 6 2y Sy 6

* Reference indicators described in Appendix D.

** The system that matches the requirements the closest, data from Table 5.
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TERRAIN APPLICABILITY

The peculiar nature of the Ft. Carson area places heavy
requirements upon the abilities of any data collection system
used. The most likely target routes are in the deep creek
beds with steep walls and bordered by dense foliage. A useful
data collection system must not be overcome by these obstacles.
The Miniranger III system is not useful if uninterrupted data
is required. However, the Armor Command at Ft. Knox has
found that the Miniranger system exhibits a terrain performance
similar to commercial television. Optical systems are useless

in this environment.
AVAILABILITY/DELIVERY

ARI is scheduled to start collecting data during January,
1978. Therefore, it is necessary that equipment used be currently
in production and field tested. Thirty-day delivery is pre-
ferred. The Miniranger III fulfills this requirement and is in

field use, mounted on tanks at Ft. Knox.

POSITIONING ACCURACY

About 25-meter accuracy is required of the position data.
This requirement is well met by the Miniranger which achieves
2-3 meter accuracy over large areas. The Ft. Carson area size
-- approximately 3 km x 6 km -- indicates the need for such a
wide-ranging system. The alternative of many limited range
systems presents serious problems of manpower, requirements,
interteam coordination, large number of precisely surveyed OPs

etc. 45




INVASIVE CONSTRAINTS

Since it is the intention of engagement simulation to
present a realistic combat environment*, data collection tech-
nigues and equipment must not alter the normal operations of the
conbanants. The use of optical techniques, for instance, would
require that targets remain visible for at least a large portion
of the exercise. The Miniranger systems require electronic
visibility which is generally available. A temporarily mounted

transponder functions independently from the target.

SYSTEM USABTLITY

Regular Army enlisted personnel will be collecting the
data. Therefore, the data system cannot require intensive
training, nor a large number of personnel, and must be able to
collect data rapidly. The Miniranger generally realizes these
requirements. However, at least one trained person must set up
the equipment and be available to correct malfunctions.
RELIABILITY/MAINTAINABILITY

Since the data collection system will probably be located
at remote sites, the equipment must function in a highly reliable
manner, be ruggedly constructed and easy to repair. The Mini-

ranger does satisfy these requirements.

DATA ACCESSIBILITY

Ideally, a data collection system would be able to obtain

*Tactical Training for Combined Arms Elements, REALTRAIN,U.S.
Army Armor School, TC-71-5 (1975).
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position and behavorial data. The data should be stored in
digital form for later analysis. The Miniranger meets these

needs with the exception of recording behavorial data.

OPERATING CONDITIONS

The exercises at Ft. Carson during the early months of CY
1978 will require a data collection system to perform under po-
tentially adverse weather conditions. That ..e equipment must
be battery operated is taken for granted. The Miniranger is
well protected from the elements and requires low voltage DC

power.

CONCLUSIONS

From the preceding analysis, it can be seen that no posi-
tion locating system available today can satisfy all the require-
ments for the Ft. Carson area. More typical terrains present
much less of a problem. The combination of:

® Long distances

® Deep creek beds

® Dense ground cover

® Relatively untrained personnel

® Possible adverse weather
place heavy constrains upon the selection of any data collection
system. Of all the systems reviewed, the Miniranger III satis-
fies the most constraints. However, even this system does not

seem entirely adequate for ARI's short-term needs.
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FIELD STUDIES OF DATA COLLECTION TECHNIQUES

Two possible methods for collecting target location data
were evaluated at Ft. Carson, Colorado, and Ft. Belvoir, Virginia.
The two techniques evaluated:

® Optical ranging and

® Optical triangulation
were selected as being the most likely candidates for use in the
January, 1978, engagement simulation exercises. Both these
systems are low cost and use easily obtainable, commercial equip-
ment. Most of the equipment was supplied by ARI. A small
amount of the money was allocated for contractor procurement of
supplementary instrumentation. One week was reserved for the
study at Ft. Carson.

During the preparation for the field studies, it soon be-
came evident that optical ranging was not adequate for use
over the long distances at Ft. Carson. However, the technique
may have future potential for use by ARI at other sites and,

therefore, remained part of the study.

OBJECTIVES

Due to a limited budget, the optimal equipment was not
available for this study. Therefore, it was decided, with the
concurrence of the COTR, to study the important parameters of
the two techniques. The results of the parameter studies would
provide the data upon which to base recommendations for more
optimal future systems. The parameters studied are summarized

in Table 10.
48




Table 10

FIELD STUDY PARAMETERS SUMMARY

Preparation
e TIdentification of the Target

Time to locate a target

Accuracy of target identification

e Target Alignment

Time to center target on telescope crosshairs

® Range Alignment

Time to adjust target image to range stadia

e Target Tracking

Track target at speeds up to 25 mph

Tracking distance limitation of a transit

Data Recording

e Triangulation Data

Time to record azimuth and elevation angles

Accuracy of azimuth and elevation angles

® Ranging Data
Accuracy of ranging data

Coordination Dialogue

e Triangulation System
Dialogue structure required
® Ranging Systems

Dialogue structure required

49
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The operation of optically collecting location data can
be considered as two independent, but sequential, tasks. The
"preparation" task involves searching for and identifying the
proper target. The target is then aligned on the crosshairs

of the telescope. The "data recording" task is concerned with

SR )

reading the angular and ranging (if required) data from the
instrument. Coordination is required to specify the proper
target and indicate the point in time when data are to be ’

recorded.

PROCEDURES *

Since the tasks are independent, each task's parameter can )
be studied separately from the other task. Formal studies were
used to evaluate the tasks. The "coordination dialogue" struc-
ture requirements were defined through informal observations dur-

ing the formal studies.

Preparation Study and Ranging Data

A total of eight levels were designed into this study
Observational conditions
Target initially in observer's field of vision
Target must be searched for
Target speeds:

0 mph - immobile target

7 mph i
15 mph
25 mph

50
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The total of eight levels result from the four target
speeds at each of the two observational conditions.

The study was designed to collect 160 observations. The
experimental conditions were selected for each observation using
a random number table*. In addition, one of four locations, at
different distances, was randomly selected for the immobile
target. Since target identification was treated as orthogonal
to the other variable conditions, selection of which target
number to be displayed was randomly added to each observation.
Each observation was randomly assigned a direction of travel --
to the observer's right or left. The first 15 observation con-
ditions are listed in Table 1l.

The study was conducted on a dirt road in the engagement
simulation area at Ft. Carson (Figure 3). The section of road
used was continuously visible from a military tripod bench-
mark located about 570 meters west for about 1300 meters (Figure
4) . The road was fairly level and allowed a target jeep to travel
the required speeds. Four immobile sites were selected on the
road and marked with metal surveyor's stakes. The terminal
locations were also marked with red surveyor's tripod targets.
The locations were surveyed using optical triangulation from the
tripod benchmark and a windmill tower located about halfway down
the road. The distance between the windmill and the tripod was

measured with a 300-foot fiber glass surveyor's tape. Since

*Fisher, R.A. and Yates,F., Statistical Tables, Hafner
Publishing Co., New York, 6th ed. (1967)
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Table 1]

PREPARATION STUDY OBSERVATION CONDITIONS¥*

Initial
Target Travel Immobile Identification
Observation Location Direction Speed Location Number
1 Out of sight left 25 mph 23
2 in sight right 0 mph <4 39
3 Out of sight right 25 mph 39
4 in sight left 0 mph 1 36
5 in sight right 0 mph 4 39
6 Out of sight right 0 mph 2 39
7 in sight left 0 mph ) 20
8 in sight right 15 mph 39
9 Out of sight right 25 mph 39
10 in sight left 25 mph 39
I Out of sight left 0 mph 1Y 21
12 in sight right 7 mph 211
13 Out of sight right 25 mph 39
14 in sight left 25 mph 39
1.5 Out of sight left 0 mph 2 21

* This list contains the conditions under which the first fifteen obser-
vations were collected.
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benchmark location data could not be obtained from Ft. Carson,
the exact location of the tripod is not known. The study ob-
servations were collected at the tripod benchmark.

The observation team consisted of three persons:

® Study controller

® Instrument man

® Data recorder
Both the study controller and the instrument man had prior sur-
veying experience and were generally familiar with the equipment.
The study controller gave instructions and operated the timer.
The instrument man's sole function was to operate the observing
instrument.

The equipment used in the study is listed in Table 12.

The Accu-Range telescope was fastened to the camera tripod with
a modified rifle bridge mount. The tripod orientation handle
was located on the opposite side from the observer. This forced
the observer to operate the telescope/tripod in a manner similar
to a transit.

The REALTRAIN targets were constructed from tempered Masonite
to conform to REALTRAIN specifications*. The boards were cut to
20" square and painted green. 18" high white numerals made of
2" lines were glued to the boards. The passenger in the jeep

selected the proper sign and held it up for the observer to view.

*Tactical Training for Combined Arms Elements, REALTRAIN.
U. S. Army Armor School, TC 71-5 (1975)
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Table 12

EQUIPMENT USED IN PREPARATION STUDY

Data Collecting

Redfield Accu-Range telescopic rifle right
4x - 12x

Camera tripod

U.S. Army jeep

2 - REALTRAIN targets
Microma electronic stopwatch

2

Surveyor's tripod targets
4 - Metal surveyor's stakes

2

16 oz. plumb bobs

2 - Gammon surveyor's reels
2 - Red plastic signal flags
White flagging tape

2 - U.S. Army two-way radios

Site Surveying

Schneider BD-5 one minute transit
16 oz. plumb bob
Gammon surveyor's reel

300' fiber glass surveyor's tape

56




The study was conducted using the following dialogue:

STEP NO. x

(Study Controller) The target vehicle operator and
the data controller check to confirm the number of
the next step. The target vehicle then either starts
traveling to the opposite end of the road at the re-
quested speed or drives to the specified target loca-

tion.
TARGET x DEGREES (RIGHT or LEFT)

(Study Controller) this was announced as soon as
the target passed a tripod target (moving target)
or reached a specified target location (immobile
target). The instrument man started searching for
the target using the study controller's estimated
angular distance as a location aid. The study con-
troller starts the stopwatch.

VALID or INVALID

(Instrument Man) The target has been seen and the
REALTRAIN number read. 21 identified a valid target
and 39 an invalid one. The study controller calls

out TIME and the stopwatch reading. The stopwatch

is read by freezing the time display. Since it is

a laps timer, timing still proceeds anyway. The data
recorder records both the target number interpretation
and the time.

FOUND

(Instrument Man) The telescope crosshairs are cen-
tered squarely on the REALTRAIN target. The con-
troller again calls out TIME and the new stopwatch
time for the data recorder.

RANGE

(Instrument Man) Using the zoom control, the instru-
ment man has altered the virtual image size of the
REALTRAIN target to fit between the ranging stadia.
The study controller again announces the new stop-

watch time.

X METERS

(Instrument Man) The target has been tracked while
maintaining the virtual image in the stadia until a
tripod target is reached. The range is read from the

57
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scale seen through the telescope.

Data Recording Study

This study was designed to determine the degree to which
two independent observers could track a moving target with a
transit telescope and then simultaneously stop tracking upon a
command. This is a necessary operation for optical triangulation.
A secondary objective was to assess the time required tc read the
angular data from a transit.

The observation posts were located on Timber Mountain and
Site A (Figure 5). The dirt road used by the target vehicle was
located about 2.6 km. from both locations. The further distance
was about 2.9 km. The road section was about 1 km. long. The
road and observation posts were selected to be approximately the
locations that might be used during the January, 1978, exercises.

The same personnel were used except that each of the sur-
veying experienced persons operated transits. One transit was
located at each observation post. A new person was used as the
study controller.

The equipment used was basically the same as the previous
study (Table 12). The telescope and tripod were replaced by
two transits and another radio was added. The jeep radio failed
to operate and had to be replaced by one of the portable radios.

The sthdy was conducted using the following dialogue:

STEP NO. x
(Study Controller) The target vehicle operator
and the data controller check to confirm the num-

ber of the next step. The target vehicle starts
traveling to the opposite end of the road at the
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requested speed or drives to the specified
target location

TARGET x DEGREES (RIGHT or LEFT)

(Study Controller) This was announced as soon as
the target vehicle passed a tripod target (moving

target) or reached a specified target location
The instrument man started search-

(immobile target).
ing for the target using the study controller's estimat-

ed angular distance as a location aid.

VALID or INVALID

The target has been seen and the

(Instrument Men)
21 identified a valid target

REALTRAIN number read.
and 39 an invalid one.

