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EXECUTIVE SUMMARY

Operational Test and Evaluation (OT&E) Operational testing of the Type II
Fixed Ground Antenna Radome (FGAR) First Article installed on a Airport
Surveillance Radar (ASR)/Air Traffic Control Radar Beacon System (ATCRBS), was
performed at the Lihue, Hawaii (HI) Terminal Radar Facility (LIH). The
testing was limited to electromagnetic performance characteristics evaluation
and human engineering.

Electromagnetic performance characteristics testing was accomplished by
collecting data at the Honolulu Combined Center/Radar Approach Control (CERAP)
[ZHN]. The Honolulu CERAP Service Support Center (SSC) [ZHEN] Radar Data
Acquisition Subsystem (RDAS) Engineer analyzed the data using their En Route
Automated Radar Tracking System (EARTS) Quick Analysis of Radar Sites (EQARS)
and Transportable Radar Analysis Computer System (TRACS) programs, which were
run on their EARTS system and a International Business Machines (IBM)
Corporation compatible personal computer (PC). In addition, a flight check
was performed to commission the Lihue Terminal Radar Facility (LIH) primary
(ASR) and secondary (ATCRBS) radars.

Before and after installation of the FGAR, electromagnetic performance data
could not be compared because: (1) the Common Digitizer (CD)-1 at the Lihue
Terminal Radar Facility (LIH) had not been optimized when data were collected
before the FGAR was installed. The CD-1 had been optimized when data were
collected after the FGAR was installed. This invalidated any data
comparisons, and (2) data were not remote to the Honolulu CERAP (ZHN) until
after the FGAR was installed. The testing showed the electromagnetic
performance characteristics of the primary (ASR) and secondary (ATCRBS) radars
were usable for Air Traffic Control (ATC).

Human engineering was limited to verifying that environmental technicians can
service the Aircraft Obstruction Lights (AOL) and other Zenith Service Hatch
Assembly mounted equipment.

In conclusion, OT&E Operational testing determined that the Type II FGAR used
with an ASR/ATCRBS installation, meets the Operational Suitability and
Effectiveness requirements of the Federal Aviation Administration (FARA). The
Type II FGAR installed at the Lihue Terminal Radar Facility (LIH) is ready to
be integrated into the National Airspace System (NAS).






1. INTRODUCTION.

1.2 PURPOSE .

The purpose of this report is to provide the results of the Operational Test
and Evaluation (OT&E) Operational testing performed on the Type II Fixed
Ground Antenna Radome (FGAR) First Article installed at the Lihue, Hawaii (HI)
Terminal Radar Facility (LIH).

1.2 SCOPE.

OT&E Operational testing of the Type II FGAR was divided into two phases. The
first report covered the Type II FGAR installed at the Rockville, Nebraska
(NE) Beacon Only Site (BOS) [QJdM], which had a Mode Select Beacon System (Mode
S) antenna installed. This report covers OT&E Operational testing of the Type
Il FGAR installed at the Lihue Terminal Radar Facility (LIH), with an Airport
Surveillance Radar (ASR) and a Air Traffic Control Radar Beacon System
(ATCRBS) .

OT&E Operational testing at the Lihue Terminal Radar Facility (LIH) was
limited to electromagnetic performance characteristics evaluation and human
engineering. Electromagnetic testing could only be performed with the FGAR
installed, because: (1) the Lihue Terminal Radar Facility (LIH) was not
interfaced with the Honolulu Combined Center/Radar Approach Control (CERAP)
[ZHN] until after the FGAR was installed, (2) the Common Digitizer (CD)-1 at
the Lihue Terminal Radar Facility (LIH) had not been optimized when data were
collected before the FGAR was installed. The CD-1 had been optimized when
data were collected after the FGAR was installed. This prevented a wvalid
comparison of the data.

a. The Honolulu (CERAP) [ZHN] collected Lihue Terminal Radar Facility
(LIH) data using their En Route Automated Radar Tracking System (EARTS). The
Honolulu CERAP (ZHN) Service Support Center (SSC) Radar Data Acquisition
Subsystem (RDAS) Engineer then analyzed the data, using the EARTS and
available software analysis programs.

b. Kauai Airway Facilities (AF) SSC personnel evaluated the web
ladder used to obtain access to the FGAR Zenith Service Hatch.

