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I. INTRODUCTION 

The Microwave Landing System (MLS) System Test and Evaluation Program (STEP) 
provides a means for development of system standards and tolerances, flight-check 
procedures and data collection and processing capabilities for cost-effective measuremento 
This report describes resu Its of a design study relating to these standards, procedures and 
measurement techniques. The report is presented in two volumes; Volume 1 is the design 
study report, and Volume 2 gives resu Its of a computer literature search, the goal of 
which is to make available abstracts of available MLS literature for reference 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 presentedo 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 introduced 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 activityo 

II. 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 and space frequency 
with which the system must be evaluated to insure safety margins commensurate with, or 
better than contemporary navigation capability?" 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 at 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, and NOB, and wil I be even more true with MLS. Costs of fuel and flight 
time in particular 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 at appropriate ground check points be correct. All discussions of flight­
check measurements are predicated on ground measurements having given indications 
that the signals being generated and radiated are correct. This preparatory work is 

, important to insure conservation of resources, particularly tne relatively expensive 
flight-data collection time. 



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·-08C for this STEP work wi 11 be considered 
to be 15 nm, ±40° for the coverage extremes. This sector wi 11 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 must be provided by the flight measurements 
thot 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 fol low out Ii ne one method of probing the sector volume of 
concern to the MLS operation. Flight profiles will be specified that allow, with a 
rec:1sonable amount of flight time, a complete and statistically sound set of engineering 
data, fro~ 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 wi 11 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 I data 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 concern for 
the STEP work in particular are those items which follow. The experience gain~d in the 
STEP effort will probably be used to modify the numerical values to be more consistent, 
if possible, with safety and operational reality. 

l .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 'ar minus 50 Hz 
deviation from the nomina I frequency when measured over a one-second interva I. 

Further, the transmitted signal shal I be such that, during the transmission time, 
the mean power density above a height of 600 meters (2000 feet) shal I 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 nomina I frequency. 

-2-



ALTITUDE, 
ELEVATION, 

PATTERN FLIGHT TRACK DIRECTION RANGE 

B RADIALS 40°L 2000 AGL 15 nm 0 
200 L 

oo Ci. 
20° R 
40° R t 

D ORBIT : 40° 5000' 6° cw --. I 

5000' 6° ccw --I 

3000' 3° cw --I 

3000', 3° ccw --
2000' 2° CW --, 
2000 I I 2° ccw --
1000' 1° CW --, 
1000' 1°CCW --, 

A APPROACH 60 

10 0 
CENTERLINE 30 

Table 2-1. Flight Paths; Initial Evaluations. 

ALTITUDE, 
ELEVATION, 

PATTERN FLIGHT TRACK DIRECTION RANGE 

8 RADIALS 40 L 2000 AGL 15nm 0 
0 

l 40 L 

D ORBIT : 40° 5000', 6° ccw --
3000' I 3° ccw --
l 000 1, 1° CCW --

A APPROACH 
30 10 0 

CENTERLINE 

Table 2-2. Flight Paths; Periodic Evaluations. 
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2. Beam Patterns. The -10 dB points on the beam envelope sha 11 be 
displaced from the beam center by at least 0.7 beamwidth, but not more than 0.9° beam­
width. 

3. Scan Frequency. 
an average rate as fol lows: 

Each function transmitted sha 11 be repeated at 

FUNCTION 

APPROACH AZIMUTH GUIDANCE 

HIGH RATE APPROACH 
AZIMUTH GUIDANCE 

BACK AZIMUTH GUIDANCE 

APPROACH ELEVATION GUIDANCE 

FLARE ELEVATION GUIDANCE 

AVERAGE FUNCTION 
RATE (HZ) 

13.0 

39 .o 

6.5 

39 .o 

39 .o 

The timing accuracy of each listed event including jitter shall be the specified nominal 
value plus or minus 2 microseconds. The timing jitter sh al I be less than l microsecond RMS. 

4. RF Power and Coverage. 

a. Genera I. 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 
fol lowing values under a 11 operationa I weather conditions at any point within coverage. 

DPSK Angle Signals (dBW/m2) Clearance· 
Function Signals lo 20 30 Signals 

dBW/m2 (Antenna Beamwi dth) (dBW/rn2) 

Approach Azimuth 
-89.5 -88.0 -85.5 -82.0 -88.0 

Guidance 

High Rate Approach 
-89.5 -88.0 -88.0 -86.8 -88.0 

Azimuth Guidance 

Back Azimuth -81.0 -79.5 -77.0 -73.5 - -88.0 
Guidance 

!Approach Elevation -89.5 -88.0 -88.0 N/A N/A 
Guidance 

--- . 
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The power density of the approach azimuth angle guidance signals shall be 
greater than that sped fi ed by at least: 

( l} 15 dB at the approach reference datum; 

(2) 5 dB at 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: 

( l) 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} 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 coni ca I surface ori gi nati ng 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 para I le I with the runway 
centerline in the direction of the approach to join the approach region. 

(4) Verti ca I ly 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 
(2000 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 shal I provide guidance information 
verti ca I ly to 30 degrees above the hori zonta I. 

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 sha II 
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 equa I to the proporti ona I guidance sector provided by the approach azimuth 
ground equipment. 

(2) Longitudinally from 75 meters (250 fee1·) from the MLS datum point 
in the direction of the approach to 20 nautical 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 <lt the MLS datum point and 
inclined 7.5 degrees above the horizontal up to a height of 6000 meters (20,000 
feet). 

When the physi ca I 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: 

(l) 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) 
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APPROACH 
ELEVATION 
ANTENNA 

I 

® 
45m (1 !iO ft) I 

40" 

:~~:~~T~H ;.;,:.;.;.;.;,:.;.;.;-:,:.;.·I •. -:;::-:-:-:-: 
ANTENNA - ·.·.·.·.·.·.·.·.·.;.;.:-:-:•: · -:•.·.·.·.·.·.·.f-+---t-----

4!im (150 hi 

600m (2.000 It) 

APPROACH 
AZIMUTH 
ANTENNA 

' 

(al LATERAL COVERAGE 

6000m (20.000 It) - - -- -- ----------.: 

(bl VERTICAL COVERAGE 

Figure 2-1. Approach Azimuth Coverage. 
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DATUM 
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ELEVATION 
ANTENNA 

., 1:~~1: 
9 I I • ' I I I• '.• ••• y:1 • 'i' • 

75m (250 ft) ----I l-
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20 NM 
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Figure 2-2. Approach Elevation Coverage. 
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5. Structure. 

a. Azimuth. At the approach reference datum, the approach 
azimuth function sha 11 provide performance as fo I lows: 

(1) The PFE shal I not be greater than plus or 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 sha 11 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 sha 11 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 angular 
terms at 20 nauti ca I miles from the runway thresho Id a long the extended runway center­
line is 2 times the value specified at the approach reference datum. The CMN limit, 
expressed in angular terms at l 0 nauti ca I miles from the reference datum a long 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 mi nus 40 degrees azimuth angle is l . 5 ti mes the value on the 
extended runway centerline at the same distance from the approach reference datum. 
The CMN Ii mi t, expressed in angular terms at plus or mi nus 40 degrees azimuth angle 
is l .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 a:z:i muth antenna phase center 
is 2 times the value 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 sha II provide performance as fo I lows: 

(1) The PFE sha II not be greater than plus or minus O .6 meters (2 feet). 

(2) The PFN sha II 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). 

-9-



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

(l) With distance - The PFE limit and PFN limit, expressed in angular 
terms at 20 nautical miles from the runway threshold on the minimum g Ii de 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 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 - 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, PFN 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 elevation 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 angular 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 Ii mit of coverage is to be 3 ti mes 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. 
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6. Reference Datum. The MLS approach reference datum. The height 
shall be 15 meters (50 feet)o 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 Accurac • The DME portion of the MLS shall provide longi-
tudinal/positionalaccuracies 2 sigma probability) of 600 feet in the normal mode. 
Accuracy of the precision mode sha II 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. Contro I motion noise for one aircraft may be 
path following noise for another. Standards must be set to protect a II 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 foci Ii ty. Because of this fact a lone, 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. 1 

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-fie Id measurements can be made by means of ground checks. Ground 
checking outside of the accepted range of the criterion 2o2/>-. 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 wou Id 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 
iintercept and normal approach-to-landing profile. The standard intercept wi II allow a 
look at the critical be low-path structure, and the approach wi II confirm path structure 
which had been observed previously. Changes from ear Ii er documentation wou Id be 
'justification for an increased number of flight patterns. 

Documentation of previous data on approach-zone and environmental scrutiny 
become two very critical items of the flight check. One will note that these ore not items of 
!;Jreat 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 

. .___ 1::md accident investigation make it almost essentia I. 

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, monitor:ing 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 survei I lance procedures need to be forma Ii zed 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 wou Id be stored in computer memory. Any changes 
to the bui ldi ngs, structures, or topography shou Id be identified through any or severa I of 
the fol lowing means: 

1 . Vi sua I observation. 

2. Engineering drawings that wou Id be circulated forma I ly from airport 
commissions and involved architects. 

3. Periodic photographic acqui si ti ons of the airport panorama. 

These then wou Id be entered into the mathemati ca I mode I used to predict multi path effects 
for MLS. Should the mo:lel predict effects, then flight measurements must be committed 
to identify the actual in-flight signal conditions. 

-12-



• 

The rigor of a good surveillance scheme will serve to give protection from physical 
features derogating si gna I q ua Ii ty. The key wi II be to make fu II use of modern data 
storage and retri eva I capabilities. One can conceive that after data acquisition and input, 
the remaining activities could be automated. Human qualities do not lend themselves well 
to surveillance 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 . 

Ill. 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 al I-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 norma I 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 peri phera I devices, and alteration of measurement 
sequence or selection of inputso 

In general, system elements are interconnected using standard interface specifica-
• tions. EIA RS-232 is used wherever possible, permitting convenient testing or monitoring 

of data flow using standard computer termi na I and display devices. The IE EE-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 ihe evaluation and data-collection 
system, and the provision of standard 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 wi 11 permit operation in other aircraft which use the 28 VDC power 
standard. Of course, appropriate antenna installations must be provided for MLS angle 
and DME, communications and the ranging element. Major system components, selected 
during this shJdy, are: The Motorola Mini-Ranger Ill {TM), to provide slant range 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 0.03-0.04° in azimuth and elevation. Modifications to the theodo­
lite do not degrade manufacturers' stated accuracy of 20 seconds of arc in azimuth and 40 
seconds of arc in elevation. The Tektronix {TM) 4052 computer combines processor, mass 
storage and graphics display in one unit. 
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Figure 3-1. Beech Bonanza A-36. 



B. Measurement System Outl-ine. 

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 identical 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 pi lot 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 fol low 
the computer to either location, but al I other equipment is unchanged in location and 
functiono Only software changes need be made to alter the configuration, and these are 
entered during set-up from the computer's cartridge tape unit. Data lines are standard 
throughout the system. 

2. Size, Weight, and Power. Tab le 3-1 Ii sts approximate size and 
weight for the individual units that wi II comprise the MLS data system. Total volume is 
approximately23 cubic feet and total weight will be approximately465 pounds. 