FOUND

The telescope crosshairs are

(Instrument Men)
The target is tracked

centered on the REALTRAIN target.
using the orientation fine adjustment screws.

ANGLE
(Study Controller) After the second FOUND command

is heard, ANGLE is announced and the stopwatch
started. The instrument men stop tracking immedi-
ately, and simultaneously, and start reading the angu-

lar data -- azimuth first.

FINISHED

(Study Controller) The target vehicle proceeds
directly to the designated point of entry into the

study lane for the next step.

AZIMUTH x

(Instrument Men) The azimuth is announced as a
series of five digits, leading zeros used where

necessary. The angle is recorded.

TIME x

(Study Controller) The time display is frczen and
the time announced for the data recorder.
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ELEVATION
(Instrument Men) The elevation is announced as
a series of five digits, leading zeros used where
necessary. The angle is recorded. The instrument
men then align the telescope on the tripod target
at the end of the lane, in the direction that they
had been tracking.

TIME x

(Study Controller) The time display is frozen
and time announced for the data recorder.

Due to the late start in performing the  study, the limited
availiability of a jeep and inclement weather (a lightning storm),
the study was cancelled at Ft. Carson. Arrangements were then
made for the study to be performed in area T-15 at Ft. Belvoir,
Virginia. The entire schedule had been delayed by the late arrival
of radios earlier in the week and by jeep drivers unfamiliar
with the terrain during OP site selection.

Problems at Ft. Belvoir forced further modifications to
the design. The only area available and useful to the study, T-15,
had very short distances (Figure 6). As a consequence, target
tracking as speeds above 5 mph was impossible by relatively un-
trained instrument men, using the former 24x transit scope. The
instrument men had been replaced. The requested jeep turned out
to be a pick-up truck that could not idle slowly enough. The
problem was further complicated since the study lane was shared
with student drivers learning to drive 5-ton trucks. The traffic
moved about 10 mph in one direction only. A violent rain storm
precluded any work on the final afternoon after the students had
left. Unavailability of radios the first day and a half of the
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budgeted ' iree days slowed up the site preparation.
As a result, moving targets could not be used. The study
was reduced to 33 observations on immobile targets.

RESULTS

Preparation and Ranging Study

Since access to an Army jeep -- the target vehicle -- was
limited, only 50 of the originally scheduled 160 observations
were collected. However, the observational conditions were
assigned in random order. As a result, the truncation of the
data should not introduce a bias. It means that only general

conclusions should be drawn.

Target Identification

As shown in Figure 7, the REALTRAIN identification numbers
were consistently interpreted correctly. Three errors were made
out of 41 valid observations. Since one of the errors was made
with an immobile target, it seems reasonable to assume human

communication or recording error.

Target Alignment Time

Figure 8 shows the time required to locate a target in a
tripod-mounted telescope and to align the target in the tele-
scope crosshairs. The average alignment time when a target is
initially in the telescope's field of vision is about 4 seconds.
When the target has to be searched for, the average time increases

to about 10 seconds. Figure 9 demonstrates that the search
63
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and align times seem to be independent from the target's speed |
and direction of travel. The difference between the times -- 4
{

6 seconds -- can be assumed to be the target search interval.

Optical Ranging Study
Figure 10 illustrates the total length of time required t
to align a REALTRAIN identification plate in the ranging stadia

of a Redfield Accu-Range telescope. The actual time seems to

I

be independent of target speed and direction. These times repre-

sent the total search and alignment time. ;
The difference between search and align time and range :

align time is generally less than a second, 57 percent of the §

observations. The maximum difference is about 5 seconds. These

data demonstrate that the stadia ranging can be performed quickly.
The estimated ranges fell within a 100-yard range. This

represents the limitations of the commercial grade telescope

used -- 50-yard graduations. A more finely graduated range

scale will undoubtedly decrease the variation. Actual range

determination accuracy could not be performed since the instru-

ment was calibrated for deer and not REALTRAIN targets.

Data Recording Study
Due to the limited number of observations, the entire set
f data are shown in Table 13. As is evident, the date easily
wmot the 25-meter accuracy requirement. During the study, data
ymiss.on was hampered by faulty radios. As a result, the

tain several outliers.

67




sawil (aAyjoinwn)) Buibuoy |po214dQ Q| @4nbi4

(ydw)
d33ds L39¥vL
Gl L 0 G2 Gl L 0
| | 1 1 i 1 1 0
: R s
X
X X — G
X
X X
# %
X
X X = 01
X X
X
¥
X
X
—- G
X
X X
02
1yBis jo 4no Kjip14iul tybis uy Ajoryrul

ALITIBISIA 139¥VL

68

B

(spuooas) IWIL 39NVY

e



Table 13

FORT BELVOIR DATA*

Distance
Target from
Location Base 'Y Triangulation Estimates
RN 297 285 290 246 290 80
D1 287 293 289 292 292 288 261
291 29 242 291
R 2 428 484 41 468 488
D 2 483 493 504 491
R 3 591 582 586
B3 559 no data
R 4 695 666 847 632
D 4 726 683 265 729 105 688

* All underlined data are considered to be outliers. All distances are in
meters.
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The observed data do not coincide with the surveyed
distances. This is due to the influence of road traffic dur-
ing the study. The target vehicle attempted to halt as close
to the target location benchmark as traffic would allow.

The average time required to read an azimuth angle was
19 seconds (8 seconds standard deviation). This was computed
for 58 valid readings, including both observers. The average
time for one observer was 20 seconds and the other was 18 seconds.
Since the individual averages lie well within the overall
standard deviation, they can be considered to be the same, ex-

hibiting a stochastic deviation.

CONCLUSIONS

Both optical ranging and triangulation techniques appear
potentially useful for position data acquisition. However, the
techniques impose serious constraints on both the data and the
environment being observed. Visual line of sight is needed in
all cases. The ranging technique is useful only for distances
less than l~km. The triangulation techniques are useful on im-
mobile targets within any likely engagement simulation area.
The location of moving targets can be determined in the range
of 1 to more than 3 km. This conclusion is not based upon
actual data, but imformal observations made duriné the training
sessions. Intensive staff training sessions are required.

Equipment modifications are necessary.

The results showed that 7 to 15 seconds were necessary to
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search for and align a target. About one third of that time was
required when the target search time was eliminated. Since

it can be assumed that targets will have to be searched for,
about 20 seconds per observation should be budgeted for search
and alignment.

During the brief triangulation study, angular scale reading
varied from less than 10 seconds to over a minute. However, add-
itional staff training should reduce the time to about 30 seconds,
maximum. The use of a direct reading theodolite will remove the
vernier scales interpretation and the reading time required accord-
ingly. About 10 seconds (time) reading should be expected. There-
fore, with proper instrumentation (an appropriate theodolite)
and staff training, a time budget of 30 seconds for observation

seems reasonable.

Optical Ranging

In spite of the deficiencies of the commercial grade instru-
ments used, the Redfield Accu-Range telescopic rifle sight --
with modifications -- appears adequate for collecting position data.
The Redfield Company suggests that a new ranging scale be graduated
from 330 meters to 1 km. A 6x to 18x variable power telescope
should be used. Additional stadia in the telescope will increase
the range from less than 100m to 1 km (Figure 11). The vari-
able power adjustment ring should be loosened; rifle recoil is
not a problem with a transit.

The rifle scope should be mounted onto a theodolite tele-

scope using a dismountable electronic distance measuring fitting.
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Up to 4 pounds can be supported by the telescope.

However, the stadia method of ranging is heavily dependent
upon two target constraints. The target must be a known size.
If multiple targets are used, they must all be the same size.
The Accu-Range telescope must be individually calibrated to the
target size.

The target must be oriented on a vertical line, perpendi-
cular to the observer's line-~of-sight. If the target is as little
as 12.5° of arc out of line-of-sight perpendicular, serious rang-
ing errors will result. In order to minimize the orientation
errors, a target is ranged on the vertical dimension only.

Because of the orientation problem,-the long distances and
line-of-sight constraints, optical ranging seems inappropriate
for use at Ft. Carson. However, the technique might prove use-
ful in small exercise areas in flat or gently rolling terrain

with light or sparse ground cover.

Optical Triangulation

The data for triangulation position determinations (Table
13) appear surprisingly accurate given the level of staff train-
ing and inadequacy of the equipment. These data should be consid-
ered as illustrating the worst case. Unfortunately, the distances
are short. However, considering the small errors at these distances,
the data indicate that the required accuracy of +25 meters might
be obtainable to 3 km. With the proper staff training and equip-

ment, the requisite accuracy may be obtainable beyond 4 km.
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Unfortunately, no data of any kind are available to assess
the accuracy of triangulating a moving target. This should be
studied further if the technique comes under consideration. The
equipment recommended for use in this technique is the same as

for the optical ranging, discussed above.

Coordination Dialogue

The coordination dialogue must be kept to brief one-word
commands. Violations of the communications protocol during the
study produced considerable confusion. 1In addition, the frequency
of radio communications required for the triangulation technique
will cause long messages to be lost.

Numeric data should be reported and recorded as a string
of digits, without units designations. This method generally
ensures that lost data elements -- digits -- will become obvious.
Due to the high frequency of communications, data confirmation is
not practical. Therefore, any data in doubt must be discarded.

The communications protocol used in these studies proved
useful. It is suggested that these protocols be used as the
basis for later ones. The need for communications protocol train-
ing cannot be stressed enough. Most of the problems during train-
ing sessions can be traced to protocol misunderstandings and
violations.

The staff must respond quickly and accurately to the various

commands. During actual data collection, time is not available
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for explanations and repeated messages.

Due to the intermitent radio transmitters, it was found that
repeated single word commands -- from the study controller only --
greatly reduced confusion. Since, in some cases, the study con-
troller counts responses, the instrument men should never repeat

their commands or messages.
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GLOSSARY

Azimuth - The horizontal angle between two points.

Digital Recording - Recording data in a form directly sensible
by digital computing equipment. A portable tape recorder,
capable of recording data in digital form, is generally
used for field data.

Doppler Effect - An apparent change in the frequency waves, as
of sound or light, occurring when the source and observer
are in motion relative to one another, the frequency increas-
ing when the source and observer approach one another and

decreasing when they move apart.
Elevation Angle - The angle to a target from the horizontal plane.
EMF Spectrum - Electromagnetic force (radio and light) spectrums.

Impedence - A measure to the total opposition to current flow in
an alternating-current circuit equal to the ratio of the rms

electromotive force in the circuit to the rms current produced

by 163

Interferometry - The technique that employs phase interference

to measure distance.

LEAA - Law Enforcement Assistance Administration

LOP - Line of Position

LORAN C & D - A low frequency radio navigation system.
Optical Bearing - A measured angle.

Phase Interference - A new frequency created by combining two

signals of the same frequency but out of phase.
W
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Phase Lock - One or more signals at a given frequency trans-

mitted in phase.

Pulse Lock - Two or more pulsed transmissions in which the pulses

occur simultaneously across transmissions.

Pulse Trilateration - The method of determining the location of
a target using pulsed transmissions to determine the distance
between two observers and a target.

RDF - Radio direction finding

Reticle - A grid or pattern used to establish scale or position
in the eyepiece of an optical instrument, typically a tele-
scope.

RF - Radio Frequency transmissions

RMS - Root Mean Square

Stadia - Horizontal crosshairs in a telescope

Transponders - Units that receive and retransmit a signal.

Tribrach - A detachable base for a theodolite that fastens

securely to a surveyor's tripod.

UMT - Universal Military coordinates
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APPENDIX A

Optical Triangulation

Triangulation is a method for determinfnq a target's location
as a vertex of a triangle consisting of two observation posts and
the target. The distance between the two observation posts is
known and only the angles between the target and the opposite ob-
server need to be determined. The angles are measured with theod-
olites or transits. In addition to the azimuth, horizontal angles,
the elevation, vertical or stadia angle, will be required if hori-
zontal target distances from the observers are required. For
horizontal plotting purposes, the azimuth angle will suffice.

Theodolites and transits comprise a class of instruments that
accurately measure both azimuth and elevation angles. A wide vari-
ation of resolutions, from 0.2 second to 1 minute of arc, are
available.* The rethods of reading the angles vary from external
vernier scales and internally viewed direct reading scales to
digital displays. The costs of these instruments also varies
widely -- from about $300 to about $20,000. The instruments generally
weigh less than 20 pounds and are easily portable. In fact, special
backpacks are available** for transporting the instruments over

rugged terrain.

*Brinkler, R.C. Elementary Surveying. International Textbook
Company, New York (1969). 620 p.

