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l INTRODUCTION

The Microwave Landing System (MLS) System Test and Evaluation Program (STEP)
provides a means for development of system stcndards and tolerances, flight~check
procedures and data collection and processing capabilities for cost-effective measurement.,
This report describes results of a design study relating to these standards, procedures ond
measurement techniques. The report is presented in two volumes; Volume 1 is the design
study report, and Volume 2 gives results of a computer literature search, the goal of
which is to make available abstracts of available MLS literature for referenc e during the
design study and for future efforts.

Preliminary flight-check procedures and measurement tolerances are related to
ICAO SARPS and FAA requirements, using past experience with ILS system measurement
and maintenance and recent MLS measurement missions performed by FAA as guides.
The goal is to minimize flight time while obtaining complete system examination, to
maximize cost-effectiveness.

The design for an MLS data-collection and recording package, suitable for use in
a light aircraft, is presented. This package permits on-site data processing and graphic
output of MLS parameters, corrected for antenna and ground reference system locations.
Either the theodolite reference system designed into the package may be used, or

external telemetry data may be infroduced for combination with airborne MLS observations,

Volume 1 contains a bibliography/index of literature currently available, plus
summaries of design review meetings held during the task activity.

i, FLIGHT EVALUATION PROCEDURES AND TOLERANCES

A.  Engineering Flight-Check Methodology and Procedures. The absolute
proofing of MLS air navigation signals must necessarily be done by probing the airspace.
One logical question which must be answered is, "What is the time ond space frequency
with which the system must be evaluated to insure safety margins commensurate with, or
better than contemporary navigation copability?” The discussion which follows will
outline a program for development of procedures and tolerances, using as example system
parameters the characteristics of the Basic Narrow MLS.

Clearly, signals ot the infinity of points in the three~dimensional volume of
interest to potential users cannot all be measured. This has been true in the past with
ILS, VOR, ond NDB, and will be even more true with MLS, Costs of fuel ond flight
time in porticular strongly motivate conservation in exploring and measuring in the
large volume where the MLS signals will be used.

A necessary condition for the signals to be correct in space is that the signals
as measured ot appropriate ground check points be correct. All discussions of flight=
check mecasurements are predicated on ground measurements having given indications
that the signals being generated and rodiated are correct. This preparatory work is
important to insure conservation of resources, particularly the relatively expensive
flight-dato collection time.
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In principle, it must be determined that the MLS signal at the infinitum of points
contained in a sector of space is providing the correct guidance information. The bounds
for the coverage sector as defined in ER-700-03C for this STEP work will be considered
to be 15 nm, +40° for the coverage extremes. This sector will be checked for the various
quantities and parameters listed later in Paragraph B of this section.

As with most measurement processes involving the real world, compromise must
be effected but only in such a way that the fundamental issues of safety and reliability
are not subject to question, The assurance mu;t be provided by the flight measurements
that incorrect navigation information appearing at any point will always be detectable
through measurement, and either a check made at that point to ascertain the true problem
or an inferential measurement made to ascertain whether the prescribed tolerances are
or are not exceeded.

The tables which follow outline one method of probing the sector volume of
concern to the MLS operation. Flight profiles will be specified that allow, with a
reasonable amount of flight time, a complete and statistically sound set of engineering
data, from which the quality or correctness of the MLS signals for the whole space can
be inferred. Technically sound inferential approaches are designed for maximum certainty
with minimum flight time expended.

The basis for confidence that the recommended measurements will indeed provide
sufficient information to determine that the system is performing safely is that in some
measure they are derived from techniques used for years in engineering and operation
flight checks on the ILS and STEP. Phase | dota collection in part has found such measure-
ments to produce conclusive and satisfactory information for evaluation.

B.  Preliminary Standards and Tolerances.  The reference which at this time
is considered the foundation for establishing MLS standards and tolerances is ICAO AN-
WP/5099, Section 3.11, which presents MLS characteristics. Of principal concem for
the STEP work in particular are those items which follow. The experience gained in the
STEP effort will probably be used to modify the numerical values to be more consistent,
if possible, with safety and operational reality.

1.Channel Specifications. Noise generated by coherent radiation on the
channel of interest shall not be greater than =95 dBm. The operating radio frequency of the
radiated signal shall not vary more than plus or minus 10 kHz from the assigned frequency.
The frequency stability shall be such that there is no more than a plus or minus 50 Hz
deviation from the nominal frequency when measured over a one-second interval.

Further, the transmitted signal shall be such that, during the transmission time,
the mean power density above a height of 600 meters (2000 feet) shall not exceed
~100.5 dBW/m2 for angle guidance and ~95.5 dBW/m2 for data, as measured in a 150 kHz
bandwidth centered 840 kHz or more from the nominal frequency.




ALTITUDE,
ELEVATION,
PATTERN FLIGHT TRACK DIRECTION RANGE
B RADIALS 40°L, 2000 AGL 15 nam ——0
20° |,
0°G
20° R
40° R
D ORBIT T 40° 5000', 6° CW -
5000, 6° CCW -
3000', 3° CW -
3000', 3° ccw --
2000', 2° CW -
2000', 2° CCW -
1000', 1° CW --
1000°, 1° ccw -
A APPROACH &°
10———0
CENTERLINE 3°
Table 2-1. Flight Paths; Initial Evaluations.
ALTITUDE,
ELEVATION,
PATTERN FLIGHT TRACK DIRECTION RANGE
B RADIALS  40L 2000 AGL 15n0m 0
0
40 L
D ORBIT 1 40° 5000', &° CCW -
3000', 3° CCW --
1000', 1° ccw -
A APPROACH
3° 10————0
CENTERLINE

Table 2-2. Flight Poths; Periodic Evaluations.
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2, Beam Patterns.  The -10 dB points on the beam envelope shall be

displaced from the beam center by at least 0.7 beamwidth, but not more than 0.9° beam-

width,

3. Scan Frequency.  Each function transmitted shall be repeated at

an average rate as follows:

AVERAGE FUNCTION

F
UNCTION RATE (HZ)

APPROACH AZIMUTH GUIDANCE 13.0
HIGH RATE APPROACH

AZIMUTH GUIDANCE 39.0
BACK AZIMUTH GUIDANCE 6.5
APPROACH ELEVATION GUIDANCE 39.0
FLARE ELEVATION GUIDANCE 39.0

The timing accuracy of each listed event including jitter shall be the specified nominal

valve plus or minus 2 microseconds. The fiming jitter sholl be less thon 1 microsecond RMS.

4. RF Power and Coverage.

a, General. Coverage is met where the power density of any of the

radiated signals has any value between the minimum specified in the table below. The
power density for DPSK, clearance and angle guidance signals shall be at least the
following values under all operational weather conditions at any point within coverage.

DPSK Angle Signals  (dBW/m<) Clearance
Function Signals 1e 2° 3° Signals
dBW/m? (Antenna Beamwidth) (dBW/m2)
Approach Azimuth | g, ¢ -88.0  -85.5 -82.0 -88.0
Guidance
High Rate Approach | _ _ _ _ _88.0
Azimuth Guidance 89.5 88.0 88,0 86.8 88.
Back Azimuth -81.0 -79.5  -77.0 -73.5 -88.0
Guidance
Approach Elevation | _ -8 -88.0 N/A N/A
Guidance 89.5 8.0 . / /.
-4~




The power density of the approach azimuth angle guidance signals shall be
greater than that specified by at least:

(1) 15 dB at the approach reference datum;

(2) 5 dBat 2.5 meters (8 feet) above the runway surface, at the MLS
datum point, or at the farthest point of the runway centerline
which is in line of sight of the azimuth antenna.

b. Azimuth, The approach azimuth ground equipment shall
provide guidance information in at least the following volumes of space:

(1) Horizontally within a sector plus or minus 40 degrees about the runway
centerline originating at the MLS datum point and extending in the direction of the
approach to 20 nautical miles from the runway threshold.

(2) Vertically between:

(@) A conical surface originating 2.5 meters (8 feet) above the
runway centerline at threshold inclined at 0.9 degree above the horizontal, and

(b) A conical surface originating at the azimuth ground equipment
antenna inclined at 15 degrees above the horizontal to a height of 6000 meters (20,000
feet).

Where intervening obstacles penetrate the 0.9 degree surface, it is intended
that guidance need not be provided at less than line-of-sight heights.

(3) Horizontally within a sector 45 meters (150 feet) each side of the
runway centerline beginning at the stop end and extending paralle!l with the runway
centerline in the direction of the approach to join the approach region.

(4) Vertically between:

(a) A horizontal surface which is 2.5 meters (8 feet) above the
farthest point of the runway centerline which is in line of sight of the azimuth
antenna; and

(b) A conical surface originating at the azimuth ground equipment
antenna inclined at 20 degrees above the horizontal up to a height of 600 meters
(2C00 feet).

The lower level of the coverage in the runway region is 2.5 meters (8 feet)
above the runway centerline.
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The approach azimuth ground equipment shall provide guidance information
vertically to 30 degrees above the horizontal.

The minimum proportional guidance sector shall be plus or minus 10 degrees
about the runway centerline. Where the proportional guidance sector provided is less
than the minimum lateral coverage, +40° for 20 nm, clearance guidance shall be
provided to maintain the overall coverage sector. (See Figure 2-1)

c. Elevation.  The approach elevation ground equipment shall
provide proportional guidar ce information in at least the following volume of space:

(1) Laterally with a sector originating at the MLS datum point which
is at least equal to the proportional guidance sector provided by the approach azimuth
ground equipment,

(2) Longitudinally from 75 meters (250 feet) from the MLS datum point
in the direction of the approach to 20 nauticc| miles from threshold.

(3) Vertically within the sector bounded by:

(a) A surface which is the locus of points 2.5 meters (8 feet)
above the runway;

(b) A conical surface originating at the MLS datum point and
inclined 0.9 degree above the horizontal; and

(c) A conical surface originating at the MLS datum point and
inclined 7.5 degrees above the horizontal up to a height of 6000 meters (20,000
feet).

When the physical characteristics of the approach region prevent the achievement
of the standards under (1), (2), and (3b) above, it is intended that guidance need not be

provided below a conical surface originating at the elevation antenna and inclined 0.9
degree above the line of sight.

The approach elevation ground equipment should provide guidance to angles
greater than 7.5 degrees above the horizontal when necessary to meet operating
requirements,

The flare elevation ground equipment shall provide proportional guidance
information in at least the following volume of space:

(1) Horizontally over the runway surface and within a sector of plus
and minus 10 degrees about the runway centerline originating at a point on the runway
760 meters (2500 feet) from threshold and extending to 5 nautical miles from threshold
in the direction of the approach. (See Figure 2-2)

-6-
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Figure 2-1. Approach Azimuth Coverage.
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5. Structure.

a. Azimuth, At the approach reference datum, the approach
azimuth function shall provide performance as follows:

(1) The PFE shall not be greater than plus ar minus 6 meters (20 feet),
(2) The PFN shall not be greater than plus or minus 3.5 meters (11.5 feet).

(3) The CMN shall not be greater than plus or minus 3.2 meters (10.5 feet)
or 0.1 degree, whichever is less.

At the approach reference datum, the PFE shall not be greater than plus or minus
4 meters (13.5 feet).

The approach azimuth angular PFE, PFN and CMN shall be allowed to degrade
linearly to the limits of coverage as follows:

(1) With distance ~ The PFE limit and PFN limit, expressed in angulor
terms at 20 nautical miles from the runway threshold along the extended runway center~
line is 2 times the value specified at the approach reference datum. The CMN limit,
expressed in angular terms at 10 nautical miles from the reference datum along the
extended runway centerline is 1.3 times the value specified at the approach reference
datum.

(2) With azimuth angle - The PFE limit and PFN limit, expressed in
angular terms at plus or minus 40 degrees azimuth angle is 1.5 times the value on the
extended runway centerline at the same distance from the approach reference datum,
The CMN limit, expressed in angular terms at plus or minus 40 degrees azimuth angle
is 1.3 times the value on the extended runway centerline at the same distance from the
approach reference datum,

(3) With elevation angle - The PFE limit and PFN limit shall not degrade
up to an elevation angle of 9 degrees. The PFE limit and PFN limit expressed in angular
terms at an elevation angle of 15 degrees from the approach azimuth antenna phase center
is 2 times the valve permitted below 9 degrees at the same distance from the approach
reference datum and the same azimuth angle. The CMN limit shall not degrade with
elevation angle.

b. Elevation. At the approach reference datum the approach
elevation function shall provide performance as follows:

(1) The PFE shall not be greater than plus or minus 0.6 meters (2 feet).
(2) The PFN shall not be greater than plus or minus 0.4 meters (1.3 feet).

(3) The CMN shall not be greater than plus or minus 0.3 meters (1 foot),
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The approach elevation angular PFE, PFN and CMN shall be allowed to degrade
linearly to the limits of coverage as follows:

(1) With distance - The PFE limit and PFN limit, expressed in angular
terms at 20 nautical miles from the runway threshold on the minimum glide path is 0.2
degree. The CMN limit, expressed in angular terms at 10 nautical miles from the
reference datum on the minimum glide path is 1.3 times the value specified at the
approach reference datum.

(2) With azimuth angle ~ The PFE limit and PFN limit expressed in
angular terms at plus or minus 40 degrees azimuth angle is 1.3 times the value on the
extended runway centerline at the same distance from the approach reference datum.
The CMN limit, expressed in angular terms af plus or minus 40 degrees azimuth angle
is 1.3 times the value on the extended runway centerline at the same distance from the
approach reference datum,

(3) With elevation angle - For elevation angles above the minimum glide
path or 3 degrees, whichever is less and up to the maximum of the proportional guidance
coverage and at the locus of points directly above the approach reference datum the
PFE limit, PEN limit and the CMN limit expressed in angular terms shall be allowed
to degrade linearly such that at an elevation angle of 15 degrees the limit is 2 times the
value specified at the reference datum. In no case shall the CMN directly above the
reference datum exceed plus or minus 0,07 degree. For other regions of coverage within
the angular sector from an elevafion angle equivalent to the minimum glide path up to
the maximum angle of proportional coverage the degradations with distance and azimuth
angle specified in (1) and (2) shall apply.

(4) For elevation angles below 60 percent of the minimum glide path and
down to the limit of coverage is a conical surface originating at the MLS datum point
and inclined 0.9 degree above the horizontal, and at the locus of points directly below
the approach reference datum the PFE limit, the PFN limit and the CMN limit expressed
in angular terms, shall be allowed to increase linearly to 6 times the value at the
approach reference datum. For other regions of coverage within the angular sector
from an elevation angle equivalent to 60 percent of the minimum glide path angle value,
and down to the limit of coverage, the degradation with distance and azimuth angle
specified in (1) and (2) shall apply. In no case shall the PFE be allowed to exceed 0.8
degree, or the CMN be allowed to exceed 0.4 degree.

The limit expressed in angulor terms on the linear degradation of the PFE limit,
the PFN limit and the CMN limit at angles below 60 percent of the minimum glide path
and down to the limit of coverage is to be 3 fimes the value permitted at the approach
reference datum. For other regions of coverage within the angular sector from an eleva-~
tion angle equivalent to the minimum glide path and down to the limit of coverage, the
degradation with distance and azimuth angle specified in (1) and (2) shall apply. The
PFE should not exceed 0.35 degree, and the CMN should not exceed 0.2 degree.

=10~
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6. Reference Datum.  The MLS approach reference datum. The height
shall be 15 meters (50 feet). A tolerance of plus 3 meters (10 feet) shall be permitted.

When ILS and MLS simultaneously serve the same runway, the ILS and minimum
MLS glide paths should be coincident over the threshold within a tolerance of one meter
(3 feet).

7. DME Accuracy.  The DME portion of the MLS shall provide longi-

tudinal/positional accuracies (2 sigma probability) of 600 feet in the normal mode.
Accuracy of the precision mode shall be (2 sigma) of 100 feet.

The DME/M equipment should, whenever possible, provide indicated zero range
to the pilot at the touchdown point in order to satisfy current operational requirements.

One major item for consideration when developing standards and tolerances is
the regard for the wide range of performance characteristics of the various aircraft that
can be logically expected to use the MLS, Control motion noise for one aircraft may be
path following noise for another. Standards must be set to protect all users. At this
early development stage of the MLS, and in spite of a long history of ILS, there has been
little technical work done on establishing bounds on the allowable numerical values for
safe operation of a facility. Because of this fact alone, values which are recommended
in this report must be considered tentative. As a result of STEP experience, it is
reasonable to expect refinement to be made. Results of a recommended later study would
complement the STEP findings and allow technically defensible numerical values to be
established.

C. Minimization of Time and Costs for Flight Checks.  Although the service
volume for the MLS is larger than for ILS, there will be good technical justification for
reducing the flight-check time requirements for the periodic checks. One justification
is that the boundary between the near and far fields is close enough to the physical
antenna that far-field measurements can be made by means of ground checks. Ground
checking outside of the accepted range of the criterion 2D2/\ provides for far-field
measurements and evaluation with only modest equipment requirements. Another
justification is that factors affecting performance in the far field and not detectable
with ground checks should be identifiable visually,

If one wishes to think of the classical textbook closed surface surrounding the
radiating source, then, assuming a far-field requirement, a great area of this surface
can be examined using ground probes. Accordingly, the only sources of derogation must
be beyond the probes in the environment, This forces scrutiny of the environment for
surfaces which would reflect the microwave energy. Fortunately, good scrutiny does
not involve use of an aircraft and can be accomplished in several ways, ways which can
be used to cross-check each other in certain instances.

-11-
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Once engineering, commissioning and perhaps early periodic checks have been
successfully completed, it is conceivable that flight checks can be reduced to a standard
intercept and normal approach-to-landing profile. The standard intercept will allow a
look at the eritical below=path structure, and the approach will confirm path structure
which had been observed previously. Changes from earlier documentation would be
justification for an increased number of flight patterns.

Documentation of previous data on approach-zone and environmental serutiny
become two very critical items of the flight check. One will note that these are not items of
great contemporary concern in the flight-check operation. Performance assurance for the
MLS should include these. Modern digital data storage, transmission, and processing
make this realistic, and requirements for documenting system performance for maintenance
and accident investigation make it almost essential.

The flight=check operation should routinely store the digital flight record and
allow call=up for review and automatic quantitative comparison. A readout should be
provided that allows the flight inspector to make a judgment as to whether additional
flight measurements are necessary. In most cases it would be expected that more would
not be necessary. This assumes, of course, that the maintenance, monitoring and ground
checks have produced evidence that the system is within tolerance limits.

With the possible advent of flight-check data being processed principally on the
ground, the historical data for comparison can be made available on a telephone line
or through cassette storage. This type of operation is well within the current state of
the art,

Environmental surveillance procedures need to be formalized and made more
specific and rigorous. At present, should a large hangar begin to appear on the airdrome,
most ILS workers would raise questions, but there is no procedure for determining whether
it will be accommodated electromagnetically. The following are suggestions for formalizing
the process.

Each airport would have a survey accomplished, or a previous survey confirmed as
being current, and this information would be stored in computer memory. Any changes
to the buildings, structures, or topography should be identified through any or several of
the following means:

1. Visual observation.

2. Engineering drawings that would be circulated formally from airport
commissions and involved architects.

3. Periodic photographic acquisitions of the airport panorama.
These then would be entered into the mathematical model used to predict multipath effects

for MLS, Should the model predict effects, then flight measurements must be committed
to identify the actual in~flight signal conditions,
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The rigor of a good surveillance scheme will serve to give protection from physical
features derogating signal quality. The key will be to make full use of modern data
storage and refrieval capabilities. One can conceive that after data acquisition and input,
the remaining activities could be automated. Human qualities do not lend themselves well
to surveillonce activities and this may be a good reason as to why this approach has not
been used in the past. With contemporary and future data processing capability, the
problem of performing surveillance for significant physical world disturbances become
basically an implementation matter.

Il.  MLS EVALUATION AND DATA-COLLECTION SYSTEM

A. General. The MLS evaluation and data-collection system consists of
four major elements; (1) the ground tracker, (2) the telemetry link, (3) the MLS sensor
element and (4) system control and data processing. These four elements may be inter-
connected in a variety of configurations for support of specific MLS measurement missions.
The system is all-digital in design, and has been configured for transport and use with a
light aircraft of the Beech Bonanza A-36 variety, shown in Figure 3-1. This aircraft pro-
vides low—-cost flight evaluation at normal approach speeds.

The evaluation and data-collection system is designed to exhibit flexibility both
at the operational level and in future growth or alteration. The telemetry link is served
at both-ends by microprocessor-based control units, which permit software data formatting,
operation of a variety of standard peripheral devices, and alteration of measurement
sequence or selection of inputs.

In general, system elements are interconnected using standard interface specifica-
tions. EIA RS5~232 is used wherever possible, permitting convenient testing or monitoring
of data flow using standard computer terminal and display devices. The IEEE-488 bus is used
for the primary data connection to the system computer. This bus provides high-speed data
transfer with live interrupt capability, and interfaces with many off-the-shelf computer
devices. One non-standard serial interface is provided, for use with the FAA laser tracker
unit, converting bi~phase serial data to parallel TTL logic levels for system use.

The emphasis on software control throughout the evaluation and data-collection
system, and the provision of standord data communications interfaces permits future growth
or mission-dependent measurements to be made with a minimum of cost and effort. System
physical design emphasizes the light-aircraft installation which is planned; exchange of
one power inverter will permit operation in other aircraft which use the 28 VDC power
stondord. OF course, appropriate antenna installations must be provided for MLS angle
and DME, communications and the roanging element. Major system components, selected
during this study, are: The Motorola Mini-Ranger 11l (TM), to provide slant ronge to the
aircraft to + 6 feet plus an integral digital data link; the Warren Knight WK-83 theodolite,
modified for motor drive and digital shaft outputs, with resolution to 0.01° and expected
operational accuracy of 0,030, 04° in azimuth and elevation. Modifications to the theodo~
lite do not degrade manufacturers' stated accuracy of 20 seconds of orc In azimuth and 40
seconds of arc in elevation, The Tektronix (TM) 4052 computer combines processor, mass

stforage ond graphics display In one unit.
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B. Measurement System Outline,

1. Operational Configurations. There are two possible operational
configurations available. The computer, with its attendent data tape storage and hard-
copy unit, may be placed either in the aircraft (Configuration 1) or on the ground
(Configuration 2). The accuracy and integrity of the data are identicel in either case.
The choice of configuration can be based upon the mission requirements, the convenience
of the operator and the location of any additional observers. A block diagram of
Configuration 1 is shown in Figure 3-2. The computer communicates with the Airborne
Telemetry Processor (ATP) to obtain MLS, and ground reference data, and to control
the pilot display.