The Western-Pacific Region had a flight check performed to commission the
facility. (The Lihue Terminal Radar Facility [LIH] is a new site which has
never been commissioned.) The flight check was not part of OT&E Operational
testing, but the results are included in this report.

2. REFERENCE DOCUMENTS .

2.1 FEDERAL AVIATION ADMINISTRATION (FAA) ORDERS.

Order 6190.10 Maintenance of NAS En Route Automated Radar Tracking
System
Order OA P 8200.1 United States Standard Flight Inspection Manual

2.2 FAA SPECIFICATIONS.

FAA-E-2773b Fixed Ground Antenna Radome (Mode S Compatible)



2.3 OTHER FAA DOCUMENTS .

NAS-MD-686 Off-Line Programs

NAS-MD-690 Real-Time Quality Contrcl

NAS-MD-691 On-Line Certification and Diagnostics

SPB-TRA-009 New Radar Analysis Software for the Transportable
Radar Analysis Computer System

DOT/FAR/CT-TN93/17 Test and Evaluation Master Plan (TEMP) for Fixed
Ground Antenna Radome (FGAR)

DOT/FAA/CT-TN95/23 Fixed Ground Antenna Radome (FGAR) Type I/III OT&E
Integration and OT&E Operational Final Test Report

DOT/FAA/CT-TN95/53 Operational Test and Evaluation (OT&E) Operational
‘Test Plan for Type II Fixed Ground Antenna Radome
(FGAR)

DOT/FAA/CT-TN95/54 Operational Test and Evaluation (OT&E) Operational

Test Procedures for Type II Fixed Ground Antenna
Radome (FGAR)

2.4 FAR FIELD TEST REPORTS.

Manager, A0S-230, "Review of Radome EM Performance for ASR-8 (S-Band) and
(BI-4) L-Band," September 29, 1995

Manager, Hawaii-Pacific SMO, "Lihue, HI (LIH) ASR-8 Fixed Ground Antenna Radar
Evaluation," December 27, 1996

Masingdale, James W., Western-Pacific Region "ASR-8 Flight Check Report,
Lihue, HI," undated

3. SYSTEM DESCRIPTION.

3.1 MISSTON REVIEW.

The FAA program to implement the En Route Mode S resulted in a requirement to
replace the existing radomes at en route radar and BOS facilities. The
existing radomes were not physically large enough to accommodate the En Route
Mode S back-to-back phased array antennas. Because of its size and ability to
provide optimal protection of the enclosed antennas from the outside
environment, while providing minimal degradation of the electromagnetic
performance characteristics, Type II FGARs are being installed at several
ASR/ATCRBS sites which experience extreme environmental conditions. The Lihue
Terminal Radar Facility (LIH) is the first of these sites. :

Since the FGAR was designed to operate at L-band frequencies, the Electronic
Space Systems Corporation (ESSCO) conducted additional Developmental Test and
Evaluation (DT&E) testing at S-band frequencies. This testing showed that the
Type II FGAR should not have a determental effect on the electromagnetic
performance of the primary (ASR) radar. In addition, A0S-230, Surveillance
Systems Engineering, was requested to review the test results (appendix A).



3.2 TEST SYSTEM CONFIGURATION.

The Type II FGAR provides an optimal environmental enclosure for the Mode S
back-to-back phased array antennas, ATCRBS 5-foot planar array antenna, or an
ASR antenna and associated ATCRBS 5-foot planar array antenna. The radome is
capable of withstanding wind velocities of 150 miles per hour (MPH). They
have an inside diameter of 35 feet at their widest point, and fit the standard
beacon only antenna tower (ASR-8 tower).