**Surveying Equipment and Supplies, Catalog 3. Dietzgen Corporation.
Catalog No. C-9000-CAT3A.
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These instruments consist of a telescope mounted so that
it can be rotated 3600, in two-dimensions. The vertical travel
is about an axis perpendicular to the telescope axis. Horizontal
rotation is accomplished by rotating the instrument on its base.
Scales for measuring angles are mounted on the rotational axes.

Transits differ from theodolites by being less expensive and
more prone to angle reading errors. The angle reading scales are
located on the outside of the instrument, are very finely graduated
and use vernier scales to achieve their angular resolution. The
fine graduations often require handheld magnifying lens to perform
the reading. Settling dust and sun glare can be an annoyance.

Theodolites differ from transits in both appearance and design.
They are more compact and streamlined and may weigh less*. The
telescopes are usually shorter and contain glass reticles. Metal
aiming sights are usually supplied. The angular reading system
consists of an internal optical system that displays both the
azimuth and elevation scales in the same field of vision through a
built-in microscope. Many of these instruments provide a direct

angular reading system in place of the transits' vernier scales.

Theodolites are available with a detachable base, tribrack. The tri-

brack allows the theodolite to be removed from its tripod and later

replaced without altering its alignment to a reference point. They

may also have an optical system for precisely locating the instrument

over a ground reference or benchmark. At the extreme resolution,

G

* Brinkler, R. C. Elementary Surveying. International Textbook
Company, New York (1969) 620 p.
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these instruments theoretically measure the angle between two

points 1 inch apart and 50 miles away.¥*

CONSTRUCTION

The transit consists of a leveling head, a standard and a
telescope. The leveling head is threaded to screw onto a sur-
veyor's tripod. A chain extends below the head, through a hold
in the tripod head, for attaching a plumb bob, for centering the
transit over the ground reference or benchmark. The main purpose
of the leveling head is to align the transit in a horizontal
plane. This is required to measure angles reproducibly.¥*

Above the leveling head are two concentric, independently
rotating plates. The lower plate is seen as a ring finely
graduated into degrees of arc to measure an azimuth angle. The
upper plate contains a vernier scale to interpolate fractions of
a degree on the lower plate, as minutes of arc. Each plate is
controlled by a lock screw (clamp) and a tangent screw (fine ad-
justment) .

A bracket, the standard to support the telescope, is an
integral part of the upper plate. The elevation scale rotates
with the telescope and also uses a vernier scale to interpolate
elevation angles to minutes of arc.

The optical system of a transit is very simple -- a tele-
scope (Figure A-1l). The telescope magnification is fixed between

18 and 28 diameters. The stadia, crosshairs, in the telescope

*Brinkler, R. C., Elementary Surveying. International Textbook
Company, New York (1969). 620 p.
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FIGURE A-l.

LIETZ UTILITY TRANSIT 115
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may be fine wires, spider webs or a scribed glass reticle.

The telescope is a simple straight tube type with an erecting eye-
piece. Both the stadia and the target image can be focused inde-
pendently.

The problems arising from the use of the transit are largly
due to its elegantly simple design, quite similar to the "diopter"
described about 120 B.C.* In order to achieve an angular reso-
lution of one minute of arc or less, the scales are very finely
and closely ruled. It is difficult for the relatively inexper-
ienced occasional user to make consistent, error-free readings.

The travel controls -- plate locks and tangent screws -- seem to

be located for constructional simplicity and rotate with the plates.
As a result, when the upper plate controls move into the vicinity

of the lower plate controls, the instrument person may inadvertantly
manipulate the wrong controls and misalign the transit.

The transit is frequently being replaced by the theodolite¥*.
This instrument is similar in principle to the transit, but differ-
ent in design (Figure A~2). The leveling head, tribrach, is gener-
ally detachable from the rest of the theodolite. This is a keyed
arrangement so that the theodolite can be removed and replaced
without disturbing its original reference alignments. It is
assumed that the theodolite controls and the tripod were not dis-
turbed. However, good practice requires alignment checking.

Theodolites contain a rather complex but rugged optical system.

In order to achieve their improved angular resolution of 0.1

¥ Brinkler, R. C., Elementary Surveying. International Textbook
Company, New York. (1969) 620 p.
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FIGURE A-2. DIETZGEN ONE MINUTE THEODOLITE, 6020-A6E
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seconds to 1 minute of arc, theodolite scales must be read with

a microscope, which is an integral part of the instrument. The
scales are scribed on glass. The optical systems use external
illumination -- sun or battery powered -- to transmit an image of
a portion of both scales to the microscope. Thus, both scales
can be easily read at one time. Furthermore, the angular read-
ing system often eliminates the vernier scales in favor of a
direct reading system at the instrument's resolution. This
greatly reduces one important source of data error.

Most theodolites have an optical -plummet for ease of align-
ment to a ground reference or benchmark. The traditional pendu-
lum plumb bob, although accurate, is difficult to keep still in
an appreciable wind. Therefore, it takes time to recheck ground
alignment. The optical plummet views the ground from the theo-
dolite and is not affected by wind. This devise is a low-power
telescope mounted in the vertical axis of the instrument.

Some theodolites have greatly improved the placement of the
controls. For instance, the instruments described in the refer-
ence* have the vertical and horizontal scale controls placed to-
gether -- vertical above horizontal -- on one side of the instru-
ment. The scale reading microscope is placed adjacent to the tele-
scope, on the same side as the scale controls. This design should
greatly increase the speed with which angular determinations can

be made and reduce the error frequency.

* Surveying Equipment and Supplies, Catalog 3. Dietzgen Corporation.
Catalog No. C-9000-CAT3A. 86




Operation Notes

The method of operation for both transits and theodolites
is the same in a triangulation study. Angles are determined
with a transit by operating the lock (clamp) and fine adjustment
or tangent screws. The telescope lock and tangent screws are
controlled to located the target in the center of the field of
view -- central crosshairs.

The first operation involves setting up the tripod. Only
adjustable leg, wide frame, aluminum or wooden tripods should be
used for engagement simulation data collecting. Extend the legs
and set the tripod roughly over the ground reference point. Place
the legs far enough apart so that the tips of the curved tripod
feet can be pressed into the gound vertically.

Remove the protective instrument mount ring from the tripod
head. The ring will loosely fit over one of the leg adjustment
screws for temporary storage. The ring is important and must
not be lost. If the tripod head threads, protected by the ring,
become damaged, the damage may be transferred to instruments
using the tripod.

Mount the instrument and attach the plumb bob, unless an
optical plumb is used. The plumb bob should be mounted on a
Gammon Surveyor's reel (Lietz No. 8124-50*) for ease of vertical

adjustment. Adjust the bob to about 1/4" to 3/8" above the refer-

* Surveying Equipment and Supplies, Catalog 3. Dietzgen Corpora-
tion. Catalog No. C-9000-CAT3A.
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ence point. The tripod legs can be adjusted vertically and moved
horizontally to center the bob on the r- ference and leav= the
transit head roughly level. Leave the bob attached for rechecking
the alignment later. Inexperienced persons may find it helpful to
remember the following rules for the use of the upper and lower
transit horizontal controls*:

A. The lower controls are used for reference alignment
only.

B. The upper controls are used for setting the hori-
zontal plates to zero, to a given angle, and for
target alignment.

The upper controls are used to set the azimuth scale to
zero degrees prior to sighting along a reference line, and to
obtain a differential movement between the plates when target
sighting. The stepwise procedure for determining a direct or
interior angle ABC (Figure A-3) is presented to illustrate the
use of these controls.

1. Set up the instrument over point B and level the leveling
head (or tribrach). Loosen both lock screws. Estimate
the size of the angle to be determined for a rough check
on the angle to be read.

2. Set the plates to approximately zero degrees by holding the

upper plate while turning the lower plate by tangential

* Portions of this section were taken in part and paraphrased

from: Brinkler, R.C., Elementary Surveying. International
Textbook Company, New York (1969). 620 p.
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Figure A-3. Measuring an Angle
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pressure on its underside. Tighten the upper lock screw snugly

but not wrench tight. The plates are now locked together.

Use the upper tangent screw to adjust the plates to absolutely

0°. Use a clockwise motion. If 0 is overrun, back off and

try again. (The tangent screw is a micrometer that pushes
against a spring.) Release of the spring may not be even
during reversal of the micrometer. A backlash would occur
which might alter the plate position.

Sight the reference point A through the telescope. Set the
vextical crosshair approximately on the center line of the
referénce point by turning the instrument with both hands on
the standards, telescope brackets (not the telescope).
Tighten the lower lock screw. Both plates locked together
are now locked to the leveling head.

Set the vertical crosshair exactly on the center line of the
reference point using the lower tangent screw. The instru-
ment is now oriented or aligned to the reference point.
Loosen the upper lock screw. If you inadvertantly loosen
the bottom lock, start over. Turn the instrument until

the vertical crosshair is approximately centered on the
target. Snugly tighten the lock screw and complete the tar-
get alignment with the upper (not the lower) tangent screw.
Repeat Step 7 using the elevation controls and the central
horizontal crosshair.

The angles can now be read.
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Traditional surveying procedures recommend a more compli-
cated and time-consuming technique. However, the above procedure -
will probably suffice for engagement simulation surveying, using
experienced personnel. If the personnel are not experienced,
then surveying by repetition is recommended.* About four repe-
titions would seem sufficient.

The above procedure should only be used for surveying

purposes. The data collection procedures will be described

shortly.

ACCURACY

An instrument cdpable of resolving 1 minute of arc can
determine an angle between two points less than 1.5 meters, 5
kilometers away. Since this represents about 6 percent of the
desired 25 meters accuracy, a 1 second of arc instrument should
be sufficient. Of course, the instrument accuracy greatly
improves at shorter ranges.

The greatest source of error lies in the human observer.
The following sources of errors should be considered:

a. Misinterpretation of the vernier scales. This is

eliminated in direct reading or digital instruments.
b. Improper use of the lock and tangent screws such as

use of the wrong controls and not tightening a lock

screw before adjusting the tangent screw.

* Brinkler, R.C., Elementary Surveying. International Textbook
Company, New York (1969). 620 p.

Al




c. Unsteady tripod. The tripod leg bolts muct be tight
to prevent slippage. If the terrain permits, the tri-
pod legs must be forced into the ground to prevent
settling.

d. Reading the wrong scales such as reading the elevation
first, when the field procedures specify the azimuth
first. This is reduced in direct reading theodolites
and eliminated in digital theodolites.

e. Using the wrong target.

f. Instrument not level.

g. Horizontal reference point not properly aligned.

DIGITAL DEVICES
Several digital, angular recording systems, are available.

Typically labelled "digital theodolites," these systems electron-
ically measure azimuth and elevation. The advantages over manual
transits and theodolites are largely the speed and accuracy with
which angular data can be obtained. The systems are composed of
a pseudo transit or theodolite and a small computer. Accuracies
range from 3 seconds of arc to 0.1 degree. Some of the char-

acteristics of these systems are presented in Table A-1.

Digital Theodolite

At the present time, the only commercially available digital °

* Surveying Equipment & Supplies, Catalog 3. Deitzgen Corp.
Catalog No. C-900-CAT3A.
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Table A-1

EVALUATION OF DIGITAL ANGULAR MEASURING DEVICES¥*

Lietz DT-3
Electronic Theodolite

Universal Data**
Platform (current)

Universal Data**
Platform (modified)

COSTS
PORTABILITY

TERRAIN
APPLICABILITY

AVAILABILITY/
DELIVERY

POSITIONING
ACCURACY

INVASIVE
CONSTRAINTS

SYSTEM
USEABILITY

RELIABILITY/

MAINTAINABILITY

4

By 2

l, 4, 6, 8, 11,

DATA ACCESSABILITY 2. 4

OPERATING
CONDITIUNS

1, 3, 4, 6

no data

2%k %%k

14 1, 4, 5, 62,

2

2, 3, 4,

7

no data

11 1,4, 5, 62, 11

*Reference indicators described in Appendix D.

**The evaluation is concerned only with the Universal Data Platform instrument
as might be set up on a hill or mountain.

***portability restricted by land line communications.
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theodolite is Leitz model DT-3*. Keuffel and Esser Company is
scheduled to announce their version toward the end of calendar
year 1977. The Lietz system is designed to operationally re-
semble standard, manual theodolites. Therefore, it is small,
light and easily portable. The instrument contains an optical
plummet and mounts on a familiar surveyor's tripod.

A magnetic encoding technique is needed to determine angles.
The associated, portable computer then computes and displays the
angles. The angular data are derived from magnetic drums pre-
recorded with a square wave. Twc read heads are used to insure
accuracy of 0.2 seconds of arc.