Configuration 2 is shown in Figure 3-3. In this case, the computer is connected
to the Ground Telemetry Processor (GTP). The tape unit and the hard-copy unit follow
the computer to either location, but all other equipment is unchanged in location and
function. Only software changes need be made to alter the configuration, and these ore
entered during set-up from the computer’s cartridge tope unit. Data lines are standard
throughout the system,

2. Size, Weight, and Power.  Table 3-1 lists approximate size and
weight for the individual units that will comprise the MLS data system. Total volume is
approximately 23 cubic feet and total weight will be approximately 465 pounds.

Power requirements are given in Table 3-2. When using light aircraft, it will
be necessary fo utilize load management techniques to hold power consumption within

acceptable limits. A total of approximately 50 amp at 14 v may be used aboard typical
aircraft,

3. Physical Construction; Appearance.  The physical construction of
the MLS data system will be patterned after the Ohio University Minilab, used success-
fully for the ILS measurements over the past 3} years in support of FAA research and
engineering. This unit has met all its design goals and, after several hundred hours of
ILS data collection, has proven to be rugged and reliable. Fabrication techniques
employed by Ohio University stress the following areas:

a. Modularity = This applies both on a large and small scale. On
the small scale, individual power supplies are in modular form. This decreases the
number of spare parts required. On a large scale, individual units of the data system
are self~contained. The tape unit will contain the tape transport, the formatting
circuitry, and the power supplies, for example.

b. Ease of Maintenance - All mechanical layout is done with emphasis
on the ability to repair items quickly and easily. All circuitry will be accessible by
hinged doors, removable tops, and slide~out chassis as applicable,

c. Ease of Installation = All units employed in the airborne package will
be attached to platforms which will slide onto existing seat rails. Connectors, cables,
and mounting mechanisms will be accessible without removing equipment.

-15 -
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Size

Weight

Tektronix 4052 Minicomputer
Tektronix 4611 Hard Copy

Power Inverter 115V, Sinewave
Airborne Telemetry Processor
Ground Telemetry Processor

3M-HCD75 Tope Unit

Motorola Mini-Ranger Range Console
Mini=Ronger Tronsmittes/Receiver (2)

Warren-Knight-83 Theodolite and Case

MLS/DME Receiver Pallet
Control Head Pallet

Power Inverter 115V, 400 Hz
Pilots Display

Pallets and Mounting Framework

Linseis Penless Recorder

14" high x 19" wide x 33" deep
12" high x 16" wide x 26" deep
7" high x 19" wide x 13" deep
9" high x 20" wide x 18" deep
9" high x 20" wide x 18" deep
&" high x 20" wide x 18" deep
6" high x 17" wide x 18" deep
12" high x 8" wide x 6" deep
22" high x 19" wide x 15" deep
24" high x 6" wide x 16" deep
12" high x 6" wide x 16" deep
4" high x 6" wide x 6" deep

2" high x 8" wide x 6" deep

5" high x 18"wide x 18" deep

68 1b.
451b.
95 Ib.
25 1b.
25 1b.
30 Ib.
32 1b.
10 1b.
48 1b.
35 Ib.
61b.
91b.
31b.

20 Ib.
40 Ib.

Table 3-1. Size and Weight of Units.
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] Converted

e e — = = - s =

14v,D,C,
115V 60 Hz éil:rﬁfgtlé d
Tektronix 4052 Computer 300 W 400 W
Tektronix 4611 Hard Copy 350 W 465 W
Linseis Penless Recorder 85 W 3w
Airborne Telemetry Processor (ATP) 100 W 133 W
’ ATP VHF Communications (Transmit) 80 W 60 W
Ground Telemetry Processor 100 W X)
Bendix Angle Receiver ) 60 W (Note 2)
3M-HCD75 Tape Recorder 88 W 117w
Cooling Fans ) 24 W
Bendix DME Receiver ' X) 120 W (Note 2)
Miniranger Remote Unit : 13w 18 W
i

receiver.

(X) Not applicable.
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Table 3~2. Power Consumption.
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(1) These figures allow for a typical efficiency of 75% in the 60 Hz and 400 Hz inverters
and the +5V, +12V, and -12V switching regulators.

(2) Requires 115V, 400 Hz at 55 VA, 10 VA additional used for cooling fan on the angle
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The ATP, GTP, and the 3M-HCD75 data cartridge will be built into standard
19" equipment cabinets such as the Zero Manufacturing Company VIP-170816 or similar.
The MLS Receiver, DME Receiver, and associated control heads wilf be mounted in
open frame cabinets, while the computer, hard-copy unit and power inverters will
retain their commercial packaging.

The physical layout of the various packages for Configuration 1 is shown in Fig-
ure 3-4, This conceptual drawing demonstrates the approximate layout when installed
in a Beechcraft A-36. In this configuration, the ground package will consist of the
theodolite, Motorola Mini-Ranger, and the GTP,

Figure 3-5 shows the ground package layout in Configuration 2. In this case,
the airborne package will consist of the ATP, the MLS/DME receiver complex, the
Mini-Ranger remote unit, and an optional chart recorder for immediate recording of
raw analog CDI and flag events for the pilot. The large, 115 VAC sine-wave inverter
used in the aircraft for Configuration 1 is no longer required, and the copilot seat may
be retained for use by an observer or safety pilot. A smaller, square-wave inverter
may now be used, to drive the Airborne Telemetry Processor and the analog chart
recorder.

C. Ground Reference Element,

1. Measurement Technique. After consideration of a variety of position-
measuring methods and devices (See Appendix, Section A), it was decided to investigate
further the modification of a standard optical theodolite for digital angle outputs, and
to add a radio-ranging subsystem to complete the position measurement. Additionally,
consideration of motor-driven theodolite axes, with a joystick controller for operator
convenience, was begun. Subsequent tests (Appendix, Section B.1) produced encour-
aging results using the motor drive. Laboratory experimentation was begun to determine
parameters of computer control for aircraft acquisition (Appendix B.2).

The Motorola Mini=Ranger Ill (TM) device wos obtained for demonstration
(Appendix, Section B.3) and was found to operate much as expected. Project team members
were impressed with the degree to which the manufacturer supports the Mini=Ranger product
in the field.

Based upon the availability of suitable ranging equipment and the acceptable
accuracy and range obtainable from the manually-operated optical theodolite, plus
the desirable portability of this ground tracker system, the theodolite/ranger method has
been chosen as the preferred method.

In operation, the ground tracker will generate a complete position message for
transmission to the MLS measurement system computer, to be combined with observed MLS
data received at the flight-evaluation aircraft. Azimuth and elevation angles, plus range,
will be available every 15 msec.
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2. Ground Tracker ‘Lescription. Figure 3-6 is a pictorial of
the Ground Reference System ana .ae required unit-to-unit interconnections, The three
elements of the Ground Reference System are the theodolite and theodolite control, the
Mini-Ranger, and the Ground Telemetry Processor, These elements provide precise
azimuth, elevation, and range data which will allow computation of the aircraft's true
three-dimensional position.

The theodolite is a modified Warren-Knight WK-83, The azimuth and elevation
drive shafts have been altered tc permit mounting of Portescap 28P1219 motors and gear
trains. The aircraft is tracked by means of a joystick. Displacement of the joystick
introduces a v»ltage to the motor drive circuitry causing the theodolite to move in
response. The rate of movement of the theodolite is proportional to the joystick dis-
placement. The motor drive system is therefore a “velocity-controlled" system as opposed
to a "position-controlled" system. A block diagram of the theodolite motor drive circvitry
is given in Figure 3-7, The back-emf of the motor is sensed by the feedback element and
is used to control the amplifier. This allows precise control of the motor at very low speeds
and prevents sudden surges when motor direction is reversed. The motor is fitted with a 100
pulse-per-revolution optical shaft encoder. This encoder (see Figure 3-8) serves two
purposes, First, it provides information on the shaft position. The output of the optical
encoder is two square waves with 90° phase separation. The direction of the shaft revolu-
tion can be determined by which square wave is leading the other. The amount of shaft
revolution is determined by counting., Second, the output of the optical encoder can be
used as an improved feedback sensor. A short-duration, high energy pulse can be applied
to the motor to overcome its initial inertia. The pulse can be applied until the motor
starts to move. The point at which the motor begins to move is easily determined by
watching for transitions on the optical encoder output. Since the optical encoder is
attached to the non-geared motor output, ahead of the gear train, it will be moving
approximately 100 times faster than the theodolite shaft. Thus, the motor can be started
and the speed stabilized before any perceptible motion occurs on the theodolite shaft.

The theodolite is further modified to provide a mount for the Mini -Ranger antenna,
While the theodolite operator is tracking the aircraft, the antenna will automatically be
aimed in the proper direction. A pictorial of the proposed theodolite modifications is
shown in Figure 3-9.

A pictorial of the joystick controller is shown in Figure 3-10, This unit will be
mounted to the theodolite tripod or to an external support. It provides all the functions
necessary for the theodolite operator. Event marks can be entered by a pushbutton switch
for transmission over the data link. VHF communications are supported by headset and
microphone connections and a push-to-talk switch.

A Go/No-Go switch informs the pilot via an annunciator lamp on the pilot display
that a valid track is in progress. This will reduce the need for VHF communications
traffic. Finally, an acquisition mode switch disables the joystick and allows the theodolite
to be directed by the processor in the GTP. The theodolite can then be automatically
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Figure 3-8. Optical Shaft Encoder.
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steered to the computed position of the aircraft. This will allow acquisition at greater
distances than is manually possible. Additionally, it will keep the Mini-Ranger antenna
pointed in the correct direction for telemetry of airborne measurements when the aircraft
is too far away to be visible. This mode would generally find use in usable-distance runs.

3. Tracker Placement Notes. The theodolite can be placed in almost
any reasonable location on the airdrome, since the telemetered position of the aircraft
can be corrected by the computer before it is used for calculation and display, This
eliminates the need to place the theodolite in a specific position with respect to the
navaid antenna as is necessary now. It is only necessary to measure the chosen location
carefully so the computer will have the proper values to perform the coordinate-
conversion corrections. The only considerations necessary for choosing the theodolite site
are the tracking rates and the accuracy requirements for the various flight paths. The
motorized theodolite is designed to provide continuous tracking in both axes, providing
essentially instantaneous azimuth and elevation angles on demand. (A manual theodolite
is operated at high tracking rates by releasing the gear drive of the appropriate axis
and shifting rapidly the theodolite ahead of the aircraft. The operator then sends an
event mark when the aircraft passes through the crosshairs.) This is not feasible with
the motors and optical encoders because the stored shaft position information would be
invalid if the theodolite gears were released. The motorized theodolite has a design
goal of tracking at a rate of up to two degrees per second. This is sufficient to track the
expected flight patterns. If unforeseen flight patterns require higher tracking rates, it
will be necessary either to install a lower gear ratio on the motors (with a corresponding
loss in low=-speed control), disengage the affected axis and discard the angular data
obtained from that axis, or move the theodolite to a more favorable location. Table 3-3
shows examples of calculated tracking rates for various projected flight patterns at DCA,

4. Range Sensor and Data Link. The range sensor element of the ground
reference system is the Motorola Mini-Ranger Il (MMR). The MMR provides the required
range accuracy (12 meters) necessary to test the MLS, and additionally provides a data
link which can be used to telemeter the ground reference system data to the aircraft,

The MMR consists of a receiver-transmitter assembly and antenna, a range console, and

a reference station with ontenna., A pictorial of the MMR complement is shown in

Figure 3-11. The MMR operates on the principle of pulsed radar. A ground-based
receiver-transmitter interrogotes on airborne reference station. The reference station
replies, and the elopsed time between the interrogation and the reply is used to deter-

mine range. The range console is capable of alternately interrogating two reference
stations. A pictorial of the range console is given in Figure 3-12, When incorporated

into the Ground Reference System, the MMR will be used in the Navigation mode. In

this mode, both channels of the range console interrogate the same reference station. This
doubles the range sampling rate and likewise doubles the maximum possible data transfer rote.

The MMR transmits a three-pulse sequence each interrogation. The spacing between
the first and second pulses is used by the reference station to see if it is being interrogated,
This spacing varies from 59 sec to 88 (sec. Each three-pulse sequence (PRF) requires
1.14 msec. The range console averages five PRF's before updating the range so that each
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Pattern A, Centerline, 6° Path, 200 feet/sec.

a.

Theodolite at Az site:

Az 0%/sec. average.
El Less than .1%/sec., but with only 2.1 ft. resolution.

. Theodolite at runway edge, abeam El site: (Runway width = 200')

Az 1.4%/sec. at threshold.
El 1.1%sec. at threshold.

Off-Angle Pattern A, +40° azimuth, 6° path, 200 feet/sec.

a.

Theodolite at runway edge, abeam El site:

Az 2.4°/sec . abeam threshold.

Pattern B, Centerline, 1000 ft. AGL, 200 feet/sec.

a.

Theodolite at runway edge, abeam El site:

Az Less than 0.1%/sec.. at limit of El coverage.
El 1.4%/sec. at limit of El coverage.

Pattern C, _|_ cut, 1000 ft. AGL, 200 feet/sec.

Theodolite at runwoy edge, abeam El site:

Az Less than 1.91%/sec. ot any distance greater than 1 mile from
theodolite .

El 0%/sec . average.

Conclusion: It is felt that corrected measurements may be obtained for
both Az and El on normal flight-check flight paths with the theodolite
located obeam the El site, as close as possible to centerline, for paths
up to threshold. Inside threshold, ozimuth rates quickly increase.

Table 3-3. Expected Theodolite Tracking Rates.
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new range is computed every 5.7 msec.

Addition of the data link is occomplished by adding o fourth pulse to each PRF,
This additional pulse requires a longer time for each PRF so each PRF now requires 1.5 msec
per PRF, The position of the fourth pulse relative to the third pulse is determined by the
data being transmitted. Eight bits of the desired data ere loaded into a down counter ot
the appropriate time. When the counter counts down to zero, the "carry" pulse becomes
the encoded data pulse. Thus, the binary weighing of the data determines the pulse
position (in time) of the fourth pulse. This position is decoded into four bits of data at
the other end of the dato link. Four bits (or one "frame") are transmitted every PRF, The
data is transmitted in 32-bit words so that eight PRF’s are required for each word., Addition-
ally, a start frame is added to the beginning of every word and a checksum frame is appended
to the end of every word. A complete data transmission requires ten fromes or 15 msec. This
allows the data link to maintain on effective tronsmission rate of 2133 baud.

The data link accepts and outputs only ASCIl encoded data. Each data message
to or from the data link must adhere to the following format:

STX (Start of Text) ASCH Code 02
Eight data frames  (ASCII Codes for 0-2 or A-F)
ETX (End of Text) ASCII Code 06

Required mating connectors for the MMR are listed in Table 3-4,

5. Ground Telemetry Processor.  The ground telemetry processor (GTP)
is one of two similar units, located at each end of the Motorola Mini-Ranger's integral
digital data link. The GTP, as was shown in context in Figure 3-6, provides data
communications and control services for the theodolite angular sensor and its control unit,
for the ranging subsystem and for the system computer, when located on the ground
(Configuration 2), The GTP also permits input of data from external sources such as
independent position-reference systems. The pictorial, Figure 3-13, shows planned
front-panel layout for the GTP, illustrating operator features.

PRV N I TN

Digitized theodolite angles and ranging subsystem output are displayed for
operator reference and system set-up. Four status lights are available, to indicate
theodolite "no~go" status and acquisition mode, whereinthe theodolite is driven by
MLS-derived data to the aircraft's current position. The operator's VHF communications
transceiver is included in the GTP to avoid additional packaging and cabling, and the
operator has switches to select the use of theodolite or external telemetry and theodolite
operational mode.

Figure 3-14 gives the block diagram of the GTP. A microprocessor provides
logical control of data paths, control and display functions, An IEEE-488 bus controller
chip provides the link to the system computer, when located on the ground, and a
standard serial UAR/T (universal asynchronous receiver/transmitter) interfaces the GTP
and the telemetry data link. Range data are captured from the Mini-Ranger outputs
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DATA LINK MATING CONNECTORS:

RANGE CONSOLE - RS232
Connector Type: M24308 -1 - 3
Mating Connectors:  M24308 - 3 - 3
Pin Assignments: 1 - Ground

2 - RS232 IN (from peripheral to
Data Link)

3 - RS232 QUT (from Data Link to
peripheral)

5 - Clear to Send

6 - Data Set Ready

7 - Signal Ground

8 - Received Line Signal Detector
20 - Data Terminal Ready

Pins 5, 6, 8 & 20 are jumpered together
Pins 1 & 7 are jumpered together

MOBILE STATION - 6 pin circular
Connector Type: MS3114E10 - 6S
Mating Connector: MS3116F10 - 6P
Pin Assignments: 1 - Ground
2 - SDI (from peripheral to Data Link)

3 - SDO (from Data Link to peripheral)

Table 3-4. Required Mating Connectors for MMR,
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every 15 msec by latching the parallel digital data available at the ranger's back

panel. The latch signal is provided by the ranger itself, and this signal (the "A-flag")
also provides an interrupt to the GTP processor, permitting synchronization with ranger
and data-link functions. A set of output latches receives data from the microprocessor
bus, decodes the BCD data and drives 7-segment, incandescent displays for range, azimuth
and elevaiion. One 4-bit latch drives the status lights for front-panel display. External
telemetry inputs are servicedby appropriate serial input circuitry. For RS-232 standard
inputs, @ UAR/T chip is provided, with adjustable baud rate, For specialized external
sources, such as the FAA laser tracker, a custom interface is provided to convert serial
bi-phase synchronous data to parallel data for input to the microcomputer data bus.

Two digital-analog converter chips provide outputs for the system chart recorder,
when it is desired to utilize this unit at the ground tracker location. Generally, this
use will occur when the system computer is located in the aircraft and it is desired
simultaneously to view the output data on the ground.

A variety of digital signal lines is made available through peripheral interface
adaptors (PlAs) for system control. Since the GTP is driven to perform its various services
by external-world stimuli, a software-controlled interrupt process is implemented through
single-bit latches with computer-controlled read and clear functions. The software may
then assign interrupt priority as required by the ongoing process. Latch circuitry also
serves to connect the theodolite incremental shaft encoders to the GTP processor, which
performs the angular additions and subtractions to maintain a digital representation of
theodolite position at all times. The microcomputer also controls theodolite drive motors
in acquisition mode, driving the optics to a position in space based upon corrected MLS
data, Generally, acquisition mode would be used to aid the operator in finding the
aircraft for tracking. Experience shows that gains in range of over one nautical mile can
result from this machine-aided acquisition,

The GTP provides an input/output port for a standard computer terminal operating
on the R$-232 standard interface. This port, for use in laboratory testing and calibration
prior to field work, permits access to the microcomputer monitor routine, which supervises
single~step operation, diagnostic routines, and can operate modified software using a
temporary random-access memory (RAM) card. The RAM memory can be downloaded from
a host computer, on which resident assembler and simulator programs provide software
development and alteration capabilities.

Figures 3-15 and 3-16 give cabling details for the ground tracker system, including
the GTP, and are included for reference,

It will be noted in the presentation of the airborne telemetry processor (ATP),
in Section 111.D.2 of this report, that the ATP and GTP designs are similar. In fact, it
is planned to use maximum common |/O and interface circvitry for the o units, to
minimize maintenance problems and spares requirements, Major differences will be in
software.
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D. Airbome Measurement Element.

1. MLS Receiver and Antenna Installation,  Figure 3-17 is a pictorial
of the MLS receiver complement along with the signal flow lines demonstrating the unit-
to-unit interconnections. In the Beechcraft A-36 installation, the DME interrogator and
the MLS angle receiver will be mounted in the space between the front left and center
left seats. The control panel will be mounted in the space between the right front and
right center seats. A pictorial of the receiver control pane! is given in Figure 3-18,

In this position, the displays and controls will be accessible to both the pilot and panel
operator if necessary. Additionally, the pilot will have a small control ond display

unit mounted on the aircraft instrument pane! and wilf receive MLS crosspointer informa-
tion on an existing CDI movement. This pictorial is given in Figure 3-19. The approxi-
mate layout of this equipment after installation in the A-36 was shown in Figure 34,

The location of the equipment is critical only to the point of keeping the coaxial antenna
lines as short as possible. Antenna placement on the aircraft must be done with care to
avoid shadowing, so that possible antenna placement determines, to some extent, the
location of various equipment items, Figure 3-20 shows the approximate antenna loca-
tions that have been chosen for the A-36.

None of the equipment requires forced-air cooling, provided there is sufficient
space between and around each unit. The presence of convection current obstructions
or proximity to a major heat source such as a power inverter will probably require the
addition of a fan,

Mounting of the MLS receiver is very straightforward, The shockmounts for both
receivers are equipped with vibration isolators and are available from the manufacturer.
It is recommended that one-inch clearance be allowed in every direction around the
receivers to allow free movement on the shockmounts,

A complete system interconnect diagram is given in Figure 3-21, The cable
assemblies must be fabricated by the installer, The manufacturer recommends the
acquisition of two special crimping tools for this purpose. Interconnecting the MLS
receiver complement requires several different types of mating connectors. A complete
list of the required connectors along with part numbers is given in Table 3-5. Other
cable assemblies are necessary to interface the MLS receiver complement to the Ohio
University evaluation and data-collection system, These assemblies will generally be
connected either by Amphenol MS or "Mini~ RAC 17" connectors as appropriate.

2, Airborne Telemetry Processor. The airbome telemetry processor (ATP),
which was shown pictorially in Figure 3-17, provides software-controlled interface services
among the MLS receivers, pilot display, telemetry link to and from the ground, and the
airborne time code generator, When the system computer is located in the aircraft, the
airborne telemetry processor also provides the link between the computer and the remain-
der of the system,

Figure 3-22 presents a block diagram of the ATP, showing overall control by a
commercially-available microprocessor with addition of peripheral controllers to permit
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communication with the other system elements. The MLS receivers are connected by
means of ARINC UAR/T chips, now commercially available. These chips provide 32-

bit data buffering, microprocessor interrupt and oddress/data selection. The chips occept
32-bit ARINC data directly from the MLS receivers and provide 8-bit parallel bytes to the
microprocessor bus. The MLS receiver interface hordware may be duplicated, to permit

a dual-receiver system.

The ATP performs no manipulations upon MLS data content, Rather, the unit
steers the data to appropriate destinations for processing, display or recording. Since
the ATP is fransparent to data confent, the system computer must decode data identifica-
tion bits and determine the correct use for the observation. With this system charocter-
istic, it is possible to utilize existing modification for the MLS angle receiver which
provides amplitude outputs, necessory for usable-distance measurements. It is only
necessary to inform the system computer that such data are now to be processed. No
other system changes are required, once the modified receiver is placed in the airborne
receiver rack.

The telemetry data link is connected via stondard UAR/T, with effective data rate
of 2133 baud, asynchronous, full-duplex. The system computer, when located in the air-
croft, interfaces vio JEEE~-488 bus controller,

Two digital-analog converters are provided, for output of analog CDI informo-
tion derived from the ground tracker position to the pilot display. DME aralog AGC
may be selected by software for measurement at the output of an analog-digital converter.