The radome is supplied as a complete assembly, which includes:

a. Radome base ring.

b. Lightning Protection Subsystem (LPS).

c. Zenith Service and Catwalk Access Hatches.

d. Aircraft Obstruction Light(s) ([AOL].

e. Devices to monitor the state of the AOLs and the access hatches

condition (open/closed).

3.3 INTERFACES.

The Type I1 FGAR interfaces both mechanically and electrically with the
National Ajrspace System (NAS). A block diagram of the interfaces is shown in
figure 3.3-1.

3.3.1 Mechanical.

The Type II FGAR base ring interfaces mechanically with the existing antenna
tower platform.

3.3.2 Electrical.

The Type II FGAR interfaces electrically with the antenna tower/facility:

a. Electrical system.
b. LPS.
c. Remote Maintenance Monitoring System (RMMS) /Environmental Remote

Monitoring Subsystem (ERMS).

3.3.3 Interface Testing.

There was no OT&E Integration testing performed on the Type II FGAR. The FGAR
electrical interfaces were thoroughly tested during Type I/III FGAR OT&E
Integration and Operational testing. The Type II FGAR interfaces were,
however, tested during on-site acceptance testing as following:

a. Mechanical.

The wmechanical interface between the Type II FGAR base ring and
the antenna tower was verified.

b. Electrical.

1. The interface between the FGAR and the facility electrical
system was verified.



2. The interface between the FGAR and the antenna tower LPS was
tested.

3. _The interface between the FGAR and the RMMS/ERMS could not
be tested, since the ERMS has not been developed. The FGAR side of the
interface, however, was tested.
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4. TEST AND EVALUATION DESCRIPTION.

4.1 TEST SCHEDULE AND LOCATIONS.

a. Test Schedule.

1. Electromagnetic testing was performed during the period

September 11 to November 27, 1996.

2. Human engineering testing was performed on May 9, 1996.
b. Test Locations.

1. Honolulu CERAP (2HN)

2. Lihue Federal Contract Tower (FCT) [LIH]

3. Lihue Terminal Radar Facility (LIH) [See appendix B}

4.2 PARTICIPANTS.

The test participants included personnel from several different organizations.
Appendix C contains a list of the test participants. The organizations which
participated in the testing were:

Honolulu CERAP (ZHN) SSC RDAS Engineer

Lihue FCT (LIH) Air Traffic Control Specialist (ATCS)
Kauai AF SSC Supervisor and Environmental Technicians
Lihue Terminal Radar Facility (LIH) Electronic Technicians
Vitro/ACT-310B Engineer

o ow

4.3 TEST AND SPECIALIZED EQUIPMENT.

The following Government furnished equipment (GFE) and software were used to
perform the tests:

a. Honolulu CERAP (ZHN) EARTS and the EARTS Quick Analysis of Radar
Sites (EQARS) and Transportable Radar Analysis Computer System (TRACS)
programs.

b. Lihue FCT (LIH) Digital Bright Radar Indicator Tower Equipment
(DBRITE) displays.

c. Lihue Terminal Radar Facility (LIH) ASR-8 and Air Traffic Control
Beacon Interrogator (ATCBI)-4 systems.

The Honolulu CERAP (ZHN) and Lihue FCT (LIH) were commissioned and certified
operatiocnal facilities. The Lihue Terminal Radar Facility (LIH) was a new
installation and had not been commissioned at the time of testing.

5. TEST AND EVALUATION DESCRIPTION.

The Honolulu CERAP (ZHN) collects data from all of the radar facilities with
which it interfaces and uses its EARTS to: (1) analyze the data, using the
EQARS program, and (2) record the data for analysis by the TRACS program. The
EQARS and TRACS programs output data are used to determine if the radar
facilities data are usable for Air Traffic Control (ATC). (See appendix D for
a description of the programs.)