The system is well designed for ease of usage. Operator
training requirements are minimal. In fact, reference align-
ment drift -- frequent source of inexperienced operator errors --
has been greatly reduced. The reference point is set electroni-
cally. The data can be digitally recorded to eliminate data

transcription errors. This instrument costs about $18,000.

Universal Data Platform

The Army Reasearch Institure at Fort Ord, California, has
constructed a digital angular measuring system*. This instrument
measures azimuth and elevation angles with 0.1 degree of arc
resolution. The accuracy is unknown. The system is composed of
the angular measuring device and associated computing equipment.

The cost is unknown.

* Instrumentation for Field Experimentation. U.S. Army Research
Institute for the Behavioral and Social Sciences (unpublished).
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The angular measuring unit uses a magnetic technique to
generate electrical pulses, 0.1 degree of arc apart. The orien- -
tation of the instrument is determined by dead reckoning counting
of pulses. The data can be displayed in angular form or digit-
ally recorded. A variety of optical spotting equipment can be
attached to the unit.

The unit appears to be fastened to a heavy-duty camera tri-
pod. A precise leveling arrangement appears to be lacking. In
addition, the unit cannot be accurately aligned with a ground
reference.

The computing equipment is contained in two "semi-trailer

vans." The equipment provides considerable flexibility for pro-
cessing the data as they are acquired, at the expense of porta-
bility. Since the computer is general purpose and programmable,
the use can transform, display and record the data in any
appropriate mar ner.

Even though this system currently has some serious defi-
ciencies, it could be improved to become a potentially very use-
ful data acquisition system (see Table A-2). However, it remains
an optical device and is hence limited to visual line-of-sight.
In addition, it is necessarily a single target at a time data
device. Multiple targets introduce the same search, idencify
and align problems and time delays found in other optical instru-
ments.

Since it is restricted to visual line-of-sight, the Univer-
sal Data Platform is not recommended for use in the Fort Carson

9
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APPENDIX B

POSITIONING SYSTEMS

SPECIFICATIONS

Table B-2 presents a comparison chart of specifications.
The chart is slightly modified from the original*, constructed
in 1974. Most of the medium-range positioning systems known at
that time are included. Currently, several more systems have
entered the field. Several of these systems were discussed
earlier and in Appendix C. The system costs have generally in-
creased by approximately 30 percent during the past 4 years.
Note that systems have been developed generally for marine rather

than land use, but may be appropriate for such land use.

* Munson, RA R.C. Positioning Systems, Report on the Work of
WF4146. Presented at the XV International Congress of Survey-
ors, Stockholm, Sweden, June, 1977.

99




ro3aT7dwoout ST BUTISTT 9YJ -SUOTIEZTURDIO jJusuwuissob pue ajzeatad yzoq
apnTouT pue ‘XIJIH Se Yons ‘SUOTSISA WO3ISAS ISTTILS JO 9SN DY) SOSED SWOS UT 3ISTT SOTIJUNOD I8snh 3YJ

*3TUn STTqOow [ pue (gz ATTENSN) SUOT1E3S SIOYS JO UOTIBINDTIJUOD umuTuTWw ® JI0J ST 3S00 @3ewrxoxdde ayg
*s3soo butrddrys opnioxe pue ‘sjuswsitnbsx Tejusw

-uoxTAaua patjToads oprsino uorjeasdo Io0 ‘usprooe ‘3ooTbau ‘uorjeasiTe 1o atedax xadoadwt ‘asn xadoxdut
JO 3TNSSX © 30U ST aanTred syl burprtaoad diysueuy{IOM puer STETISIEUW SATIDSISP IBA0D SaTjuexaem TedtdLy

suoT3ounjTew © HBUT3ILOOT JO poyjzaw oyl ST SnDTUYod3 UOTILTOST 3JITned

‘e9JIe 930WSI B O3UT UOTIRTIRISUT aI0ys e buryoedyoeq
3TWIT Aew yorym (suorido pue SaTId33eq HBUTpnTOoxa) S3jusuodwod FO Iadqumu ayl axe (bx9f )sjusuodwcd 3I0YS

* (suot3do 3NOY3TM) UOTIRT[RISUT ue JOo sjusuodwod [Te I0J oIe STe303 3Iybriam ayg
(b x 6° X g
I0 T X IX T =¢"ToA 1 ‘*b*9) uorzeanbryuoo x0 adeys 03 paebaa INOYITM suoTsuswip TeoTsAyd woxy ATSIT3U

po3eTnoTed sjuauodwod [Te JO SUMTOA Paulquod ay3z I0J uosTiedwod 8zZIS SAT3RTSX e sjuasaxd Axobsjzes sTyg

039 ‘s8Tas933eq ‘sSa0309Uuod ‘sSaTged burpnioxa
‘uotjeTTe3lsuT ue osTadwod 3eylz (suorido 3INOY3TM) sjuauoduiod TenpTATPUT SU3 S93BOTPUT ISqUNU YL

*9ZTTTge3sS pue dn-uxem o3 wWalsAs ay3z I0J AIeSSa09u dWI3 9Y3 SI33LOTPUI
*9397dwodut x0 Ter3aed ST 3ISTT 9BYL

s (uf 0oz ‘°-b°9) wezsds ay3z
Jo sbuex Hutjeasado pe3e3ls ayjz e Iax930BJnUPW dY} Aq POTITIASA I0/pue pajeInoTed Adeanodoe syl S3ISTI

*SUOT3P3S 9I0US auwes 9yl osn AT3utol ueos YOTYM S3TUn STTJOW JO ISUNU SY3 SS3IROTPUL

snonbTqureuoN

¢-9 J79YL OL SALON

1-9 91qeL 5 /

ET

g 4

"I

“01

R




*3uawdtnbs burrTryoxad oTWSTSS

swos woxj jussaad aq Aew I {s991bep Qf JO SUOTIOSSISIUT WNUWTIUTW IOJ SDUTT 3Seq gT°(0 IO WNWIXew e

03 3INO SPUSIXD YOTUM BBIR UR ST 9I9Y3 ‘SOUTT 2Sed 9yl usom3dq eaie 3aYy3z Ul °SUOT3Ie3s 3I0US Syl usamiaq

9oue3sTp 9y3z uo butpuadop Axea Aew souelsIp STYL ‘poonpax sT admod x933Twsuexl paeoqdiys ay3z burptaoad
uoT3e3lS 3I0YS 9yl JO SSIT IO (Wpy) SSTTW g UTY3ITM a3exado o3 oTqrssod ST 3IT :9buex WNWIUIW - ISIAAWE "1

*D°9'yY sSnouoxyouds pue A3rnbrque-uou x03J saprtaoad ‘aa1aaed passaxddns ‘pueqapls 9TQnop ! }O0TD
weaq WnTSad I0J PITTOIIU0O ATTRIUSWUOITAUS ST UOT3els 8ioys !afqeixod Arejzsrdwod sT we3isds aYL - INO °0T

-butaeys swrtl pue asTnd papod wopurx opnasd e SIsSn wa3SAS YL - NVIIXVW 61
*29°66 ST AJTITQRITSI WO3ISAS pajuaumoop !9TgerIeae ST uoIiszaa xamod Mol ‘ybram-3ybrT
{OYd0T abuei/abuea 103 Aaxessaodu ST paepuels Aousnbaial wesq wnTsso ‘paaeys awTl3 ST (Teubrs WY 3 MD)
UOT3EOTITIUSPT aueT {x93ndwod dH UMO S3T YITM wWS3T pIepuels ® ST wolsAs bursseooxd Te3Tbip 8yl - OWIOT °81
*SIP2A ITPYD 8 IDAO0 UTRYD/SaInoy 0008 ST JGIW
9yl ! (W QpL) WU Q0P ST SHueI UMWIXew TeOT3SI03Y3 9yl (sabuex AJTIDA S3IS93 S,I2INn30BJnuew ‘jJuswdolaasp

Iopun ST siasn Iabuei/sbuexy !Aousnbaiy STHUTs ‘paseys awrI3 B Y3Tm sajzexado wolsAs oyl - OVHIONQAH LT

-zomod zaybTy pue UOT3IEOT3ISTYdOS Byl INOYITM 3INg 9/XIJIH JO uorjexausb snorasad © ST XIJYIS pue XIJv¥IS O3
uoTjeIdusb snotasxd ® ST XIJIH ‘Puraeys swTjl Sasn pue ISTIIRD paxsTd-TIThW SwTl B Sey walisAs - 9/XIJIH °91

*[9T-ALS-TIW (Sn) uoT3eorzyToads YOOUS pue UOTIRITIA S3IO3W WO3SAS aYL - O0O¥Y °GT
*(LL6T) ‘uoT3zedTtrgnd JO SWT3 3B UMOUNUN IO STQeTTeA®R 30U ST UOTIPWIOIUI BT

(ponuTluod) T-4 9TdeL

101

T . ————— T -




Ty L4 o — o 4 24 —
oun4 ‘smuey
[usweinsesw sseyd) 90105
(wx 082) (un 099) {uuRyd pue Aduenbesy
$130) umy mey uny 2| wu ggL wy 00t paiwiun | finw jruondo yum Ajug AuQ sn0qiediy NVHOL
{3usweinsesw sseyd)
1Z 310N (8L 1S1QAYY) weisAs 3110qedAy
. o|10qiedAy/eSuey/ebuss y uonediary v.ﬁ.u:s VSN ‘HUIBHA ‘uoidwey
pus (3110qiedAy Z g 10dA}/e8ury/eBus Auy—sBunselq suApoje
wou; Busy suneseq (u 082) (un 0gy) JijoquedAy paiwijun /M 2) $407 MenInw ol1oquedA/sBuny/ebuey IpAey H suApojey
wwi gL putjeseq sy wu ogL wu oSz o8uey/ebuns p 9L 1pAry yum Ajug aBuryy/ebury 1SIQAVY
VSN ‘*p1iol4 ‘yoreg wiegd 1sepm
(%201° wesq wnised “3u| ‘QusweInsEey Uesd)
pirpuns @im sjusweinseew eseyd)
(P1%t) Jw0U) (wx 082) (un 09¥) sopoy Iy s sum (suotiisdwod sreyd saissed)
(w 99€) 3} 00ZL wu 0gl wu 0§z pawiun 1900 - 8 3110qsedA}{/sBuny/eBuey W3LSAS INO
(Aisnosumniu g
suopieBolsny) VSN ‘spoid ‘s
1920408 03 PUOdIN [11M) auewentenw *su| Juswebsury uonediaey
(wx 099) {wx 099) {Aom) 22 osind jepsuentbes ¢ (BuiBuRY SABMOIdIpY OISR
SuoN wu 09 wu ogg 1nond g LS ="W'Wd) Buibury 10uq NVHIXVIN
(Juswesnseow sseyd)
{oarssed) sBury/oBusy VSN ‘sexe) ‘uoysnoy
soue suyj pus uone0di0) $1AeS IYHOT
Wnipew ‘es1e03 jo uondo (3uep! susy/m) 21j0qIedAY
uonms sioys (wx s8L) (wY 08¥) PIM 10 B0ies yiim (Aswind3y eSuey Buo)
® woyj (wy GL)wug wu 00t wuogz paitwiiun pus.Baw Apemn 3110qdAn Jvuol o
o
UNnod suw L1 310N L1 310N —
10 £30) IR0 (W LE) 3} 0O 21 310N (Weweinseaw sseyd) VSN ‘sexe) ‘ucisnoy
Adwindoe jo ofroqiedAy payjwyun stusy/ebuey d10) w1se301pAY oy
0] INOLIIM (WX §°) WU Z/| =~ (wy 0£2Z) (unt 09¥) wasAs paeibeiu) ue 20
‘®S 10ys WOo1) IYIBUSBAEM O—G wu Gz1 wu 08z sBuwi/ebuss sjBuig | swesAs-pinw Yim Ajug anoqiedAy OVHIOHAAH
91 JLON (3usweinseow aseyd) pumBu3 “Assing ‘peayiaureay
(2110q10dAp/e5uey/abuey) PRIIN) ROMIS 35000
punodwon VSN ‘sexa) ‘uoisnoy
oj10quedAy payjwiun oBusy/ebuey "3y ‘swaishg Aaaing ead3q
(um 0L€) (wx 0L€E) (uondo) sum
suoN wu goZ wu 0oz suei/eBuns y 01900 @m Alug d1j0qiadAy 8/X13-1H
ojjoqiedAy peliwyjun
sebuss y/m £ (uswesnseaw sseyd) VSN “ie) ‘oBaiq uss
(si0w *dio) meQ uisisep, 21qn)
-esed Bunieiedo vo (wnwixew) sedurig/m g - (1suonido) a1joqiedAy
uonN®S SJ0ys Woiy Bufpuedep ‘wnwixew) (wx o¥L) ®uUR G + JUNCD (Aspssag ppuo ButBuey aneswoyny)
ung | (wy gOY) wv 022 wu ooy sbueiz/m 2 oue (vrude i Alup sBueyy/eBusy oouy
WNWINIW 1HOIN AVa (Z 310N) (L 310N) S401 NOILYH3dO0 40 HIVNLOVINNVN ONY WILSAS