Power requirements are given in Table 3-2. When using light aircraft, it wi 11 
be necessary to utilize load management techniques to hold power consumption within 
acceptable limits. A tota I of approximately 50 amp at 14 v may be used aboard typica I 
aircraft. 

3. • Physi ca I Construction; Appearance. The physi ca I construction of 
the MLS data system wi 11 be patterned after the Ohio University Mini lab, used success­
fu I ly for the I LS measurements over the past 3~ years in support of FAA research and 
engineering. This unit has met al I its design goals and, after severe I 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 wi 11 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 obi lity to repair items quickly and easily. Al I circuitry wi 11 be accessible by 
hinged doors, removable tops, and slide-out chassis as applicable. 

c. Ease of Installation - All units employed in the airborne package wlll 
be attached to platforms which wi 11 slide onto existing seat rai Is. Connectors, cables, 
and mounting mechanisms wi 11 be accessible without removing equipment. 
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Size Weight 

Tektronix 4052 Minicomputer 14 11 high x 19 11 wide x 33 11 deep 6816. 

Tektronix 4611 Hard Copy 12 11 high x l 6 11 wide x 26" deep 45 lb. 

Power Inverter 115 V, Sinewave 7" high x 19" wide x 13 11 deep 95 lb. 

Airborne Telemetry Processor 9 11 high x 20" wide x l 8 11 deep 25 lb; 

Ground Telemetry Processor 9 11 high x 20 11 wide x l 8 11 deep 25 lb. 

3M-HCD75 Tape Unit 8 11 high x 20 11 wide x 18" deep 30 lb. 

Motorola Mini-Ranger Range Console 6 11 high x 17" wide x 18" deep 32 lb. 

Mini-'Ranger Transmitter/Receiver (2) 12 11 high x 811 wide x 6 11 deep 10 lb. 

Warren-Knight-83 Theodolite and Case 22 11 high x 19" wide x 15 11 deep 48 lb. 

MLS/DME Receiver Pallet 24 11 high x 6 11 wide x l 6 11 deep 35 lb. 

Control Head Pa I let 12" high x 6 11 wide x l 611 deep 6 lb. 

Power Inverter 115V, 400 Hz 4" high x 6 11 wide x 6 11 deep 9 lb. 

Pilots Display 2 11 high x 8" wide x 6 11 deep 3 lb. 

Pallets and Mounting Framework ------- 20 lb. 

Linseis Pen less Recorder 5" high x l8 11wide x 18 11 deep 40 lb. I ·--

Table 3-1. Size and Weight of Units. 
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Converted 
14V.D.C. 

115 V 60 Hz ts ircraft Load 
See Note 1) 

Tektronix 4052 Computer 300 W 400 W 

Tektronix 4611 Hard Copy 350W 465W 

Linseis Penless Recorder 85 W 113 W 

Airborne Telemetry Processor (ATP) 100 W 133 W 

ATP VHF Communications (Transmit) 80W 60 W 

Ground Telemetry Processor 100 W (X) 

Bendix Angle Receiver (X) 60 W (Note 2) . 

3M-HCD75 Tape Recorder 88 W 117 W 

Cooling Fans (X) 24 W 

Bendix DME Receiver 
I 

(X) 120 W (Note 2) 

! 
Miniranger Remote Unit ; 13 W 18 W 

i 

(1) These figures al low 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. l OVA additional used for cooling fan on the angle 
receiver. 

(X) Not applicable. 

Table 3-2. Power Consumption. 
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The ATP, GTP, and the 3M-HCD75 data cartridge wi 11 be bui It into standard 
1911 equipment cabinets such as the Zero Manufacturing Company VIP-170816 or similar. 
The MLS Receiver, DME Receiver, and associated control heads will be mounted in 
open frame cabinets, while the computer, hard-copy unit and power inverters will 
retain their commerci a I packaging. 

The physi ca I layout of the various packages for Configuration l is shown in Fig­
ure 3-4. This conceptua I drawing demonstrates the approximate layout when i nsta I led 
in a Beechcraft A-36. In this configuration, the ground package wi II 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 l is no longer required, and the copilot seat may 
be retained for use by an observer or safety pi lot. A sma lier, 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. l) 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 was obtained for demonstration 
(Appendix, Section B. 3) and was found to operate much as expected o Project team members 
were impress.ed with the degree to which the manufacturer supports the Mini.,.Ranger product 
in the fie Id. 

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, 
wi 11 be available every 15 msec. 
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2. Ground Tracker Description. Figure 3-6 is a pictorial of 
the Ground Reference System and the 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 to permit mounting of Portescap 28Pl219 motors and gear 
trains. The aircraft is tracked by means of a joys ti ck. Displacement of the joystick 
introduces a voltage 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 11 velocity-controlled11 system as opposed 
to a 11 position-controlled 11 system. A block diagram of the theodolite motor drive circuitry 
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 al lows 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 revo lu­
ti on 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 unti I 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 wi 11 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 wi II automatically be 
aimed in the proper direction . A pi ctori a I of the proposed theodo Ii te 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 pi lot via an annunciator lamp on the pi lot 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 automati ca I ly 
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steered to the computed position of the aircraft. This wi 11 a I low acqui si ti on at greater 
distances than is manually possible. Additionally, it will keep the MinhRanger 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 
carefu I ly so the computer wi 11 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 require men ts for the various f Ii ght 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 opti ca I encoders because the stored shaft position information wou Id 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 
wi II 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 111 (MMR). The MMR provides the required 
range accuracy (±2 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 antenna. 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 interrogates an airborne reference station. The reference station 
replies, and the elapsed 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 wi 11 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 rate. 

The MMR trans mi ts 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 [JSeC to 88 1-15ec . Each three-pulse sequence (PRF) requires 
1 .14 msec. The range console averages five PRF1s before updating the range so that each 
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l . Pattern A, Centerline, 6° Path, 200 feet/sec. 

a. Theodolite at Az site: 

0 

Az 0° /sec . average. 
0 

El Less than .1°/sec., but with only 2.1 ft. resolution. 

b. Theodolite at runway edge, abeam Et site: (Runway width= 200 1) 

0 

Az l .4° /sec. at threshold. 

El 1.1°/sec. at threshold. 

2. 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. 

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

a. Theodolite at runway edge, abeam El site: 

Az Less than 0. l O /sec. at limit of EI coverage. 
El l .4°/sec. at limit of El coverageo 

4. Pattern C, J_ cut, 1000 ft. AGL, 200 feet/sec. 

a. Theodolite at runway edge, abeam El site: 

Az Less than 1 . 91 °/sec. at 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 abeam the El site, as close as possible to centerline, for paths 
up to threshold. Inside threshold, .azlmuth 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 accomplished by adding a 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 are loaded into a down counter at 
the appropriate time. When the counter counts down to zero, the 11 carry 11 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 data link. Four bits (or one 11frame 11

) are transmitted every PRF. ·rhe 
data is transmitted in 32-bit words so that eight PRF0s 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 frames or 15 msec. This 
allows the data link to maintain an effective transmission rate of 2133 baudg 

The data link accepts and outputs only ASCII encoded data. Each data message 
to or from the data link must adhere to the fol lowing format: 

STX (Start of Text) ASCII Code 02 
Eight data frames (ASCII Codes for 0-9 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-Ranger1s 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, i I lustrating operator features. 

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 aircraft1s current position. The operator 1s 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 
operati ona I 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 seria I UAR/T (uni versa I 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 - l - 3 

Mating Connectors: M24308 - 3 - 3 

Pin Assignments: l - Ground 

2 - RS232 IN (from peripheral to 
Data Link)-- -

3 - RS232 OUT (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 l & 7 are jumpered together 

MOBILE STATION - 6 pin circular 

Connector Type: 

Mating Connector: 

Pin Assignments: 

MS31 l 4El O - 6S 

MS31 l 6Fl O - 6P 

l - 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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Figure 3-13. Ground Telemetry Processor - Pictorial. 
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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 11 A-flag 11

) 

also provides an interrupt to the G TP 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 elevation. One 4-bit latch drives the status lights for front-panel display. External 
telemetry inputs are servi_cedby appropriate serial input circuitry. For RS-232 standard 
inputs, a UAR/T chip is provided, with adjustable baud rate. For specialized external 
sources, such as the FM laser tracker, a custom interface is provided to convert seri a I 
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 wi II 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 (PIAs) 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 incrementa I 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 mi le can 
result from this machine-aided acquisition. 

The GTP provides an input/output port for a standard computer terminal operating 
on the RS-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 down loaded from 
a host computer, on which resident assembler and si mu la tor programs provide software 
development and alteration capabilities. • 

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

It wi II 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 1/0 and interface circuitry for the two units, to 
minimize maintenance problems and spares requirements. Major differences wi II be in 
software. 
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D. Ai rbome Measurement E le men t. 

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 wi II be mounted in the space between the front left and center 
left seats. The contro I pane I wi II be mounted in the space between the right front and 
right center seats. A pictorial of the receiver control panel is given in Figure 3-18. 
In this position, the displays and controls wi 11 be accessible to both the pi lot and panel 
operator if necessary. Additionally, the pi lot wfll have a small control and display 
unit mounted on the aircraft instrument pane I and wi 11 receive M LS crosspojnter i nforma­
ti on 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 3-4. 
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 coo1ing, provided there is sufficient 
spac:e between and around each unit. The presence of convection current obstructions 
or proximity to a major heat source such as a power inverter wi II probably require the 
oddition 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 a II owed 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 insta lier. 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 a long 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 wi II generalty be 
connected either by Amphenol MS or 11 Mini- RAC 1711 connectors as appropriate. 

2. Airborne Telemetry Processor. The airborne 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 overa II control by a 
commercially-avai lab1e microprocessor with addition of peripheral controllers to permit 
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Figure 3-18. Receiver Control Panel. 
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CONNECTOR MATING 
DESIGNATION CONNECTOR FUNCTION CONNECTED TO 

MLS Receiver AMP RM2P-C2 S-1 06P- Main, rear MLS Shockmount 
00-01 -020 with 
Cannon CM2 insert 

Control Unit Cannon DDSOS-C33-F92 Control MLS Angle Receiver 

Aux Unit Cannon DAl 5S-C33-F92 Aux Daro MLS Angle Receiver 

Switching Module Type UG-21 D/U Ant "Switching MLS ;C-Band Antenna 

Latching Relay Type N Ant Switching D ME Antennas 

DME Unit Cannon DPXZMA Main DME. Shockmount 
AC3S67S-33B-0019 

DME Indicator MS 3116F-l 6-26S Indicator DME Interrogator 

Table 3-5. Mating Connectors for MLS Receivers (Bendix Corp.). 



Preferred location for 
Mini-ranger Antenna 
on boom. (Requires 
new opening in outer 
skin and floorboard.) 