Airborne time may be provided to the measurement system using a time-code
generator, for which a 32-bit lotch register is provided on the microprocessor bus. The
inclusion of such a clock permits real-time merging of external telemetry data ond air-
borne MLS observations. Experimentation with single-chip timing circuitry is underway,
to determine cost-effectiveness.

Two additional digital-analog converters are available for control of the air-
borne chart recorder. This recorder is anticipated for use in the aircroft when the system
computer and recording devices are on the ground (Configuration 2) for pilot and observer
data output in the aircroft, In Configuration 1, with the computer and hard-copy devices
in the aircroft, this chort recorder is not required, but may be used on the ground, for
data output to observers or measurement teom members.

The microprocessor software includes a system monitor, which may be activated
for test purposes by attachment of o standard computer terminal. These fests, which would
generally be done in the Iaboratory prior to a field measurement mission, would include
processor diagnastics and |/O port checks. Temporary addition of random-occess memory
cards will facilitote softwore development or modification, with final operative software
placed in read-only memory for field use.

Figure 3-22 also shows the large number of individual digital signals necessary for
control of ATP functions. Since the unit is fully interrupt~driven by the peripheral devices
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in the aircraft, suitable software-controlled interrupt latches are required. Digital flags
from the MLS receivers and various ATP status bits are handled by the Control PIA
(peripheral interface adaptor). MLS receiver interrupts are handled through the MLS
interface PIA, along with airborne chart recorder control. Pilot display and control
functions including CDI flars, ground tracker status, range display and event mark

are served by the Pilot Display PIA, Spare digital input/output lines are included in all
three PIA devices for future needs.

E. System Data Processing and Control Element.  The microcomputer-based
ground telemetry processor and airborne telemetry processor units discussed earlier in this
report were introduced as software-controlled system elements. They provide specific
services for ground tracker, airborne sensor and telemetry link operations. In the larger
system sense, however, these processors are dedicated to their assigned tasks, and are
reconfigured only through reprogramming prior to a measurement mission. The data pro-
cessing and control element, presented below, is the source for computational services
relating to data merges and recording, computafion of corrected aircraft position during
data-collection run, and display of output data. The computer is also assigned the task
of computing theodolite positioning data during acquisition activities, utilizing received
MLS data when available, or operator commands if necessary. For many mission scenarios,
the acquisition mode may permit continuous tracking of the aircraft during the outbound
portion of a flight, permitting immediate tracking to begin at the completion of the
inbound tum,

Using the airborne telemetry processor and the data uplink (for the configuration
with the computer on the ground), the computer provides computed crosspointer "CDI"
values for selected desired flight paths. For example, on a Pattern C (perpendicular cut),
the vertical needle is driven by a combination of range and azimuth, and the horizontal
needle receives computer results from range and elevation to form a commanded path
for the pilot. Such commands available in the cockpit serve to regularize flight tracks,
permitting additional data stability from run to run,

The computer records MLS and tracker data, including system flags such as
"theodolite no-go ", to permit complete post=flight analysis. In real time, numerical
and/or graphical outputs are provided for operator and experimentor use. Using the data
uplink, the computer may provide corrected data outputs in an aircraft chart recorder
even though the computer and primary displays are located on the ground. This data
would be interleaved with uplink command data sent to the pilot display.

The data processing and control element consists of a central computer, controlling
the primary data recorder (@ magnetic tape cartridge unit), alphanumeric and graphic
outputs for operator and experimentor use, video hard=copy, and such other input/output
devices as are required for specific missions, Considerations of processor speed, standard
and optional features and size/weight/power tradeoffs has led to the choice of the
Tektronix 4052 unit, pictured in Figure 3-23. This unit utilizes a 16=bit, bit=slice
processor for speed and precision. The keyboard, graphics or alphanumeric display, ond
a cartridge tape unit for systems software are all built into the single package. Hard-copy
output is included, as is RS-222 and GPIB (IEEE-488) communications ports. For applica-
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Figure 3-23. Tektronix 4052,
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tion to the MLS data collection and recording system, the addition of a high-capacity
cartridge tape recorder such as the 3M- HCD75 and a video hard-copy device, such as
the Tektronix 4611 completes the configuration. The processing and control element
interchanges data with other system elements through the GPIB interface, connected to
either the airborne or ground telemetry units. Cartridge tape control and data are
transferred by RS-232 link,

The Tektronix 4052 may be obtained with significant programming services
already available. The plotting package, for example, is well-developed and conven-
ient to use. Availability of such software packages reduces programming time and allows
concentration of effort on the MLS task, rather than on system control routines.

Coordinate conversion software will be modified from FAA Technical Center
routines, and PFE/CMN/PFN filtering routines will be produced. Operator interface soft-
ware will emphasize the “hierarchical menu" approach, to maximize flexibility while
maintaining convenience. Provisions for repeatable site parameter data entry and such
constants as aircraft antenna parallax will permit storage of these values for recall and
possible modification for specific missions; it will not be necessary to repeat antenna
location data for a particular site, for example, so long as the data remains constant
from mission to mission,

Although the computer will be providing data outputs on site both in real time
and near-real time (between runs), additional programs will be provided for use in
post-flight analysis. Data may be transferred to a host computer for large-scale proces-
sing or data~banking. Host data may be downloaded to the system computer for replotting
or reanalysis. In this mode, the system computer, connected to a host machine via the
RS-232 port, operates as an intelligent terminal, with added graphics and hard-copy
capabilities, Thus, the system computer serves the data collection and processing
process even when field measurement exercises are not being carried out.

The discussion of the data processing and control element has emphasized specific
hardware, chosen after review and demonstration of a variety of currently-available
computing systems. The discussion is intended to outline the required functions of this
system element; developments in the small-computer industry may very well permit
added flexibility of choice as final design and fabrication of the system proceed.
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IV, RECOMMENDATIONS FOR FUTURE WORK

Some recommendations have been formulated based on the reported work. These
recommendations are believed consistent with an orderly evolution and implementation of
microwave landing system operation,

1. Implement a study to identify numerical values of tolerance limits which
will accommodate all classes of user aircraft. An important part of the study would be
the involvement of simulation to assess flight performance with respect to numerical values
which are candidates for system tolerances.

2. Conduct a study which will examine the feasibility of physical world
data-logging for environs of airports. From this study, evolve a detailed plan for using
this information with the MLS math models to predict multipath and pessible out-of-
tolerance conditions such that augmented flight checks should be conducted for measur-
ing actual effects on signal quality.

3.  Aninvestigation should be performed to identify critical areas for location
of aircraft with respect to the MLS transmitting antennas. It is important to define care-
fully the specific areas where aircraft taxiing and parking must be prohibited. The approach
to defining the areas should be through the use of mathematical modeling to predict
maximum course perturbations given aircraft size, location, and orientation with respect
to the antenna. A contour map can then be drawn for the airport showing the maximum
perturbation produced on the MLS course for each given isopleth. Critical areas can be
derived directly from the contours once decisions are made concerning maximum allowable
perturbations. It would be well to confirm the accuracy of the plots of predicted values
by measuring selected points at a typical MLS STEP site.

4,  Continved effort should be given to refining the numerical values used in
this report and elsewhere as tolerances for MLS operation. Measurements from the STEP
program will be a rich source of data and this should be used to the greatest possible
extent in obtaining values that confirm established numerical values or suggest changes
that are consistent with continued or increased safety yet providing for greater utilization

of the MLS,
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The literature search conducted early in the MLS Performance Assessment task
has resulted in the collection indexed on the following pages. For ease of access, the
word-in-context format has been used to display available literature, in Tables 6-1
and 6-2,

The search process is a continuous one, with the bibliography included here
representing those materials available to date. In addition to the published literature,
computer programs, meeting notes and records of personal conversations provide
references in support of the design effort.

Sources include the Lockheed DIALOG computer search service, FAA representa-
tives, consulting firms and equipment manufacturers associated with the MLS effort.

Volume 2 of this report contains abstracts of available literature pertaining to
MLS.

e . Y e Maia e d




p——— T T T

.
jod1RWNN
Jdtol ahiT £-08-mi-¥V¥4+ "ON da¥ 1T " YWA Siw
vebl aNFT 2-Ce-w3-%94 “ON Ja2 1 “TWA S
Cobi INI'T L-03-m3i-¥¥3 ‘Ch Lcd mkliS 233 Sim

- e e e e e i e WP Y ST

‘x3pu] STW -9 3{qo]

Ubol 0Z 8380130 14veCG NVVa NOTLISANvaL m3L1SAS

TeNCILIeN 3K U 150D ONY S1133N3b W1 ONY 805 Oa¥
TeNCIEeA 3kl 90 1SGD ONY SE143%39 FHE Ohy oG4 D3
IPHLILYN SnL 30 LSOD OGNV SLL143N39 3IWl Chv sLs 03w

SNIONY T SAYUIB)IN 2695 Tne
3l 30 SISAUANY AY $89S ine
FHL 40 SISATVNY AV o295 Ine
IHL 40 SISATYAY ANV 4995 Ine

Ce6l ‘1 AW 3U238V1 9CC-:=5-SIm ATVAr22V S1wNlozil
o080l *e¢
Con~l "103S S8V UsklA 9-08-€-VS-wi Lla0d¥iY
viol INPT

L£e4t 1 Yiecv vIWWBCICHK

6e61
Cobi o

@3S sl TN 6% TR
ubhl AVR LcE
ANET v 6ell e 9926¢Cc-n
atel dlecy BiGil°w”
Atk oSl gt
ginl ‘S
2Vl 3713 tallsx
"tebl 9 MIgva
“Lobl b AVR ‘la_acl¥
LTE BN P L I ST RS PRSI | ANUR NI

Siot

Tenl s
LY E-R I

weol o f

orol UNiceS NCILWL LAY

L ER

0861 AON 3Jdallw S2:CLMOp~0% NV 1a 1531

INNE 3983897 OU=-3S-S I ANGELVTTITLISAI

“lde YUNTS YIBo a0l NCILVANCSRIVaR ] WILSAS INICNS T GAge 30w
‘m3tSas TIHI

32151058 YveiC a4 *Siniaieli *iv SIn (3504c¢Da0 SITLIVIIdwS N QJwSirva TW 3303 4-NDY
S 0a TeniTy

v

i

LR 7R
CACN Yol lum
O3 tLaCe SIm 3Rl 309 SNCLIVILCTSIGS ANV ST ) lw
flete 21V IWADTLWN ADLIAUNERSES
IBNG i LVNc N

k)

TPALLENY NDLTNIHSYS AV Te 1S3L «58S e
NC SHUEz3 :INRCICTS STw 4C S133343 ML 0 NUILVIIVA -58 1d% Hoal ¢99S Ve
TUNOTLYN NILSNIHSY® als NOISH32N33 F1YNIGaUU) 1dPF HIal s€9S Ine

IPAGLLYN NOLOMIHSYM SLANS3d 1S3 1M1 13 ONTassNISNY Slm Qec¥ Mgl 8% Tne
37 LN3AGA T3A3L K3t el9S Ins

INIW 303 Y9rNEA NOTLWITWESSHT OV NCILO 13ar AN¥a " 43c¢) eCYS the
‘Shm 2D9 1631S) mY¥BLu¥e NOTIWAL IWAS CnNv 1931 301AR3S L1531 #6E€SThe
C3b TEGA G eEES Ine

TIWAS SINIAIHLSN] SYXal 40 NGEIVOIWA D CAY 1S3l “le® mJiil al€S Tme
SaviNEm CAAISND 3 NUT1U33ded 358Saline VIVU 33NV [Nie AVa *adol wGtSime
LAVINY A CAINIER mSLSAS aC1WturasINE ANDISEdaNe deC S TN N¥m T ENIV e a5ES TR
CalSnD NOTUwerClshe) DISVE wd1SASE S 38=1421F% Slm SWm “EiSA] 265 TIne
19¢92Cc-59 *IWONTA *iNITA 0C$S3d0L2¢ TUIVC 13UNY3 INIW ATn INIVA oL €S Tme
3NFLINTS “lar Miil eltS tme

¥ 3BULID e W2imd 1FTEY5 S Im otk HIat o[€£5Tne
Vilg 1ICT M lme LV 380C3dige »T3=D (#+SI)s Sdw ic2 MD31 o(t5 lae
13A3Y walSAS TNY 19kR2L I IPATES Sim 83~ Tal=33nl2 YY1 T3 TNy 3HES Ine
IC-CLd-a3-Yv3 "1 3NUD DIsen nud Saw “Cir ENTaiinITy

EERLA 2]
9¢ *daa

T¥3 3~ UNG 0l Ime
sasi kil l-fCac-e v Je~Sla xllhso § T IUA fca WNT3 CSTaNCD weG ) 11%AS (AT %URRTN DISE- LID 359k¢ Sla 12 =31 /25 Ims g
PWA vyeel 525y "Savl NICUNEL ACELTC L WA ONY S HaCum V83 1iVasRisa * SalLins =“1%all¥ta SIn tes MHIdL 8925 thy -4
PLovw A NGO wded Qda) "Sow NG lETTAG HIAL D Ton 1tohed 5] SCIY NGELR AT LI0Ge 55 “NILS 31 N WWMvsa 101 %%e 6505 Mne “
CUTES s 00L- iV mISAS SHTLAV Y JARY e lia AT A0 T s9ZS ime A
2i6ol CAvA AT kLA a0 TAENt /G ten SIUN Lot ame PSSO AL L INELNT o e el Y OUNTS WL LeT o, 1 S W $
Seol AL 231823 53558 AITENTY VhaMuk 2 Neod SR LIRS 18185 Jadla 12V LN-% 008 )e ,W N
€6l ey "V 3/ cw OICYa SALTILD e91-20-~C3-¥V3 ALDLY MV KHIT: rogV SIARC S e widy) 125 I h '
Coui Tozs “SHVIE CINL T SHrTINECIL S oeus dsUlm a0 NCLLTUT WA CNT LacTAC © 3S¥=C TSULS RIS CTE e Sim Ldr BaL #0ES e -3
Gehl Tacw TSaVvitUND Y TSuaL INse b Lade/N U LENLETVA Haile Favividne CNY majAr3t. v 3S%m2 “SCLS MLall¥m Sim Qe HMisL 2miS e $
LESl NI TRTET /L0 RO TSLemAS RT T a0 INaat T3AAL SR TS den Mgy amiS e B
Sl SN TSR g Pem 0oL To¥Y s mdlSat CALLNE Y SAYMI el anl a0 N e TSA G i NS 1o TN Lot nLst s iS e My
S451 AN Tozu) 3-thm Eendula SLI 3N ONT SAJUTLVITT0uT wit%as THIGAT T JATR. 450n Q= wLil o915 Ima Ealne:
Cenl a0 SSILT 3N 97wy NudSsimr o0 WS TN 1L RS CALLAY ) NV KHT.acc? al s m=LSAL 3THYCIMS Y4h 5 dcn m I, euwlS e :
el *11°u50 3000 3850 1LIuse S v tes wi-f swiyln
: nant Db dleNL TGN T BUSS  Tes WALT QG stue TNy g VAN 1S aL IHS by ler Hoaat s 18 e o
Qrol Tlos 9N NEeS VS SBaAT Ik @S8i a0 SUS3A SN Utcac U RaVdllem Qe W Sl D0 ce 1}
Neliolds3C ONV ALT1la¥ 1IVAV ' 3,%Fan 3-i¢ 83%)%al lon =1l silShe .
el Teng TS CONTY SARSS T Tagd0 S A Ll WAl e bavl LIV a0 NLBLRDE NocV 0T aud CSHICHLS RIVOll e S 1dr Mot el e F
Se6T PorAuie Se¥ 0 LNl SaT g UL e T SIS SYaad WU lEle) wSYL lat ALt ety Im @
. Seol A%a “o- ., Jacla 3HL g% --sle SHUTiul 1592 ONTL Yo w L v enl¥ CAY SU37 YW1 l~2" ShIMLCE=S S Ta 10 317allS) o= #lsl 0SS In. S N
THaCLaNmIIl Shm Sl batm U NCHIVLEIRA LNy e VA LIl T WAt e cae HENT 1 Pe aSERtS OGS HMEIVe Tt e edS i [
Tomeatl vCML9 %y L ch= gk UL 2 XIS Geav SgrVS LVl A VATl 1sce a.nd LIV-EN s e o1l o9 e -
D XICh e L oastd SV WG ey L ¢ KTUNdenY 1S9aTS sl AAWNIal bcEa e )-d 1YV XS Lo Ml esS e =l >4
'Y ad SR V- el NSOV SaAsAl e v ESYRe Ge . SEY AL BWNLLLLLIY Lew e gl ety In m MW
d Rl b o7 L owadd TONY N S Y U I 3 D SFTES AL PREL AN DI B R O PR PEREEEEE N U1 ATS LRI S R R L o D
SELWALL-T JOTRIL "ST1%m S1IVain-T &b ta w s
Canl Al e INAS Lo iar LL1 mstSa% Uhiche b ®oie v v SAT A0 aWNE UNE IVRL LAV 2 iE- L 90 SYISA IS UNT al6ES taa ») st elS - D
& h
e 5 e aatNss A NETN S S BNCEAY AL A 20 o L STy s lm Tl h
|
.
y-,’lﬂl
v
f ! " T




. R I ]

e AR bl T T

"§xaju0) Ut pIOM ‘X8PUl STW  Z-9 2|90

*sS lme G261 AVm “q2t) Jdllwm 53-L £%89-dfm SNLILDIINLISY SNICVING tuladlv CRY S¥Wanv 1VIILfud* OINIMOGYVHS SiIw 30 3L¥NiILS3 Lax MII,
f L-06-a1-¥¥3 *UN lo¥ 11 “10A Stk TYNOLLYN 3HL 30 150D ONV SLlE3dan3o 3HL GhV

v, i

403 034 3HL 33 SISATVNY NV o6%S Thse [{"TR SEFT
NF L-Cb-m3i-V¥4 “ON Lda [ “10A Stw IVAULIVA ki 30 150D GNV SIFJ3NIE 3HL ONV a09d 03n 3HL 30 SISAIUNY NV 295 TWe o861l 3N
L-08-mi-¥34 "UN dod mmNS DIXI SIw TUNGILVN Jki 20 LSOD ONV S2143N3IE 5HE ONY uUd O30 IHL 30 SISATVNY NY 0995 Ime 0861 3n0TF
) Slol AL “6¥Q) ivilW BE69diw

SLIIINIG ONV SNOLLVDI1 1ddV wI1SAS SONIGNY ) JAVMOUD N 1d¥ HIIL «91S e
9261 INGT XICNJb (s11°w"1 *TWNNVWK

diotl INOF 1-1C8Z¢-v-d29-S W XIGNIE 1 °10A 1d¥ TUNI4
; T11 35%Wa Slm icz HI4L e lS Wnse 8261 INNT T-106L-¥-CI6-STw XTGN3B { “10A Lad TUNII

W NTR CBLISND e%ES lns

"YASNT NOILYBOOTINDD JISVE WILISASENS INyDBHIV o
: In tar HI3L #4125 )ms

3

*914N0) #w0D VIVWS ONV MUEYYN DJISYE [T 3SWHe

Jeel INIT XICNaw 1ST1°671 *190NUR “wiSNI NOTLVENOT4ADD JISVE w3LSASENS INnCEBIV Sin NVm

O AMGD WWOD TIVRS OGNV #Oaa¥N DESWe
THLISNE s7tS e

URN

9161 “Yis 10-00L~d3-v9s *DL4A0D JISVH 804 SIw “Ods INIz33INIONs VO3 Oak SNY 2875 Iws
A34-3 tn x1dN3u § " TUA {8 WAL 4 91 3NUD waDD 1IVaS ONV MOuaVN JISVe 1311 3SVHE SIm LluM HIIL €225 ks
| 20 CAINIUNYaaL ) SSENLAL)3 VI ArBY ST AGPLS YNAIANY INHCABIV GNYTE IVAC Lo¥ HIIL #E2STns *lol *ATm NTSIM
YINSA 855 Inve I1 WA NOLL1GUI Culkt 2161 *9%0 NOILVIAY TIAID T9NUTATREIINT SCIV AUGILVOIAYN CIGYYE 30 SNILS3L NJ MWERTR )
. NOTL1da1¥I3C ONV ALEVIGVTIIVAY ¢ JUNVRACs23d 23INIVOL LoW H3IL o11S The
2461 *AVA NYCIMDIm 3L "AINN/GNVARCY STINCELITII I AWV “S°F ALPLS YANIIANY INgObalv GNVS VMG Llcd HIIL ot2SIms
Sinl *9 AuN SEY Y NIGINTI T S1233433 ACLELD41438 (°1d SSIANLS Sv3Iby WINLIY3 8SaL tar HIZL #»Sine
¥n "dd0) datlm =M1 L959-alW SNOLLDIB1SIY SNIGTINE 1a0duiV CNV SVY3Iav IND1114D*  OINI®LUYAS Sim 3L 31VallS3 lac HIIL «8Sns