JONVH ONILVH340

$HISN 40 HIBANN

$NONJIGWY-NON

$3111718VdVI TYNOILVYHIJO WILSAS

SWILSAS DNINOILISOd IONYH WNIQIW

¢-49 9TqeL

$3Q0W GNY 3TdIONIHd




muswnany
pernaiuAs we 10
fRIvewnsuy e
(Wum 009) 1% 0LZ ZHNOE - 9L we -9 T 10" buey 100 wayl+ w080y NVHOL
wgd
(VOO pazisyIUAS) (uoy @) WU GE O
L TTVE] 1, o tjoquedAy
ZHW ZE'E - B2°E wg'? wyd £
(MD) s1'qoy 432 wes+
T HOVW ZHW99'L - v9'L fuusinnsy = 2Ie 0f <
o paysny (Asoep) 31w ON (8SS) 810ys sue |0 wz + oys/oys wgy w gy 41S10AVH
wyy
1nshiy (um pgop)
(Wwx £8Z) 9% 091 [ausun gy = wu om~m
a4 wopdo (y/wx grL) BY 08 ZHWB'L-D'L sue| 100 wi+ wis wiF wesL )
(LTI {wx 531)
. wy GOt o8
(Wwy gy1) 8% 08 ZHW 0Sv—0Z¥ wyi¥ wi¥ weg¥ wed suopn NVHIXYW
{wy 0LE)
wu ooz 0
%3012 Wnies [suhunasy wop T
Wou) perisayIuAsS ous 10" +
weisAs 0yioyi (w> 581)
1nuswnaty Adeinooe sBun wu ool @
ouyjeeeq Buoie (y/uy gyL) B 08 ZHWSZ~ 9L oum {00 Bupiesedo 18 sweg WEzZ-gl + wey weg oVHO1
poziseyiuAs e (0 ou” 10"+ (v wi (¥
(Wum 0L) 3% 8E ZHNOE~ 9L wgov wgo¥ #1 0N w2y wes - 09 JVHIOHOAH
periseyiuis -
(a0n/souny §) muswnay swm Ajoexe wg T uey snieq (wnwndo) outjereq uo
suneseq Buore (y/wx y9g) 1Y 09Y ZHWOS -9 s 10 Aprqegosd %99 012 508 < wgyLy ZHNTZ O WS, 8/x14-14
woL s
$10)8 swn ednnw (PeTeUUTYD) POZISeIUAS vopey|msu sdeseay
\Bim (ywy gyl) By 08 = .to-.:.w
(Wwy LE) 911 OZ ZHNOZ - 9L wue L0 Wyl wyl+ wiy wys—-SL 0obyv
03348 WHOA1Y1d WAWIXYIN $31IN3NDIYS ONILVH IO NOILNTIOS3Y Al1718V1V323Y I£ 31DN) ADYHNODY AJVENDIV HiO!M 3NV W3LSAS
TYNOILYH3dO INI3sve

SOILSIHILOVHVHI AINIWIHNSYIW

$31L1THBVAVI TYNOILYHIJO WILSAS

(Ponuliued) SWILSAS DNINOILISOd ICNVH WNIQ3IW

(P, pRilelo))]

¢-49 °T9®elL

103

g

s




101dnod sl0wey € fquUNOW XY ©
2001182000 SPOW [FTIUSIOLIP JO) JLISAUCO 1) ‘SOJADP LONEIUPY T © (1o11e:9d uy s1qeyiean) 111 3180f eannod g—y—2~1 voneviwni Andsig ©
203U (80N U) pUr WlLAS Qog (ied sed ) suundy; 7| — miBig @ ayb wely o
woIINbOT MEP 13O0} [015|P {20I8PUY IYB|~1)8) (1eprode laeniold NI @ Sojsuy o Amdsip sqni 3IXIN © NVHOL
9110qiedAy/eBury/ Buss pur 31]0qIadAY ©
juswdinbe 3501 1pAey @
x0q uondun! |8316/p jRIUSWEIdUY Buswenu) || ISY 'QI8 ‘Assuiq aund :jeuondp €
‘eovpIlut pue yound edey 1101RIND[ED (X303 (B161P Yiim SJOWes ysyd dins Jo) Bojsuy © (vopsununy! ou) sjerp B ye
£s030)d yoe1 119119AU03 dOjuy {JeMmoj|0} Sul| ‘1nunid miEp ‘ieyd ding @ (9poo AesS Asuq 3q Z ‘esmuipend) [miBip | wy e 048I J01eIpu) 1emog 1810AVH
pabuyy sjeusd Juosy ©
s|quIUNOW yoey ©
ajj0qiedAy eBusi/ebusy @ Qlaisises o Ay 1 Amydsip o) 1qg ®
ey ding © dwnp o1 sw p| 388 p' — NEIMEq © uoneulwn|p jausd ©
a0ndwod Aue o) dep0u] @ (uondo) mAq 8Y ‘D8 1%I%ieg @ 81yBi| sJo1e01puy samoy @ WO
s{oasq 3180] 71 1 3¢ (s3und BUY UWN|Od |2 s|qPIuNOW Yoey ©
d 0} eyl ! Pyl | 1P {4033014 YoRA) (103U @ 20} (9|(82ed) andino gOQ (8°9'Y'Z) (91Ivsed pue (A1 1) |esZ © Awids;p s6ieylsip se @ NVYHIXVWN
vonmBau; 0y oieg @ 880140p Aumii1xn® 20} 100 O1ydUAS 81942 0g ® Apd0a1p Buoy/1e) Yum Aeydsip jebig ®
uoneJIuep) suR|/M d1j0qradAy © 19p1033) adu) Nasse) O ._u! L] di oy @
weasAs B 8 La0p Bojsus A | | ‘Bujpiods: (8318ip 10Indwod-|ujw woiy [B61p snoliep © Awjds P wnip B 1 p wnj ®
{suo0(d ._.ov-... ooz’ :u.oo! .—xu {(eutwse) ‘1081990.d ‘Y203 Li018s0ue8 Bojeuy @ :o:-:.E::. joueg ®
049G Sw(3 'i03104u0d (W1Bip/Bojauy ‘'0) ‘101183010 MIBP Yiim 038LI0IL) O Qaog eues @ 81461} J01e21puy JomOg4 @ avHOl
(Ruswesdu) °|) ISV ‘qO8 I%lj8ied :jsuondp @
eyd diyys so) Bojeuy @
2 . " T .
6 . 10| ' olis |,
3 IR L T 1 R R
Tuaneg | L widlied [} SOARyS PEIO8|8s §O Avidni] © M
. (294/2¢ ‘8 ‘v '€ 2 'L M2 vONNEdIY) 1YNHOL @ (1snsia pus o1pne) uLBy @ e
uswdojeasp sepun eBuei/ebuss J0) SN § © pneq 00ZL 3¢ dOO| JUSLIND [RAINIU “eW OZ MIS/PIOY Tieq @
myoid _Q-:.anc_ 20938006 1A paitjwisuen s8IAQ NEp 11G-8 ‘SNOUOIYIUASE ‘8113 (QOHLIW © s|qeiunOW XoeYy @
mB1p { (391208 00BBJH) $2033930.d mep ! fnund sy ding © SwalsAs (o1qewuwip) Aeidsip jmaibiq ©
®upeu! Juswdinbe sesn JeoeLeul ZEZ-SH @ ViHVOOHGAH li? yaim siquedwod ~ (piepums) QO je1as @ 5y6yy Jored1pul Jamog © OVHI0HOAH
aydy wieyy 6
b PUR 0, |83160] — BsURs Rleq © es|qrIunOwW Xoey ©
Aypiqedes sjjoqiedAy/ebues/eluey o887 gp — polaed nyAq neq © poBuiy jaued Juoiy o
m304d 3991 ‘10310AU0d Boivue/ w181 {10880( (Awidsip/psom ) spiom 3BIp 9L € — 1UBIUCS BUsNbag @ (31qewwp)
S-v ‘weysAs Bupsens (un.uo JO J1UN 3281 ] B8 5201831pu) 3YBLI—1}8) paIeedes [AIRIU] SW 2 AQ PIMO||0) POLIad eiRp SW 2 — Nieieleg O L K] odhy "4 ®
1put PUS MIWOINY YIMm SEO0RLRU| O $30:ppe 01Aq g pue s1161p Q08 8y — Q08 1dlIkied © ayby 101e31puy samog ® /X14-1H
238 Z/30up — ey © (Aep/20s g 3) 42013 1noy pZ @
(a1 do) — 8 neq © W wiey @
Arqede s1j0qisdAy @ ...o.:.o_ 12wI0} --v ZEZ-Sy © (uondo) sigriunow yoey @
Ajddns Jemod Dy 8jus [184 ‘Buipsodes pus Buiindwiod 112y> dis 10) Bojeuy ® E...o.—mu.ﬂn___.a__u.“.-m "
‘m3oid (M eorpnul e dninw nep Linjund |RBip ueyd ding @ PI%puUBS G/6L-B8Y 333101 @ 1'dD © .iou.:o_.vwo.-_u.v“._:!om . oMV
(¥ 3LON) AL1718VdVI/SIHNLV3IS TYNOILIO 1VWNHO4 V1iVa 1NdiN0 AVidsia W31SAS

$3¥NLV34 ONILVYHILO
$3111M18V4VI TYNOILVYHIJO WILSAS

(ponuRiuoo) SWILSAS ONINOILISOd IDNVH WNIQ3IW

(p,3uod) z-d 9Tdel

P e

ey




faun M 00t
s0ys pinw efpury 2H 00¥ ~ 05 #1qissod xepy
o) pue 8| |qow Jv A 0ZT/OLL
0 peeds |m 0 LU DY
wa g Bupsnipy jles oace dghroe -2z Mmoo M OOt — 09 Jq e gL oy oar82 NVHOL
(2Q A §Z 01 paaseA M8y "o (dgaryz @
“uod Qv A GLL) HqeusA M OF ®i!qoy PaIISAUO DY A GLL)
siutod d3d
ujw og 8P 9I® ZHN LT oaeL dasee mst moL oa*sT Jasrw 1SIGAVY
ey (M 009 uonido)
0292 ‘uon e Nty 20442 CETITTT (somod %0L + OV ASLL
1o1ju) 320 aulod 0 d3d 3wsuen uo spusdep) 0
W Joj utw 09 BPEW ZHN L Ja%L -9 bl R4} SuoN Mmost -0 oQeoL—-€2 oaAvz INO
ZH 00V — 08 xew MmN 02
(s8es0at) Oy ®Z v AaoLl
fuod gp 9 1e i 0 wnwiuiw
*uoN ZHW LS Jgez oqazL MZT-ME d3d M 00Z oaez gzt NVHIXVW
nulod
GPOITZHNE n
o
a0y =4
(ueao ©ousejey (oveoz
A1) 9,58) suondo/m) | XS ¥ ZH OOy — 09 %9 F2ZH 09 - 09
tiutod gp 9 5 4
(?L ILON) 1® ZH 003 ovez %01 + DV AQLL moe Moot oveiz-¢ %01 +JvASLL oVHO1
ZHES —EP QIR ZHE9 - EF
OV e ¥/l |X0L "+ OV AOEZ/SLL Jvep—9iL %0L + IV A0EZ/SLL
auod gp ¢ 0 d3d o
ulw gi i® ZH 001 wwoget oghroe—-TT moz MOSL JdasoL—-¢ Jgaroe-ZeT JVHIOHAAH
onqeriep
nutod gp € nonuUuod eg)L d3d snonupued g ¢ g
wwy-2 1® ZH 08 JQ * 9ZE xey Jg4LzE—-TT MOt M08 ¥ow 9gegel Jase-- o/X14-1M
ZH 09 - 08 (uvondo) 2H 09 — 09
ovee oV A 0£Z/91) Ajuo Buyurmy oveg Jv A 0E£Z/SiL
quiod gp ¢ ” suuUe J0) d3d i
smnuiw 9 10 ZH 08 20*yz—-99 20 A2 Mw 0L MO0t JgeeL -9y Jgrze-TT [e21°) §
(S 310N) H1QIMaNYE ANIHHND ANddNS AONIND3IHA 200W indino ANIHHND ATddNS AJIN3NO3IYL W31SAS
aoly3d H3AI303Y ANV 3OVLT0A H3IMOd MO 44 KNNIXVYN QGNV 39VLT0A
dN—WHYM 3INIT A1ddNS 3INIT AddNS
W3LSAS