The Lihue Terminal Radar Facility (LIH) supplies primary (ASR) and secondary
(ATCRBS) radar data to the Honolulu CERAP (ZHN), which supported OT&E
Operational testing by analyzing the EQARS and TRACS data after the FGAR was
installed.

5.1 EQARS AND TRACS DATA REDUCTION (TDR) PROGRAM TESTS.

5.1.1 Test Objectives.

The objective was to determine if the FGAR affected the electromagnetic
performance characteristics of the primary (ASR-8) and secondary (ATCBI-4)
radars data being received by the Honolulu CERAP (ZHN).

NOTE

Before and after installation of the FGAR
electromagnetic performance testing was not
possible, because: (1) the CD-1 at the

Lihue Terminal Radar Facility (LIH) had not
been optimized when the before installation
TRACS data were recorded and the after data
were recorded after the CD-1s were optimized,
and (2) data were not remoted to the Honolulu
CERAP (ZHN) until after the FGAR had been
installed.

5.1.2 Test Criteria.

The electromagnetic performance characteristics of the primary (ASR-8) and
secondary (ATCBI-4) radars data, as measured by the EQARS and TRACS TDR
programs, were usable for ATC.

5.1.3 Test Description.

The Honolulu CERAP (ZHN) ran the EQARS and TRACS TDR programs, using primary
(ASR-8) and secondary (ATCBI-4) radar data collected from the Lihue Terminal
Radar Facility (LIH).

The critical issue is: Is the primary (ASR-8) and secondary (ATCBI-4) radar
data usable for ATC?

5.1.4 Data Collection and Analysis Method.

The Honolulu CERAP (ZHN) collected Lihue Terminal Radar Facility (LIH) primary
(ASR-8) and secondary (ATCBI-4) radars data. The Honolulu CERAP (ZHN) SSC
RDAS Engineer then analyzed the EQARS and TRACS TDR programs output data to
determine if the data were usable for ATC.

NOTE

The EQARS Radar Site Summary Option (SUM) was
used for testing, because the EQARS Radar Site
Summary and Track Correlation Option (STK)
caused the EARTS system to scatter, i.e., the
system fail and the Operational Program to be
reloaded.



5.1.5 Results and Discussion.

5.1.5.1 EQARS and TRACS TDR Data Evaluation.

A portion of the electromagnetic performance characteristic parameters
measured by the EQARS and TRACS TDR programs are shown in appendix E.

should be noted, however, that Order 6190.10 does not contain pass/fail
criteria for the majority of EQARS and TRACS TDR data parameters.

The

It

critical TRACS TDR data parameters are shown in tables 5.1.5.1-1 through

5.1.5.1-5.

NOTE
The Blip/Scan Ratio (BLIP/SCAN)

is equivalent to the Probability
of Detection (PD).

TABLE 5.1.5.1-1 TRACS TDR BEACON BLIP/SCAN RATIO

Fail Criteria

TABLE 5.1.5.1-2 TRACS TDR MODE 3/A RELIABILITY

Fail Criteria %

<98% 99.68

TABLE 5.1.5.1-3 TRACS TDR MODE 3/A VALIDITY

LIH
Fail Criteria %
—
<95% 99.47
TABLE 5.1.5.1-4 TRACS TDR MODE C RELIABILITY
“\g——r
LIH
Fail Criteria %
<98% 99.61




TABLE 5.1.5.1-5 TRACS TDR MODE C VALIDITY

Fail Criteria

5.1.5.2 Honolulu CERAP (ZHN) Evaluation.

The Honolulu CERAP SSC RDAS‘Engineer analyzed the EQARS, TRACS TDR, and
commissioning flight check data with the following results (see appendix F):

a. Air Traffic (AT) were satisfied with the results of the flight
inspection, up to an altitude of 20,000 feet, the design limit of the ASR-8
radar.

b. 211 of the EQARS and TRACS TDR radar summaries were within
tolerance with the exception of:
1. The EQARS radar reinforced percentage (RR %) was 64.62
percent (failure criteria is less than 80 percent). This was caused by the

low number of aircraft per scan causing the beacon permanent echo (BPE)
[parrot] to skew the reinforcement rate.