Bi;;ECHCRAFT Bonanza 36. A36 
_ E-1 th_ru E-926 
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(under) 

,.._,~-=---.DME (under) 
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*36 P_ rior to E-184 ••AJG E-186 d f MLS Angle 2 
• an ° tor (behind) 

February 1980 

Figure 3-20. Planned Antenna Locations, BE-36 Aircraft. 
(Figure from Beech Aircraft, Inc., Pi lot's Operating Handbook) 
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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 address/data selection. The chips accept 
32-bit ARINC data directly from the MLS receivers and provide 8-bit pcrallel bytes to the 
microprocessor bus. rhe MLS receiver interface hardware may be duplicated, to permit 
a dual-receiver system. 

The ATP ~rforms no manipulations upon MLS data content. Rather, the unit 
steers the data to appropriate destinations for processing, disp1ay or recording. Since 
the ATP is transparent to data content, the system computer must decode data identifica­
tion bits c;md determine the correct use for the observation. With this system character­
istic, it is possible to utilize existing modification for the MLS angle receiver which 
provides amplitude outputs, necessary 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 I ink is connected vi a standcrd UAR/T, with effective data rate 
of 2133 baud, asynchronous, full-duplex. The system computer, when located in the air­
craft, interfaces via IEEE-488 bus controller. 

Two digital-analog converters are provided, for output of analog CDI informa­
tion derived from the ground tracker position to the pilot display. DME analog 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 latch register is provided on the microprocessor bus. The.· 
inclusion of such a clock permits real-time merging of external telemetry data and 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 aircraft when the system 
computer and recording devices are on the ground (Configuration 2) for pi lot and observer . 
dota output in the aircraft. In Configuration 1, with the computer and hard-copy devices 
in the aircraft, this chort recorder is not required, but may be used on the ground, for 
data output to observers or measurement team members. 

The microprocessor software includes a system monitor, which may be activated 
for test purposes by attachment of a standard computer terminal. These tests, which wou Id 
generally be done in the laboratory prior to a field measurement mission, wou Id include 
processor diagnostics and 1/0 port checks. Temporary addition of random-access memory 
cards will facilitate software 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, a long with airborne chart recorder control. Pi lot display and control 
functions including CDI flags, ground tracker status, range display and event mark 
are served by the Pi lot 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, computation 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 11 CDl 11 

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 pi lot. 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 
11 theodolite no-go 11

, 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 (a magnetic tape cartridge unit), alphanumeric and graphic 
outputs for operator and experi mentor 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 di splay, and 
a cartridge tape unit for systems software are all built into the single package. Hard-copy 
output is included, as is RS-232 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 ti me and allows 
concentration of effort on the MLS task, rather than on system control routines. 

Coordinate conversion software wi II be modified from FAA Technical Center 
routines, and PFE/CMN/PFN filtering routines wi II be produced. Operator interface soft-
ware will emphasize the "hierarchical menu" approach, to maximize flexlbility while· 
maintaining convenience. Provisions for repeatable site parameter data entry and such 
constants as aircraft antenna parallax wi II 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 wi II 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-sea le 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 i nte I Ii gent termi no I, with added graphics and hard-copy 
capabilities. Thus, the system computer serves the data collection and processing 
process even when fie Id measurement exercises are not being carried out. 

rhe 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. 

-51-



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 
rni crowave landing system operation. 

1. lmplement a study to identify numerical values of tolerance limits which 
wi 11 accommodate a 11 classes of user aircraft. An important part of the study wou Id 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 possible out-of­
tolerance conditions such that augmented flight checks should be conducted for measur-
ing actual effects on signal quality. • 

3 • An i nvesti gati on shou Id be performed to i den ti fy cri ti ca I areas for I ocati on 
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 shou Id be through the use of mathemati ca I mode Ii ng 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. Continued 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 wi II be a rich source of data and this shou Id 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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<'ILS23• TECH PPT DUAL BAND AJR~ORNE l"JTFI\IIIJA STUOY cl.S. ARMY ELECTRONICS CJ'l'IA"JD/UNIV. OF "'ICHJSAN 'IAY, 1974 
*'ILS!l* TFCH RPT TPACKER PfRFOP~A'ICE , AVAILABILITY AI\IO OECRIPTIO'I 

I '<ANJAL f'N TfSTJNG OF 
~ICHI~A~ w~y, 1Q74 
-;:-2~01-1 JUNE 1978 

RADIO NAVIGATJOI\I Alis l"JTER'lATJOI\IAL CIVIL AVIATION ORG. 1972 THIRD fDJTl(lN VOL II *'ILS2'i• MAN'.JA 
*'ILS23* TECH RPT DUAL BAND ,\JRBORNE ANTEl\l"JA STUDY u.s. AqMy FLECTR~I\IIrs (~UUANn/UNIV. OF 

. *'ILS27• TECH RPT "ILS PHASE Ill ~ASIC NAPRQW AND SMALL CD"l'I CO'lFIG. fll\lAL APT VOL. I Ar'IOIX "IS-RCD 
•ML S?B• FI\IG RJCO FAA ·•NGINffRII\IG RfQ. 'ILS FOR BASIC CO"JFJG. qA-ER-700-01 FER. 1975 

*'ILS~4• I"JSTR. "IAN 'llS AJQ~QQNf SUBSYSTE'I BA.SIC CO'<FlGUPATION INSTI\. 'IANUAL, J.B.1157 ~Fl\lcl!X Ji_lNf 19H 
~ASIC NARROw AI\IO SMALL COM'I CO'IFIG. Fl'IH RPT VOL. I BENDIX 'ILS-9CcJ-,--29'll-l JUNE 1978 •MLS27* TFCH q~T "LS PHASF Ill 

'> PH.\SE I II BASIC N.\kROW ANO SMALL C.O'I"' CO"lFJG. Fll\lAL RPT VOL. I oENDIX 'ILS-BCO-R-2801-1 JU"JE 1978 *'ILS27• TFCH ~PT 'IL 
S 1'IRBO~NF SUBSYSTEM BASIC CONFIGUR.\TION INSTR. MA"JUAL, J.!I.Jlq ~FNDIX JUNE 19H, •MLS34* I1\JSTR. "AN "IL 

•'<LSlo• TECH RPT "IICROWAVE LA"JDING SYSTE"I APPLICATIONS AND BENEFITS MTRb938 MITRE CORP. JULY 1975 
JU"lE 1980 •MLS46• AN A"JALYSIS OF THE OfO Ff'R .\NO THc 9EI\IFFITS ANO COST OF TYE l\lhTIONAL 'ILS EXEC SUM"' RPT NO. FAA-F'l-80-7 

NE 1980 *'4LS47• AN A"JALYSIS OF THE REO FOP ANO THF BENEFITS AND COST OF THE "JATIONAL 'ILS VOL. I RPT "lO. FAA-E"l-90-7 JU 
~Nf 1980 *14LS48• A'I AI\IALYSIS 0" THE PfC FOR .\1\1D THE ~ENfFITS AND ·cos, OF THE "JATIO"lAL MLS VOL. II I\PT 1\10. F.\A-E"-80-7 J 

IFCH RPT ESTIMATE OF MLS 5'1ADOWl"JG ,cqJ TICAL ARfAS AND AIRPORT BUILDING RfSTRICTI~NS MT~-b847 J-j~ 'IJTRE C1RP. 'IAY 1975 •~LS9• 

Tobie 6-2. MLS Index, Word in Context. 
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' 11 f : 'IL S I "DEX C DhGf ·102 

•"LS,• TFrH 0 01 A'111TJ';'JAL HSTS ON NtASf- 3 OfCEIVfqS CALSDAN TN-I JA'J. 1977 
ISi<'* lfrH ,!OT 11JLTlµATH h':) rca:.,~A-.rr TfSTS :JI Jµ<;R ~FCFIVFRS fALSDAN TN-b EPT. JQ7b .... 
"ISI3• T,c,-, PDT FLIGHT TEST ;·ATA ,,;. 'l'llll'l'.lDF rir;1TAL 0 PO(f550'< (ALS?JIN TN-lb nEc 1'179 • 
.::-~ .1!l,S7~.\Cl .... ,ct.·r, STRJ:> .•,t,,llt"~ ►1~s J()W,. ~- 4~W ►-1 l l f\.~,;1 f'( ~ESFARCY C[NlfR J!JLY 1~74 •~t S? 

•·•LS,1• lelH kPT ~LS Fll~HT CHfC~ P~'l(ffJ•J<f AT "-IILA'FL'HU l'JTCRNATIC''l:hl AJODLJOT, "'AY 29 IG"'l. 
•"L'>31• JC(H RPl "LS FLIGHT (.Hf(• P~7cf:i1J<f ~T "AS-<I'lGT- ... ,,~TUJ'JAI AJ"Dn"<T, "AP~H b, 1079. 

~A ... Ut.L '-:~ 1,lJAL ON HSTIN~ '.'F 0 AJ1'7 'IAVIG'•TION Al'lS l'lTfi<"ATl'J"AL CIVIL AVIATION no:;. 197.2 lHlfi) ~)1110'1 VOL II *"I S25• 
•"'L S21• TECH µ_01. (:JOVED. A>DP(.1ACe; PATH STU)Y rAA-~0-72-14~ Ult L l"S ~AOIO ~'.c"D 0 /~.A.A. APlJt IQ73 

.... LS27• li..CH p>J '41 S n,A<;r Ill PhSIC •,~•ecw AND S"\ll (l)YY (,J ... rJc;. r '"AL i<PT Vl)L. I 9~•n1x 'ILS-RCJ-?-2P:)J-I JUNF IQ7e 
•"!L537• TE[H -~1. lFST A'JD •V~IUATIO"' (•F T[XAS l"ISTRU'IFNTS S"All er""· "LS, F(\'AL ~PT '<AY IQq(J 

TFCH RPT nu~L ~~·,!) Al~P.fJ~"E A,T•\/•,A SlllOY IJ.S. AO'<Y FLF[H.JS:ICS (.'W•'h'ID/'J'IIV. OF "'l(H(GA'l "AY, 1-.14 *"LS?3* 
T A 'Jf~ GJl')l~(F SYSTE~ FJC APP~IJA[H h\/') LA'JJJ~G DAfJJ □ TF(rlNl[hl CO•~ISSJ(l>; F(lR ACR(l ... AUTICS 1fC. JQ70 1':'CH PD 

*""l S2 l * TECH i<PT CUDVED A?>P[.ACH PATH STlJOY FAA-R'.l-72-14'\ lflll ['IS ~A'lfO V''<P./F.A.A •. \ □ l]l 1'173 
•"I ',;'7• T[CH RPT "ILS DHAS~ III 'lASIC 'JhJ:DQ~ AND ~.•ALL cr1~ .. ('.J'lf(G. F( ... AL ROT V')l. I P!:'a'l(X "IL<;-~(D-P.-?~01-1 Jl/',F 1Q78 