H3AI1303W/NOILYLS 3TIBOW

HILLINSNVHL/NOILVLS JHOHS

S3I1SI43LOVHVYHD TV¥IIHLI313

(PonupIuod) SWILSAS ONINOILISOd IDONVH WNIG3W
(p,3u0d) ¢-4 STqeL

e




SENPPIPPASNSS SVEREE

paise Boj #A1204IC0 1 ysdg @

L]
sund puncid gy inoy | 1o} (W Z) 3 9 jo dep
01 $|QIIsWW J0N3IUSUTI L @
U0 2 ) doy vo diym ooidinep, o ‘H'H %66 ®
diym wedunqy (wy (8% 02) nﬁE £0) (WGp)SLnm _n.. »9) AnE Z) sgquodiven sy e UQOno 0} O£~ oliwsuen
oWy HEZPYEL a1y P 3 Jomol (wpZ) 1) 08 QI 0¥l e € J0L+4010E— © 006 + 03 ;0 4ama20y © NYHOL
(W OvZ'SL) 1 000°0S
patn xew — opnillly @
sueid punoib g sigmiodsusn sy @ o590 j001d ysejds @
wonoes g u| diym (8% 0E) gw 1) JmoL (3% ¢1) e £0’) H'H %56 ® ‘H'H %56 @
(Wot) 3y SE *q1 99 e v (W LE) 1 001 91 62 gl L D590 5 @ Jo53+01G6+ @ 1S10AVY
(819@.10d) s|quodsues iy © os5ed jooud yseyds o
diym peziisuoioeg (5% pp) AnE z) Jmo | (8% 9F) .nE L) ‘HH %% ® 2000 & H'H %56 ®
(w 6] 4 OF ) 86 ¢S € (W LE) 3) 001 9} 08 ey € DL + O Oy~ ® 25050 ® IO
paruend
Ajnuozioy
YIpImMuLIeeg (111104
g |quozioy Bp
jeuonIeuIp ueb cw_z
ssuUNUe
perumod Ajjrogep i a_u-o:w;ndo.“_-mw siquiodiues) ny o fjun jooud ysedg ©
‘HH %58 © QW) Jepuodsuniy ®
WPIM Leeq (2% 40y (8% 09) anE L) W\pMwesg Gy Yiim (8% 81) .nEﬂoe Dol ¥40QE ¥201) © ‘H'H %56 ®
WM Uon3eplUWQ 1oLt Padd € (FUORIF/pULIQ <t oy gt z 0L + 0 58— © Jp0% + 01 01— © NYUIXVH
(5% 1) (g ¥) e
1q) SZE 1 SL
@tiq fsiq “M.“M.M A uonuinp peliwl| jooidiniey ©
: 8% £5) fgwE) . AR, (8% 082) lgws) HH%SB ® HYH %% ®
diym (W yZ) 48 Q| SZL g'hé € (WLE) B OLL $91 008 ~ g et 9 J09+01,0 @ J,0501,0 © Jveol ©O
s|eipes o
sueid punoib z¢ —
sbuws
T Jobues paziiejod (B% 22)
sbues;sBues 0y Jobues —mE ) Aj®211134 UOHD 91 gy
@inuee | (oyze gihd wuss =toB wiojun g
Q1 0L fobuns g #9330 0 1IN0 jooud yseids ©
1m0 (8% 81) eiquusodsusi) sy o $8580 Uy UOIINWIWL] ©
diym sseiBieqiy (8x £1) (gw 80°) aoq (WLIE - L1) iy W) ‘HH %868 —-0Z © ‘HY %86 —0Z ®
(WS ys 191 62 gt -20dAy | 4001 — 9g ey e € DSl + 01 69— @ D050 ,0 © OVHIOHCAH
Jjoq uedo sjuea sate o Aus
-iedAy-| ismo | Y eiqmuodsuen iy © - se1) — joouid yseids @
diym weiBieqry (8% 2¢) (gwv) Buws (W 1E-01) (8% 1) gwe) ‘H'H %56 ® ‘H'H %56 ©
(ER-NRYE ] Q) 851 g et oBunig 3 00L—0€ AL 1R 443 gt 12 D58+ 0 06— © D09 +03 06— @ o/ X14-1H
(w 0SOE)
1) 000°01 epminly @
diym #qeice; 00 10 (W 0vZ'SL) 10809 3noystm §001d yseids @
diym pso| saiue) (uohdo 1 000°05 *Prun|e (W' uyey
se ojqmiod) sqmiodiuss) ity © O} $918D YiIM LOISIAWW]| @
(W it=¢) (8% Ly) (gw) domoy (8% g2) gwz) H'H %56 © 'H'H %56 ®
ee- s 9| 08 g8 € (W LE) 4 001 1 09 PAd 3 D09 + 01 JOv— @ 0,56 + 0 02— @ 09HY
YNNILNY 1HOIIM INNT0A $1INN VNNIINV (8 31ON) (L 310N) (8 310N} LUCdSNVHL ONV 3OVHOLS TVYNOILVYHILO W2LISAS
H3IBANNN 1HOIIM IWNTOA SL1INN
yigwnn

NOILVLS 37180W
SOILSIE3LOVHYHI T1VIISAHd

NOILVLS JHOHS

SOISIHILIVHYHD TVINIWNOYIANI

(P3NULIUOS) SWILSAS DNINOILISOd IDNVYE WNICIW

(p,3uod) g-9d

atqel

T rr—




(8% oE) sq1 2L poomAld
Sunmx3 Bupsixg Sunsycy Bunsyxy Bunsix3 Bunsixg wsuesy—| SuLITy — 9\ oA NYHOL
nn oy
uvonldg Jesn Bunsix3 o1qeieAY 10N suoN Bunsix3 Buiisix3 suonN A ) 1SI0AVH
(8% £Z) %91 09
uonwiedeny uolesedesy uonsiedesy %2012
Bunsixy Bunsix3 Bunsix3 mpun »pun 1epun weog wnise)—| uondp sesep ™Y WO
(8% 1Z) %1 9p suopas
oyndwy 0JOyS £ ydes Joy
Bunsix3 Bunsix3 Bupsix3 Bupisix3 Sunsix3 Buiisix3 tesut1—t PUS 51/GOW {pRS JO) LN NVHIXVA
ted suljiie | — 9,
{8% $0Z) %9) 0S¥
amnwsuesy
2
(8% Z£) sqi1 0L uonINNIUC
181302y peziitun
Bunsix3 Bunsix3 Bunsixz Bupisix3 Bunsix3 Sunsix3 jonuod-z peolunow xoey LN ovHO1
voneiedesyg (8% 9°'62) %1 59
Bunsix3 Bunsix3 Bunsxy Bunsix3 Bunisixy pun Ajddng samogd—1 LN L OVHIOHAAH
(8% 522) 91 S6%
j1dwyy Jemog
L
{8% 8'€2) Q1 §°Z9
Bunsix3 Bupsix3 Bunsyx3 Bunsix3 Bunsix3 Bunsix3 nun |0au0d~-Z L) LT 9/X14~H
vonuedesy uoneedeny
Bufisixgy Bunaixy Bunsixy mspun mpun Bunsix3 suon (L)Y w, 09NV
1511 S34VdS 18171 S1HVd $OILVWIHIS $3HNQIO0Nd TVNNYW AVANYW (8 310N) ONX 9L € ISVO LISNVHL SITONVH W3LSAS
Q30N3WW0D3Y ONILOOKS JONVNILNIVA SYOLVYH3JO SININOJWOD
-378N0XL JHOHS

YIHNLOVINNYW A8 G3174dNS NOILYLNIWNDJ0A

1H0ddNS $211S1901 G3LVHOILNI

(penuniuod) SWILSAS ONINOILISOd IONVY WNITIW

(p,3u00)

¢-49 9T19qey

ALITI8V1IHOd WILSAS O1 saiy
SOILSIHILOVHVHI TVIISAHd

107

IR —




———

(R 19y moy; Buniooyssiqron
/M) Jusweondes Jusuodwos

Y% asn soeedQ Pu® pJeOq 31N911D 01N pijOg s vo meem 7 NYHOL
a1un paliog
Junatinuew Aq
Ajuo pestedes 3jun eanndajeq
wawaoedes (suedjupe; Z)
[} oN BUON A1quesseqns pus sjnpoyy Mumoe nusw 38 o8, | 1SI0AYY
RUsUOCWOd swos jo AJjdidng
sojnpow
ojquebusydieiu| swog
esBuryoxe
L)Y Bupueep pue npe soivedo ${npow pus pasoq 1M1 L7 (%)
sied
s|qeaburydisiu! swog
(1vusojun) Jund
oN ON N0y Jo3es0d0 JdEOXD SUON sBuryoxe pivoq 1in0a1) Alquense 19 Bujuren ”o_ up NYHIXYWN
(oreds sw )
uopms/sianwsues)
JOYS 2 SPUBIWOIAI W 4N
pieoq swes
U0 suollduny |suoheiadp
Mmndwoo yinong se A "9} s0300d0 sdueydxe pieog 1nos) 0 @m sgmioBey 2VHO1
13 31% pue s10350uv00 sieces
URIDIUYIR 105 81| 1|100y
/88md o y200 pue Butureiy 03 Qusuodwod Jeys—40o
W UMOP WNWiuNW (1eun03u1)
L)Y fte) soieiedo 20} sBurydxe piroq J1nO1Y Mimdenusw 1 Dsep 2 JVHICHAAN
Buntooysajgnosn
40} paed Jpsouberq
piwd
s|qreburydi0uf djseq Z|
«y8 uo
Buideenesnoy oBurydxe Ajquuatseqne 10 J0mdenuNW
L)Y L2 Pus s soieiedg pue pivoq 3imduty e oqeioley /X13-1H
uauodwod
o{geadusyiniu) swog SR U0 NIe
(sueniuyss )
oramsjo8 feuondo oA Supdenyesnoy pue s jiog sBurydxe pieoq 3 n91p) MimoenuTw Je syeem u. oDy
NOILVLIOX3 NOILVLIOX3 JONVNILNIVA AHJOSOTIHd HIVd3Y HIHNLOVINNVYN W31SAS
IAVYNE3ILX3 TVYNY3ILINI ANV SXJ3HJ @134 A8 Q3QIAOHd ONINIVYHL