2151l INNr 1-1Cel-:-

1
G& 15 BEST QUAD
MLS PY 1SHED 10

Fros CORY ¥

SiLol A y 2]
TY¥ 4 00L-Gav w31SAS ONICAVY SAVMLAHLDA TUNSBUOR 2925 The
) 1049 Hiss s1iS Ine €6l Nhlav "V v s/ enZs UIL¥e SMNITIOT €91-22-Cue-vV 3 AGNLES MIVe HIVUYecY Cir
1Vg3cl N¥m “23al eu%S the LL61 U 1lde¥ vYIu=0iUm *mi1SAS TED 330NV d INlw dU4 TVINTR NOTLVIIWLSNT ONY NUL
Vo "LNIVR 29LS lns L2161 VI¥a¥ =2511°8 1 *¥60hve “LNIVR ®315AS ASLvldcadivl KCISIDII®e Ims Sl N
AdIfhu v 359Fc "SULS Hicld Hih SIm fcd H2a1 3615 thse Bebl “bey “SBY ISR TS0LS ANSeINTdia/NCTAVUE WA 13C0m AT a¥L V. ¢ CNY A4
Th16V "% 937wl ) CIuvY SNINCD v 91-2i-Co-V¥a ACNES RiIVY nlViaceV L3A-N) Ldb »3a1l 3lZStas £Lel
236G SOIEIPUNLE=V dU3 M ISSImal) TVOTINMIsL LILYY SNICAYY CNV MLV Taau® ~La wILSAS 3INTCINY “iN ¥ fcd HI3L eslSns oisl '
Seol AMT “auli s8llm ofa3clnm $S1133538 CHY SALIAVYI Vee® malSAS SNIGANST T FATACADIn Lle~ H33L 8315 0ns (7o
. “So¥l TINE) S3CSST “az3o SIW AIN L W30le RAVEILWw 20 NCIEVDElecy S1ET A CSS1GHLS HIVOlLIH A ST 1cd HTIL sCIS Wmas 251 "%3. wy
! T adll 900359 N Jauess 3MD o1 ¢ XILA3icCaV Sceats O¥2E AavhEn!13¥a wmidas L129m1x3 13 MIIL &935 The 1
3 AaLrs LIVGLt: jcc bl ¥55 Ins D xILhaduv U wsll WONSCW N0 Jalesn 3L J1 ¢ XILALe:sF ISanvS LX ol AzgiimiVi-
) XieANdee? 1 adli VUNUE NS 1riedm 3l 0L ¢ XI0N 3oV :Sce¥S IVI! AevAlmiliod alng LJVs(XS Ler WISl 055 Ins
o mCc3 L2VvelXs lcec noti a95 lns g X1Ciee? | will VONIOW Ny L3dom 3MLE Ut 1 xiGAZccV Scats CF¥ 21 aeviiklize
o X[uhace® U o wdl] 9oy L gewets 3kl SL b 2fUNTOAY 1LasvS DV )1 AevialVs-¢ Al 9y 1IYN1&3 der A3l oS T
oLl AT 33,%5) RIAYaS s AT AT T YUMo 0 Nnuf SUNMIANY clelS Sddla [IVa1507 405 ins
CATA NSCirTia 3l CAINT/UATAAds STiNLad s Vg AmcT 50 AGE LS WNNALNF aNe x2lF h¥s Vi L Lo rUsl s€C5 ms 78
A 5.l l¥% 3m1 3d aSes o SEldzNz anl Whs els Zan 3r) o3u SESAITNY T ea*S ks Cenl 3NCT £-(P-ai-T%4¢ "ON Ja= 11 *IGA )
w18 Tish s, 30 1SUL (NT Sildshay art CNR 203 Za9 dna 30U SISATTNY AT (%S ims Jsol INIf s-Ce-mz-3¥3 “UN jer 1 C LA SO
WO Bl ml o3 iS00 hv SI1FINIu iRt LN Al 4 moa dM) 30 STSAIUNY AT 3995 1as Qobl INCH (-CR-~3-Y¥3 0N Ld2 ma®™S 423 SO
! ILSAS SNLLNY L Mo ¥ Bl s SV lo 9SO ANV ISLCTIVS e T1-3S 0 STSANUNY WAV ALNLS dot F3sL slSTas 2151 ANT smiaSAS (cua="LlY -
' 8lns e Cab1 "103 Ses! wallA S-uvc-t-7S~mi idle TV 10NLTLFN NOLOAI=STPY SIS as 1S i1 IHO Dy Tl <3381 90hs S e L2t RIFL
ns CEL6T 'y m)ave ‘CLEucHlV¥ RN LAVN NN RSEN LY sefea ) e WOk MO SR der HY41 e lES
I sLeSlas *Lool 0 AVA *1lo.cHlV IGN_ T %%031N1 Vikada o Vive 49 deig sk g M)paHY (M 1y SYa Lo =73
9dol AVe "d:ud sciim 3HIL donS-rlm Sl latS:z SNILHIMe d2ueal¥ ChY ST3a% WW2ELE=2 ONL®.UWHS Sk 3. TLVaiLS; (0% hisl -5 lms
Cwde wsll®8%0 *i¥ihem 21500 NGLIVEr 1320 ) JISVE walSASalS ahau=n19 5Ta NTh “clShil e7e>dns Q=1 aNCT x1
tedim 10 AL /0 4Tand> SNUALZ 11 A2 "SR ACE LS INLFINT 3h¥cu stV NFe W00 Leo H)at eelS ks %e=i ‘A¥m MW7
i FXA ONUOIEL S Calerd 2B TLal SOLESIAY O BIALT 0%hi favieadtnd SGET NUTIVSEAON LBuTa 33 ONTESIE u W NTR ISTERTA 6605 ms ‘
a0z rogl 455 Ins T will VONOY S 187 ¢34 dnl Ul ¢ XLuN2elY Saass uvll Aev.imll:0c wmi:d LJ¥NiIX3 i
Lc: r L1l 89, 1ms I XICNJeeY 1T w21l YChsL® h feogdn Il 0L <

XTI NIV 25davS ZULT As¥iwl Yane wl ~§ LJW™LY:
tgr =it 875 1ins

8 XIChWiceV 1 mitd WLioou® te aecu e ek D1 b X[UNJCeV 25008%S LUV)i AoW®lallsoe mrd LJI¥Six}
NT i %N ¥ Lot Hodl 6518 Tme Geti *230 SOV +4% <03 NeISSTma. 0 B9 SIA- L SO “RPUNT  CAF MOV 22eY 't w3lSAS 3
i~ *EL* 520 510G dendiLleey Y im S0 Qa7 w03 2518 lae
L4510 N0 b=t WWSs IV SadAisiad v oaSvike oL SISsL RO LITGLT we™ 13l exSims
Lo 39t 2995 ns Cenl *fe 4100 3993r70 a0l -25-50n 23970 33% 509l p 0L Nu Scatrs 3% 10D Hde 4, Se3443 <t J0 N BLIYRIVAD-S
sa G 1 st

STt faluLam MTs famCa Se skl 20y SAT LT raCiSh D ADV D59 suRTLINY “loa +3ad elkS e LN
SIIVALSEY LC VIO ST 1w HLuVolyet <5 ims
S1IVAatSev L IviL ST 1T SEIV LG oS ime
s omaeTab e AITUNVY 13RO °C N 0 OSVRA NS ol 9tS wraalm 4V L5t el dS ine

ChizeS NCULVSIAUN :

*L61 AT &

tow JUve elaNd} OnE-

e STINCEAY ARISBaAlt LW rl X JUNT She 13714

S S ae NN o . .r
{

e — e e N
. . e




————

P R R L I ————— - - N e xR R o . .

‘(panuyuod)  “Z-9e|qol

“Oa33 TWNCILING 4 i3AI T w3ESAS ONV IVacld JIWNDES Sla “Cia INTHIINIONG ¥V3 Oda ©NhI e0lSIWe

olel Ol Ave JeC-0CL-43-VO
S261 B34 TC-CLL~93-9V4 “91aN:D 2ES¥Y Y04 STw *C3a ONLga3KiON] YPS Cas N3 825 ime

Miz 13A3 ) RILSAS THY U¥mdid IUNDLS SIm “C30 ONIMIINICAT YV D3d ON3 805 The ot51 0L A¥m J)40-CCL-w3-ves “D3a WHCILD
34 10-C0¢-823-973 "S13NCT 21S¥d 403 SIm “C3a SNIas3aNISNG W93 Bat SN #42S las s16l "8
wL6l *A%n NVCE-DIwm 20 CAING/UNTwaG) STINDALD313 Ame? “S°N ACNLS YNNIINY INB0GalY GNVe IWNO Ley WI3L e€lS mse
¥ 90G-35-STm AJRRNDIV SEVALICA0 I NG S¥L2a3 IINVUIND STw 4C S123333 3ML 3O NCLAVYNIVAI-JY 4dY¥ HI5L eSS Ine 0861 1€ AWT 3%e3e
SL61 *GCAON So¥) NIGUNTT S134343 NOELI3T438 1710 SIIONLS SVIay 1wdIale) 6SHLE 1d% HIsl ehSiIme
¥ 40 ONILIS3LE NC I90inia TVNARVR 8525 Ine I1 WA NGELIGE Calnl 2261 *Suu NOLLYLAY JLAID Yenulawno3IND SQLIY NCTLVITAYN OIC
"wds *SEv] "UNLF SACINFJISL S¥m 2U4 1300w 40 NLILVGCL I9A CNY 1w 1AL € 3SWRd °SGLS HIVAILTINKW STk Qe WIIL 025 Twe [T T 3]
AINC/GNYRAOD SIINUB.DI T3 ARav “S°0 ACNLS WNNIINT INBUsalV GAVS IVOL Lut HI3L ¢€2SImse 9251 CA¥m AYTIR)Im i C
0661 C2 4360120 13vee KYld NOLLISNYAal WILSAS ONICNYY JAV=0c)dln 06°S ke
ol Vdav 84511 e 1 “IWIAVA “INTVm wifS%AS BCLl¥20Le13dIN]T NCISID3¥s IRG STw NVm " INIVR 6SESTms [¥3

6l61 330 ~1-N1 NVGSTIVD aU>S53dU0kae IVLIVIC 3CUNIL R 853 VO 4551 HSTTS tor H33)1 etiS e
SLIValSHY JUIVIO °S°1°m SLIVYLSEY 2S5 Ine

NI v1831182 NOL.TINsw3 Tan] A31SAS UNIGAYTY 3AVSLadIn 30 LN3AdO13ASC “HI3L 19SS Thse %61 INAF “tom ¥
€61 INGE “V83/7°1°L°0 milSJamAS m¥=Sura LN3na013A3C STw *S°N 1e8 H33L eolSlae
NOT “w V5 ¥2-tL-C1-¥0 3 adlSAS SNLCAT | 3AVMOZIIm 3FL 30 LIN3AdO I3AIC dUd NV I TUNOLLIYN L1dd HI3l o215 Ime eLol 2

S CINEDaL STw 804 V50 m 20 NCELVLE 192 CNY ANIWICYiAaCET * H0A “LBGEId TWALS € 3SVYHMQE*SIICNIS MIVSILINK S h eiSine
NOTidIbH3C ONV AZITIEV TIVAY ¢ 3OANVm»L3Indd 33%)IVal Ldd HIIL o115 Ins

Gus maLSAS IUNTCLT L M5N ¥ Lo¥ HI3L #51STae GLol "U30C SILArvnLe3Y aLd NUISSImal D IWDINKDIL JICVY INIGANYT (A% HIvUBOEY
otel *T1°33C =1G% WANUILICLY STk V.G loa ndil s90S lhe
ca Hlsr 1S ime 2¢61 233G F1-ML NPcSIVD BUsdislucs TRLITITY ICORTILICA ¥4 ¥IVL 1S3L 12018 4
oloi ‘117330 J1UN TPNUILICLY STIn V3G le® hisk +21S Ins
NP vlee T tom 4:25C00c-07 CTUANTR " niSNL 3 NOTLP :de( 0035520 do ViWLe =23CA%~ INIm N¥a “d3c” 9:S5imse Gzet 1

deol 'Sl "ALnN Vlublium 39267Co~~9% *TIVINTA “ANIER 235S:iudo 7090 235%Ve Tilam NTa INIVA 862 S Tnse
oinl Ja, I1-NL NVeS I¥) ®ESS320ca IWLISIC JGLalLI0w U3 VIVC 1Sal INCId loe -]3t stiSimse

TYTYCa/Tomsd Llevs SNEHIL) %1 -CL-Ca-¥v s aUMLS kHiVa HIVuccec® C3AS ) 1d¥ M3l s12Sas ttne 1lHiav
CHTAUN SERY NILLATY SiLand: RUELDA0gdd 10 Ld SIEGELS S¥3av 1vdiLla) 8SML Llab HudL s0S Ins si6l
38L1a 3k E%c-cae SNObLolzhSn SNICTIH e A mOaBl S CRY ST39V WILLIXS*  SNINCLErS SIm s GLURILSS id* HI4L 268 Tns SLET1 A¥m “aMIl
>las 2461 INCE "tae VALY F1231120 NUTLVINIasYon] RILSAS ONLCSNTT aAT U olla 30 Lhanc” ViA30 “H)3t el

uesl INIT £-Lw-a -7% s “Lh dcr DT UA STk TSN e 3HL 4 1S ) GAY ST 33836 3t ONY aud Coan Irt 1) SESATIVNY NV 58S tns

Ga>i aw'l L-CA-ma-¥3s "IN da= 1 WA Sk TRL010ON 3nL 40 15U LMY SEldst 3w 31 CGRY 2U s Jde dml 30 SISAIRRT AT slcb las

vael GNET L-ce-mi-¥70 TUN da3 anr L ZHA 3 S I INNO LN JML U 1SU unW SLT 43R 3w IRl ONE aL g Ca¥ 3%t 42 SiSATUNT NT 7S Tes
Ldas ~3d1L s913 ine Sinl AINE “oaL? sollwm €69aim S 430w LNE SAULLP)T 104V AIISAS LNLONY D JAV 0 )in
1a)*  LMIM LE=S STm 4N 1 ¥milS 4 e . FIil ebS5 The SLbT AVA “aelD zellm 3HL L967-%ia SNUTL120a1534 LNICTLI 2 LiDcslv ChY S¥s-7 WN,1L
2% ina Cael *le AT 39cin® 1 90C~-3S-51w AJVal 30V 31UNICa00s AL SHOUELS FONVCINS STa 4 S1ud44s 3Ing 0 NUTAVAIRAZ -3+ Le9 HI3
VoAS S e NOTIR IV ESa] 10N A0h NI NS EY a0 d NUTSa3ANDD JLUNIC2U0TY LloX k3L #€9S Ine Ouol *€£Z SNOF 3914ev] C
F3%a3uv ] OL-35-S0m NUTavY eSS 16, TL%A NCLUNERSYY 203 NIISaLsANGD a1V ICauLTd Lud HIsl st9SIne 08K1 ‘e N
AVTIASS 5C2830V ) “L"5%3 *A1N4a °r"s5 *JaCe S 3HL Al 3 SNSLLIVRICIONT D ADW oM DDV 3UNVCITY “lde FIil ¢2¥S TIne Cadl T%12es WL

Gensl AN xXTubhde LS i ol S WWONUR *LSNT NODL9enS] 3% ) JI5%9 w3 1SASLNS INNCH2TY STn NS “215% 1 e%eSInse
Sinl "534 1C-Col-a3-v¥d “STANID DISVE ¥J4 SIe *Can SNIRIHNICNT 9% 9 D34 ON3 walS ine
BIOT a0l 1-10al-4-C20 STk X1t an I 04 e 1UNTE "Y1 anhi ) mau?) 118a3 CRY Yuatvh IS {11 35%me STw Lldd n)st oll5 tms

sicS ins 2251 Mlov "V U 4/ cnud 0I0Ta SANI 11u) e2i~2i-Ca-V¥ 4 AUNLS HITd HIV Jac ¥ Cirel.Y i 4% HIIL
ca misl s9l5 Ins Gatl *J30 SDLAFRALAIY ac s NLISSTAalDd TWIINEDIL NHuTe TN TT Ly HI7 reeV 203 AwslSAS a2 3CHIT “aN ¥
akdy Ime 9ec 1 AT ARCERIEm 4C CAENC ZCNYamu) SOINL 423914 Amc® *S°0 AUN LS WAANSIAT IANTWYET CMy ¥9NL L WL

Cool A¥R Lldn Wals *Slw “whu) 1IURS SINIRNaLSMD SYLSL 40 NULLYNISA: GAV ASSL “Lle> Wil s2tS Ine
Ssed INCE 1-10ol-a-Clo-S M XIL%sn | “I0A o= I9NTs "UBSNLD anlll 1INAS CNY MO uaty L1SVa 1T J5VHE S e ted KDL ol2%1ns
€201 Vilav "9°¥ a/"awlis JIUVE SNLIIG) €91-20-Cr-Yv s aCiLS HIVE =DV 3¢ ¥ C3AYM D dan H53L olld Ims
455 Ine P OGA NGTLTC ) Lot 2260 *Sac NUTRVIAY DIAT) ISAUTAUNTILINT SCEY NOTLIVLTAYN Gleva 4 SNERS a0 AND TWisTa IEMATA
Thiel P mLun¥a flnlc-EV QUNG UL N ORTASYY OE Gefcddued 223N AHTE NI S e Laa )3t 1€ ine
epsl H¢ AYm fUrocdV VLT EINAENS THa VW Ve UV 3ot L3N Mg I gk JHTTI I STa Ler HY3a eLES e

S ime LI B S U PYLR PREDY. L E TIPS U I B FLNC RS e 1] FNLLhY el %S UIdle LIV 9lLeT
. 6e51 30 9U-N1 NVcS W) aUSSastde Iwitol. sGCali¥wm 4.4 VIVL 1S90 LRSIV Qg »7at st 1S e
ne QeHi 103 9-NL NVCSIVY SE3Alidar d%al 0 SIS0 sUNTa? s531 OV mIVATLINR Qe HIel o219

Lih1 NV I-NE NYoSI¥D S5E3ATID e £ sSvbka NO SES 3L WM FITULY Bas HId1 etS e

ZLL 19ve BAINTD CNINLNTONT SUINOTAY ATIS AAINE Sk b] x4081 S ot

r o PASE VI

RN T o N




-

T - - -
— . - -
- - ! ) e : ~ W RGN SN B e e AP S ot Gt o - . . et me e - e ey —an
-
«
2
2 2
. : g 1
(panuyuo)) °z-9 3(qoy g i
£
. £ a
OQubl A¥w iad TINLES *STm “wWwCO 1I¥nS SINIWDORISNT SU¥X 3L 40 NOTLRYNIVA Y ONY 1S31 °Ld¥ HI3L elESThe —t [=)
9261 1 INNT YIWWE0IGw 362%2C0-B9 *IVNANYR “YESAIE 3 NOTIVAH 30D BUSSIDUMG Y IVE 239402 ININ NUs “d380 9€S ne o
9461 INCT XION3tG 2511761 $IVANVN “YASNI NCLIVENO1INOD S1SVa wikSASHNS INSCUNIY S TW NYW “HASKNE «%9€S Tne ﬂ =
IVONTA *alSND NUTVanOIdnD) JISVE RILSASENS INBLHIIY STm NUR “HISNT 985 Tnme 9261 INNT XION3@ (STI°w°] ¢ I
0861 *€2 INME 39234¥ Y GO-35-STh NOILIVTITVISNI IVNUILLIVN NOLCNIRSE® 80J NOISHIANGD JLYNICH0DD 1d¥ HIIL sE€EYS Ine o uw
ol 1 1lda¥ vWouiin *wiiSaS 111 #39NVY INIw 803 IVANVR NOILVYIVISAL UGNV NOTLVHu30C NV “d3ch oC%S The it M\A um
*i51 3NNC “lod VUNEJ VIWILIED NOILVEININIVDaT w3lSAS ONIUNVY 3AVSUGDIw 40 INIRGUIIAIC *HI3L sT19S53he F.m land
ine 4101 1 VjwavY VIWOBUICW *W31SAS 11} MaShve INIW 803 TVONYA AGIIVIIVISAL NV NGTLIY9IcC AEW "M3a) suUvs &L
SIw XICNIS 1 “1UA Lad YNI 3 “O13NGD madd 1I9mS ONT MIadWN JISVE 111 359+ S ik 1d¥ HI3L #1725 ihe GeL61 INOT 1-108C-9-0Dk- [ 75} .m
L owall SLN:O% NO LB80¢d4a 3kl C1 2 X1ON3a¢V Sanvs TVl AnVhiwl Y336 WCud 1IVelX3 1d¥ HIIL e9S me —
3 XIGN3cd¥ 1 mdil YLNITW NU (ROasa dH1 L) & XIGN3acy :Sd¥%3 OVl AZVYNINI13¥¢ WUdd 1uValX ] 103 HIIL 65 lns SR
W (1CNsecV | mabl QCNITY NG L3Gc=s dri Q1 1T X1ChseeV 2S€a¥S UV AaVNIml 1idd moed [DValX,s Ld¥ H)I3L %S lne [+ I
Y261 AVWE 431N33 HOBV4S3d AITVONV E 11EMLH "C NHOE SYNNILAY dlals Ladle 1IV-)SEY 225 lwe “ ..wm
“le AT 3Sa@3av | 2LC-3S5-STw ADVANIIV G1eNICBLOT NG SoOuY¥3 IDNVCINT SIW U S133443 Jhl U NOTLIOIWAT-Ja 1dr HIJL ¢99S e [ TR}
*3°3 *A)I3xn CF 3 *3mCd SIn 3ni aC3d SNUlLVAICISNGD ADVeNDIV FINVCINS “ldec W31 #2ES Iwe Cool Shl1aaS NCIivLIAPN 95389 =3 Qw r
N ISSTam'sD IVDINRDI4L UIAVD SNIGNY Y UNY RZV0GuadV 304 w31SAS 3ONVCINS M3N v 1dd HI3IL 615 Ine Ci6l " J)3C SOHLITUN 1y 4Y w04 e P
oblS Ine o261 O1 A¥YWN JHO-CCZ-d3~V¥Vy *03d IWANOILINI 4 15A:) miLSAS GAY Lumz)s TORUIS SIw “Cse ONIwdsNi Ny ¥V Zsu NS “ B
546t U} AVR JuC-CU2-03-9%4 “B3e IUNCLILIONGS I3A3IT mIISAS ONY A¥madd 1WA IS STm *Cde INIa3INITNG WV Dja 9N: oS ime
UBLIA 9-08-¢~3S-al £30CABIY WNILLSA NJIONIHSYM SL S se 1531 4HO1Vs SNL 3INECNT Sim 104 )31 295 Ine Coel “ledy SEV
Lol *9 H3aV¥m *L8Ua31% JVUNCTEVN NOLSNIHSYR Ly 33N0G330d0 #3302 AnQ113 STk tor HI3L *[FSTae ]
C AWm ‘iacoB!V IUNCILYNGSIND VIHE VGV NG 1V 3EfCdui ae D3k LKT {14 STe lca HI3IL sCeS lns “Chol &
J2L wl-Ni NTeS IV aUS8S 300 2e INLISIC SCCRIL M m B804 WAVE 4Sal ARSLT dcd Risi ot iSIne 6.0l
k3l el%% ams 201 30 “Lem WANI: Riocilo) MUTLIVINIR s doal WilSAS LAILNT) 29 e le 50 1% -w . 13AGC
Sal seeS law Chel AVm Lce VORI 'STe “mnbd 119,S SiNLalFRESKL SRE s 90 N LAWA T2 - (08 1800 “le~ +
ns piol 3MIT 1-1Ca¢-=-0UDu=-S W xICN38 1 *CA 1e¥ WAl g "SI 300T malD DI¥aS LWV AlachN 2T1SFR Tl 35¥<«a Sim jcr =)3l ecJSY
| S St osey Vaoea 37 RCEIVOIIWA (ANE INdae’ T2A3G3E “M0A *1d4Ceda TWhT 3 %€ 3S9Ra’S3I0NLS miVeli M a Sl 305 ine MR [Tt o YOO
! a "3%hi scxS ima UBtt w 1¢3S SIE CUN $9 A B31SK034 1Weslat *Sihieanbi T aa Sa UaSoze cd SETIL Moy NCHISl AT dw e At 1400 By
2 I8l 1t *Saivresali Tz Sih J3Suec ac SELEIUITV Y NOILVOEAVL We s -k D CalhNa xcrSins Orsl ¥ 1euS 4t TP n oy THA - gN]t gy
blol *9¢ "33 *Sim alis (d:1S) w¥at ,ca ~ HIVE IvAs (8T iSsl 1D01P=% 1S9 «Siee
sgch ths 8261 vy TO-TLL-93-%%1 "Cpsn" ) JIsye 304 COm "7z UNPa: -t 178 F% T TN
Llm S lm ler ko, el Ins 1°1CA 9461 “9¢ aids 5% 1 NICSE T AT TI0IR2 (%y 3300 e 1T 0 0%a Bi%a * Sef L, mYel
3S8=c TSULES ,avolin Sla fue WIal sulS Ins Cebl “w34 "S8TY "Onb 1l S =331 Shm o al tavee 3TNV TYBE L WY (ma AL
¥ ST At 3l 1S Favcla¥om 5O lez RUag eL1S Tne L6T "Gd4 “SETY CINTY SA0SSi *s2s5¢ ST an» L a0 m ~aFe )i e g0 N LW ST Ve
LA s WA a3 thtzir YWraos9 S UNse eIl Can Sk CASUzeumd SHAELEVIOVS NUlIVULATL 1765053 oY Taz “alhv: s5rt ins Crel 9 1219 9ol
2 Cra 3ml 3L SISAIFHY ANV en=Slhe 0861 3NT L-Ce-mi-¥V4 "GN jea 11 “T0A S Teh b398 dmL 30 IS0 ONT SHD 42036 i (NY @
N3z srl 33 S>TSA 1WAV NV #0925 Vs Qe l JNI T 2-Cu-m3-%¥%4 "IN Lle= 1 WA Sim v _bieN 3kt 42 1S, O8N SEE 3R v 30 0T &y
Aus S4p ard 3L SESAIRRY NT 6995 Qe Coal 3N(C L-Ce-w3-9%3 "N qoc waliS 3301 Sha ISRV k1 35 250D ONY ShLgaN s dn, (WY
“N3 Fvg 3 th: ealSine 6261 CV A¥Vm Jvo-LCi-e3-%%3 “Cdz IWLLUTLONM s T3A3Y maUiSAS LNy (¥e = 3 IX%NTLS S Wm *05= DNiwc iy
WL ion s dala ] AELSAS W AT L¥mtes 1S Sim tldn SNE1d3NICNT ¥R g S3a TN 8ndS Ina teh1 C1 A¥R SaC-Lo(-93-533 83w
wibl w33 [C-CLZ-ed4-vv4 "Clate 3 DSV 3Lt Sta “T5a GNT1:3010%5 TVs 238 NI eelS tne
séol Casg Tu-coe ,2 ¥V "l g% 5 500%- ALy St *25a LhbasahiShz ¥ex Sox Chr eedS Ine
vansl Vile? "V g3/ can) Lite~ SNiEIIUD £51-C2-Cn-TVr AN LS wL¥G ROV ree? LIAX1I ) Qe Huil 1S Tme
o hlil sgl5iae Gat D 3NOF "VSRT3 We~LL-03-95 4 maltaS ONEGHTY AV o la 3ML 4u Wime DYAA3IG WO NYla VEN Hiwh g
23UV N Lot dml i £ KluhizeaV Sa-Vh VLl AnvALmi Vd30 mlias ADVaLXs 1cM mOUsi w3Sime T wmitl wee
. Y ONC Lalcdie sm. ol ¢ RiCadacV 1503275 (¥21 aeWAiml dinc alzd LIVaiX! le? RIal 395 Ins ) XICAhades 1 mail Wi
SV N IMlaaa skl U1 L X1ltisdgev 1SeeS B30 ARSAlal Vive @l 1IVzlx. lde R3:L e%S ins ¥ XIChdary 1 mall WONY
APy N7 #99% 1ns Cubl 38 2-Co mi-¥S 4 *Uh 4dd meilS 35X 3 S 0m ITN0B LYY 3ML 30 1500 €WV Sildd%ie 3i%a QWY of’4 294 44, o€ SHS
€09 31¥NTLe « 5 % SAC e FUNVLITS 5 In D S1Jaad: 3mt 40 NULLVIE TVt -3 aca HO4L 958 0as Cool CTE AN 3Sr36%0 %L -sS-STm AJY-
oinl *ve Tesy ! S e 1S) AVaSlen NLLLRO 192 CNY 1Saa 3DEA=:S 1531 0 B9 Tne
Lol Ava 1> Yihis *Slm "an s 1AVAL i e 4 S0l STA L 40 NOLa®E ASA G CNY LS ) “lod NIsi acnh Ims
. S3a Leid Yittk L -89 LRy Vv 20l c 7t ENTRTLErS S TR 3T 2LV ILS s acd RJit sRS dn el AVa "¢ ) gculm dva e d-aia SHOlles
Cool *Ti asts sueacdl %o -35-" 0@ ATV i 3.0 LSl =) he Saczrs 32NT0I0S S 0m 4. SEY a9 ab L 40 N TERE ISP 291 Loy mT 4l e%% e
1 i S ime weol “le: #oN1 ATaS IV SmiAid-c 2SeL 37 SHSal 3 W¥meTarte GAV HA®aliWe |
smzziidge Sila o acuva SHILEVESV s D18 EAVA I Ta0 T 4-AN Dad Ca%i: sot L tns Goel v Loy sl a9 T lLA gHESTl 4 IWadade PN
£-F%-ml Looccar AV L BV SO IRSEY SLIS e 1S3t LMD Y SNICAINION S Stm lar MIIL 8N les vanl *1oiS @ty UniiA S-Cu-
v 4va BaaNs) LAl sNl s S 0 TAT ALLS -gr e ikl J [RIN N S$W» 290,
13 . N . v