2. The TRACS TDR search blip-scan ratio was 72.65 percent
(failure criteria is less than 80 percent). This was caused by the number of
small aircraft and helicopters to skew the search blip-scan ratio lower.

5.2 ATCS EVALUATION TESTS.

5.2.1 Test Obijectives.

The objective was to determine if the primary (ASR-8) and secondary (ATCBI-4)
radars video data were of sufficient quality to be used for ATC.

NOTE

Lihue Terminal Radar Facility (LIH) video
data could not be evaluated by the Honolulu
CERAP (ZHN) ATCSs because the data will not
be integrated into the CERAPs mosaic video
data, until after the Lihue Terminal Radar
Facility (LIH) is commissioned.

5.2.2 Test Criteria.

The primary (ASR-8) and secondary (ATCBI-4) radars video data were usable for
ATC. There are not an excessive number of lost/coasting targets or other
anomalies.

5.2.3 Test Description.

The Lihue FCT (LIH) ATCSs observed the primary (ASR-8) and secondary (ATCBI-4)
data on their DBRITE displays.



NOTE
The video data presented on the DBRITE
displays was not used for ATC, but only
for familiarization and training.

5.2.4 Data Collection and Analysis Method.

There was only one Lihue FCT (LIH) ATCS who was radar qualified, therefore
only one questionnaire was completed. The completed questionnaire was
forwarded to the Test Director (TD) for evaluation. (See appendix G)

5.2.5 Results and Discussion.

Overall the video data were satisfactory. However the primary (ASR-8) and
secondary (ATCBI-4) targets are weak close to the radar site. It should be
noted, however, the Lihue Terminal Radar Facility (LIH) has not been
commissioned yet, and is still being optimized.

5.3 HUMAN ENGINEERING TESTS.

5.3.1 Test Objectives.

The objective was to verify that AF Environmental Technicians could replace
lamps in the AOL assembly and perform other required maintenance tasks on the
FGAR Zenith Service Hatch Assembly mounted eguipment.

5.3.2 Test Criteria.

Zenith Service Hatch Assembly mounted equipment, e.g., AOL lamps, etc., can be
maintained.

5.3.3 Test Description.

An AF Environmental Technician: (1) climbed the web ladder to the Zenith
Service Hatch Assembly, (2) opened the Zenith Service Hatch, (3) simulated
replacement of the AOL lamps, and (4) climbed down the web ladder to the
antenna platform.

5.3.4 Data Collection and Analysis Method.

The test was monitored by the Kauai AF SSC Supervisor and a second .
Environmental Technician. They then submitted the results of the test to the
TD for evaluation.

5.3.5 Results and Discussion.

A rigid ladder was originally planned for the facility, but at the time of
installation ESSCO determined a web ladder was the best type to use. The
personnel at the Lihue Terminal Radar Facility (LIH) developed their own
procedures for use of the web ladder.

6. FLIGHT CHECK.

The Western-Pacific Region had a commissioning flight check performed. The
flight check was not a part of OT&E testing, but the results are included (see
appendix H) .
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The flight check was performed on October 18 and 22, 1996, after the ESSCO had
completed the installation and testing of the FGAR. The FaA flight check
aircraft was a Rockwell International SabreLiner. The flight check data were
recorded by the Honolulu CERAP (ZHN) .

The flight check was performed with the primary radar (ASR-8) operating with
only one channel and the antenna feed set for circular polarization (CP), this
caused a degradation of the system performance. Data recorded before and
after the flight check, with the primary radar (ASR-8) operating with both
channels and the antenna feed set for linear polarization (LP), showed a
marked improvement, the primary (ASR-8) blip/scan ratio sometimes exceeding
that of the secondary (ATCBI-4) radar.