*'<LS2~* E'IG PEO <AA e'J.:;(',[1:0.I'-IG RFJ. "ILS F(lR BASIC Cr''l:FI'.;. fAA-ER-7"J-OI fEB. 197'> 
*"'LS34• INSTP ... ~I\ 'ILS A[DHJR'JE SU'lSYSTE"I SA~)[ cn•,<(GU 0 ATirN l'sSH .• ~A>;JAL, (.A.1157 Rf'WIX J,JNC 1~71, 

l'1" SDF:l'JG 190.0 •"LS32• T<Crl OPT. C.LJl)A"CE AC[U'A[Y LJ'<SIDERATIG'IS FJO THc 'ILS ~)"f, c.J. KHLY, E.F.C. lAP,EDGc 'OVICAT 
J"f 23, 1980 •"ILS43• TFCH RPT ['.JOQJ]"IAT• co ... vros,u ... FO~ ~ASMJ ... ~TO'J 'lATl[~AL l'JSTALLATf!)" '<LS-SE-00 LA8~DGE J 
,J LA3fPGF JU"lc 23, l9RO *"LS43• TECH RPT Cflc.•JINATE CC'JV<PSIO,_. F(JR \.A~-➔ l•<~T(''< •JATIC'IAL J•!STALLATJON "LS-Sf-0 

T~CH •Pl •·E-cVALJAT((lN :1F THE fHF(TS [)F "LS GU(clA ... CE FPROkS Ql\j f')rO)l'-IATE ACC•JOh(Y 'ILS-Sf-J'l4 I AQf>GE JJLY ,1, 1'>81 '"LS44* 
TJCAL ~••AS AN1 AJqPQRT BJILDIN~ R~SlP 1 (TIONS ~TR-b847 THE 'l(To< [lRP. "AY 1975 *"'LSR• T•CH <>T FSll"'AT~ QF "LS SHA11WIN~ ,[~I 
"((QJ.~Vf LA"<DJN:; SYSTf" AµPtl(Al 10,;5 A'JD Rl'>;fF(TS "TRt,938 "'ITR<: v:w 0 • JULY 1975 ~"1516* TFCH OPT 

""LS4l• A.", ~•,ALYS1S Ci~ TH~ ~~o en, AND T>➔E 'lt'ffFJTS A•:!l C•lST OF THr N>Tl'l'iAL MI.S fYEC s , ..... PPT ',Q. f AA-,"-90-7 Jll"E IQP') 
="LS>7• A" i•,AtYSIS GF THE DE;) c;i;; A'J'J T4f Rf,CF(TS A'41 COST DF T4F 'IH[l',Al "LS VIJL. I OPT 'IC. <Aa-r"-R0-7 JU'l:F Jq~o 
~"LS~9* AN H;ALYSIS (lf T.-4f R•O H)P A"l[) THf e~•,EFITS A"D cn;r OF THE •,~1;('',AL 'ILS Vfll. II >PT >;'l. FAA-'"-R1-7 JIJ"c 19~rJ 

41• T•CH. :)fVcL:: 0 -iFNT OF •:,coo.Av• LA'sJl',G SYSTF ... (4DL£"E"TATl!l" (CITc'<Ji ., ... AL RPT. JlJI\IE 1974 ="L5 
C[-i<P. "AY 1975 •~LS9* TFCH •PT ~STl'<ATE OF •LS SHA'JO\.'l'-IG ,CO.ITICAI AOfAS A"J AJRDO'<T f\:JILDl"IG PFSTPfCTJ('"S ~•P-1,847 TH< •!TRf 

1975 ~ .. LS9* TFCH RPT T~S'I CPJTJ[AL AR(AS Sl:J')(FS PT.I PFFI HTIO'J "f•~CTS Ll"C'lL" LABS 'lnv.5, 
APTJL 1o73 *"LS21* TF[H RPT (;J~VE:) AP:>or,ACH PATH STUDY FAA-RJ-72-143 (nil l"S •A"IO Cr,.0.11,.t.A. 

1979 

*"LSI,• TFCt-: PDT FLJ:;HT lfST DATA F'lR ,'<Jlll"!JDF DIGITAL PPQUSSQR CALSDA'i T",-H, 'le[ 197'1 
•"'LS33• "A('IT "•A'i "1'11 OA•JGfO. ')AJA DP.'l(ESSC'< "'AINT. "A"IIAL, 68-PD252hF MC!T]l<(lLA 'sQV. 15, JQ7P 
•'<LS36• (,PFR. "'~" '4(NJ PA'IGE• '.)ATA PR'1C,SSDP Q~FPATIDI\I C l"ISTI<. '4ANUAL. L~-002s25r "'"TQO'.lLA J'JNF 

•~LSl4• T~rH APT DCA "LS A1Q(TJn'JAL NOTE OEr.11, 197</ 
T FLIGHT TeST DATA Fnk "Jlll'IUDE n(GITAL PRr[~SS'.'R CALSDAN T>;-]6 DEC 1970 

*4LSJ4• TECH PDT eJCA "LS A'JDITID'IAL ',Qlc :lEC.11, 1979 
~DP'<QA(H A',') LA'J')JNG RA:llr TECH'J([AL CJ"U[<;SJO'J FIJR AE~IJ ... AJTJ(S 1EC. 1970 

*'4LS11• TECH RPT T 0 ACKF~ PEHO~'H'iCE , AVAILABILITY AND DFC'<IPTIO"I 
•"ILS7* "'l S "UL TIPATH STU:llFS,PHhSE 3, F!'IAL REPORT, VOi. J:0°VFLOP ... ENT l":l VAL IDATJO'I QF u.~•'JEL FOR "LS HCH'll'.J'JFS. 

~ 1'178 •'1LSI7* TECH RPT 'IATJONAL PLAN FDR JEVfLOP"'ENT (lF THE "!(CRG~AVf LA ... JINS SYSTEM CAA-EJ-Q7-2A F.A.A. JU"I 
*"LSI~• TECH RPT U.S. "ILS DEVfLDP"ENl oon:;aA" ·sY"PCSIU"' D.J.T./F.A.A. JUI\IE 191'3 

AL RDT. JU'IE 1974 *"ILS41* TECH. QFVflOP"ENT OF '41CRr)~AVF LA'JOj'I~ SYSTEM l"'PLEMFNTATJO'i CRITERIA FJ>; 
*"LS2• AeSTRACTS '1.L.S. DIALOG ABST 0 ACTS 

77 
~ ... LSI,• TECH APT FLIGHT HST 'lATA FOR '4Ulll''O'l!: DIGITAL <>R(lC<S<QR CALSPAN T"-H '1EC 1979 

*"LS35• '4AJNT. "AN "ILS 0;.lf 0RECISEJN INTf<·RrJGAT'.'R SY',IF"I "Al"IT. "A"!JAL, J.!'l.1157P APRIL l'I 
•"'LS49• "'1( 0 □~AVE LAN:lJNG SYSTEM TRANSITION PLJIN ')RAFT OCTOBER 20 1980 

• OF "l)Pt!GA ....... AY, 1974 *"LS23• TECH RPT '.)'JAL BA'ID AJP 0 Cl'<'IE ANTEl\l'JA STUDY ll.S. ARMY ELECTRO'IICS co~ ... A'ID/UNIV 
1980 •.MLS20• TFCH R?T "ILS MULTIPATH STDS. PHASE 3 'lVL?MT A'JD VAL !OAT 10'1 OF "1=10fl FJ'< '4LS TECci'IIOUES LINC. LA~S. Ff!I. 

JIO NAVIGATJO-. AIDS JNTE 0 '<Alf(l'IAL CIVll AVIATION nRG. 1972 T4IRD E11Tlfl>; VOL 11 *"1525* "A'IUAL ~A"IUAL ON TESTI"IG OF RA 
•l'LSC/* TFCH RPT TRSB CRITICAL A'<EAS STUDIES PT.I REFLECTIO'< EFFFCTS LINr:OLN tAeS NOV.5, 1975 

~EAGf JULY 31, 1980 •'1LS44* TECH RPT Rf-EVALUJITION OF THE EFFECTS OF MLS G:JIOA ... CE ERRORS O'I COORDINAT~ ACCURACY MLS-SE-004 LA 
*"LS23* TECH RPT DUAL !'IA><O A]PBOR'JE ANTEN"IA STUDY u.s. ~Q"Y EL~CTPC'IJCS c~~UA'<D/UNIV. o< "IC~IGAN "IAY, 1974 

!l. 1975 *"LSZ'I* ENG 'lEQ FAA F"Gl-.FFRJ"IG.PEQ. "ILS FOR eASIC C!JNFIG. FU-ER-700-01 FE 
Cl IO'JAL PFC. FAA-ER-700-09( MAY 10 197<1 •'ILS~<i• ENG PEQ FAA f"IGINfEklNG REQ. MLS SIGNAL FrR"AT A>W SYSTfltl LfVH Fll>j 

FftA-FP-700-0~[ •AY 10 197q 
•"LS2B• ENG RFQ FAA f'JGl'JEFRING P~O- "l5 FOR BASIC CnNFIG. FAA-FR-7nD-Ol FF~. 1975 
•MLSlQ• ENG PEQ ~A4 FNGINEERl~G RfQ. •tS SIGNM fOq•AT ANO SYSTE'4 LFV~t FU-.CTIONAL REO. 

Table 6-2. (Continued). 
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I 'IDEX C P~GF 003 

-~J-o VITRf1 LAt!S SE 0 T. JQSQ •~LS42* TFC'i ,PT "ILS ~•~C,l"IEERl'IG FL!Grll TEST >fSUI T, •AS4JNc;F1N '·JATl~':At A"P"RT l"-SA-3 
~~rs, fF9fl:IAL °FGJSTEP. vfJL. 45 ,,r"!. 175 SEPT '3 I~HtO -t:~L~3Q• ~"'-1GR. ~~-~ ~~l~-rr.:~~tiAL '1!.v1c;~11r;i~ F=ACILITrEs PRcoo-":"sr=r uLs Q.fJ·JJrtto11: 
T "IULTIPATH A'ID PfOFO"'<A'JCF TfSlS CJF TkS8 c.sccJv<os (Al SPAN TN-~ ~PT. .1971, •-,1 Si2• T"CH ~o 

•MLS44• TfCH !(PT PE-FVAI.Jt.11·'.1'4 "F T,W [ff fl TS CF ~IS GJJ'.H>;Cf "RO'.JPS [1'.J Cf•QPJJ',I.H ACCJ"ACV "lS-Sf-004 IA9~DG< J.JtV 31, 198) 
TRICTJn•JS ~T0-6947 THE J.\JTPf CO>.>. "AY JC7~ •~LS~* ]CC~ RPT cSTJ-IATE OF 'ILS S"A'lJ•IN:; ,C>ITICAL A~rAs ANO Apo~,01 'lUILDI\G OfS 

•"ILS<H TFCH P 0 T. TCST A'4J EVALJATJO>; OF TFiAS INST~ci"•';TS S"All CJ""• "IJS, FJ•.•L '<PT "AV JOS) 
*"LS3"* HST S 00 VICF TFST A',J EVALJATJO'; P>CJ::..0 AU .(SlcPJ F•JC· "l \, fE"• ?1,, I 979 