- S

=57~




TYNY OGNV AQF LS i1do HIsl #1Sne

2261 AW Sw3iSAS Gru3r2LIY wIlSAS ONIONY Y MIN ¥ dUd SNYIe 3VSP

gLl
CNY TyNITLwN

‘Sl *AuN YICH
‘LI1-3S 40 SIS

L1158 s
IVALTRUN NGLSNIHSTEY S1WSIA 1S58 kST

O/~ "Da0 STULIUNC 23 AU 3 NCISSTwrT2 WD IA-T st 10V SNICNE Y LAY HIVUOSEY 8ud milSaS 3W7CITY %N @
1od »JiL slS ims CLH AW Sn315AS QalaHI1il mnilSas ONICAT ] ¥3h ¥ ald SMVIe 4950 ONV 1§ 20 0oN
12 UNLI=33aNioN3 Sim Llao hHi3l #2%5 ims ool “1e3S S8V 1 ydllA 9-Co~E-9S-ml lelanliV

331 o975 ns LA 9261 *$2 w534 “SHEY NIGONIDY ACLLIVLI WA GNY $S130La IVDELVNINLYA * $S31GNLES HIVSIL R Sin LdY &
Ine Seb61 *S AUN SAYY NIGUNTY $123343 NUTLD37338 1°4d SIICGNLS SV3av Tvdl1i1%) 6Sdl 1d% KIIL e6S
HAvalliNm S W Loa HIzLl s0ZS ine 0661 “ba34 °*Suvl *INIY S3FOINKDI3L SWw dud 13Cum IO NOTLVUIIVA ONv iwolAQ € 3SVHO "SCLS
g "S50LS Hlall Wi She laX HI3L eblSIns b4b1 *2dVv “SHYIONII °S01S INIWINISIW/NGILVOI WA 1307w NDIIVEYcLHE CAMY MalAB3IAL £ ISV
$3ICNLS Mavellifm Sim dc¥ HIIL s01Sinse 9L61 "wid *SEVY *INEY SINSSI “ddde SIw Ad¥ Cx V3GOw =1ValiWim 3G NOLR¥Il Vaav :[1°0A ¢
. 0éib6l C1 Avm JBC-CO&-33-9¥v3d “0is IWNGILINDS T3A37 W3ILSAS ONV 4¥mold WHNSIS Sim 3% INISISNIONS vod C3¥ 9N3 e0lSIm
w261 AINT w3lh3D HMOz¥3iS3W AIVINVT VTI#Tr *D NHOF SVANIINY cl¥IS Qeadlw 1D92LSEV 225 The
Osol 02 d3vJLd) 1392C NVlc NOILISNYZL WalSAS ONICATY JAYYCc)ln 695 TRe
w1061 INCT “low Yenid ¥1a3dlia) NOIIVINIRI ldm] A 3LSAS SNICNS T 3AVRCADIR JU INIRcITIAIC *KHII1 s1>STins

V¥V 3 00L-Cav m3lSAS SNIUNVY JAV“0ADIa VENEZIOR 89S ins
85T INAT "V V"5 9¢-20-03-993 nilSAS SONIGANT Y 3AVYLodiwm FHE 30 EINInoTI5A3C 4Lt NG lc YUNULLVN 1d¥ HWI3L «l1S The

1 AINM *g5’) Jallm d€6%aim SLI43N3h CNV SNCTEIVIE1aa¥ m3ILSAS ONICGAYY 3A9M0edin Lom HIst SIS Ins

Ste
le3 331 #S1S Ins
SISAIVAY (AT AQNLS

A 93 HIsl #89LS ims I°WA Jeel *62%6ad “Sdv ) NIGINEY NUTEVCTIWA CAYT STalCm 19)1LVRsriVa * SIICPLS WiVellMim §
TSUlS Hlvailide Sim o Lob RT3t sLiSInse Oobl “H34 °SHYY “INIT S3GGINLISLE Sim #04 13Cum 40 NCELVCEIVA (LMY LlwmalAG € ISWRCe

v o3S¥ma *50eS mic. i We Ste o lde <13l 3015 Ine 661 “ack "SEVITUNTT "SCLS INSAINTASa/NGILVCT VA 13Gua NOTLW9%clze CNT %5 [ABIAY
SIUA S ITUILS HLlSel itw SIn Joo ko2t slis inae 90l "gad “S6vl “ONiY S3NSST “adad SIN Aasx Gl VW4CLm HLIScliINa 40 NMLELEDI T Tg0% LT

i3l e5S Ims Sibl *STAON S8V NIUTNIT $133443 NOIL33V44a ["ho SH0Q0LS SVI4Y Wil LIwm) dyap Le>
ML oL NGILVNITA L 33 lek i3l €995 1ms Ob6l *1e AT 39rzaV1 9LC-539-Sla A2Vald39 F1uniCeod) NC SBI<ms I0VCLI0YS SWm 22 S133443

rdas led N3l ees ins Cool *xZ NIT 390187) CC-oS-STh ANDTLVIIRLASNT IVl TLv . S 0h1eSwe a73 AGTSa3AN 5 51 WIN[C
Vults “hae Hosl $.8S me Jus il CN[ucS NCTavslASN 3Ceadv il 23739 *ATIsW "f%g *3nCe Sim L ol SACTET-3CTIS% I AV~ 3% 3N
Loz =321 eLls e FL6T Tasa SSETVOCINLY S508ST1 Taria S o Ald® L1 13Cle MLVCILINA 30 ACTIVUDTece® STITTCA SIS HERc Lt e
L 82%¢S A Ceal ONE=ecS Nulivuiren esr% b T0%3%3 *aAViow 00 *Iele Sim ML aJdd SN EVA TS LD ATY -0 3D9 3OAXSCHES Tla¥ kD

B3l (N oty St oamg 3 STSATENY MY sa%5 lne CedT AN (~Ca-mn3i~%%3 “0CN taz 11 "ILA Sl TENTHIVN <mi 27 1SUDY O%T Sh1 #20

L (NS s Cas oake 20 SISATUNT NV 6Ly dmse Ob5ST sNEE ¢-CA-ma-90s "Ch Llem 1 “TLA SWm 09% 1% 5e1 50 1S5S0 I8NV S UT sk
Nag ikl UNT e oz amlo g STSANUNY WY 2990 dme Obol oM T £=09-a3-%¥T4 "N L10Y% malS J3x3 Sim MWL 11VN 3k1 30 2SJD) U%y ST

DOFLEAluAt s Las FUtl %S Ine 0821 Y€ FNAE 32a36%) CO=35-SWIn MO DIVESNT IONCHL 5% N IONI-SP® a0 ST 1SB3ANT

NIRCLV3A 5, THI4L el9S inse wi61 SNGE "Llon 19NI3 WIEaL1¥D NGILIVINIas Taal ad0SAS ONILTY ) 3AVSL1)im U L

Ia%s INIR N¥A Ce. »re S lme Bebl 1 ANT vIL=0Mlm 36292Lc-397 *Ow TalVLL O3 NDILvades LSS It VUWE A

VBT e Nws TZlL) 8%t Ims 9161 FNIT XJChze LSLIT6°1 * 9N, TN EGWR St Y DISVE i hSASeny 3%

wua ¥ JIS¥w 11i 35¥ea Sle lde R iL 8llN s 8261 INC 1-1CBZ-%-Cle~Sin KILNaE 1 " ILA (e 188l a "1 3N05 WG TivaS CAY

1% 1w einl INCT U9 3/7°1°0"0 milSUcaAS mi = z¢ 1tzae i Y13A58 SIm S0 lda m)dtl ek

g ¥ le AN Lidh ler Hori el lS ims BLAHL 3NIT *V 9 3 92-{0-C3-FV 1 milSAS SANILATY 3Ay=ia)la IHL U INIk. 13A 3

. Shod4sd Ak 30 N BV INASI-34d Lad »T30 6525 Ias OAST *le AVLT 198:26% 1 &G0U-35-S U AdUm 520 JUENIC*) NG SadBoei 3VCIL Sim g
1%ev #(Stns SiHL AMW.C wadK3) HIRVISdc A3 1ehd ) 13w e 2T N SYRNFLAY dlnts Ju)le UV

YLz lle Loz Hisl aclSine witl AWCO *dau) 3aiim oenVala S1lasihvum UNY SNUTIEDEYdaY m315a INTAUNT Y afN

- N CLTL-L8% du SLBAITSRY LNV AUILS Qoe Hul e1Shas 2460 AT SwiiSaS GBLA-3IT1 wILlSAS TAICNT L 3% v B304 SHVIa aVSO UGNy VENC 1

CY'V s CUL-uoV malSA, SNICNY L sAvVeuedia WACTLE 2945 Ine
eol AT agih:) nlan,% 1 AJICAT T 113% H 0 ANl T SYUANIINY gl d1S Cadlih (DIPELSET ol Ins

. ne LAAT *NUT 1-NL N0dSIV) SPaAbdsta £ 3S¥me N SUS 3L TUNILLICCY B> wd gl €S
IvaLXs Laa HiALl 8¢5 ins 1 wdil SLRIOY NG U%Ucsm 4l UL ¢ Al0N Tac® S¢1eS vl A=NIrl 1400 wlm3 |

1IVvalXx;s lat HIai 35S Ins 5 AIEN3AcY U omall VONGAY NG Ldda:e anl (1 ¢ X1Lh 00T 356378 uvdl ABYALAl V1349 wCod

L3¥=1t: Llagn K33l 39S ias v oxithdcet U mill WOMCOY NG fvoess W) 51§ RGN s0cd T5¢4%S J¥D ABSNIaltidd wims

AVl e St 1d® M3l ¢01S Tme GEel "Ha4 CSEVE O TONEY 350851 tanaa S Asw Ui Vsha HISC LV A 9D NBELIVDTNe4 UL WA CSII0rLS

LesT Vea¥ besTi a1l S0 eva “HRIVW malSA; aul¥0LE~4NT ALIST 2dac st Sim A¥a L dVm e g5 1ae
“Gonl b A¥R *1AUGHIV TONCTIVASHINT Yo T4CV TIhe (¥ Inrus,uae ndsk) EnST T8 ST LdY #3401 oCtS lae
T WA NLHLEG Y Galml 2260 "Cre, st L AVIAT YEATL VONCELIUNESINT SCIV NOBRVCTTAWE 10UV 9. “NLES L ML O IWEAYA T¥CHSH 6575 ine
Y0C j9ve BIAINLT SHEATSNITS s SIINGTAY ALTSalATRE ulky bl | EIN ) Stm 1414

s bt rRAGELGABME

savoll O ¥ FURN L. IO o

S

.A15 FAGE k3 Bh.

- crones amr S

—r ~— - — ~~— - -
P e e e
‘ — ) - - - LRl R o S TPV -
o
b
V!
o
{l
*(panuyuod)  *Z-9 3|90y __
!
N VG800 ilm 49292Ca-89 “190AVA “IN[VR 40SSIJ0dd YIVG o3iTNYs INIR NVa INIVh €€S Ine 8L6l ‘Sl °A N
L2601 VI¥aY Q2ST1%a*) *10CANVR “ANIVR w3LSAS dulVO08aIINL NUGISEDIna inG Stw ANVw “INIVW oGES ime '
@ 1 *IWOAYR TEINISR W31SAS ¥OLVOUBEiIINT NIISED3dd 3WC STh ANVm “ANIVA ¢5ES Ine L£61 ldevw QLSTT” ﬁ
g6l *s1 "ACN VI040idw 19292Cd-t4% *I00ONTA “INIVA BUSSIICUa VIVU ¥3INVA INIW N¥m (NIVW SE€S Ths !
310w 3492%200-69 *IWANYm “INIVe 305530049 VIVG H39AVE INIw NVm INIVR t€S Ths !

P oye- Syt




- - —~ — s ——— ——
N N - . on s Tl b Tt AT XA B SRR et MREE MWD A SR T oy a s S T e ]
3
*(panuyuo)d)  *g-9 3jqo) 3
W i
Dy
= 8
S ONY 9. %S lne Cpel aNil & fe-m2 SV 3 “ON jea ) ..c» Shn VN JIUN IS 30 2SUD UNT LI TSataE gmy oty rd Cae gmg sl SPSAIEN ”“ a
Y Wt e nline Ceed InfH 2-Ub-a= V93 CUN Lo amS TAXY STA I8N TUEN gkl 30 JSUD ONY SED 490 sy 3ma (LY 309 fdd i) 9. S1Ss PR 3 ®
YRR 3r lobd +J3k #%%8 lns Crbel T A UE 3Cespv ] Y0(-39-9Tn AUV DOV 31WN1Ceau) Mo LALEEs 40w il S ie fu L1 D33z3 3kl gt W] M =
AT v resEV T SLU3Y-8S In ALV ANDLY s ivMILTIL Y KNG Sl ed3 3UNVOINT S dn 0 SED3435 amd o3 RLTEN! ISP 3-3e lea “L3: et \ne el .ﬂ. 2
Y1i 15 dne Cebl v ahfif 3Cedp¥ Tl W -AS-S I RUTIVTITIVISNTG TUNCT AV K 3t M IHSY SOOI aIPNGS AIRNICENDY tdo ¢ k4 mw
cwd LB G0V WENLTEVA WUl dests® L it e 0051 R8s Lo desal)iha S dct mJ3ld 8¢%S lne Crerd “1e3S SRV UmddA ~-lk-(-%8 - 7]
a6l ' "33 C80n £1d He318) wvetlec Mo Tavi WAE LNY 4T z. L 31Aea 1531 a6t S Ine w ~
tebl B 1c3S ol “Uh 5% THLA gt Ttde M ed03d CSIRFR3eltior Sn U cclae SITAN NGV NUIATTIAT 4x 230 Lot 1 "3 Teth3 set®ns n ,M
1t Ine (rel AVh jed I9hTd SO0 “rnc T 1ITRS SIn:mfieluhl SVALE 45 N 1,ui 35A3 (hy 1834 *1¢0 wI3) s e}
Tee® vaali®e™) *0Ti%n "5a0Va mn3l8aS « 43 0 6a3IND WUIST 2300 GRE Som L%m *ihIVa 9C1 S Tne iabl N ~
Sell7u™] P N0hve T eiORD el gtentl s bt o 1SALEDS G e]F Clm hTR "edSN] %4 ne SILT IROT a1oRgE 3 4
vebl ThloeS RUTIVOIAAN feevl T 2T4T5 fANAER M te AL STn 3kl ¥0d SHUBLUVEICTSNUD ARSI LIV SDNBOE0Y Cace b 3) sct€lne 3
Cy b v fableeld IRRC NIV WO et e (% sl e g0l 6o »DokD (el 1 Mz CTn ek w38 1S Tne IYT3 ) < mw
r fic calY PR IaThesIND VErciI0e N ine UV sef (=T e »lakT aR 1Y S acr mL3a (55 Ine Tfecl 62 A% a0
PRI TN SNVIEE FEL A E R Y- T A RN N R RV R IR PR A SN N S L I T 1 S "Tae LNIFI3nI0RS T3 T3c TNE ancSime tiel O1 A% N R
Srel Tedd V-fti-es V84 TUIHROD 2 10ve fOd S “Ta0 (AT EaaNItNY TVS T30 fha et ¢t dne %3
LE¥mo . dm fce ~1: #0l% Ins bl chef 3-liw? roa20=C0k AlLtor ) T UM sce Whs CLIINGD meld YiNRS (Y S mash S1STE 111 u “
I " f dae Ihla CTlahl T mw 3 18RS ey FYN UISVe I 34%ed SIa dce D31 #7¢S5na tued SW0F -1tk e2-006-% Tn 31Nt
[N SENUE S VR IRL 'Y SV R A R R 2

IVasH1dh ¢ S310F 1S Hivegllifim S an
=1 et Ine Cetl *833 “SEvY "ONID Saf 2 1%eD3y Sa
wkayu_uﬁxy“.r..«’_.«»mzn_,<_>r~W»qra.wﬂ_wr.nn“._ﬁ,ngy
_

Ve ¥R daloe AUTERLY O ¢ (MY wzlAgsAl € 3S%ke TSCES mlelrIlm §7m
bl N0 NN/ 10 C r 1S LemAS AVETURe IN3mal 12730 S
1ol 117330 30Ch VKL ey S

IR e e calV (LY Syaab vl 11eDt
Jdeid U Sie 905 tme
VRS L e TzAgo T ILA fom cae BSNLa tE dlvhetSat Ot

CHRITCLNHS S 4D Z5vellts dce mTz ozed The

{10me Geol “raa "S5tV CIN1Y Sar €Y1 C4zac 4k
Thafm a0 no3av5 0 deey t ) 1700 *S370LS rmiveli il n Sin
ML A AT

AT E A N R
INeid My $n

CEel AUN _clln

* 1S Ans S2Ll AT *aoll 1c)lm

Siel AVm 2Ll seliwm

«2861 1 3lrey vhcauile fRILISAS 111 wITKYE INGe
s 350~20c-by CIVLNYA TEISMND OB v Jivresef el$%sDlbe VIVL w=iWVY QINIR
PN X ellUR 39¢sdue-Bs CIEMNVR TN VR eLCSaS0Ne VIVL r3'hVa INIA

vebl 07 638U13C 19%¥C ANVIg Aol TSAT AL m_oQSAS ONIUNDT 34
61 3tdf *ic¥ Ivhla Viedlldl