Beacon false targets were not a problem. One reflector was identified, but
was reduced to approximately one error per day by adjustment of the systems
Improved Side Lobe Suppression (ISLS). In addition, false targets produced by
this reflector do not appear in any of the normal flight patterns.

Beacon splits averaged 0.5 to 0.7 percent, this is the normal rate for a CD-1,
operating in a terminal environment.

7. CONCLUSTIONS.

a. Electromagnetic performance testing without an FGAR and with the
FGAR installed could not be accomplished. However, when the FGAR is used with
an ASR and an ATCRBS it does not appear to effect their electromagnetic
performance characteristics.

b. The results of OT&E Operational testing uncovered no major
problems with the Type II FGAR when used with ASR and an ATCRBS.

8. RECOMMENDATIONS .
The Type II FGAR when used in a terminal environment meets the Operational
Suitability and Operational Effectiveness requirements of the FAA. It is

recommended that the Lihue Terminal Radar Facility (LIH) be integrated into
the NAS.

11




9. ACRONYMS AND ABBREVIATIONS.

of

+

0 CODE

ACP

AOL

ARSR

ASR

ATC

ATCBI
ATCRBS
ATCBS 0000
ATCS

AZMTH ERROR
BEACON HITS
BIT 25

BOS

BPE

BPE1

BRTQC

CD

CERAP
DBRITE
DOWNLINK REF
DT&E

EARTS

EQARS

ERMS

ESSCO

FAA

Less Than

Percent (age)

Plus/Minus

Zero Beacon Code Count (EQARS program)

Azimuth Change Pulse(s)

Aircraft Obstruction Light (s}

Air Route Surveillance Radar

Airport Surveillance Radar

Air Traffic Control

Air Traffic Control Beacon Interrogator

Air Traffic Control Radar Beacon System

ATCRBS Identification Code All Zeros (TRACS BFTS program)
Air Traffic Control Specialist

Azimuth Error (TRACS TDR program)

Beacon Hit Count (TRACS TDR program)

Bit 25 Count (EQARS program)

Beacon Only Site

Beacon Permanent Echo (parrot)

Beacon Permanené Echo #1 (parrot) [EQARS program]
Beacon Real-Time Quality Control (EQARS program)
Common Digitizer

Combined Center/Radar Approach Control

Digital Bright Radar Indicator Tower Equipment
Downlink Reflection (TRACS BFTS program)
Developmental Test and Evaluation

En Route Automated Radar Tracking System

EARTS Quick Analysis of Radar Sites
Environmental Remote Monitoring Subsystem
Electronic Space Systems Corporation (company name)

Federal Aviation Administration
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FCT

FGAR

GFE

HI

ID

ISLS

LIH

LIH

LPS

MPH
M3/A %
M3/A REL
M3/A VAL
MC %

MC REL
MC VAL
Mode S

NAS

OT&E
PC

PD

PE
PLOTCD
PPT
PRF

QIM

RADAR REINF

RDAS

Federal Contract Tower

Fixed Ground Antenna Radome

Government Furnished Egquipment

Hawaii

Identification (TRACS BFTS program)
Improved Side Lobe Suppression

Lihue Federal Contract Tower (identifier)
Lihue Terminal Radar Facility {identifier)
Lightning Protection Subsystem

Miles Per Hour

Mode 3/A Validity Percentage (EQARS program)
Mode 3/A Reliability (TRACS TDR program)
Mode 3/A Validity {TRACS TDR program)

Mode C Validity Percentage (EQARS programf
Mode C Reliability (TRACS TDR program)
Mode C Validity (TRACS TDR program)

Mode Select Beacon System

National Airspace System

Nautical Mile(s)

Nebraska

Operational Test and Evaluation

Personal Computer

Probability of Detection

Permanent Echo (TRACS TDR program)

PLOTCD (TRACS program, not an acronym)
Planned Position Indicator (TRACS RRAP program)
Pulse Repetition Frequency