~ACY "LS-SF-J)4 ·LA9tRGE JcJLY 31, 19~) <.UlS•4• TfCH OPT p<e_CVU'JATIC,~ OF T•ff <FCCCTS o• '1LS GJtr)A>;Cf POOPS [1'; r J'JO,[JJ';AT• ACC'J 
SIS QF THf PFC ~UP M;o THE ~fNEFITS A'·ICJ r.c,q ['C THE ",ATJO'sAL "LS EXEC Sll'"' RPT '40. ~AA-!:"-g0-7 J•l'lf J.980 ""LS4b* A"I h"'ALY 
['OA ITF~ I A;>Pf'WIX B *"ILS4• JC.CH RPT CXJPACT coc .. 0 .i.tL IUl'HRY !CAO s~~Ps: ADP~•d)JX J T:J T'i< µf'PORT nr-. AG 
••,JA ITF.M 1 APPENCJix c •"Lss• 1ccH .,1 ,x10Ac1 rQC" PRfll"I'IAPY ICA:: sAoos: APPF'l11x z n1 T"" pfor.oT cn.1 A:; 
'iJA ITrM I *"LS6• T•CH ROT FXTPACT FR2" P~fll"l!NARY !CAO S~~os APPf'i')IX 2 TO THE <•PO<T C~ AG" 
0 T 'JATICNAL PLA'I FOR DEVEL'.'''lf'Jl nF THE "lr'rliAVE LA'i'Jl'iG SY'd"" FU-f0-'.l7-7A F.A.A. JiJ'iE 1978 •"LS17* TECH o 

*."ILS2I• T[rH <.PT r l<Vf') APP"'.'ACH PAT.-, S'JlV FAA-R0-72-143 Cflll!NS "ADJIJ ['7"0./F.A.A. A>TIL l'-73 
*~LS2~• f'·~G tt~:J CAA ~",J::;J'l':FQJ~r; DCQ. '1LS F-!Jti ~A<:;IC CU .. ~FJC,. FAA-E~-7/J-')l r~P. 1c-7c; 

""LS?O• EN:; PEO FAA °'IGPffFF.J>;r; RE.I. ~LS f'J~ "ASIC C'.'•l•IG. FAA-FR-7~0-0I FF~. 1975 
•fO. FlA-Ef<-7'.l'J-O~C "IAY IJ 1979 •"ILS29• E'4Ci Of:;) FU "NCil'<ffPl'4G RF::'. "lS SIG';AL cn;"AT A"i'.J SVSlf" l cyc1 F·J>;CTJC:'iAl 
l"fckl'iu w•Q. MLS SIG•Jhl ••~,,,AT .,'IJ SYSlf'I lcVFL F:JNCTl'.l'iAL PfQ. FAA-•P.-7:JJ-C)~C "-AY 10 1979 *"ILS29• r-;:; P•O l'hA FNG 

A'O THF 5"NfFJTS A>;() C'JST fJF T~r •;ATJ.~NAL "LS ExfC S!J'"" ODJ N[). FAA-r><l-3'.)-7 J'J'<E J9g:) *"LS4b* AN A'IAlYSJS r:F THF qFQ F"R 
•'.JO A'D Tri[ 3f 1ffFJTS A<;D Cf•Sl uF T-iE N>TIO•.AL "lS VOL. I 0"l NC. FAA-E"-.9D-7 J l'<E 1980 •"ILS47• AN ANALYSIS OF TY[ DE:i 
.~PA,;') THF BF'IFFITS AN':) CJST OF Trlf ',ATfQ.',/AL '1LS V'JL. II ROT '40. fAA-f~-3Q-7 J'J>;E 1980 •'1LS49• AN •>;Al YSIS 'JS THE O<Q c 

17<; S•PT 8 19~0 *"lS39* f"J.-,q. ;;c;, ~7•!- 0 •lc0Al '!AVl'.;hl!O'I FACILITIFS PRCPRQSf'.) "ILS >FJ·Jl~••c'ITS, Ff7FsAL qfGl5Jco VOL. 4<; N'1. 
PLl[ATJCo.; 'lF '-'ULTJDAT>' "0'1El T•J ~:Y ~LS P 0 P•. ISS•J•S LINC. LABS. Ff9. 197b =~LS!'.l* T<CH ;:.?T "ILS "l,JLTJPATY STJ,I•S, vrit.JI: A' 
3 )VLD"l >'.cl VAL l,ATJr<s JF ""DEL FOP. "LS lf(-i\!ICJ 0 S I l"'C• L<BS. FF'l. 19~0 *"LS20* TE::H RPT "l.S "'-'l TI ~.\T" ST)S. P'<ASt 
JD4TH Slli'JJES, MATHc"ATICAL ·~.Jlf'LS A'J'l VALIJ~T!J'I LINCOLN I A3<;. Cf0 .. ?5, 1976 VOL.I •"ILSz,• FfH RPT "LS "IJLT 
.:-~-:, RF~ FAt. :=\J~l'-..!t~F..1,-,G ~:=:·:. "1LS f7c ::\t.<;JC crJ"\IFJ::;. F-A~-~D-71J-CII ~FQ.. 1975 ~"1LS?E-* 
'"LS3~• TE,T SF~VICF HST l'iD cvat•Jhll('"i OQ('S•A" (STEP! cnD "LS, FF~. 7b, 1979 
f'.;ISTU VJl. 45 >;G. 175 S[PT A JqdO ~'-'lS, 0 * , .. :;P. ~F~ 'i'.J',-FfDFOAL •,AVIGATION FAClllTIES Op'Oil(]SE:) '1LS :,ce;•JP"""NTS, Ff'lERAL r 
<:) 'iO'i-HJFRAL 'JAVJGAT!ON FACIL IT lfS PC'' 0 P.~SF[1 "LS Of:)UIRF~E'JTS, F•'.)c<AL µ<GI STEO vriL. 45 NO. I 7<; SEPT a, J 9ql) •"I S39* E'ISP.. P 
c~•Jl:.JUES. *''IS7• .its "ULTJ 0 ATH <;TU[)lfS,PHASE 3, F!'JAL REOJRT, VOL. J:')fVFLG 0 n'JT A'I~ VAlJ1ATION CF "c:"fl F'H, "ILS Tc 
LS27* TFCH RPT "ILS PHASE Ill 'lASIC I\APOQw A'I![) SUALL CC""I C □ •••IG. FJ'4AL RPT VCll. I BENJIX "llS-'lCJ-R-Z?:JI-1 J·J'H J97A "'" 
-, -<PT. TEST A'IJ EVALUATION elf .TEXAS INSTRU"lc,HS <;~All CO"~. ~LS, FINhl RPT "IY JOAQ •~LS,7• TFC 

DEVEJ~D~E~T QF "IICPCloiAVE LA"ICll'IG SYSTf"I l•Plf"IFNTATION CRJJ•qlA Fl~AL RPT. JUNE 1974 •~LS41* TFCH. 
1979 *"LSI3• TECH RPT FLIGHT T 0 ST OATA FJR ~iJLTl"IODF CJIGITAL P.P7CfSSnP [ALSPAN TN-lb DFC 
9 !G80. •"L SsJ• TECH P0 T MLS Fl J·~HT CHECK PP.7CE')!JQ.E H PHILA'lfLPH!A INTE'',,.AT JC"IAL AJRD'lRT, "IAY 2 
9. •"LS31* TECH R0 T "LS FLIGHT CHtCK PP.OCt'.JURt AT loiASHINGTON NAllfJNAL AIRPORT, ~A•CH b, 197 
LABS SFPT. JQBO *MlS42* TECH kPT "LS ENGI'<FE•I>;~ FLIGHT TEST PFSULTS WASHI'4GTrN NATIONAL AJqP'.JRT T"-SA-3-80-b VITRO 

*"ILS2g* f'IG REQ FAA ENGINFfPING OEQ. MLS SI~'IAL FC'P"IAT A,,.0 SYSTEM LEVEL FUNCTl~NAL RFQ. FAA-EP-700-0RC "IAY 10 1979 
E"IG RFC' FAA FNGINFtRING REO. MLS SIG'IAL FC'R"IAT A'I!) SYSTE"I L"VFL f<.JNCTIO"IAL RtO. EAA-EP-700-0BC "IAY IO 1979 •"'ILS29* 
FOR AfRQ>;AUTICS DEC. 197:) •MLS15* TECH RPT A NEW GUIDANCE SYSTEM FOR APPRQACY A"ID LANDING PAOIO TFCHNICAL COM"IJSSl'lN 

C. LABERGE NAVIGATION SPQ.JNG l9AO •"IL S32* TECH "PT. GUIDANCf ACCURACY CONSIDfRAT!flNS FOP THf "LS POMt, Q..J. KELLY, E.F. 
198:) "'"ILS44• TECH RPT RE-EVALUATION OF T.HE EFFFCTS OE HLS GtJIDANCE ERROQ.S ON coa•.DINATE ACCUOACY ~LS-SE-004 I AP•PGf JULY 31, 

•MLS22• IBST~ACT "IIC•O STRIP A~tf"INAS JOHN Q. H'JWfLL LANGLEY R"SFARCH CENTtP JULY 1974 
•"ILS4• TECH MPT rxTOACT F• □" PRfll"IINARY !CAO SARPS: APPENrJIX I TO THf OFPORl nN A3FNJA ITfM I APPFNDIJ 8 
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1930 •"!L 538• f'-;G~. ?fO ND•: 0+EDE"AL ''AYIGATICi>< FACILITifS opcioocsED "l5 oco•JI>E""NTS, <FD••AL 0 EGISTfR vrit. 4~ 'lfJ. 175 Sf PT ~ 

ED. MAN "ll'H PA'lGE<z ~ATA DPOCESSna OPEOATJON t INSTR. "ANUAL, bq-ooz•,?<;F 'IJTCRr:llA J'J'IE l 1978 
•'IL533• "AINT MAN MINI OM/G[P 'lATA DPJ(E550" v,af"IT. "AN•J~L, oA- 0 0?5Jt,F "l(JTOPOLA 'ff.IV. 15, 1978 

*'<t515• Tf-CH Q.Pl A NE• ",·Jl::)ANCE SYSTE'I FOP APD>;ACH ANO LA'l~J'I:; 'A'Jl'l FCciNICAl [~~"l,SIJN FJO ~cU.'.J'<AUTICS !)EC. 1970 
"LSZl• JFr.H R0 T CURVED A 0 PR')A(H OATH STUJY· FAA-PD-72-143 [nLl.l'IS P~DIO (C"'D./f.A.A. APTIL 1973 
0 JJ1 !J's VJL II ~~l525• ~.\"IU~t ~A"JUAL ON TESTJ'i, '.lF ,A::110 ~~VIGATICJ"I AIDS INTf~NAll'c'lAL CIVIL AV!ATF.''I rJPS. IQ72 THJQf) 
,78 *"L53~" "'AINT ~A'\' "l'H P~•,~FP ..,ArA Po_'l(FSSG, ~AJNT. ~A','IAL, 62-P~?~?hF "OTCJROLl 'IOU. 15, I 
t. JJNf I 1q79 ~"1L5':a.~· OPf~. IIIA1~ •q~~I tJA~;:;fP U'-TA P~'JCfSSCJR '.'1P~RATIUN r, l"IST~ ... AI\J 1JAL, ~P-P025?5C M.QTf"'P(ll 