DLV I

Titit smsden] p31SAS CNIONYY 5AT*LEDIn
TF¥T G0 eV maiSAS TNIGNYD IAVMUZIIR

BILT NOE "BV T ool -Uu2-SVa w3l SAS CANIUNYT S/¥MUT)]m
G deilw BEo9ELR S1hadhze ONY SSUT4v 0] Taet b 21GAS SRICAYTY 32VMCad1R
61 AN pIINID FIgv3838 ASTUNET cigvlrm "L heol SUYANIANY d131S Callw
v8 IVOL 1d¥ HIIL sidSinse 46T *Ave KVOIHDIR
1°70A 9261 627833 "SEVI NIUINIT NUIARCT I8A CAV S130Le W3 IVA3IHIVA
J31 #1LS Ime ‘16l ‘9 Hlovm

t16l U 1oe¥ VI adIUm “RI1SAS 111 z29%do IRIm ol 3 Tulinge

wlol 1 aNAF ¥ X.r010m 4605¢0g-€9

4261 1)boV viS11 w"]

L e Gi6l anil ylih3e ts11t8°1
BL6l ‘a1 *AON VB 10m 392570c-8%
FIAY IIAJL TWNUIIYNBIINT SCIV NCLIIVOIAYN JICTE 40 ONDIS3g NG

CIvONYR
AT oTN Y
LIRS
MRRYZ TN
v

le¥ KFJU31 297SIme 179002 951 *¢2%w33 *tuv
203 33 40 RCIICUEIRA LAY IR IFC £ 3Y%m0 "SuUY RiVeld Vim Se |
tak +531 0SS ine L=l Shog TSevi “UNDT S0t nemDd.
lot RU31 0415 Tre veel Tcev TLel it Y CY(S joecsh)gsest
CLti lor RT3 st 1S e
U0 loe +231 2a+1%ns

Ad¥ L1 500w kixeidI%e 3l NOBITLM deew P LA S

! SIICMLS I Nely M
bee » 730 =C S Ime veel “vorx “love 2007 C55S] "4r3e SIm A
2 ~IVRl St Jor =03l sE$Ins Letbl AYR Tenll o421 =ML 1 4eSv-2
€03 Tallm AL AUIIFROIITA thy UNAr el 3230 C) CTILA ¢

48 c3z VEN)F %

LR TSCINRDAL S M a3 130 e 4L WLTLRCTIEA
Vell®lE-c™ hYTe 1531 TSNTILATN AL IONI=ST» A¥de 182 #5%5)ms
rtLtrda SET 3R 3 CNV SNUTIVID TedV wW3ESAS ONICNYT 3Avem,eslm 1o
akd 2oBS-rln SKNOJLDTBISSE ONICTINE 12lerl¥ UAY SV32% Wi Lle0*
s FMANT A NUTARIIWISANT UGNV NOD AV 2300 AW " 23¢0 3C*S Tns

h¥h “Fzcl #v1SInse LCPE 3 I BEFTS T 3 11173
¥n ARN1VR S ine Fiol *sl

EEA AT

30 thsmdo 13230 *hU3) 8195 Ine

TR0 2925 Tnse

3L 20 103RcCI3230C Bod NVIe YSNOUTLIUN Lo #2331 s/ 1€ ns

1 hI3L e¥1Sne sibl AWM e

1)VAa158Y #27¢ Inse vi

AL TAING/ONSmAl D SOINDBEDANI AndY °S*M AGHLS SHNTUIAY dhoudsly OGN

¢ SHICRLS HURe]1n SIw 219y HI3L 2925 Ine

fl¥_CElV IWLLIIVA NOLIUNIPSYR ET ZEN03D0 ne 37340 IMT113 Sin jcu W

RLBETIICISNL (AT NLTIVH3d0 AUW “2300 (%S Tme

TEISNTD 3 NOTAV e3¢l 8IS 3008 VAVC £4TNVE JRIR ANWn *N3dl sY(S Whe
CTANIYA RIISAS SLIVOUYBaAND NCISTDI80 3hC ST ATR TLRTYR #5(S e

TRLISAD NCLISRITIINOD DTSTE mIISASES Ihc FUIY S tXe CHISKN] e¥f

TANIVR BUSS32060 VIVL B3ITANYE TNl LTR INIVA 26¢S The
IVCNYR 34¢S Tne

>t

1T 20A KWJOLING3 Qalkl 2461 *2w0 NOIL

AYD v NDITEVNGAAND SUIY NLDAYOLAPN CI0VE 30 “N1LSas NO IVNAYR VDAY R o505 Ins 1l NUTLIDGa CulMl Zeol “Unl NCLlIviAY V)
w AR3.5AS 111 ¥ITNVE INIm AUd IVONYR NOJLIVIIRASN] CONT NLYTIVe3dl NVYR *radl #G%S Ine Li6l T Vlect ¥I0X0HD
SCC e -8 *IVONYR "¥ASK] T NOTIVEIdL dUSS3506d Pivl B2UNYE Jhlm WYl “Bicl 99t S 1ne 261 1 3INAT ¥ 1.0010 3
wib1i®e*] “TVMAVm “INTVm RIISAS BUivSlde3IND NCISTILS26 3mnC STm NVR CUNITR 0585 The 116 11¥ev
17871 “IviNsm “EISND NOUBAVAr ST an0D DISVE wILISASENS HheCunl?® Sy NYR "2iSND e%tS ine G161 AINGT 210N3E 281
0L Juvd B3IN3D TAIYUIINIONS SUINDIAY AL1SesAING GIRO o] X3CN) [ PRSI

Bt g . e s BT WLEe




"(penuyuod)  *z-9 3|qoL

UNda 1 “IA Jdg»n YWNI3 “914NCD wWOD VI¥YRS ONY MCua¥N J1Sve 111 3Swhka STw icl HIIL 6125 ke 86l 3NAC (-1CHB-B-CIu-S W X1
¥ CONL) S3INCINW3EL S U4 1300w 40 NCLLIVALIIVA UNV INdIAG & 3ISURda °SOLS HEIVAILIOW SIW Llo¥ HMI3§ ¢02S The 0861 934 S8
CSGLS ININ3INL 313/NOTLIVCT IVA 300w NOILIVIVEOZe GNVY MITANIAD € 3SVhe *SGLS HIAILINKR ST id¥ H341 4615 Tns oL51 "BavV "SHVI*INLT
4 3300w U NUBIYLIIPA ONY UINIwWa0T3A30:T “ICA “L0cdd VINES ‘€ ISUHGS3IONLS HLIVAIL M STn $LSIwe *SINBINHIZL S uC

L2161 °NYC I-N1 NVdSTIV) S383A1353% € 3Svhe NG S1S31 TWNQILIGOY 1d¥ HI3i *€Sthe
U6 *lad I-hi N¥CSIVD SuIA13D3Z 6SeL 3C SISIL SdNVRaCidia OGNV HIVAELI0W 2d¥ HIIL 215 Iwe
NGILaTEDI06 GhY ALTIIBYIIVAY ¢ S3NTREL 3Bw3c 33%WIVol lod HIIL oIISiIws
130N SIn 1dd hual eJIS Ime 961 “wad *SEVI "ONIY S3NSST “383d SWw A3IX Of I30Ck HiIvalllw 30 NGIEi¥3flady 11°0A *S31CNLS HIVel
Osol SN{3a$ NGLLIYSTARK 3Ce39% 3 “273%3 *ANVIA °F°Y¥ *3khCo SWe 3kl B0J SNOTLVA3aCISNGD ADVENIIY I2AVCINS “1d¥ kI3l «2FS e
€461 lkdy "V Vv 4/°0nU) OIGWY SNIDVIUD €91-24-0d-¥V 3 ACI LS HMivd HI¥CudeY C3IABLD fda HIIL #1725 Iws

a® 1 oNE Y CSCIS INImINLa3Y/NSILYULIVA 13GUm NGIIVOVaZ2d ONY 2IIA4IAD € 3SWnd "SGLS HIdIL MW ST 1da #2311 sSTSims bttt “dav °§
IVCNTR IVOATR 8505 Ihe (1 0A NOTRIGS Gelni 2261 930 NOILVIAY TALID TVNJTIUNUGINTG SCIV NN IIVTIAYN CI0ve 4C SNI1S3IL N
BUL.a *m3iSas FI1 4398y INIm 804 IVDNVe NOILVIIVESAND GNVY NGILVHIaC M¥R “a3dC =0%S Ine 4261 1 Miwev ¥0
L5611 SNCT ¥1¥6a0L0m 3S262Cd-69 * IVOANVYW “BISNE 7 NOILVYIcG w0SS3I0ud vEVD odShva INIm NVR “=3cC 89¢STne
SAS Il #iTAV2 [Nim 404 YWONVA NCILVVIVLISNI CNV NOTLIW 3300 NV¥m “d3aL #0%SInse L4861 1 Tiuav TI0ACIIN ‘it
ey CAWRNTR CEISNL T NUELIVE3IA0 a0SS3J0BA VAVL WITAVE INIm NY¥m “d33a0 *5ES Ins s2e1 1 INCT WIWADLIOm 352ScCe
0661 €2 ¥3ELLID 14val NV Id NUTLISNYcE m3L1SAS TAICNY Y 3AFY <3lm #5% Tns
. 0661 ACN s8ilw SZIOCMCB-6% AVId 1531 IOSNSLLIVY YLECAI=STEY A% 1 1S3l 8475 In
LN TR T geol *S1 "AGN VLB LLe 490920 "By *ITINTA * Lt %m o059 5003 FI¥G mISF 2 INIm AW
la+ HIsl xS inmse 5261 “GCACH SEVT NTUONIY S133143 MN0ilualds- 1%01d SaICOLS S¥iev VIiiiad wSal
o6l *11°530 310N TRALTLIGCY SIm 930 16% 33l e%15 Ine
Slma” 3 Wlitrnuas Chuva YNIUNT D GNY hIVoedeV ol ~a2SAS FINVRCIFY M3N ¥ foe HI3L «S1S Ins ULl TLIC SAILACEN e Y 14 NOLY
Hls1 elS ins 2ebT AMIT SA3LSAS Gro shsLE) mILSAS SNIONVY Myh ¥ ould SNV 1¢ 3§SO UAV IWAGTLIEN *211-0S 50 SISAIVAY (AT AGI .S ad™
@ilS5i%9y WWar 11 *SiINsa:2ii 8 Sle €3Surcize SalLPNEDV S NOTEVSLAUN TV 3 3C3d-NuN Oda “2ZON3 «olS ine Cenl 8 138 Sz1 "(N S% *us
(0349 3ONPLLTL " hcs w33t 285 0ne OE61 SNInaS NEHLPSIATN 3Ca3RvY D373 *AlM3¥ " o *3aCu SHa 3hi =34 SNillLRrITLSL) ADWS
Ll Qelrg Jeel “Low NUBLIVIAY VIATD 1eACTIWNCIinD STIY AMGTLVCIAYN LIGTR 30 SNTLS3L ND INONSH IV vim 3505 Jne 1t IGA A
Ins Conl s&E 0 (-CE mi-sv g “ON 2a® [T "3 SOIm BORCLLON SkE 30 1SUD CNY STE3INIE skt CANS 234 232 313 40 SISATIVALY NV sw oS
Tns Cwel K0 (-Ca-m. -%%3 "0k dox T WA STn TUNLILYN 3RL 40 2S00 OGNV Sthduhids gkt Gav mMU04 Sse arl du SISATYNY NE ertS
LX) Corl S8%T o-Cr wd-Svy "UN ol mallh 5353 St 19NOLLVS TRy 30 1STD ONT SLisdhza grg (N5 mld T3r dnl sl SISATRST W% o935

Cunl ALN galle H2000%CE % NV ¢ 1531 TUNCTEVS NCLONIRSE® NV ic 1S3l 5595 tma
wrsl PR NI 9UaseT L Gum s LS e NUIER TIPS TN LLYN NOEUAIMSTS ada ANJISESANCT 343N IC T .0) tel HIal se%5ae
veel “larh Smel LaplA 7o Ld-€-VS- Al Landel¥ O WWNGE AV AGLONTESYY SLTESEe 1354 EwT1T13 SAT-2501 9N S iw le- =):1l o295 Ine
“niol Yt KAV ‘ralonl® TYNCLAVN NULNIRSYM LY 520030083 )3k tHL]1s STa Ler mual slES ins

I~Vis milLAS W arm 3, le bRl a0 AN e 1A MG 80 8 NY g TENCTLTN Lda KO3l €L 1S Ime 851 INTF 9% a2 ¥2-4i0~0
SmalSaS G A A31SAS UNTLNY T AN ¥ oeug SRR Ie VSO OGNV O TUNCT QRN CZET-0S 20 SISARNT CAT Gl LS fc: =31 =215 ins deHl AMT
Gl a Lie Sim Xlhia 1 " A Qo™ WK1 "T14RU) nwrl) TI0eS CNY Mo 2davs JISYE L1 3S9RG Stm L™ H)sl 82725 1a> CYLY LTS S ]
Ja/N Jav IV, bal A NOTEVLVa .10 UNT M TAe AL b ISVYRE TSGLULS HEdTi 0w S fen HO3L ec 1S ime el "neT TSev TN TSCGIS iNce MDY
SBeS VNI IRNEY N LT TR LNV S Hdlea MWDV A SLVER Y SHILMLS HIVQILIrR ST leb HI3L €95 s §°WA 951 ‘e twes t
HodLl Sle oAt Tl e an NIT LA LMY el VAL 1 385Vme TSCLS HIVeIt e STh Lod RI4L ellS Ins el e "Se7 ) otunE b SO

“lad 9 e NV

Voo osaarit gt MLl b S1Sya g0t

Al fade GNY REVAE1 MWm lgd HD3Ll oc TS tme 9l

WLAL “ma: Tuee ) TN SalNN L Caace S Ay L 3G e maVolb e s o nlIWIEldaV S1iT BoA fSLIUnEs ~LlVall e Sie o Lda FLat el 1S s
oasa JL dovewm RaSeibive #0 NLEv s ace® SEETWA *S3ILHLES Haseilihn Sim Lex M3t oC01S Ine VST Twas TSV CONDY SH00ST Tadae S
WA CRY A emc T YA el LA e e ol dFN Lt f SRS CREY HLIVal i i St eSS Tne SO INm L S he ML TEICTw oz L NSO

L B T ) 2385 h=a IRLIZH0 S00WTL W ~0d VERG 1S 4L Ak 13 dox Hosl eciSme
ins Senl AW “deld salle S§8ovMin 51133833 CNE SNCTIVIE dac¥ w3 15aS ONICNY ) dAVSUA IR J e X331 e9lS
30 31VetIS ) Ja: ksl er ime AVe “daa’ ) safle 3HL L9FY alwm SNULIEDT2LS +e CNICTIGW L9 a™ly CAY S¥Wic® Y8314l alt ORI C¥MS $In
n asul LTS A Eiol 1 Wdev SWeulon *witSAS 1I] 255ATa INTa ot 19 RTa NUTAVYIIVASNT ONY NCTI793ed W
NVa “ndd ®ssc> ae genl U aNOC FICRGIl e 49525 ¢0n n'e INEAVA “810SND 9 L 1. V=30l 2I553dun¢ ¥IVC 81TVa INTR
ke tns BZhT *SL "AGN WL {Um 49¢5C0d 80 SV Rsa “ANITR 0SS 5. e TLPL A3SNEA4 INDw NUn INTYR o
EPdut sfat 5 mes "% MICONTEY MLELVOGEINA LAY ST2CTh VD HLvmaRiTe * SIICHLS mAVUIL 10 S lar HII) 29¢Sime

(5 ime Osni “ba1 "SHVL *OhId SICINEIaL SIn 50 WIGTe 30 ACLLYGL WA GMY (ad VAU € 35Vn0 SSG1S MIVAll Ve STe ta1 431 oC
S lme Bl “aev NI Ch6ay INGsRNT A da/%Na iV L WA BTG e SSTITLTe I GNT MalASIA L 38T CS0LS Miall Wa SIh Lae w241 enl
aLly ine el Tods CWhW D CINTTY Sa0SS L Tdate S o AdN TL VAEw RAVcil MR i NGIUY)L beaV STIC N, A S alulLS HiVolll e Sla 1dy M3
1% ALvaliloa 3 im 2.5 ne SO tl Sin ald 13t 3G ONCIEVAE WA CAY abdwma’ V4AS0CI L TI0A 15 it UMD R 3%7440SIIC
¥ NV enTh ine O8al ANIE £-Cr-m,-¥9 3 “UN Qe T CT0A Siw 1OALTIUN amd 30 1Su) UNY Sifds% n 3HL LKY 90 Td4m 301 30 SESAVEN

WG 49V e BaINID ONDIMadt Iy St AV ALISEsAING U1k b} xIni Sim 4Hly

PRy

-60-

el
s_——t
A L Y T

[P

Hod Gt

v

SPA

-
A

-
»

8

P




“(panuyguo?)

"C-9 2i9el

w
j
M

-
a
T i
INIULIte L80anly ONV SU3AY I¥IL1LE%.¢ ONIMLOVHS St 30 41VWILSs 103 HI3L euS The 261 AVA “dBUD sdLle IHI L96F-Uim SNOLLiJl3iS3q o H
NU L8038 3HE JL ¢ XION3ICa¥Y SodVvS uv)dl AaWNINIY3idd wOB3 L9134 Ldd HD3L ¢9S Iwse T w3ll waNsTw B ¥
G L8Ucid 3HL Ol 2 XIGN3adV :SdmvsS D¥I1 A¥YNIA1Yadd wO¥3 1IVs1xd 1d3 HId1 55 Ins J XIONJaaY 1 w3Iil VON3SEY N ot ¢
LL61 "NYF [-Ni NVdSTI¥D S¥3IA1303n € 3S¥Hd NO S1Sd: TWADILIGGY i1d¥ HIdL €S ke H
U LdUd iy IHL UL 1 XION3daVv :SduvS OVDl AYVNIWIV3ad wOnd LIVailXi lon MIIL %S ine 8 XIONJdaV 1 w34T YONIOW & -
N3N ¥ 804 SAVTa 193N LAT WWNCELYN LT E-5S 30 SESAMUNY UNY ALOIS 1dE nd34 1S Ins ZL6T AWM SnalSaS GACAHILIT w34SAS SHICNY L 3
1 "1di4S S99 DULilA 9-0b-€-9S-ml LBUGuIV TUNGILIYN NOLONTHSY™ SENS 5 LSIL ARSI 13 ONTa33NITND Sk Loa HD31 32495 lms -1 -
1dy HI3L 8BS lase SL61 AVm “guC) s3ilwm dHL L%e9-bvlaw SNCILDI%iS3d SNTCTING LaCa? 1% OGNV SWuv WDIL02D* SAIMUCYHS SW 40 F1vml (1S3 -4
Y161 AMIT S83EN>T HIUHY3Sio AFITNYT 113Mub "0 NHOF SYANIINY ol n1S Orlim ISVZELSHY €225 Ins ]
. 0861 ¥ 1445 21 “ON % LA ¥iLSIS3 WvaiCis *SUhNsnsdINf03% STh C3SJY¥addd SITLT ALV NGTIVST AV, Wel0T3~NCN B3n *39N3 861S Im % .
N iaa i1 “WCA STw IVANLILYN dWL 30 1S9 UNY SLL43INaw 3HL GANY 3.3 Dix gkl 30 SISATYNY NV su-Sine OB61 INNT L -06-wi-%¥V4 °C e
ON ada 1 " T0A Slm VNLTEVAN JHL 3L 150D ONY SL1T33INIb 3HL ONT H04 033 iHL 30 SISATUNY NV 8.9 ‘s 0861 3NNT (-08-mi-¥V4 * J b
lad wal'S J3X3 STa TWWAGELYN 3ML 40 1503 CANVY S1I143MN38 3WL CONY NU3 252 dhl 30 SISRIVNY NV 2975 Iwe Goe 1 INCL U~CB-ad-v¥4 "ON .Wu
3 *SINIn3all 033 SIm G3S0ucCad $S310311093 NCILIVITAYN 1Vd3Cis-NCN Cda “8Shi e0ES lmse Q841 8 lod G210 "CN &% *IGA ¥31SI193d 1YW3ICI 1
¥3 D33 IN3 855 Ins 6461 Ol AV DJ80-0UL-d3-vy%4 D3t TWANLITLINIY TIA3Y mILSAS ONV UWe c0g WARULS Siw "Clw ONTHIINIONT ¥ )
~00L-a3-9v4d “Oao VUNLILINNS VA 3T wmItSAS GAYV LVR8Ga TUNSTS Sim "U3> NEFa3NTUND ¥V 3 Dad NS s€dS Ima 6i61 Ol aAvwm JBC
LIEING 4 13A3T w2 iSAS CANY L¥wal4 TVASES Stn “CdW ONIN3sNIONT vvd C3n SN: 525 Twe 6451 G A%PR DJBO-CLI-%3-¥Va *J3¥ VWK
Si6l “dit 1C-¢CL-ci-vv3 "O14NOD JISVE U STIm “Cro ThIcIINITNS U821 315 SNd eo0dSTne 1
T °934 10-002-23-994 "2 14N0)D) DJiSVe oL 4 STm "C30 9N1a3dINISNE ¥0 5 Da> UN3 605 Tms [T N
POINFCIL SIn 301 V30om a0 NCEAVGLIVA GNY IN3ROCTI3AICI L "IWCA *radad- VA3 *E ISVHO'SSTONLS HIvall i m S Tn 3¢S Tne “Ss2
IS Im s U W31l wONISY NC L s oWl G4 2 XTUNzeoV S¢n?S O%)1 Advynlnllito aling 109vdlx3 1d¥ <241
55 las D XICGN3agav U w3kl VAONISY N, Lbugie kil oLl & XIGNIca¥ =Scav¥sS o8O A29Nialliac adng 1I9~iXs 1dn M3 “
25 Tne 6 X1UNJueV 1 will YONsovw NC 150eds ont Ll 1 XIUN3daV 2ScrVS UV3IL aedNIwlling aldus 13V=123 1¢y ML
1-Not Do CBUNY ptS dms 0vel 8 1edS SLT it §% CMWA 531S1C42 Ve g “SINIRIzifTJan STh GESloe ac S3I1131D0 s NOTIVDTAUAN 1¥~JC 4 ' :
Si61 *STADGN SO T NICTHNLTY S1D3943 NOTEDadaad 175 SILICOLS S¥aav WIlLla) 8Snl lde Ho 11l €55 Ine “ m
SIm 1dn HJIil &51S ims 6L *#d7 “SeV I ONDT *SULS INawinT43r/% 119 ] 1WA T407 a NITLIVOWE. e (W% Sd1A-3A0 £ 3ST-C "SulS mAiAlL YR ] H
Nenl Tlcd 9-NE RFCSIVS SadAls 227 %521 1D $3S31 3UNSasiiedo MY HUveliMh lc? HIsl el 1S ine M
461 NYF B-NE WYVOS 19D SedRiyade v o 35%md ND SESaL YPNOTETLLY e m331 0ES Ine H
Ll 1 Glacd Tl *ws1SAs DL eatwvr INDIA ol 3 390NVa el Lo 1ol U7 NIV o1es “7n “aze o093 lna ’
Yug_low 3605002705 “IWINGA “ELSN] 4 NOTIVA30L 8455300 2¢ §LF 115NFa INle N¥W Tdsal. #9555 Ims el U 3Nl ¥ L
To'al "AUN 99 lum awescle-@9 S0 %Ta TUNITA 2 S3a00re VaVe a3tcaef Ihde AVa INTTe 3eiS Inse XS '
Galki Zaoi "L NLEAVIAY YLAL, 9N [L8hea AL SO NCBLIPSIAeN Ll e 50 CNIISHL NG IWINTA I8CALA 5675 Tns It A NCrelcs .
» €461 Vliovy "V V' 4/ "cn.) T oahl il €91-02-Ca-7V 3 ACNES Hive ~IVi2ecT UIASTD Qe Husi s12%Im .
Cenl )90 SDEAPWRL =% 2 NCISNSTam ) VD085 SOUNLLOT Y UNY HM3VLO racy aGs mIASAS IONVGIO L %3N % fon RD4L 8505 Ine H
¢ibl ‘Sl "ADN Rlug tim 39¢5 La-5- “ININVA "INIVa 2055920 1c VAVL =395T 3 INIm N¥R INEVA oeeSIne f
a. syt lns Q261 1 INCT WHoa LW 340385 *TUGNYa “3lSAE 7 NIV Se30s 20853030 VIPL 934AT = INim NSR Ta: a
9 La1y Sul CUN 5% T LA 1151 0de ¥ raUss CSUNGrdeli3oa S e Cabaaes fe SELOTIEDT S NTELVOLARYS 19 eata4-0 N Cse "RThS 05 S Ims oeo6l v
SInt *a¥ TSed 1TONIY CTSCLS ANsmated g4/ LIS CEIRA 130 A NLTL 790 e e LAY Myl AREA, v aSERE TSULY HIeT LA ST Ldn k)1l e 1S imw
6ihl *3¢ "S53 'SOhm g (adtSt wIa o Leg o LaRE dRAS GNY LT 1L 40 A23S 1S ehYS laz
LB ANl VTR T2/ LU0 wl lSuemat a¥ Rl Jan dhiecs 1AL SOm °STS Qoe HUdL swlydnse
Lol 1T aNIE Wlua, dum 36crdug-e9 IV ovm "e1SND 3 AT LiVAdcl #0SSaicee Fisvi 37572 INTR ¥a “Bic. s9tS ine []
6261 ‘al TAUN ViuaClua 19¢62Ce-BY CAVLATR CTINIVR 809530080 ViV e3SNve {hlm Fn iNIvs #2¢STms
SibHT Dac F1-N0 RVOSIAV Y 2 SS3D re WWHTTIG 3CLall W w 24 VIIVG 1S3 1HD1T4 lal HI3L € 1S e
folhl 9 M)ava *lacdalv VRN D LYN NGLTAIeSEY LY Galt 30 dma »310 0 JHSDE TS S Lcr HD9l slES ine
coesl ol A¥m ‘louc iV WASTAVA= U Vlbe YLV iike QY galusdane wJied 152174 SIm dcw HJsl #ltd lae
P owill ¥Cs9% NC al cza i L) ¢ XhuhidaoV Sansy UVLD Aevhimnlliec alas LIVRIXa Llesy HIdL 3% Ins
VoI mill VANV NG e dhl U4 ¢ X waceV 2SaMvs L840 Aevhdmilo~c A" ™: t29riX s leg HJ3l €8S Inse Y xilNsce
L oasal VOMEOV NL 1aGazr AR 0L T xCthaaey 15¢48S UVoE Arvcila{ldec aur: [IVALXs Qlce HI4L €S ine @ XlUNsg-
Leml 1feav oialli ol " WEadw “iMNiSnm mdi5AS eSSz alNE NCIS T d40e <Al Sam SR *UINIVe 5,05 Ve
LT AT SasdS5aS% LA =T malSAS CNTLSNT ) Mo 7 ot SNT Lo 385 GRS TS Lpvth e TL-70% 50 SISAITNt (A% A4S Lae HIst o1S Me
UBhi U7 el U LaVen N710 vl LISNT =1 AaslSAS TNIUNT t 127% 2)(n oz %S 1ms
Oohl ALN Sollm SCal0®™0p-uM AW 0 1510 19% T8 % (Calmnt™ % le 1321 6575 Ine
vebhl ALy satla Scant®ie-a® AT (1941 TVNC TIPS NULTRIRSEY KT 1o (S 3L 6855 Tns
3T L0 NT 3 malSAS INTUNY Y JAYY 2o la KL S0 AINIRe T YSA3C R4 NV e WL 11N jds k31t 8¢ [STas sL6T WL YY"
CUeel 5C¢ Avm “hanagaly VENC LTINS IENT Wik V3oV D WV gt wa ) a1 Sl des #)1t sCeS e
LLC juvd BIINIS TN saa%l s S ihul AT ALISPIAIND Jlko ) X4ON G St 241 4
4
! : S e e Ll S - S