Rockville Beacon Only Site (identifier)
Search Reinforced Rate (TRACS TDR program)
Ring-A-Round (TRACS BFTS program)

Radar Data Acquisition Subsystem

[ B



RMMS
RR %
RRAP
RTQC
SCANS

SCH

SEARCH COLLIM

SLS
SPLIT
§sC
STC

STK

SUM

TD

TDR

TEMP

TRACS
UPLINK\REF
VAC

vbC

ZHN

Remote Maintenance Monitoring System

Radar Reinforced Percentage (EQARS program)

Radar Recording and Analysis Program (TRACS program)

Real-Time Quality Control (EQARS program)
Scan Count (EQARS program)

Search (EQARS program)

Search Collimination Rate (TRACS TDR program)
Side Lode Suppression

Target Split (TRACS BFTS program)

Service Support Center

Sensitivity Time Control

Radar Site Summary and Track Correlation Option
(EQARS program)

Radar Site Summary Option (EQARS program)
Test Director

TRACS Data Reduction (TRACS program)

Test and Evaluation Master Plan
Transportable Radar Analysis Computer System
Uplink Reflection (TRACS BFTS program)

Volts Alternating Current

Volts Direct Current

Honolulu Combined Center/Radar Approach Control (identifier)
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Q> Memorandum

US Department
of Transportation

Federal Aviation
Administration

subjec: INFORMATION: Review of Radome EM Date:  Sept. 29, 1995
Performance for ASR-8 (S-Band) and (BI-4) L-Band

From:  Manager, Replyto Sanford
Surveillance Systems Engineering, AOS-230 405-954-8012

To: Program Manager for Radome,
En Route Products, AND-440

We have received the additional information about the method of test used during the
radome evaluation for the ASR-8 and BI-4 in Lihue, HI. The information indicates that
our concerns were investigated and addressed during the testing of the radome.

AOS-230 does not have any other question about the radome installation and see no
reason the radome should not be installed. The region will, however, need to initiate a

local NCP to cover the installation of the radome.

If you have any other question please contact Bob Sanford at 405-954-8012.

pe el

Joe Arguello
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TEST PARTICIPANTS

The personnel, their title, and organization, who participated in the testing
are listed below.

1. William J. Hughes Technical Center.

Harold G. Sedgwick, FGAR Test Director, Senior Engineer,
Vitro/ACT-310B

2. Honolulu CERAP SSC (ZHN
Geneson Coloma, RDAS Engineer

3. Lihue FCT (LIH).

William Clark, ATCS

4. Kauai AF SSC (LIH).
Jennifer K. Nakazawa, Kauai SSC Supervisor
John A. Kruse, Electronic Technician
David W. Mason, Electronic Technician
Clifford K. Tsuyama, Environmental Technician

Calvin $. Umetsu, Environmental Technician
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DATA ANALYSIS PROGRAMS

The programs used to analyze the primary (ASR) and secondary (ATCRBS) radar
electromagnetic performance data parameters are described below:

1. Beacon Extractor and Recorder (BEXR)} Program.

The BEXR is a combination of two special boards mounted inside an
International Business Machines (IBM) Corporation compatible personal computer
(PC) and a software program, developed by the Sensis Corporation. The
hardware/software combination provides: (1) the capability to capture and
view the analog signal output of a beacon interrogator, (2) a real-time
digitizer to extract beacon reply data, (3) the capability to record analog
and digital beacon data, (4) the capability to playback recorded analog and
digital data, (5) the capability to process digital beacon replies, and (6)
the capability to analyze data and to generate various types of plots, which
can be outputted to a printer.

2. EQARS Progqram - Radar Site Summary Option (SUM).

The EQARS Radar Site Summary Option (SUM) accumulates data to determine the
operational status of selected radar sites. The data includes a Radar Summary
Table and Deviation Distribution Table.

a. Radar_ Summary Table.