.... L5 1,J• JaEP. "AN JOf~Al!GN A';n 1•iSTALLAll'l", "HHlaL F~O "I'll RA"-GCP III SYSTEM, "ClTC-RJLA APDJL I 1977 
•"L53• TEC>< ~.OJ A'.l'l!TJCNAL TcSTS C'\' P"A'.C ~ ".FCFiVERS CALSP~N TN-I JA"I. 1977 

•~LSl2• Tf[H ~PT MULTJDATH A~D OfRFG~"A"ICE lESTS OF JASR •bCFIVFRS CALSPAN TN-6 EDT. 1976 
~JLTIPTH STDS. PhASE 3 IJVEPVIF~ A~') ?R~PAGATJC~ ~JOFL VALIOATl~\/~EF!N[ .. fNT STDS. L!NC.LA~S. APR. 1979 

•~LS9* TFCH RPT T•SB CRITICAL AQ•AS STU::>JES PT.I 'lcFL<CTl'l"I EFFEClS Ll'1COLN LABS 'IOV.5, 1975 
E'lfii.AL 'IAV!GATJOS FACILITIES P<JPOIJ§f() MLS Of0VJOE"1FNTS, Ff)CRAL P!'G!STEO VOL. 45 "ID. 175 SEPT 8 1980 *"LS3R* E'1GQ. RFQ NON-F 

Tl'(H RPT "XPACl <RC" PRcl l"'l"IA'lV !CAO SARP§: APPE'l':l!X l 1'1 TH• RfPD~T [11'1 A,EN'JA ITE"I I ADPfN'.l!X B •~LS4* 
TECH DPT fXlRACl FRO" PQcLl",J\A~.Y !CA') SA~~s: APPENDIX 2 H' lHc PEPDOT (IN AGENDA ITF" I APPENDIX C ""'.L55• 

• TFCH APT EXTRACT F<;[)V OR<L l"INAPY !CAO §ARPS ADPf"N:llX 2 TO THE i<CPQRT J"I AGFNOA !TE"I I ~"IL Sb 
FS. *"IL57* MLS "ULTIPAlH STUDIES,PHASE 3, FINAL RfPORT, VCJL. l:)EVEL0°MENT A'ID VALIDAT!:.J"I OF "DDFL FOR "ILS lECH"IIQU 
975 *"L528* ,c,;,; ACQ FAA fNGINE!'P ING REO. MLS FOP ~ASIC CD~FI'.;. FAA-ER-700-01 FEIi. l 

"'<LS2e• E"IG R(O FAA ENGl"IFEOf'jG QfO. MLS ,no BASIC CONFIG. FAA-FP-700-0I FEB. 1975 
"IAL REQ. <AA-ER-700-08C "AY 10 1979 •MLS29• f"IG 'lfO FAA fNGINEER!"IG REQ ... LS SIGNAL FOR"AT ANO SYSTE• LEVEL fUNCTIO 
08[ .. AY ID 1979 •~LS29• F"IG REO FAA FNGJNFF•IN~ ~EO. "ILS SIGNAL F')R"IAT A'ID SYSTEM LEVFL FUNCTIONAL R<Q. FAA-~0-700-
A ENGINEl'R!NG REQ. "ILS SIG"'AL f()AMAT A'ID SYSTEM LcVEL FLJNCTI,NAL QEQ. FAA-EP-700-08C "IAY 10 1979 *ML529* ENG REQ FA 
E'JERAL P<G!STER VOL. 45 NO. 175 SFDT 8 1~80 *ML538* F•GR. RFO NON-<EDFRAL "IAVIGATION FACILITIES PPOPROSED "ILS PfOUJRE"IF"ITS, F 

NO. FAA-E"-80-7 JUNE 1980 *"L54b* AN A"IALYSIS OF THE ,EQ FOR ANO THE BE"IEF!TS AND COST OF THE NATIONAL MLS FXEC SU .. "I RPT 
• FAA-EM-80-7 JUNE 1980 *ML547* A"I ANALYSIS Of THE FEO .FOR A"ID THE 9ENEF!TS ANO (051 ')F THE NAT!l)NAl MLS VOL. I RPT NO 
0. FAA-E"-80-7 JU.NF 1980 ""LS'-e• Ar,. ,NALYS!S flC THC RfQ FOR ANO THF BENfF!TS A>/D COST OF THE NATIO'IAL "ILS VOL. II PPT N 
"'LS38• FNGR. l!EO t-.iDN-FtDfP.AL ~AVJGATION FACILITIES PROPROSED '4LS "-EOIJ!RE ... E>,lS, FEOERAL RFGJSTER V')l. 45 NO. !75 SEPT 8 1980 * 

•MLS22• A~STAACT MICRO STRIP INTEN"IAS JOHN O. HOWELL LANGLEY QfSFAA(H CENTtR JULY !974 
~STJ"IATE OF '4LS SHAOOW!NG ,CRITICAL ARfAS ANO AIRPORT BUILJl"IG RFSTRICTJQNS. "lR-b~47 THE "IITRC CORP. "IAY 1975 *MLS8* TfCH RPT 

980 *"L547• TECH RPT MLS F"IGINEERING FL !GHT TEST RfSLJUS ,;ASH!NGT~ NATI0'1AL A(RPQRl 1"-SA-3-80-b VITRO LABS SFPT. I 
IANJING SYSTcM LITCHFORD SYSTE"S JULY l9i2 •"ILSI* JECH ~PT STUDY ANO ANALYSIS OF SC-117, NATIONAL A"IO USAF DLANS FOR A NfW 

r. AGENDA !TE,,. I APPfNO!X B *MLS4* TFCH RP"T FXTPACT FQQM PRELl .. l"IIRY !CAO SAR.PS: ADPENOIX I TO THE RFPORT 0 

N A:;ENOA I TE"I 
AGFNDA ITE"I I 

APPENDIX C 

PfSTRICllO"IS "TR-6847 THE "!TRI' CORP. MAY [975 

*'4LS3* TFCH RPT ADDITIONAL TESTS ON PHASE 3 RECEIVERS CALSPAN TN-I JAN. 1977 
* .. I S5• lECH RPT EXTRACT FRO" PRELIMl'lARY !CAO SARPS: APPENDIX 2 TO THE RFPORT 0 
*"ILS6* TECH RPT FXTRACT FROM PRELl'4INARY !CA') SARPS APPENDIX 2 TO THE REPORT ON 
*'4l58* TECH RPT ~STl'1ATE o~ MLS SHA:JQl,ING ,Cklll(AL AR.FAS AND AIRPORT l>'JILOING 
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"" I 

FI i. F: "ll S Pff>F X C "H<IO U'II\/F• SITY A\/IO'IHS F"'.:;INHA ING CENTFR 

S '10\/.'-, 1'11~ *MLS9• HC>-t 
'.) KEY "lLS PEµF. ISSUES Ll'IC. LABS. FEB. l'Hb •'ll. SI O• TFC4 

Q.PT TPSb CPITICAL AQ.EAS ~1•111Ir~ PT.I RFFLC(TION [ffFCTS Ll'lUllN IAP 
QPT 'ILS "'.JLTIPATH SllJ"JIE~, V'll .Jl: APPL!CATIQN f1F "''JLT:PATH WC)')FL T 
'<PT lAACK~R PFDF0•"1A'lCf , <vAII ~''1L ITV A',0 DFCDIPTJON 

FPT. (<;76 
'.JEC 1979 

cr:~~ISSlf''l l()R Af~CI\/AUllCS DFC. 1°10 
F CORP. JULY 1975 
AA-fD-07-24 F.A.A. JUNE 1978 

* 'II S 11 • 
■ 'll S 12* 
*'IL 513• 
■ "ll Sl4* 
"~LSI5• 
■ Ml Sib* 
■ "'l SI 7• 
■ '4L SIB• 

TfCH 
HC-i 
TFCH 
lECH 
HCH 
lFCH 
TECH 
T EC 1 

~PT "UL T(PATH A",'.) O[<(U'P<-\N(.I T! ~IS er TRS!'I OECfl\/fDS cALSPA'I 1'!-b 
~PT fl(.;HT TEST ')ATA FfJR Yllll'-'I:'1[ DIGITAL DROfFSV•~ (ALSPAI'; T"l-lb 
RPT '.JCA '<LS A'.J:Jlllf''lAL 'IJP 'llf.ll, 1979 
l(PT A N°>1 r;c1f')A',C[ SYSTE" fl'" o:•~a.--1"CH A'I'.) LAN'.ll'>Jc, DA[JIO H(H'll(AL 
<PT "l(~');;A\/~ L.\'IOl"lu SYSTl 1< Al'l•!_ICATIONS A'ID f\f'lfFITS 'IT·Ct,Q~~ "!TR 
~PT NATI O'IAL PL A", FOR 7[\/cLU'"'1f "IT OF THE 'l!Cl<'.JIIA\/F LA'l::'ING SYSTfl'4 F 
RPT •J.S. '41.S D~\/FLGP"F'H o"r::,eA"1 SY"PSSIUW J-.n.T./F.A.A. J'INE J<>7~ 

All'lt;/L'.ff 1Nf'1F'IT STOS. Ll'ff.LA!:\S. AP~. 1979 RPT 'ILS 'IULTIPTH Sl'.JS. P'"!ASF 3 I\/fP\/IFII AN'.J P'l'7DAGATTfJ•, l''.)l)fL VALID * ML S 19• TECH 
"IS TH>i'J('..)LJ~S Ll"IC. LARS. FF!:>. 1980 >l.PT 'ILS "'JLTIOATH Sl•S. ~HA~•] •VIP"l A"ID \/ALl[)All'.JN nF "ClDcL r □ R •ML S2'.)• TFCH 
•,.A. APTIL 1g 7 3 *'1LS21• lFCH kPT (UCVED AP~P')AC-t PATH ST J'lY ',H-'D-7?-l<,~ r_nI I 1'15 '! .. ')10 (J"IP./F. 
•J",I\/. 0 "l[rll~A"l "IAY, (074 •WLS23" JECH l(Pl '.JIJAL 3A'l') A·10.ac,~"E A\Jlf"':A •,TU'.JY IJ.S. AQ"IY FL'(T'·Y-ICS (J'-'Ul'J"l/ 
·11 'I LAP.S. ff8.25, 1976 \/QI .J *'1LS2"'• TFCH RPT "LS "UL l l"ATH Sl'JDIES , 'HTH="Al !CAL W';')flS AN') VAi !')AT 1'1'1 LIN( 
• I R•Nl!X "'LS-~C'.l-R-7801-1 JU'l!' 197~ *'ILS27• TFCH ((PT '!LS 0 4ASF Ill HASIC ',JAOP'.l• A•,') S"1ALL r:,~ .. cr;'IFIG. ')'-iAL PPT \/OL 
HCI-' ~Pl "1LS 0 HASE Ill tlASIC ,,A;;_>r1, At;') S"ALL CC-!".' C•J'IFIG. Fl'-lll.L ~Pl VOL. I ~~'IDIX 'ILS-~C)-~-2801-1 J'J'lF 1½78 '"IS27* 
1, WAY 7" 19~J. *'ILS30• TE(rl RPT MLS FLIGHT (Hl-(K ~OQ(F')UPF Al PJ-<l!ADElPHIA l'llfP>U,ll'lNAL A(DPnR 
H b, 1479. *'1LS31• lFCH QPT "lLS FLIGHT cw.er. P>.:-JC.ED'JRF AT ·•ASHl"lGT'lt; 'JAll()'-AL •l~PCJRT, "A'lC 
r.r.c. LA~•~GE 'lA\/IG4110'1 SPRl'lu 198D *'ILS32• lEC>-t OPT. GUIJA.,,rf ACCURACY CC'ISFlfOATIONS FOR THE "LS P1"F, o.J. KFlLY, 

L RP! l'AY 19A'l *'1LS37• TECH RPT. T~Sl A'IO F\/ALUATION OF 1£XAS l"ISTRU.'lf'-lTS S"'AIL CC'""• "LS, FINA 
TFST b',:J F\/AL'JAl ION UF TEYAS 1'15l•cluf'llS S"All CO'I"!. '1LS, Fl'J4l RPT "1AY JQR(l '"LS37• TECH 001. 