U SISAIUNG N

*(panuyuod);

L6l ANAL "W ¥ 4/°1°0L°0 w150 anas
7 8395 ime Cobl NIl L-C¥-mi-7¥V1 "ON lad mafiS

U 3ner XICN3w 26010 1 * 190N ym “alSNT ANCTLVartisne D 3IS0u w3 15ASEnS

9161 *AVA NIk, Em 30 “AINN/CNGAn

€
ANYY %, § 40
‘62 w34 “Su
Si 1030 S w

2 S31NUEL IV Amc® TS AGILS
61 ¥lfev o 9V 4/°dmid LICVE SNIVIGOD €91-24-CH8-VT 3 AGETLS
4SNP la 3¥SL. CNV O TVACTaWN *LTT-0S 90 SESAIWLY Chy ACNLS

FTUNIONIY NCELRCTITA (AY ST3CLA WWTLTRm 2-LtSm ¢ S3{C0LS

AIN Ut 3G HIVAlLl LA 347 NLTLEDIYeoy QI CA *531C0LS

SzAT ‘S AUN SHTY NIGING Y Sid4544 NCTIDds1sde To5c SHlCNIS

U NULLYCL Y

A CNY INIRoUJ13ACET *HUA “taoudse T¥NTY ‘o 35%mc*SETLINS

2061 AT ¥31%33 RIEV3S 34 AFTCATT TI4min 2 NhLl SUNN3IAT oldts

1Y SarfliINe)
1S Hloli M w

6161 ‘92 °¥53 *Sim a0t lails
1 STw 204 VICOm 30 NCIITC] VA CAY LIWoYAG & 3SVra “SUIS
>im tus HJI3L ez IS ims 6461 “ucv “SaviTuNld *SALS

INFw ST ssa/% 1avCTIEA 300N NGTAVEVdU e CAY “3lAd3AL & 3SVr o "SuiS

wiSNU) Alvael

sl INOT T-1C
T AWm Dy -0
89-cia Sh i

17 IINTUINL “lad HI3L eZ€S lae O¥o 1 ON1 daS

Obel AVRm 1cu TWNI, *STa “ka” ) 119¢nS

Se Cou-S i XIONSE | " WA Lon TWNL S *S1 4% ) me" ) 11VAS

o4 ¥Vt B aE TUNLELING D T 2A5 Y wslSas LNV (Varo o IWNLTS

Sa1S e ONIC I 1elarlV o UNT SVENY BV iledt OnIeLLveT

bebl “9C "354 *Sum o mo 4 LedLIS) mYa ce NOLLVO ISAT CANT 1S 3L 3)iARES

19114 SNj &
[ RYIRL TN VS Y

SoalUN oY U omiad VONASY NG Lo gk
LR SRULE TR B AN SRS VAL I N I I 100

+ 10 S ESAYsy
10 SisA teny
mlos Si%aA
NIz ) N

S8 e NG Ry

1adexlv 1N
ViA L “Hag
floc kUL ey
Wis *Sim "n
‘Al “fa
Javm ‘iwasi
suacly V¥4 |
81’5 lma

LA pags i
FLI I I 2198 PR o
ILMime b 5t

au iy e
CEIVA 1t W
LY. N L U
4 WIE5AS TN
Htla vrniow
LL RSN RN

PL-NE Y ¥
Y e NTUNIY

L lshiw ri¥a,

a¥% ) NIuINT)

1/ %em’ 1o,

% liNg $Shm Lad HI3l el S les Cerl "1ais
SULATN WedLig-N0N Cae " mUNj eofS5lms Chol 3 1diS

Umst] PLNEILY W Imcc: Bkd 1 2 21l ey Scoavs
¢ XlLNi1cev ivaavs
1 x1ON ey iScHth

)
1
RO T-A RN L) Lenal JRI0 ¢-Cb-w3-F% 1 "UN L%
.
¢
f

NV 2iv i Coel N T curce s BYa TUN lee
LA AL AN Lot anNy SUb e TV CUN Lled
Se Glorsaed el 4T NCTIVE IR -5 g
I T A Y R S L X LA M I X

L S A A e T R e R L
“gnl ANt f “hee

vuel AVA LloM

A s NINRS SINORO LS SuLrr 1 NELERE WA NY 1S5 Thde

"Z-9 31901

r¥3TLda INIWGUITIAIC Sk "S°0 lae HIIL o615 Tme

J4x 3 S TUNILAYN SHL 46 L1SGD GAY SLE43N39 In) OGNV aus N3e dmg 3
INLHUPIY S AVR TBLISN] 6%€Sime 96
VARIANY INBGEBIY GNYE IVIU L1d¥ MIJ1 «€£2S Ths

WiVo HIVIRAdY (SA8ND 1d¥ HIIL 2125 Ine

Lds #J31 e1STIme 2261 AME Sw3LISAS TEI4=I11T m3iSAS ONIC
HiVollINm SWm 168 HDOI) €975 ine 1° WA 926"
AtV liMNm ST 1c4 HI2l oCISIme 9L6l "634 "S6VI “ONL1 SIre
Sviay 19diilad 8So. 1dd HIit ®65 ke
HiVallle S ¢S Ine

GHdlim 10VOiISEY #2705 tne

wvatind NOLLYE TVA3 ONV L1S3L 3ID1Aa3S 1S31 #nfS Ime

SSINDINHIIL ST BG4 TICUW

ALYSILTI0R ST Lad n)4L QS ime uBel “E3s “Sav) "IN
AIN3WONTJ3a/NCTLWGT IVA 1EC0Om NUT 1997 a0ac ONT %31 AS3AL € JSWHE °SC
FioblWw St la® HI1l 2615 Ine 061 “da¥ "SuVI“IAIT "SGLS

NUTLYOTAVN 3983€71 *D°3"3 *allixn "C s *ImCo S IML di)d SACTive)
SiINImAESNTD SYX3t 40 NUTLIVYNIVAY CNS 1S31 “lad HIIL eliS Yae

CNY %0y ¥N DISVe JIT 4S9rd Slm Jen HI4L 0225 Ine 78
SIn "8s8 ONTo3aNITASs YO ¢ Dia Snd e5S ime bivl
$Vw 10 ILVANILS s tudt HD3d 39S Ins L6 A¥m e ) 31llm Il L=
1S 34 wee S ine

Sovl DBLIA 9-Co-f-95-wt L= o1V WNIILUN VLLUN el e SENGY 9 1S3
Sl CCN 9% TI0A aslSID5a Wellds *SINSweMIr™an Sim LiSoac™ve $34
JV3D AnUNIel Vive mubd LIVaALX3 i M3l €3S Ine

CH31 Anghialling w084 L5V 3iY3 fc= H3a, 365 Tae

GVIL AgWNIRT Tdae muds 1TVELXS 4an H)IL 2 ime

L3 S0A SIm TUNSTETN sl 30 1S UGNV SiidiNso amt LAT £)4 25w 5k
I 2uA ST Teho baeN 2HE 30 150 ) ONF SET40%4d 28 N v g TEE arg
Aee S 33 STe IENCLITN 2kl 3 ) 1S ) CAY SLT 4N G- dWt Jrw =33 D
LAEREE T AN CEel *lr Al 2ue=n%) 0L-,5-STn AUV IIIV )
U3l se*Sine Jast *ed AT 1T 9=T ) (-0
R33L w8 I Cobl “ic3S Sa¥l atlA “-Cr-c-VS-mi

Wi Vleallas NODI1Vihsm tdan] a315aS UNTCAVY JATYLalle 3, INimo”
WA 'S I TAnCD 11VaS SINaal 215D SVadl s NCEAVIIEAS (N9 ESed
WI31 wiiS I Lebl Ava Lok

-62-

“3ala Sha drl dod SNOELLVAILISALD ADERTUE 3 ANL T el mu3L e2ES Inae 0861 Onfacs NLIITOIAVA 39r35n%Y D% 57, M
RN LIV NGLON RSB )T sali s lee A ) el ST Lk %35t s1ES Ine “ochl 9w A&
et N TR U Il AV A CruUad Akl 1Sl lE LY o™ )31 aCeS tms *Cehi ol A¥m *) h.v
dinl Col-Temd 5 U3r- S xlCnia T 2 audr ke WNDY "ST300 ) ardY T 10RS GAY MotV e 3ESES TID JSWee Sim Lot =351 cy
R A R B Y PR R E LA R F A L AR RPN O Y P4 [ LSt GRCE - CsC-a~ LS I Xl |0 b
T LNY s ddc m IWDELRA selde C S0 LS mEW 1 e Sim Llad HIil a9¢Sine T ILA 7250 *92%0dd “Sqavl AN m
Ty Anes CS T ALl Wan AT 4N e el LNER 00, LA e )il at S dme Senl Ca%h NUTIHTa 40 CATNS >

TR e ZE Sy A N RV Ee R el mcet CgAal 2 1 H34L alceS Ine tet b Vhgev "wry
N E LA GRY dac A B e TS kvl e S e tey HOE S(CS s vetl 933 “Sevdy TIONEY SOHPTINS AL S =
IS ¥ e LSV MyfAssrc 1 gSVke "SULS Micitlia 5In iod H)iL e0lS tne 6251 “¥aV CSARTITUNLEY CSGLS aRanINL s i/ TLY —
TVTH/TATLTU REISLgmAYy wmB Y e BNIREIVIA TG S I C5 0 g™ F331 a81Y ime 2
SV SAYM. AT el 40 pNam o DA AL 80 4 ANV la 19N L UN fe 1)3l e 1S ims Rtel INOL "9 V3 ¥Z-,C-03-vwy -
LAV h s CNE OSKOT IV O k¥ miLSAL IAVSL = Sla LAt Wil s91S iws SL6l ANT *gac) 4 -
%6 "NLUANT Y CN® Rt Seov ot nslSAS JONTO LS ML ¥V dur kRI3l «41Sins Ofnl *JIC SIALINENE T e d N ISSTan s ..

bL8T Yt il WWANSILIC Sin TG dan +I31 anlS lme
¥ ruSS H0nG VLI 0 el B 3t 4 VAVG BSiL RS T4 lar I3 4E1S Ime 6161 230 o
S SadAl g dA €5 s Sut o N et NG UNE MaTCT L 0A oA »T340 0218 Ins 4t “lat >
NUTLaladth NV ALl Tlev I dAy * 5IMVaa g0 iy BaN 94t ga™ Mo 1 e1iSine w
ot 3 NLLERD Yaov BT HA S IILE DS MR L M A STe Len R2ds sOLS I Feol "8 4 "SBY1 CINIY SIOSST *d4mda S im AN -
sE )14 NULEDs Y438 1 ta Sutei 0y S¥36v MWIILEald 4sdl Lay M)l 65 e ST CNCALN S Wuu
'
~
wlG ' Vo A3IN 1) ONGe TN SOINGTAY ALLS ~tAINDY glin ) LENN | Sihm 2401 "
—
wu.u
=
4
[

o

-y




- . L., . P -

TS ML KA S T W B e AR s Y .4 PR P .3 B 2 D

*(penuyue)d)  °z-9 3|90}

Obol Avm lad MUNL3 *SIWW “wk03 1I¥RS SiN3In(a SN SUXIL 46 NGTLVI TWAI CNY 1S40 “1d4 HIIL 8¢S Ihe
961 “1d3 9-NL N¥eSI¥D SBIAL3DJM 484l 40 $1S31 IINYRaT433¢ ONV miVolitim 4d¥ HI31 o215 Wma
LL6T °NYEC U-NL NVASIV) SBIAT3Ddn & ISVHo NO S1S34t WANJILICLY 1d¥ HI3L €S lhe
“O8C NOBAIVIAY YIALD IUNOTLIVNYIANT SOIV NUILVSIAGN GIGVY 30 INLLIS3E NO IUNNVA IVOAYR 6575 Ine 11 0A NUTLIQ3 Calwy 2261
0861 ADN 3JbLllw S2LCCMCE-oM NV Id L1S3L TUNGCILINN NOLISNTRSTYY AT Ya LST1 €S5S tme
0861 ADN 2llw S22CUMCb-dM N¥YId 1S3L TUNUTLYN NOLSNIHSY™ AV Td 1S3l 5495 Ine

- ——y

&B1sPacz 1S BEST QUALITY PRACTICS BLX

m

3S S8 LULIA Y-Co-t-¥S-wi L¥UAULIY TUNOTLITN NOULONTHSYM SL1UW.S3I8 1S3L 1HOI 1 ONIFisNISNS SIm Llce HI3L 9295 lae Ogol "o 3

6261 *9¢ *did *Sim UG+ (dIL1S) wudO0Hd NULEVNIVAI ONVY 1631 3D1A83S 1S3L ebES ime =

1 %92 “d33 *SW o3 (aILS) AVISUUY NOILIVOIVAS ONV 1S3L1 3D1A83S 1S3L 26ES Ine (YRS m
Lda 1¥NT3 *S W “hAwnc) 11VAS SINIWNELSNT SYXGL 30 NOILVOIVA: CNV [S3L *1d% HIsl ei:S The 080l AWn

6461 J30 91-NL N¥aS 19D d4GSSI1J0ve WLIOIG LAl I0m 808 VAVG 1S3IL LHY! 14 L1dd »J5i stlhIne L]

Tn L1dd 4331 $CZS ins 0v61 “wijd “SAVI *ONIT  SICCINMIIL SIm ¥C4 13Cue su MBIV, ' IVA ONG IR IA, & 3SWeme *SLILY HWIVCT.VIW S >

SR ISVHGSIILOES WIVAIL NN STIN 1% Ihe SSIMOINMIZL STh 403 VicUw U NUTLIVLE EBA ONY Qhomet¥3A 3031 “30A *lolea= 1¥hls W

1S Ine Ozol *J330 SI1.1vANOAdY 03 NOESSTanDDd TVIINKDIL JIGYR SANLCANT Y GNT HIVGACeS Al s m3iSAS IINTULl’, m3N % 1ea w31 a% 3

JO) NU S®lead SONVCICS SIW 30 S133313 IHL 40 NCLLIVOIVAI-38 10% Mzl %99S Ine Cutl Sl AT 34zdeel 200-35-STm ADV =22 siWNICr =
NOLAVIIVLISNE TVRCTAWN NULONTHS VM dlis NGISaIANOD JLVNICHUCD 1dd K34l €% Ine Lerl *RC 1% 0 3Tmsvv ) CO- JS-Sm

IV 195U ELIN NOLSN DRSS WM SEINS 38 1S3 AHS LYY ONIBISNIONS Sl 103 HI3 L €% Tme Ceol “"tecas SEUY U2LIA v-Cb-¢-V¥S-aj JBLG- M

a5LI83 NCILV IS smdlom]l wilSAS ONIGNYZ 1 3AVASEDIN 0 INIRdI1IATIC “HidL =154 Ins ors1 GNCT " lea Fnls wi ~
“STh “hACD TIVRS SEINSRCAISNT SVXJL 400 NULRVOIVAS CNV 1S31 “1d¥ HI3l «f£5Tme Q€51 a¥m dc- YWNIJ
® SFcw *3InCe Sim dkd WU4 SNOLLIV =3CISH 3D ADVEL2IV 3INVGLIS “1d8 ksl 265 me vae 1 CNfaas NalE?UlATY 37=iR% 1 "3%3471 *aA112
“l3Caci® TUNCLLIN NOLONIRSYR 4V 38t GidCad ¥4I LHOL ¥ STW Ld% Il s[ES ine “oLsl te nLave
VodenelivnedaNE iMoo 13UV TlHa AV 38l G3309g MIHD tHTT 14 Slm 1d¥ KI3L sLtS lhe “CBbl 5¢ Ava ‘1dLadl
ad 1vh1s “CI:NGD mal) 1IWAS OGNV MCexvh DISVE TID 3SVRd Slm 103 K331 6005 Ins B1ONGT F-10ed-r-Clu-S e X fUN3S 1 WA L
NGPLVGTIVA ONT S 1500m IVDIAVAIHIVA * SHIOCLS HIValLIrm STa Ld¥ H331 3975 Ime 120 A sl *sc™9ad "SavY RMI0IAEY

ALT SIINLREL IV AmaV "STOOACELS YRNNIINY 3NeQE !V CNVE IWIIC 1da D51 eE S tne wL51 fA¥R WTTESdie U CALNE/ONYR
A2) LIlva SNTBILD e9l-dd-Ga-YV4 ALl LS HEVe HIVGRacV G3A0D 1en )L 125 Ine vial YLev "v°§° /¢

-63-

YaUom 23 NUTLITCTIRA OGNV L1acAG & 599ne "O0HES HIVeit Wi Sim led MI3L eldS Ins Obs i "est "3eovi TONIY S0P ENe 1l S g
P30 %UdIVL a0 ChY “3lAgsAL & aSFhe SULS RLClL W e S In bax ksl #4915 ine VT ERE- T2 ARANY"E BRSNS LR TIELS PR VA NS £ B 142
TR % 73/710°L70 wl D57 mahS a%¥es ~d dh5a0T 13A30 S W ST 1d% HI3L eelh dne €2¢1
CSNIUNS T a2 7%0a0lm kL 2. UINGme , i3A0C a0 NT 3 VINGLIVN Led Hadl e/15 ins fen | r o933 vZ-¢0 LEN
BEovaim Silashte ChW SNCT:VIE ey wui5aS CNLLAY Y SAVSUB IR [o2 R)3t 91 lns $L5T AUT “any: idilw
A dat wIGVae CNTTNY L UMY MOVU2aaT ¥4 miLlSAS 3UNRUINS MIN YV 1od RD3L ec1T the Ceol *240 $911 WA =37 2 2 AL 1SSima D V931
6261 P17 D3¢ 17h WWNCELILLY Ste VL 10 kDai e%15 Ins
LNVCS VD alSh s ese WLISTIC 3Cumliife 304 YIS0 1S 4L IHST Vs dam i1 €15 Ime -1 Ii-w
N¥aS IV) Sasalstas dval 30 SES3L 3TR¥mas~rad CNG HIVATL Wm icda b usi o115 lns KX % TS RN
NUTial 2.0 WWW ALT VeV 1ivAV % s5NVmaodtia ¥3adV3L 1a% kIil o11S Ine
Cw wE9ciLWa 3. NOFEV. I dea® tDE®00A *S3iCTLS RLVellMm Sk 1ca w33t o015 ins Crsl o TEar "Swuvl CINLY Scissl Csdac St oAdy i Vao
WONETY 5423945 NCaud il 178 Saltf 15 $¥3av WIiiled 6541 1dd r)jl st5 ins SEST fSTALL SweYd A
tim amidnls ONT 59 3% AW OTE1a2Y ShI=“i0vny Sim 30 3EVAl1Ss Iz M3l ecS ias SInt AR *Cal ) sdlle N1 ctee-cle SANCOIO DL SNIEND
Loz 3kl 01 ¢ XIUNauav Sed¥S OVIL Andninlis8c m.ag 10V2l0s ide )51 oS iae Tast! vI%0°7 N
Q39 4%1 GL ¢ XICNaceV 50295 UvLl ArsNIml 138c WOzt LJIVDExs fdd =)31 255 lme ) Wlotace® Uomzpl WoNLTT O NC et
61 “NWF T-Ni NVaS IV, SadAlsdidn € 359kc N0 SLS3L IUN [1IuLY 103 MJ4l et S ine el .
e3da dhg U1 1 XIChseev 15d19S 0VL1 AnvNIml dsuc w43 LIVELX3 L1eN )3l e%S lps e Xlcehzeew 1 owmi il o e2UT ML L 3
a1 SNT o 9L WANY O IENLLLYAN 21105 40 SISATVAY LNV ACTLS 108 k33l s1S ins 46T AWNT Se4iSaC G Ll msd€as “nluns ) man ¢
2% 30 STSA RN UMY ALLS Lda WL 815 ne L5V AT SAzLSas Lzusrill o mabSAS SS%IUNT 1 "h 9 2 SNV te 9% Che dvn iy, 2t