(01 31ON) SINDINHI3L NOILVTOS! 1TINVd

1H0ddNS $31151907 QILVUDILNI

(PonunUoo) SWILTAS DNINOILISOd 3ONVH WNIQINW

(P,3U0d) z-4 STqel

108




T

o — T T

JON800) JO UONINE
Burrse00.d (publis jo
peogouun Alqesod Juessxd wonessdo sedosd pus
put ited — UOILIOIIp MEQ © Andeip fowunp z © 108 3UNOO ST [N @ wonesqIed wened $91UN03 suE| jRUOH
(PoLtLItuRl) SeO) suutly @ Burypdms vy @ 20§ Jusunsnipe ssvyyd @ ~281) JO UO1INIGHED
Jem0d ulsw UONTIE B204S @ LeI0W JOLUOYW © VORI UO{10:8d0 JO Spoyy @ wojlql 1N @ oN »A AI0YD O jOIUOD 198] © NVNOL
r uswisnipe Adsuenteiy
ew mouniem ‘peo;
-nipe Indino somod @ JAwwnp fs03e1350
Juswisnipe s0ie)1950 ® Rsel 4y ! (19A100))
Amdsip jsuusyd 2 (Juswdinbe je13eds souuow Asusnd
(andino semod 108 oum [enuey @ WM) B1ENWIs weiths @ 054 liojenuis
SUoN | viNd B IDYVY) LiRew J01|UON © 108 0m0d moy/samod ybiy @ sunj suURUYy @ WeltAS — 89, mA uoN 1SICAVY
Anidup Aq
J0108
“wadwod 7 ->h_an PRRSA Sousrial
% poissoush Ajjeusniu| ©
Asidup jsuueyy z © ueunsnipy piatg 5
«lum aewp piea) o tn0W Jcluoly @ 108 oum [snuUTy @ ON) = %201 wnise) oN (1) voneqle jeunu| @ 1715}
Buny jenuRy 40 3 iny
UORII8|83 $UONTIS JOYS pUR
s nqep leuy ! [} oen
[ U0 UoHl|sINbIT 20) 8d010]|1310 LD
(3uenra :301/29Y poAnicap Ajeniuy jeudis 4 ° edoo
!08m|oa Aseiieq syibuens uonae|et uonug @ -O|j13%0 ne:q e washs
vofiniedo weaisAg o 1eutis) sinow soljuoy @ VOID8|08 0pOI BtiNd oN 0) = S0A pue isel weishg o NYYHIXYN
sun euusluy @
(potiad Juapy
ouwj Buninp pucdes ydea pauliw
QW] 188 JO BPITINO $1010W -sueq |vudis Juap! suej) uonedly
-aied weisds (washs miBig e Awds|p | 4o pesIwoly B | 031800 ‘WnIpIw Uiy @ pooy Awwnp
wmd 1 sed (pauliwsue) ey ® (uoudo) Butiojiuow uoness eseg @ H4W Aq vop 20191puY) 20V
uonlunjjew uopes sioys @ siejew J0luOK © (uondo) Ay 440/NO 13N © Qe (nRnun, © HUMS — S04 = $3A anus jeubis © ovHol w
- ~
(3s/zL 03 |
paiepdn) Azds uueyds z ©
(1ensiA ;g o1pne) swiely @
uondunjiew uUoCNELS SIOYS © (2112 BBie 108 UONI8.200 uonetedoly @ ae
sousserd Asnizeq {s01e))1350 Buind0| 108 (01304 JO peads xepy @ InAIN 20881 saris © 2006
eaemAxs ‘350) ouey (Bunesy josmes ‘seeijon 4y 43Y jusuwisnipe indino 1emogd @ an indu 4y
1010 J1010s8do AQ uonesado B QM4 ‘1ncino g 1ndut jueuwisnipe Asusnbaiy @ Indino R indur 4y © ‘indino
1edosdwi ‘jeubis paaidiy € 4H '09Y) se10w s0liUON @ 3108 Yilua 82A3 @ fnenWw saris & oN 48 ~ 394 auNynws sAng © OVHIONOAM
Jet/G — @me; srepdn LONIOY @
tiajawesed Ja11wW (rezsenuis
-8uR1}/10A;900) O|qeabucy) @ 74y ‘Aowew
10110 Jez1t01uAs eseyd suiely © 1 oseyd Awwnq)
‘e8e3j0a Ausrieg Moy [|9A0) Awdsip (suueyd g @ rd ! jiey @ $pi20q JojenW'S @
1emod 4y esienes 11%61g (yusaind so1) teubis %20] 0} uounqg 8iBuig @ pie spieoq snsouberg e
!Asuedassip youAs Buiws) @ “jidwe Jemod '3o8yd Assiieq 208610 eIy e vo suonmis
(1ensia pus OIpne) 108 yw oAl '4Y 434 B OMS /M Juswisnipe sewn [eLInU] © fsuiod 110 0,0yt pue ?1q0Ww
SUWI| JO BP'EIN0 SIDIIWEIRY © ‘indul 4y) LAIAW J0liUOY @ indino somod s|qeEp @ oN - S0A yioqo-°3'11'g ® o/X14-1H
aufy " 150) Jias snonuiuo) @ jevondo
*-:r-- Avoy & 2087~ 0y .-_-ntn_: :o:;vw L4 asa L:.F..ri,.“
oimjon sucza_u.k,__n‘v.,x.ﬂww ﬂ seueIG T S {3nrwoine) DS ANEIN oo
m1v:0¢0 Ag uonzirdo s3doiduy) @ e UL R Ul " uonisinboe [vul:s itisey o ..W“”_%an_..m:oq_ﬂ .
unisp eLLiivy @ " 83 8iC)08) ettyd ‘'no o> L
prewwnd . Butyrooun pue uone.g 2y ® (Peronuoo Ajerown) ucnrado w
vo?n $9UB| G N §10| BLUE] ® [ Bulung suusiur Bl0WOY @ Ajuo sunt ruunLy @ oN A Bunisn j1as 31 wsAs © oouY
SINEVYTY ONIYOLINOW NCILYZITVILINI WILSAS SIN3WISNIQY LEL S¥ovr S1S31 NI—1TINE WALSAS
AVNOILYEILO VW ILSAS alsi wWod4 AINO ISLN:Dd
SICVYIIVAY 1s3L
1%3N6iN03
1S31v12345 )
ONIHOLINOW SINYVHOIYI4 GNVY NOILYHSITYS 'L83L WILSAS
JB24¢NS STILSID0T CIAVUDILING
(Ponunu6d) 6L 3L1SAS ONINOILISAS SONYH NNICZW
ot e - B B e



v

suunus jo

sbeyeesq 20 Buyp muept L
.z.o ‘pueoo) YIN 1 00Ld — NELS sbajon !.!Sm L4
‘soues 4 “Niswueq unaOLd — NOTS olinmp ou 2008 g nued spuow § usely e NYHOL
o80|0A 1040 g 952340 @
150] Jamog Y
gueuodwos jo $1 s8is39q OF 1j1ys dnRWOINY ©
2PUIBWN. 10} S UOW § {umop Inys d11ewolne)
2 (H—8UQ :%0ys Z) X 098 Supayby| pus YaIewsiw suURUY ©
LT 310N SN NN “Nswusg (8 181QAVY :%0ys ) X 088 $9{npOW Joj S180A £ s%nj0q © A1SI0AVH
(%9) 3G'(Zg — vonmsg ei0yS Z
(*9) OZ$ — $%301) wnise) ¢
NSES — 01'qoK sbejon sian0y @
(eseyd Asoionponuy N0 Lioys g uedp @
02 310N Bujsejus) wWasAg Moy N 0SS ol | sa#n;0Q © 1wo
uon2ej01d 1i0ys @
6L 310N N (os0ys g) N 8.8 Siuow 9 o8m1(0A 2040 pus s1i0AY @ NVHIXVYWN
wiely e
NSES — weisAg Bujaisoey nibig ${'e) BUO 1 31yt
028 — 40a1000y piepumg mnwsuen (jsuondo) sewoiny @
(m01 3 051$) (¥) suopims sieg san) @
sAejes projsanQ ©
8L 310N NUAN 810ys 80USIBJ81 g 1eq E) X SBLS sAep 08 sxd0:8u; sbetjon ybiy @ ovHo1
(ssuelyeq eaes 0) Jamod
©ONPpaI [|Im J01IWSURI) 150] DY
# 89120239 O} 3jiys somod dnewWOINY @
suwiely ©
$95h; Oy 8 0Q ©
o yAewsiw euudiuy @
L1 310N THNN (0s0ys €) % 088 woh Auejod asieney @ JVHLIOHAAH
BSSN SN NN
‘Uspamg ‘pur|od ‘ARmioN
‘purieez mep ‘Ausuiep sesn) QY 20Q ©
9L 310N ‘pusiuy4 ‘speUs) ‘8jjRasnY 088 voRIBIY 488 SyIUOW § suiely o 9/X13~1H
usely o
As0198) woij JUSs AEp 10y Bunnyfi| pue e8m|0A 8510401 B 1240 ©
UoRYAI0xd 3INIP Sioys usdo seniwsues) @
g1 340N SNNN Noris ie0A LeNeNq ININB JY R IQ @ ooHY
§310N (€1 ILON) sSH3ISN (ZL 310ON) 1502 ILVWIXOHLdY (L1 3LON) ALINVHUYM NOI1D310Hd 3AQ0OW 3ENTIVY WIALSAS

SNO3NVIT3IISIN

(PonupuOd) SW3LSAS ONINOILISOd IONYY WNIGIW

(P,3u00)

Z-9 319®eL

4H0ddNS $I!1S1907 031VHOILNI

110

o —




APPENDIX C

RADIO RANGING EQUIPMENT DESCRIPTIONS
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APPENDIX C

RADIO RANGING EQUIPMENT DESCRIPTIONS

PASSIVE RANGING SYSTEMS

The Litton AN/PSN-6 Manpack is a Loran C/D system which is
rugged, portable and field tested. The chief constraints are
cost and accuracy and the lack of digital data recording facili-
ties.

Litton System quotes cost at $35,000 per unit in quantities
of 100. The very high cost derives from three factors: (1) ex-
pensive internal computer system to convert RF time delay read-
ings to UMT grid coordinates for direct reading; (2) military
specifications for impact, drop, environment resistance; (3) mini-
aturization of whole unit into 4" x 5" x 9", 8%-pound unit.

Accuracy is 100 meters for position prediction, allegedly
10-20 meter repeatable accuracy. Field testing indicates 47-
meter CEP (Circular Error Probability, one standard deviation).

The ITT's model WN 2-876 is an automatic relatively low-cost
unit with typical Loran C/D accuracy (+500 feet) for airborne
navigation. It is not configured or ruggedized for ground use.

Sperry's AN/ARN-85 Loran C/D receiver is similarly a navi-
gation system which receives Loran signals, and, in conjunction
with a computer and vehicle information (speed, heading, etc.),
can display past track and present position on a chart (display
unit ID-1316/ARN-85). The overall system cost is appreciable,

and accuracy is that common with Loran -- +0.1 mile.
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From both a cost, but primarily an accuracy standpoint, no
commercially available Loran system is appropriate to ARI vehicle
location objectives. However, for future use, the concept should
not be discarded because of the advantages of passivity (any number
of targets can be used simultaneously), range, all weather avail-
ability, and possible attainable accuracy. As reported by Aero-
space*, accuracies of an RF time of arrival system can be improved
considerably, and probably to within required limits by techniques
such as time sequenced pulse modulation and construction of rela-
tively small area RF phase grid pre-mapping so as to approach
reported "repeatable" vice position prediction limits. These
are still R&D efforts with costs not known,-but undoubtedly
appreciable. Costs of associated hardware and software for com-
puterized conversion/display will also be appreciable. Such a
passive system for ground vehicle location within 25 meters in
all probability could be developed in 2-3 years, well before the
global satelite navigational system (circular accuracy 10 meters)
envisaged for circa 1985 or beyond, but R&D and probably acquisi-
tion costs would be considerable.

The Kaman system as prototype tested** is designed for remote
control of an M47 tank rather than for position location. Because

it is not in production, costs are undetermined. Three fixed

* Automatic Vehicle Location Systems for Law Enforcement Applica-
tions. Volume I: Executive Summary. Aerospace Corporation,
ATR-76 (7914~01)-1, Vol. I (1976).

** Pulsipher, J.A., A Study Directed Toward Applying Navigational
Grid System Information to Remote Control Target Vehicles.
TARADCOM R&D Laboratory Techinal Report No. 12298.
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location transmitters are alternately pulse modulated for speci-
fied time intervals and operate on the same frequency with con-
stant phase relation. The resulting RF phase grid system is

highly discriminatory and achieves high position location accur-
acy (estimated 10 meters). Redesign and development of the rec-
eiver and display hardware for position location rather than

vehicle remote control is essentially a matter of applied engin-

eering as the technology is commercially widespread.

ACTIVE RANGING SYSTEMS

Active ranging systems require a response from the remote
station or target. The response unit is a transponder that re-
transmits a signal from a master unit. Due to price considera-
tions and current availability, only two systems appear suitable
for ARI's position determination requirements.

Although the two systems are slightly different techniques,
they have similar specifications and costs. However, the Motor-
ola system package includes precoded computer software for pro-
cessing the data -- a potentially significant advantage. Some
of the specifications common to both systems are summarized in

Table C-1.

Multitracker System

The Multitracker system, manufactured by Del Norte Tech-

nology Corporation, is one of the relatively moderate-priced X
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Table C-1

SPECIFICATIONS COMMON TO DEL NORTE AND MOTOROLA SYSTEMS*

® Track 30 targets
® Track moving targets at any land speed
e Limited to electronic line of sight

® Range is greater than 30 km.

® Accuracy is about 3 meters

® Rapid data collection

® Battery powered remote stations (targets)
® Penetrate light foliage

® Small size for remote stations

® Real-time display monitor

e Digital data recording

® Capable of unattended operation

® GSA Availability

® Commercially used in land vehicles for several years

* The specifications listed are those likely to be of paramount interest
to ARI's position determination data requirements.
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Band pulsed radar ranging systems. It has found wide use for
several years in marine and land environments. The "Multi-
tracker" is a Del Norte expansion of the time-proven trisponder
system, which provides real-time continuous tracking of up to
eight targets. The system is expandable up to 30 targets with
added tracking stations at added cost.