:P"lE'll rr "IC"!'"A\/F LANr'l'IG SYSlc" ("DLE'-'<",TAT!O"l CPITERIA Fl'IAL P.PT. JT•ff (<;7<, •"1LS<,(• TFCH. Jf\/EL 
T"-SA-3-d:J-6 \/llµr, LA"IS SEPT. 19~0 ""LS<,2• TECH ~PT "LS <>s(,l"i°F>l\lG FLIGHT ,EST •~S•JLTS ;.:A',>-tl...,Gl':1"< >s411'.'"IAL AIOPORT 

5:-DO Lb8F 0·Gf JU"<~ 23, J98C •"LS<,3• lEC>-t P. 0 1 Cf'r.>1:Jl'-'AF CJ','J<RSIO>.; 1no iiASrl('l:;1n,; .. Alff''JAL l'lS<'-LLATIO"I "LS-
1" ACCU<.AfY "LS-sr-')04 LA9•>Gc J 1JLV 31, 1980 "''ILS<,<,* JECH kPT ?.f-C\/ALiJAll:J"' ·JF T'1f fffFCTS JF "LS -;u1,A .. CE P•'.'·OS ON CJOO')J'lA 
,Eo FQq A~C THE ~[NEf ITS A'-ln CCSl QC 1-tE 'IATIO'-;AL MLS EXfC SU"W APT Nn. FAA-E•-so-7 JU'IE IQP') *'11.S46* A'-; A'IALYSIS OF THF 

T"C RFQ Fu._ •"<D THE Rf\[f)lS AN[' res1 'lF THE /1,~Tlc!'lAL WLS \/Ol. I QPT tio. 'AA-E"-~0-7 JU",[ lQAO •'-'LS<,>• A'-l 4'JALYSIS OF 
rlf '<EQ FD~ A'n THE ?,fNEFITS A'I') CCST f'F THF 'IATIQ'lAL "1LS VOL. ll RDT "10. FAA-E'I-S0-7 J'J'ff 198') <-<LS<,P• '-'• A'IALYSIS OF 1 

•wLSI,* TfCH ROT fXlRACT fP!J-" :>REL (W(t;AD.Y IC4n S~RPS: AOPfc"liJIX l TO THE RFPC:kl C'-l AGENDA ITEM I AeD['IJIX B 
•'ILS5• FCH ~n EXTPACT FRO" PRHIMl'lARY IC40 SARPS: APPf'-lDIX 2 10 lrlE REPQOT ]'I AGE'IDA ITEM l APPr"IOIX C 
•'4LS6• T<CH N"l EXT<A(l FQ.O~ "RELIMINARY ICAC SARDS A??E"iOJX 2 10 THE q:PnRT ':?~ AGEN'JA ITEM 1 

IES PRGPPOSED '<LS OF~UINE~F"ITS, FfJEOAL PEGISTER \IOI. 45 "lO. 175 SEPT A 1990 ~MLS38* f'IGN. REO NO'l-FE'lFRAL NAVIGATION FACILIT 
l~Sl RfSULTS ■ AS"l'l~TON \AllCNAL AIQ.P □Rl 1~-SA-]-S0-6 VITRO LA~S SEPT. 1980 •~LS4•• T<CH RPT ~LS F,;;1NcERl"IG FLIGHT 

■ 'IL 539• TEST S~~\/ICE TEST A'ID f\/ALUATlf1"< o,n~••M (STEP) FOR wLS, FfB. 26, 1979 
47 THf .'IIHE CORP. "lAY 1975 •>!LS~• TECH pn1 ESTIMATE OF MLS SHll'l'1•'l"<G ,CRITICAL ARFAS A'JO Al~PCJRT 9UILOl'lG ~ESTPif.110 .. S ,ulF-68 
0 1979 •~LS2Q• f'-'~ RfO FAA f'IGl'lFERING REO. "llS SIG~AL ro~"Al AND s•STFM LE\/FL FU"ICTIONAl REO. Fb&-•P-7JD-OBC "AV I 
78 •'1LS27* TFCH ~Pl 'IIS P>-tASF Ill '!ASIC NARR(l1; A"ID S"ALL C0"'1 CO'lFIG. Fl"l4L Q.Pl Vfll. I BF.NDIX 'ILS-BCD-Q-?.9'.)l-1 JU''lf 19 

•■LS37• TECH RPT. TEST AN'.) F\/ALUATION OF TEXAS INST~UM[NTS S'4ALL CO"'~• MLS, <JNAL RPT '14Y 1980 
ERATJONS FOR THE '1LS PD"lE, R.J. KELLY, F.F.C. LABERGE NA\/IGATIO"l SPRING 1980 •~LS32• TECH RPT. GU!DA"l(F ACt~RACY CO"lSID 
STDS. LINC.LABS. ADR. 1979 •"1LS19• TFCH RPT MLS MULTIPTH STns. P4ASF 3 OVER\/IEI< AND PROPAGATION MODEL \/ALID,11( .. /RFFINfMENT 
DS. PHASE 3 0\/EO.\/lf~ AND PPQPAGATION "1CDEL \/ALIDATICJN/AEFINEME'H STOS. Ll"lC.L4flS. APR. 1979 •'4LS10* TECH P 0 1 "'l S '4<JLTIPTH Sf 
NC. LA~S. FEB. 1980 ••tS2D• TFCH RPT '4LS 'IULTIPATH STDS. PrlASE 3 0\/LPMT AND VALIDATION OF '10:JFL FOR. "lLS T<CJ-<'-llOUfS LI 

*"'LS39• TES! SERVICE TEST AND F\/ALUATION PROG'lAM !STEP) FDR "LS, FEB. 26, 1979 

WODEL FOR MLS TECH'IIQUES. 

SUES l l'lC. LARS. FEB. 1976 
I 9 76 \/OL. I 

•WLS22* ABSTRACT "llCRO SlRIO A'lTf'INAS JCJHN O. HJ~fLL LAI\/GLfY RESEAQCH CENTCR JULY 1974 
*"LS7• '4LS "1ULTIPATH STUDIES,PHASE 3, FINAL REPORT, \/(lL. l:OE\/ELQD>IE'll A"ID \/ALIDATl(l'I OF 

*'1LS9* HCH RPT TRSB CRITICAL APE4S STUJIFS .PT.I ll.EFLFCTIO"I EFFECTS l !NCOLN LABS t;[l\/.5, 197'; 
*>!LSIO* TECH RPT MLS "'ULTIPATI-' STUDIES, \/OL.11: APPLJC4TION OF "lULTIPATH MODEL TO KEY '1LS PERF. JS 
■ '1LS2b* TECH RPT MLS MULTIPATH STUJIES , MATrlE'IATICAL "0DELS A"lO \/4LIDATION LINCOL"I l4BS. FE'l.25, 

Jl'IG SYSlE"l LllCrlFORD SYSTF"lS JULY 1972 •'ILSl* TECH RPT STUOY A'l'.J A'JALYSIS OF SC-117, NATl:J"IAL AND USU Pl ANS FOP A "IEW LAN 

976 

*MLS21* TECH RPT CUR\/EJ APPROACH PATH STUDY FAA-RD-72-143 CDLLl'-lS RAD!n C0'1P./F.A.A. APTIL 1973 
•MLS23• TFCH RPT DUAL BAND AIRBORNE ANTF'l"IA STUDY u.s. AP'IY ELECTl<O"llCS cc~~At;O/U'll\/. OF MICHIGAN MAY, 197. 

*'1LS34* INSTll. MA"l- '1LS Al"-IIDR"IE SUBSYS1~'1 BASIC CONFJGUI\ATION l"ISTR. MANUAL, !.B.1157 ~ENOJX JUNE 
F THE PEQ FOR AND THE BENFFITS 4'l0 COST OF THE t;ATION4L MLS FXFC SUMM RPT NO. FAA-E'1-80-7 JUNE 1980 *"LS~~• 4'-l A"IALYSIS 0 

•MLSIB• TECH RDT u.s. "lLS OE\/ELOP'4ENT PRQG-R4"l SY'4POSIU" o.o.T./F.A.A. _JU'lE ·1973 

Table 6-2. (Continued). 
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C flt<JO U"IJVCPS[TY AVIC'<ICS c.;:;[,i[FR!"IG CENTER PAGE 009 

,'.' A"IALYSIS nF SC-I 11, >1hTJ,:·,u AW) USAF PLA"IS F')R A i;c. LA"l)J-S:; SYSTF'1 LITCHFORD SYSTE'IS J!JLY 1972 *'ILSI• TFCH DPT STU[)Y A 
"IAJTICS DEC. JQ70 ·•"LSl5• TFCH R0 T A 'JEo C.U!Dh"ICE SYST[" FnR APD?JAC'i A',O LA"IDI"'- PA'.JIO H(l-i'IICAL CCU'IJSSIC"'l Ff]R AERO 

•'ILSI~* TECH RPT '1JC•~~AVE LA"1l"G SYSTE'1 ADDL[CATl0"S AND ~ENEFITS '1TFb938 MITRE CORP. J!JLY IQ75 
TECH f<DT /\ATJl),;AL Pl.A's FUC 1FVFIUPMf"ll OF THE "[~til.,AVC LA'l'.Jl°SG SYS TC" FAA-ED-07-?A F.A.A. J'J'-E 1978 *"l S17• 

,e' •'~LS?4* J')UR>IAL "l[R~"AVE LA0<;1J"IG SYSTC'1 AD'.J-700 F.A.A. 
•'1LS29• E"G RH) FAA f"•:;[\'C[FJ';:; RE:!. "lS s1:;"Al FCii'1AT A"D 5VSTE'1 LEVEL FU',CTIO"IAL RFO. FAA-cR-70')-0BC '1AY 10 1979 

*'ILS35* MAJ>-;T. ~AN 'llS J'lf D~CCJSl~'s J•jJCO~(''.;hTO• SYSTf'< '1AJ"T· ~A•J'JAL, I.'3.JJ~7P, APRIL 1977 
UPER. WIA\j QDFWATIC,I'\/ !"~0 1~i:;TALLATl("1N .. flf.!IJAL F0° ·--1~i1 ~Af\•GfR lit SYST~ .. , ,ti,1CTOP'llA .e.->RJL l 1977 '$lo1LS40* 