GBL1 02 eavtily LiVel NV 1e NGILISNUAL RILSAS MTe,=)ia 63%5 0na
Lol INCE “lda 1e8ts Vizailad NOTITIN s wilanl w2945 SNTUNT Y 5ATY aT3la 30 dNzac” V3ACL "HIto o1=% Tms
e %S ime 16T T Maes Slusulde *mZiSas THL 23 0% Ihde aus W Fa A0 1L 1 LS50 NIV =300 \¥a “33aC
LiHT TBo% ols 16" v te TANIVA M3ISAS = 1viue-atn) RIS T a1e amt Stk N¥e “ivite et ne
©¢51 Gl AVA LBU-L0L-e3-%V 1 "04n N 113N VIAS) RIiSaS (AY 1%+ 3 9N TS St 234 “%lds I8 5810 290 ON: 00¢S s

VTV UCZ LY AL1SAY UNTLNTT AR _aile 19 un T selS les » -
L[S ima Betl SN TVCR g w2 -i0-G5-UN s RO ESAS LHIONT D AN Ll skl 40 (INsmET 1AL U s N de IeNCLLIWNY Las WL
Sin T AT Tae) Gellm ExoYsin SILsINIE CHY SN LLP) T VcaV mIiSaS CNILAV ] 3AT“  rilm Led MOl o9[S Ime
Sn39 el Nolhoderal s AP5 IRl OTCTs UNTUNT T CAY HDOL2odV aud mILSAS JTAVELE S %y g 1g® RI3L 8615 ine Cemi 3¢ stafes
¥ OALGHY Jea mD5L elS dne 4l AME ShelSAS CrLdHILL T wagSAS Shosy ) = ¥ ool 4 SN R 49S0 LhF VR v e i 1= g0 ST huny O

20C 19vo MIINGD ONTEsANTC v STINCEAT ALIS A ARG Ulwg Rl LR [V S e sl




+(panuyuoD)

*Z-9 3I9oL

Y¥lc 1531 #9595 lns

L4 NOlSH3ANTD FLUNIUAULY Hat H)at #8925 ims
SLINS 3 iS31 AHLTT1S ONIES:NICNS STm Qe )31 sS%S Tne
1V 2300 3704da ¥I3HI LHIL 13 Slm des HIa sfeSims

SIn WANOILVN 3L 30 1SO) CNV Silagitte

ikl O a0d4 03 3rL 30 SIS

ST WWNCTRVN

drl 4C 155G NV > il adN e

LN

[ 2

2ilS129a w4301
ted TUNTS "OLaNL

tSiNsmdalfTsa S ta
weald VIERS LAY ¢

Tiscrgtion
PERNE NP R R L]

<

xCs €34 3ni a3l SIS
BEYRIDT EELIVENE LA ¥ ]
111 3S¥eg Sim Lla®

ylbl *$¢°H54 °SEV 1 NYUINTY Nullellave

Cobi Aun 3allm 52LU0C=0n-a% 7 1y (430 IVND [a@N L1TNiH3

Leol fed N0 3Tt Ll aS -5 e AT IIRESKT 17 [1TN NCAONIRSEY
J9ol *l1ais a¥) _ailA 9-Co-k-v,-al LAt eal7 NN ILIN RUICNTRGE .
coLb6l *9 Kiata *hdlenlV IENLILVY NOIEN TS

ATING NV 0045 ins 0861 INCT i-LB-w3-TV s LN 1cr L] ~ A
ANYLY NV ei%51ns Onni AT (~CE-m3-§¥ 4 "Ch 2oz 1 “IA
AN WAL WON T rt TdTh D e85 ne Lhel B dcis S21 CLN S% T BUA
~)31 #llS Ins BL6T dnNid § lLed-%-Clxn-S¥m xECRGE 1 " IUA
S4ICR1S wIValilim SIn Lon H1il #1ClY% (nse 1* wa
LASN CEUTa 40 Ohidnsl Mo V8ESNVR VI Ta e Slre I wa
Inb 1l S30551 *sasc Sim Aaw U1 Huum =ivela Ve S0 Mol ¥ i beev L0
SOt EN s, Sim o aLd Valla 4t R b LIVA LAY aNoane ToAsC sl C A

L] 13 > doan

Fo:l ®0%> ina

I lur Feal

Crul
*4¢*Bs1 "IBY

“19sd Sevl UatlA
Y NEISHhEY ALLLRLT VA

A 14163 Owlm)l 2261 *Sau NELAVIAY

S SICILS MLTch W m St let Mlad sC1STnse

WAL

ShY SViLtw 19I1iVesalte
AL 2O FTUEPTLN BT AR L A
Seol “aip “Swvl

Ciaud g WWNES ‘e 3SR SHICILY mtveliifm SIn ags tee
2-06-E-FS~ml LA0C IV 105 1194 N adaie,ve LIS s 13k IMTL 1S SN

ONE $130um 1T TLVR IR P SIILOLY

HYTo

Tita Sin tcl Hodl €525 Ine
139 #5230 #025 lae
S0 1S widlilVew SYA Ld™ +D

e 35UHJSINICILS Hivell e

3NICSely UNVE W00 L

13l #21S Wme
Se51 *uch

¢BEl B3 “SHEYY LRIV SIMCUtess Sim 8L V3w 30 NGLIVUE IVA LAY LmdTAL & 3IS¥ng *SGLS ALvdiLl W Sin
35k enls lme 6i61 "d4a% *SwvIcUnNIY *SLLS AN INT Sse/he ELTOTIVA 1300 NCTIVLYC! 20 CNY “3lARiAL € 35V~u
Slm 815 Vne “S3GINND L Sim BT VIGuw 4 AGTIVOLT IWA GNY (NTmalibaAaLE L 2 WA Spaleia VN
2261 ANCE SmiiSAS OB0 3HIEEY RAL5A% GNILAV) “ah ¥ aus SNV le JSE UNG TTNUTLEN *211-3S 30 SISANV.LY ooV alNLS Ldn HIL 1S s
ca M3l exlSims wi6l TATm NVOIHI IR 40 “AINC/CNTanl) $DMMaalTsld AaV SN ALl 1> VENILAY
Qitl "ilea 9-K1 NVGSIV) $B3Alddda @541 30 S1S3IL JINUR  sada LAV HivdlL Vm Loy
Ol SHVE NIINLE SED9443 ANl LD dad [Thd SIICILES SV iav 1910040 wSal ld¥ HWIlL 4S5 ime
LBl e i 1360 L3%an NB I NIILISAVaL AILSAS ONTCNY L JAYML)la 3695 Tns
NUT LAl @ 90 UNY ALETIn% HLVAY * JONVazo irde ddasvnd laow M3 o115 Ins
URE1S4s Nu 190V e WIkSn 86725 ins T1 WA NOLLICSH Calhl 26t *9du NULLVIAT A1ALD WAL LYNas AN

O1¢ i9ve

BiENG 1 AL 3NN SOINOLAY ALlSasAlNn PRLIV)

SUIvY ANDTaVSLAGN NHave 47

P XL Sle 230014

=64~

=




TNTTTTTTY

F

VIil,  APPENDIX

A. Results of Review of Available Ground Reference Elements,  Project
team members obtained manufacturers’ literature, and briefings on a variety of precision
position reference systems. The comparisons given in Table 7-1, on the following
pages, provide information on the Australian system, which has been used by FAA, the
German IFIS system and the French Minilir system. The FAA/Ohio University measure=
ment system which is the subject of this report is also summarized for comparison.

The choice of a theodolite two-axis angle measurement plus C-band range-
measurement device was made based on cost, size, weight and flexibility parameters.
While such a reference system is a manual-tracking system requiring good visibility,
the benefits obtained from continuous track~while~ranging operation and the provision
of an integral, bidirectional data link to the aircraft are significant. Airborne equip-
ment to accomplish the reference position measurement task is minimal, Since the use
of a light aircraft with low operating cost is anticipated, the size, weight, power
consumption and complexity of a platform-mounted projector or searchlight on the air-
craft is infeasible.

By provision of the programmable bidirectional data link, inclusion of data
from external position reference or timing sources is possible, along with flexibility of
location of measurement and processing elements for the total navaid measurement system.
It also provides for a theodolite acquisition mode, by downlinking MLS measurements to
the theodolite position for motor drive operation.

B.  Experimental Activity in Support of System and Procedures Design.

1. Theodolite Motorized Tracking Tests.  Preliminary tests on the motor-
driven theodolite were conducted at the Ohio University Airport on December 12, 1980,
The target aircraft was a Piper Cherokee 180. Weather conditions were clear, ten-mile
visibility, with light to moderate chop. Test pattems flown included three low approaches
(Pattern A's), a level pass (Pattern B) at an altitude of 1000 feet AGL, and a perpen-
dicular cut (Pattern C) at a distance of five miles from the threshold and an altitude of
1800 feet AGL. The theodolite was located 240 feet off centerline and 830 feet from
threshold. The tracking tests were performed both by experienced and inexperienced manual
theodolite operators.

For these intial tests, the theodolite was equipped with azimuth and elevation
motors with 150:1 azimuth gear ratio and 200:1 in elevation. Motor drive was derived
from a "joystick" controller, with joystick displacement from center proportional to
motor speed in both axes. No spring-return feaiure was present on the controller,

Tracking of the Pattern B and Pattern C runs were observed judgmentally to be
significantly improved over manual theodolite tracks. During the Pattern B, it was possible
to keep the crosshairs centered on the aircraft until the aircraft had exceeded ten degrees
theodolite elevation. Manual tracks ore usually terminated at only four degrees eleva-
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AUSTRALIAN GERMAN FRENCH OHIO UNIVERSITY
Tracking Automatic op- | Infrared trock-| Infrared tracker | Manual optical
Concept tical tracking |er - Two axis | Two axis tracking - Two
Two at a time | stabilized Halogen lamp on| axis at a time,
(Tracker has | tracking lamp | A/C servoed Radio theodolite
TV system) (RTT & Ranger)
Ground | Vidicon cam- | IFIS servo Turret, IR unit, | Theodolite,
Equipment | era, Az gear Platform, Tri- | Encoding unit, Ground telemetry
box, Elev. pod, Infrared | VHF Tx, processor, Mini-
gear box, tele~| tracker, Tripod ranger console,
metry R/T, Ground elec- Miniranger Tx
Electronic pro- | tronic unit,
cessing unit VHF Tx
Tripod
Aircraft Gyro stabilized| Airborne Elec-| Projector, Airborne telemetry
Equipment ' lamp, Tele- tronics unit, Relay unit, Data| processor, Mini-
} metry RX/ Servoed lamp, | restitution & ranger remote,
. Demod, Chart | Recorder processing unit, | Pilots display,
Recorder Recorder, Power supply
Projector con-
trol unit
Functions
Available
Az Yes Yes Yes Yes
El Yes Yes Yes Yes
Range -- A/C DME -- Yes
Coverage
El ~Pto+30° [-310+30° | -10°1+70° | -19°t0 +90°
Az t1800 > 360° t1es° 360°
0—e5nmm Yes Yes Yes Yes
5—10nm -- Yes Yes Yes
10— 20 nm - -- - Night Tracking
Weather Requires None Requires Requires
Restrictions Good Visibility] Specified Good Visibility | Good Visibility

Table 7-1. Reference System Comparisons.
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! AUSTRALIAN | GERMAN FRENCH | OHIO UNIVERSITY/
. Accuracy ; ]
Az 0.01° ! % 0,020 t0.0025° 0.0 ‘
El 0.01° I 0.02 £0.0025° ' 0.05° !
Range -- - - ! T o6t
Recording ' Tope and Hard-
Capability N/S Yes Yes Copy Graphics
Power 28V D.C. | 28VD.C. 28V i 14vD.C.
Supply 115V/400 Hz | 115V/400 Hz | 115V/400 Hz = 365 W
A/C Eqpt. 1000 W (Lamp)| 1067 W 600 W (Lamp) !
(Search Light) i
Cost Tracker DM 474500 | $250000 | $80000
Aus $89000 DM 93800 I
Telemetry DM 18700 i
Eqpt. DM 3600 i \
Aus $8500 | E !
7
Construction Non-modular | Non-modular | Non-modular g Modular !
-
Physical i
Characteristic
Volume 0.31 m° 0.35 m° 1.0 mS .34 m3
Grnd Eqpt. {excludes
g tripod)
Volume 3
A/C Eqpt.  |0.13mS (ex- | 0.05m3 (ex- N/S 0.12m3
cludes lomp & | cludes search
recorder) light &
recorder)
|
Weight 109.5 Kg 144.5 Kg 100 Kg 52 Kg
Grnd Eqpt. 23 Kg
(Complete system
Weight 3.7 Kg (ex~ | 24 Kg (ex- N/S including all MLS
A/C Eqpt. cludes lomp cludes search receivers, power
& recorder) light & supplies, com-
| recorder) puter and 1/0)
Tracker only | Tracker only | Tracker Only

Table 7-1. (Continued).
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tion due to the time between event marks becoming too short for the operator to maintain
track. An additional advantage of the motorized theodolite is the continuous track,
compared to the comparatively few data points possible in manual mode. Similar
improvement was found in the Pattern C. Manual operation typically provides an event
mark only every five degrees azimuth. The continuous tracking provided by the motor-
driven theodolite provides data for all azimuth values. The operator is required only to
track the aircraft and not necessarily be cognizant of the azimuth values,

The results for Pattern A runs were not as consistent as has been experienced with
manual theodolite operation, but the theodolite operator indicated that he only needed
more practice, and a modified mount for the joystick, to solve the problem,

The next step will be to optimize the motor drive. Since these tests were only
preliminary concept demonstrations, all materials used to implement the motor drives
were limited to those on hand. The motors were of marginal torque and the gear ratios
(150:1 azimuth and 200:1 elevation) were too low. It was not possible to track the air-
craft during Pattern A runs closer than 500 feet from threshold, due to the rapid azimuth
slew rate. More powerful motors and the proper gear ratios will be installed on the
theodolite along with integral optical shaft encoders.

The next test will include investigation of velocity feedback from the shaft
encoders to permit better motor control,

It is concluded from these preliminary observations that the motor~driven
theodolite offers major advantages for landing systems measurement in terms of
continuity of data and operator convenience. Subjective results suggest that data
quality will improve with appropriate gear ratios and controller mounting.

2. Acquisition Motor Drive Simulation, Using parts on hand, a test
bed for digital control of theodolite motors has been assembled. Figure 7-1 shows o
general view of the unit, while Figure 7-2 gives a close-up of the motor mount and its
associated shaft coupler.

The intent of the test bed is to permit convenient algorithm development for
motor control in theodolite acquisition mode, where the theodolite is driven by MLS
inputs to a position near the current aircraft position. An existing KIM=1 microcomputer
and necessary power supplies provides the digital control of motor signals. The KIM-1
can be loaded from cassette tape, or downloaded from the Ohio University IBM
System/370 computer. Either the integra! keyboard or a standard computer terminal
may be used for program control.

To simulate feedback from theodolite shaft encoders, the test motor will
initially be outfitted with a precision potentiometer whose voltage is returned to the
computer via a 10-bit analog-to-digital converter. Software will then generate simu-~
lated rate inputs for the motor drive routines. When the actual shaft encoder for the
theodolite becomes available, it may be attached via the motor's shaft coupling.
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Theodolite Motor Drive Test Bed.

(Photograph by J. Nickum).

Figure 7-1.
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Digital signals will then be returned directly to the computer from the encoder.

As initially configured, this test fixture permits investigation of bidirectional
motor control via pulse-width modulation (PWM), with or without velocity feedback.
Later addition of digital-to-analog converter chips for proportional or pulse-amplitude
modulation motor control will be accomplished, if proven necessary by the PWM tests.

3. Preliminary Ranger Demonstration. The Motorola Mini-Ranger (TM)
unit was demonstrated in tlight and on the ground at Ohio University. Results were
consistent with expectations, and discussions with Motorola personnel answered
questions concerning Mini-Ranger data-link operations and data rates. [t now appears
that the Mini-Ranger will provide the required range accuracy (+ 2 meters) and data-
link transfers (at rotes approaching 2400 taud) for a successful ground reference/
telemetry system with minimal airborne installations.

Figure 7-3 shows Mini-Ranger graphical output from a Pattern B pass at 1000 ft,
AGL, parallel to Runway 24 at Ohio University Airport. Ground reference stations
were located just south of the runway and at a point approximately five miles north
of the runway, as indicated by the two points labeled "01", The flight proceeded
inbound over the UNI NDB, five miles from threshold, with the flight path directed
over the reference station on the airport.

Event marks taken over the UNI NDB showed good repeatability. However, as
the missing triangle marks indicate in Figure 7-3, data was lost during the overflight of
the reference station. This was expected and was, in fact, one purpose for the flight.
The aircraft (DC-3 N7AP), was equipped with the Motorola omniazimuthal antenna,
mounted below the cabin on a one-foot boom (see Figure 7-4), and the ground antenna
was an identical omniazmithal antenna, approximately six feet above ground level.
Data loss shown in Figure 7-3 is the result of the restrictions on vertical pattern (+ 15°)
applied to both antennaos.

In the operational tracking system, it is planned to use a directional antenna
mounted on the theodolite and steered as the theodolite tracks the aircraft. This antenna
gain will permit use of a hemispherical antenna, if necessary ,aboard the aircraft to avoid
vertical pattern problems,

C. Summary of Design Review Meetings.

1. Briefing: August 11, 1980, FAA, Washington, D, C, Ohio University
project team members presented preliminary system outlines, indicating cost and utility
tradeoffs among ground reference system types. A ground tracker consisting of a standard
theodolite, modified for digital azimuth and elevation outputs, plus a Motorola Mini-
ranger (TM), was proposed. The concept of a flexible, software-controlled system, able
to provide on-site data processing ond display either in the aircraft or on the ground, was
infroduced.
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FAA personnel commented on their concern that output data be in merged form;
that is, that tracker and airborne MLS data not require a post-flight merge in a separate
process. The merge process discussion brought about consideration of the need for data
simultaneity between tracker and MLS observations. Ohio University team members agreed
to study this problem further and determine whether precision time-code generation and
subsequent data transfer with the time-stamp would be required. The idea of time
synchronization using detailed knowledge of system processing delays was discussed
briefly.

2. Briefing: November 25, 1980, FAA, Washington, D. C. Ohio
University project team members presented the MLS evaluation and data-collection system
to FAA representatives, with emphasis on the details of the ground tracker. Overall
system block diagroms were discussed, together with details of theodolite modifications
and expected tracking rates given specific theodolite locations with respect to the
approach path. The planned design for the ground telemetry processor and its infer-
connection with the Motorola Mini -Rangerwere presented.

Questions and comment centered upon

a. System flexibility to permit data recording and display in the aircraft
or on the ground.

The system provides this flexibility.

b. Provision of analog CDI traces in the aircraft for those cases where main
dota recording and display is on the ground.

Provision for analog chart recording in the aircraft of
either raw MLS CDI or computed CD! based on ground
position-reference data has been included.

c. Provision for dual MLS receiver capability.

Dual receiver capability has been included in the
airborne processor design, but the Mini-ranger data

link will be unable to fransmit two full data streams

fo the ground in real time. Therefore, the dual
capability requires the system computer and data
recording system to be in the aircraft (Configuration

1). Additionally, space, weight and power consider-
ations may preclude dual-receiver capability in the
Beech A-36 aircraft. Larger aircraft could accommodate
the dual-receiver unit.

d. Provision of a separate cartridge tape pleyback unit to transfer flight
data to 9=-track, standard computer magnetic tape.
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Design of such a device is relatively uncomplicated.
Budget considerations may, however, delay procurement
of the necessary hardwaore and the technicion time
required to fabricate the unit,untit primary system costs
are better known,

e. Consideration of operation of the airborne system in the absence of
ground tracker data,

The system, as designed, permifs this operation without
ground tracker information, Uncorrected MLS data

are collected, and may be displayed as numerical or
graphical outputs, based only upon time, or on operator
event marks.

f. Concern was voiced regarding theodolite tracker range, and the consequent
need for exrernal telemetry inputs from the NIKE radar or FAA Laser Tracker.

The system has been desigred to accept inputs from
both the NIKE and the laser tracker, when required.
It is acknowledged that the optical theodolite is
restricted in range and by weather conditions. The
cost/performance considerations favor the theodolite,
however, for this evaluation system, since it will
find application at a variety of MLS sites where rador
or laser trockers are not available.

g. Comment was made regoarding available MLS data-processing software
produced by consulting firms during MLS development.

Project team members requested FAA obtain this
software, so that applicable portions may be
included in the planned system, avoiding
duplicated software development.

The FAA Technical Center has provided project
members with dato-processing software which will
be helpful in this respect.

h. Concern was voiced over Ohio University's plan to insure data
simuitaneity through calibration of system delays, rather than through use of time-code
generators. Especially worrisome was the synchronization of airborne MLS observations
with NIKE or laser tracker data.

Provision has been made in the telemetry processors
for time-code input, allowing a time-stamp to be
applied to each observation. The clocks would be set

P I T TR,

CIRENY ReX 2

ey

e e e




manually before a flight mission, physically moved
to the aircraft and tracker for the flight.

Study and experimentation with other means of
insuring dato simultaneity will continue, to determine

whether successful results may be obtained with less
dato transfer and system cost.
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