There are basically two signal generators, one up to 5-
mile range, one to 50 miles. Costs are similar, but the longer-

range system provides more power and penetration of light covers,
e.g., leaves, at an inconsequential sacrifice of accuracy, and
is thus preferable.

Like other short-range high-frequency systems, Multitracker
is limited by electronic line-of-sight, i.e., the tracking station
(signal generator) must be able to electronically "see" the target
transponder antenna. Resolution is advertised at 0.5 meters; test
results show accuracy in the 2-3 meter range. The units are
battery powered, field maintainable, rugged, portable and essen-
tially interference immune.

Multitracker uses advanced microwave and digital techno-
logies to measure line-of-sight distance from a master to two or
more targets. Ranges are obtained in milliseconds, thus pro-
viding an accurate track of targets. Since the transponder oper-
ates in the X band, LF propagation problems are eliminated and
no readjustment is needed after temporary power or signal loss.

Ranging is feasible on targets moving at MACH 1.
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Display is of the variable intensity numertron type. Warm-
up time is about 15 minutes above 15°C. The transponders are
horizontally polarized. Tracking station has vertical beamwidth
50, mobile transponder 20° Operators and maintenance manuals,
troubleshooting procedures, schematics, parts and spares list are

all existing. The manufacturer provides 2-3 day training course.

Warranty is 1 year parts and labor. System is in use worldwide*.

System Operation

Accurate line-of-sight distance information from a master
station to one or more stations is obtairned by measuring the
roundtrip time of radar signals transmitted between the two sta-
tions. Each distance displayed is an average of 10 to 100 mea-
surements selected by digital filtering, which reduced statisti-
cal error and increases system accuracy and stability. Each
measurement requires only about 1 ms, and the indicated average
is updated once per second. Signals to and from each station are
coded, and thus provide a means of station selection and outside
rejection.

One master unit transmits the identifications code, for
the target to be ranged, to the satellite master(s). The master
units then transmit a train of pulses, preceded by the digital
identification code, and only that target, retransmits the pulse

train. The master units then determine the target's relative

* Munson, RA R.C. Positioning Systems, Report on the Work of
WG4146. Presented at the XV International Congress of Survey-
ors, Stockholm, Sweeden, June, 1977.
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range as a function of the travel time of the pulse train. The
resulting data can be transmitted to the supervising master unit.
The target's position can be determined by trilateration¥*,

Figure C-1.

A Standard Trisponder System Consists Of:

1. A distance measuring unit

2. A master transmitter/receiver and omniantenna

3. Target remote transmitter/receiver and directional
antennas

4. Multi-channel distance measuring unit to handle eight
targets

5. Power and inter-connecting cables

6. Instruction and maintenance manuals

Distance Measuring Unit

The DMU controls all Multitracker functions and contains
all operational controls and data readouts. The DMU provides
signals to the Master Station for transmission to targets.
Signals from targets are in turn received by the Master and re-
turned to the DMU to determine distance. Accessory equipment

such as printers can be caqnnected.

Master Station

The Master interrogates target units upon command from

* Multitracker, Del Norte Technology, Inc. (unpublished).
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Target or Remote
"Transponder"

range

Master Tracking Station C=—data |

(range determined here)
focee
code

Slave Tracking Station
(range determined here)

Figure C-I. Del Norte "Multitracker" Operation
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the DMU. It is supplied with power and control through a 50-
foot cable connected to the DMU. Master normally uses an omni-
directional antenna. The entire device can be mounted on an
American or European surveyor's tripod or on a length of l-inch
pipe with coupling. The Master can track up to 30 different
targets simultaneously. The data can be digitally recorded

at the Master Unit.

Target Station

The target contains a transmitter/receiver which responds
to a coded command from the Master Station. It is supplied
with power through a 25-foot cable normally connected to
batteries. Case configuration and mounting are the same as
for the Master. Targets may use either a directional or omni-

directional antenna.

Transponder Interchangeability

Master and target transponders are identical except for
transmit and receive frequencies. Since a transﬁonder will
operate either as a Master or as a target, only one additional

station, a Master, is required for complete transponder backup.

Power Requirements

Power normally is obtained from two automotive batteries
connected to provide 24 vdc. Supply voltage may vary over a
range of 23to 32 vdc., but must have a 4~ampere capacity to

supply the peak current required during pulse transmission.
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The standard power and signal cables may be coiled or shortened
for a neater installation. Longer cables are available from the

factory when required.

Maintenance

Design is such that performance can be checked in the
field. If trouble is encountered, the unit or module at fault
can be isolated quickly and replaced from recommended spare
parts. All major units and component assemblies can be replaced
in the field without the need to return the system to the fac-
tory for recalibration and adjustment. The DMU is waterproof

and is splashproof with cover removed.

Accessories

Digital Printer: Provides permanent record with indenti-
fication and time.

Autoplot: Provides real-time conversion, and plotting of

Range data in true x-y coordinates.

Techincal Specifications

System Capability:

Range: 50 miles (80 km.) electronic line-of-sight
Accuracy: +10 feet (+3 meters)

Resolution: 1 foot, 1 meter, or 1 yard
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Distance Measuring Unit:

Display:

Units:
Output:
Voltage:
Current:
Size:
Weight:
Temperature:

Housing:

up to 8 ranges simultaneously with multi-
channel DMD

Feet, 6 digits; meters or yards, 5 digits
BCD 1-2-4-8mm TTL compatible

23 to 32 vdc

1.7 ampere

16 x 12 x 8% in. (40 x 30 x 20 cm.)

25 pounds (11 kg.)

+32°F to 115°F (0°C to +67°C)

Rugged, waterproof, aluminum case; unit
floats with cover closed and is splashproof

when open and operating

Master and Target Transponders:

Frequency:

Mounting:

Voltage:
Current:
Size:
Weight:
Temperature:
Packaging:

Antennas:

Microwave

U.S. or European surveyor's tripod, or l-inch
NPT pipe

23 to 32 vdc

0.4 ampere standby, 0.7 ampere transmit

14 x 6 x 10% in. (36 x 16 x 27 cm.)

15 pounds (7 kg.)

-22°F to +158°F (-30° to +70°C)

Waterproof housing; unit floats

(Master) 360° x 30°

(Target) 87° x s°
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Costs

NOAA estimated the cost of the Trisponder system in 1974
at basic $27,000 with multichannel UDM; i.e., two targets.
Current information from the manufacturer is that commercial
prices are of the order indicated (items indentified by a #
are in GSA Catalog at slightly less cost).

Master tracking station (observation point)# 2 @ $15,000

each

Target (vehicle) transponders # $6,000 each

Control Display Unit (for direct reading) $9,300

Multi-channel VDM, Estimated $7,000

For eight targets, system cost should be $118,300.

Miniranger IIIX

The Motorola Miniranger is similar to the Multitracker
except that one unit provides a choice of C or X band (C band
suffers less transmission loss, particularly in rain).

The Miniranger uses precision radar pulse measurement
ranging, up to 30 targets with time sharing. The multi-target
system uses coded pulses to identify targets. Whereas the
Multitracker's target stations determine their own LOP's
(Figure C-1), the Miniranger's master tracking station deter-
mines its distance and the distance for its slave station to
a target, given a known distance between the two stations

(Figure C-2). Range is 37 km., with accuracy +3 meters, in
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Target or Remote
"Transponder"

a4

?____Transfe rred return signal-—

Master Tracking Station
(range determined here)

Slave Tracking Station

Figure C-2. Motorola "Miniranger " Operation
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the 5.47-5.6 GHz or 9.3-9.5 GHz range for target speeds up to
MACH 1 plus. Display is LED and is rack mountable. Tracking
station supply voltage needed is 24-30 vdc., 0.5 ampere maximum
RF output 400w. Target supply current is 1.0 amp AC, with 115v/
230 Vac or 3.0 amp-DC, with 24-30 vdc. Warm-up time is 15 min-
utes. Display 0°c to 50°C; tracking station transponder -54°%C
to 7l°C; target transponder -40% to 60°C. Transponders are .
sealed, splashproof and light (5 pounds). Tracking station
units weigh 37 pounds. System units are backpack portable.
Operators, maintenance manuals, schematics, troubleshooting
routines, parts and spares list are all existing. Motorola
offers operator and maintenance training.

Maintenance is relatively straightforward, with separate
functions on modular circuit boards and circuit board exchange
from established repair kit. There is a built-in test evalua-
tion unit, with 3-month check measurement readings desirable.
Warranty is 1 year parts and labor and shipping.

The system has been in use for several years, worldwide.
There are at least 100 options available to the basic system,
and Motorola can tailor the system to user's needs. This sys-
tem can track up to 30 remote stations and will shortly be modi-
fied to track 48 remote stations.

The Miniranger III system has been in use, mounted on Army
tanks, at Ft. Knox for two years. Experience has shown the sys-

tem to be quite reliable. Two to three meter accuracy of loca-
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tion is attained. Multipath transmission errors were reduced
using three repeaters (slave/Master units) and selecting those
readings within a tolerance limit. Line-of-sight and foliage
constraints appear to be similar to commercial television

transmission.

Costs
NOAA* estimates 1974 cost of basic system at $27,000 for
system with one target. August, 1977, information from Motorola
indicates the basic system cost is $36,000 with $5,100 addi-
tional for each target over 1 up to 30. A $2,200 modification,
1l6-unit code/decode modification unit is necessary, plus $950
for each target over 4. The cost for a basic system with 12
targets, for example, would be:
$ 37,000 - basic
2,150 - printer time and loop range
15,300 - target units 2, 3 and -4
2,200 - modification for multiple targets
45,900 - target units 5 to 12
$102,550
Computer analyses and other options would be additional.
Software basically is included in any such computer costs, but
software modification might be extra. A digital data recording
tape costs $2,200 extra.

Delivery time is 30 days. Basic system units are in the

GSA Catalog.

* Munson, RA R.C. Positioning Systems, Report on the Work of
WG4146. Presented at the XV International Congress of Sur-
veyors, Stockholm, Sweeden, June 1977.
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APPENDIX D

EXPANSION OF EVALUATIVE SCHEMA

A general schema (Table D-1) for selection of position
locating methods and techniques is presented. The ten vari-
ables can provide a basis for influencing method selection.
Each of the variables is discussed earlier in this document
in the section entitled "Schema for Method Selection."

Table D-1 is presented as a fold out. It is suggested
that the table be unfolded prior to reviewing the document.
In this manner, the evaluation tables can be studied without

extensive page searching.
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TABLE D-1

EXPANSION OF EVALUATIVE SCHEMA

€askshit _ . ~___ Invasive Constraints
Purchase price for hasic system 1. Requires visual line-of-sight
2. Requires electronic line-of-sight
1. $0.00 3. Requires no contraints
2. §1,000.00 4. 1Interference sensitive
3. $5,000.00 5. Spectrum conflicts
4. $20,000.00
5. $50,000.00 System Usability
6. $100,000.00 : -
7. over $100,000.00 1. Requires highly trained staff

Minimal staff training

Long observation times

Short observation times
Capable of gap-free data

Gaps in data

Manpower intensive operation
Manpower independent operation

Additional costs for receiver/
transmitter units

8. $0.00

9. §1,000.00
10. $5,000.00
li. $20,000.00
12. $100,000.00

VN LS W

Reliability/Maintainability

13. over $100,000.00 1. High system reliability
2. Low system reliability
Portability g 3. High observer reliability

4. TLow observer reliability

5. Requires specialists for set up
and maintenance

6. Parts available

7. Parts not available

8. Relatively maintenance free

1. Hand carried
2. Vehicle carried
3. Stationary systen

Terrain Applicakility

1. Line-of-sight limitation 9. Costly to maintain
2. Suitable for rolling terrain 10. Inexpensive to maintain
3. Suitable for any terrain 11. Pugged

12. Delicate
Availability/Delivery __13. Rapidly repairable

. 14. Protracted rcpair time
1. Commercially available b

2. Available within 12 months

; Data Accessabilit
3. Available within 24 months = Y

4. Prototype undergoing development 1. Provides behavioral data
2. Provides behavioral and position data
Position/Accuracy 3. Provides position data only

4. Digital data recording

1. 0 to 10 meters

i: ;2 zg 22 :::zz: Operating Conditions

4. 50 to 100 meters 1. Daytime operation only

5. 100 meters and above 2. 24 hour operation
3. Weather dependent
4. Master station required only
5. Remote stations required
6. Battery powered
7. Line power required
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