''ILS4l* FCH. J:VELGD."E"ll QC ",ICP~"AVf LA~Jl'JG SYSTEM 1~,PLE.'-1FNTATION CRITFP.!A Fl'lAL RPT. J!JNE 1974 
•"LS49» "IC• □ ~4VE LA'J'.'l'l.; SYSTE'1 T"'.A"ISITIO,; "LAN DP-AFT OCT'l~ER 20 1980 

-117, r-:ATJ1,;AL A'JJ •.JSAF PLA"IS F-lO A 1J•1, l·A',il[',G SYSTE"1 L liCH•ORJ ~YSTF~S J,JLY L972 *''1LSI• TECH DPT STU'.JY A'<') ~"ALYSIS QF SC 
A "~w L A"i1l',:i SYST[,t L IHHFJ'<c) svsTF•s JULY 1972 *"LSI• HCH RPT STUDY A"D A°SALYSIS OF SC-117, NATICl"IAL A"" USAF PLANS FO<I 
cJOT J'; AG 0 •:l)A !TE~. I Ai>?E'J~[X c *,ILS4*' TECH l{PT FXTPACT FR'.J,'I PRFLl~l'HOY !CAO SARPS: AOPE'<:JIJC I TO THE REP 
77 ... , s,• TECH PDT A'.J')ITIQ"AL TESTS o,; P'-iASF 3 llECEIVERS CALSDA"l T,;-1 JAN. 19 
JRT 0', AGcV-,A !TE~ AP?c•;CIX C •"!L 55* TECH PPT EXTQACT F~Q'1 PREL J~.[°SA<Y !CAO SARPS: APPC>,OIX 2 TO THE RFD 
RT 'l'l AJE~CA !TE• I •"!LS~• T•CH ~PT •xTRACT Fq □" PRELIM['lA~Y !CAO SARDS APPC'J)IX? TO THE kEPQ 
LJl~G :,5fc[CTIO'JS "lP-6~47 THE ~ITl<E C'JFP. '1AY l<l?5 '"'LS 0 • TFCH PDT EST[uATE l)F '11S SHA·'l"WJ"IG ,CDJT!CAL APFAS A'lD AIRPCl•T BUI 
"I LA~S l.(.'V.5, 1975 *'ILS9• TECH RPT TPSB CRITICAL AOEAS ST,JJIES PT.l P<:FLECTIQ" EFFFCTS Ll"ICOL 
'lEL T'.:· KEY '1LS DCi,F. ISSJcS LINC. LABS. FEB. IS76 •"!LSIO* T>CH DDT '11S "JLTJDATH STUDIES, VOL.II: APDLICAT!rl's OF ~ULTJDATH "1'J 

*'1LSI I* TECH RPT TPAC~ER 0 E~FC,D'IA,;CF , AvAll APILITY A"J ncCRIPTIO"-
T\-1, ,:;:,1. 1976 •"LSl2• TECH DPT 'ILJL Tl PATH A'lD PFRFr) 0 '1ANCE TESTS (]F TRSB DCCEJVERS CAL SPAN 
~-16 ,Er ls79 *"LSl3• TECH RDT FLIGHT TEST DATA FnR ,tJLTiurJDE DIGITAL DRflCESSOO CALSPAN T 

•~LSl4* TECH RPT DCA ~LS Al)DITIO'lAL "OT, D•c.11, 1979 
!CAL U'•u1ss11" en; AFRO"IAUTICS DEC. 1q10 *"L~l5• TECH PDT A NEW GUJl)A,.CE SYSTE" ~JR APPPnACH A,;D I A';cJl":i PAD! □ TECH'I 
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Vil. 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 Mini lir 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 theodo Ii te position for motor drive opera ti on. 

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 Pi per Cherokee 180. Weather con di ti ons were c I ear, ten-mi le 
visibility, with light to moderate chop. Test patterns 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 thresho Id 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 e I evati on. Motor drive was derived 
from a "joystick" controller, with joystick displacement from center proportional to 
motor speed in both axes. No spring-return feature was present on the controller. 

Tracking of the Pattern B and Pattern C runs were observed judgmenta I ly to be 
significantly improved over manual theodolite tracks. During the Pattern B, it was possible 
to keep the crosshairs centered on the aircraft unti I the aircraft had exceeded ten degrees 
theodolite elevation. Manual tracks are usually terminated at only four degrees eleva-
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Tracking 
Concept 

Ground 
Equipment 

Aircraft 
Equipment 

Functions 
Available 

Az 
El 

Range 

Coverage 
El 
Az 

o-5nm 
5-10 nm 

10-20 nm 

Weather 
Restrictions 

I 
i 

AUSTRALIAN 

Automatic op-
tical tracking 
Two at a time 
(Tracker has 
TV system) 

Vidicon cam-
era, Az gear 
box, Elev. 
gear box, tele-
metry R/T, 
Electronic pro-
cessing unit 
Tripod 

Gyro stabilized 
lamp, Tele-
metry RX/ 
Demod, Chart 
Recorder 

Yes 
Yes 

-3° to+ 30° 
± 180° 

Yes 

GERMAN 

Infrared track-
er - Two axis 
stabilized 
tracking lamp 

IFIS servo 
Platform, Tri-
pod, Infra red 
tracker, 
Ground elec-
tronic unit, 
VHF Tx 

Airborne Elec-
tronics unit, 
Servoed la mp, 
Recorder 

Yes 
Yes 

A/C DME 

-3° to+ 30° 
> 360° 

Yes 
Yes 

1 Requires None 
: Good Visibility Specified 
i . 

FRENCH 

Infrared tracker 
Two axis 
Halogen lamp on 
A/C servoed 

Turret, IRunit, 
Encoding unit, 
VHF Tx, 
Tripod 

Projector, 
Relay unit, Data 
restitution & 
processing unit, 
Recorder, 
Projector con-
trol unit 

Yes 
Yes 

-10° to+ 70° 
~ 186° 

Yes 
Yes 

Requires 
Good Visibility 

Table 7-1. Reference System Comparisons. 
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OHIO UNIVERSITYj 

Manual optical 
tracking - Two 
axis at a time, 
Radio theodolite 
(RTT & Ranger) 

Theodolite, 
Ground telemetry 
processor, Mini -
ranger console, 
Miniranger Tx 

Airborne telemetry 
processor, Mini -
ranger remote, 
Pilots display, 
Power supply 

Yes 
Yes 
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-19° to+ 90° 
3600 
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Night Tracking 
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Good Visibility 

~ 
j 

~ 

! 
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l 
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Grnd Eqpt. 
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Weight 
Grnd Eqpt. 

Weight 
A/C Eqpt. 

AUSTRALIAN j GERMAN FRENCH 
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0.01° + 0.02° ± 0.0025° -
0.01° + 0.02° ± 0.0025° -
-- -- --

i 
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28 V D .C. 28VD.C. 28 V 
ll 5V/400 Hz l 15V/400 Hz ll 5V/400 Hz 
1000 W (Lamp) 1067 W 600 W (Lamp) 

(Search Light) 

Tracker DM 474500 $250000 
Aus $89000 DM 93800 
Telemetry DM 18700 
Eqpt. DM 3600 
Aus $8500 

I Non-modular Non-modular Non-modular 
l 

3 0035 m3 3 0. 31 rn 1 .1 rn 
(excludes 

tripod) 

0.13 rn3 (ex- 0.05m3 (ex- N/S 
eludes lamp & eludes search 
recorder) light & 

i recorder) 
I 

109.5 Kg 144.5 Kg 100 Kg 

I 
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eludes lamp I eludes search 
& recorder) I light & 

I recorder) 
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. Manua I operation typi ca I ly 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 resu Its 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 wi 11 be to 6ptimize 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 margi na I 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 thresho Id, due to the rapid azimuth 
slew rate. More powerfu I motors and the proper gear ratios wi II be installed on the 
theodolite a long with i ntegra I opti ca I shaft encoders. 

The next test will include investigation of velocity feedback from the shaft 
enco:::I ers to permit better motor contro I. 

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 di gita I con tro I of theodo Ii te motors has been assembled. Figure 7-1 shows a 
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 down loaded from the Ohio University IBM 

. System/370 computer. Either the integral keyboard or a standard computer terminal 
may be used for program con tro I. 

To simulate feedback from theodolite shaft encoders, the test motor wi II 
initially be outfitted with a precision potentiometer whose voltage is returned to the 
cornputer vi a a 10-bi t analog-to-di gi ta I converter. Software wi 11 then generate si mu­
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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Figure 7-1. Theodolite Motor Drive Test Bed. 
(Photograph by J. Nickum). 
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Figure 7-2. Theodolite Drive Motor Mount with Shaft 
Coupling for Encoder or Potentiometer. 

(Photograph by J. N ickum). 



Digital signals wi 11 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. rhe Motorola Mini-Ranger (TM) 
unit was demonstrated in flight 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. It now appears 
that the Mini-Ranger wi 11 provide the required range accuracy (± 2 meters) and data­
link transfers (at rates approaching 2400 baud) for a successful ground reference/ 
telemetry system with minimal airborne instal lotions. 

Figure 7-3 shows Mini-Ranger graphical output from a Pattern B pass at 1000 ft. 
AGL, para I lel 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 11 01 11

• The flight proceeded 
. inbound over the UN I N DB, 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 resu It of the restrictions on vertical pattern (± 15°) 
applied to both antennas. • 

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 hemi;;pherical antenna, if necessary,aboard the aircraft to avoid 
vertical pattern problems. 

C. Summary of Design Review Meetings. 

l. 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 and display either in the aircraft or on the ground, was 
introduced. 
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Figure 7-3. Pattern B: Mini-Ranger Output. 
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Figure 7-4. DC-3 Aircraft with Mini-Ranger Antenna 
Bopm-Mounted Beneath Cabin. 



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 detai Is of the ground tracker. Overal I 
system block diagrams were discussed, together with detai Is 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 inter­
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 
data recording and display is on the ground. 

Provision for analog chart recordulg in the aircraft of 
either raw MLS CDI or computed CDI 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 transmit two full data streams 
to 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 plQyback 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, de lay procurement 
of the necessary hardware and the technician time 
required to fabricate the unit,unti I 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, permits 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 external telemetry inputs from the NIKE radar or FAA Laser Tracker. 

The system has been designed 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. rhe 
cost/performance considerations favor the theodolite, 
however, for this evaluation system, since it will 
find application at a variety of MLS sites where radar 
or laser trackers are not available. 

g. Comment was made regarding 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 
dup Ii coted software deve I opment. 

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

h. Concern was voiced over Ohio University's plan to insure data 
simultaneity 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. rhe clocks would be set 
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manually before a flight mission, physically moved 
to the aircraft and tracker for the flight. • 

Study and experimentation with other means of 
insuring data simultaneity wi 11 continue, to determine 
whether successfu I resu Its may be obtained with less 
data transfer and system cost. 
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