1. Scan Count (SCANS) - The scan count is the number of antenna
revolutions completed while the SUM option is active.

2. Beacon (BEACON) /Search (SCH) Only Counts - The
beacon/search-only counts are the number of beacon (beacon-
only and radar-reinforced) and search-only reports detected
while the SUM option is active.

3. Radar Reinforced Percentage (RR %) - The radar reinforced
percentage is the percentage of beacon reports received that
have the radar reinforced bit set.

4. Bit 25 Count (BIT 25) - The bit 25 count is the number of
beacon messages received with bit 25 set. This indicates
the report is separated from another beacon report at the
same range on the basis of different Mode 3/A or C codes.
The azimuth of this report may have a larger than normal
error.

S. Zero Beacon Code Count (0 CODE) - The zero beacon code count
is the number of beacon or radar-reinforced beacon reports
received with a beacon code of all zeros.

6. Mode 3/A Validity Percentage (M3A %) - A validated Mode 3/A
reply is counted when a beacon or radar-reinforced beacon
hit is declared and the Mode 3/A validation bit is set.

7. Mode C Validity Percentage (MC %) - A validated Mode C reply
is counted when a beacon or radar-reinforced beacon hit is
declared and the Mode C validation bit is set.



Deviation Distribution Table.

1. Collimination.

(a) Azimuth Error - The azimuth deviation between merged
and beacon only target returns. The azimuth error is
given in one Azimuth Change Pulse {(ACP} increments.

(b) Range Error - The range deviation between merged and
beacon only target returns. The range error is given
in 1/8 nautical mile (NM) increments.

2. Real-Time Quality Control (RTQC).

(a) Azimuth Error - The azimuth deviation between the RTQC
targets actual position and its expected position.
The azimuth error is given in one ACP increments.

(b) Range Error - The range deviation between the RTQC
targets actual position and its expected position.
The range error is given in 1/8 NM increments.

(c) Reliability Percentage (RELIABILITY) - The reliability
for the beacon and search (ASR) radars represents the
probability of receiving a good RTQC report for a
given scan.

3. Permanent Echo (PE).

(a) Beacon Code - The code of the beacon reply received.

(b) Azimuth Error - The azimuth deviation between the PEs
actual position and its expected position. The
azimuth error is given in one ACP increments.

(c) Range Error - The range deviation between the PEs
actual position and its expected position. The range
error is given in 1/8 NM increments.

(d) Reliability Percentage (RELIABILITY) - The reliability
for the beacon and search (primary) radars represents
the probability of receiving a good reply from the PE
for a given scan.

3. Transportable Radar Analysis Computer System {TRACS) Program.
a. PLOTCD Program.

The PLOTCD program provides the capability to plot and sort
aircraft and weather data in a polar presentation on a IBM

compatible PC graphics display. The PLOTCD program is run on a
TRACS PC.

Radar Recording and Analysis Program (RRAP).

The RRAP program will record data from an ASR-9, Air Route
Surveillance Radar (ARSR)-3, Mode S, or CD-1/2, on an IBM
compatible PC, with a special multiplexer board installed. 1In
addition, it can process live primary (ASR/ARSR) and secondary
(ATCRBS) radar data. It will output to either tabular list or
graphic plots to a printexr or PC display.



1.

2.

Tabular List - Tabular list data available are: (1)
interpreted messages, (2) sorted beacon codes, (3) snapshot,
and (4) file summary. (Beacon code sort and file summary
are not available for real-time data analysis.)

Graphic Plot - Graphic plot data available are: (1) planned
position indicator (PPI), and (2) a plot of altitude versus
range.

C. TRACS Data Reduction (TDR) Program.

1.

Probability of Detection (PD).

(a) Beacon - The percentage of the track life that a
beacon message correlates to the track. The PD in
this case equals percentage detected or blip/scan
ratio.

NOTE

Track life is the number of antenna
scans from track start to track stop,
including both the start and stop
scans. No messages are lost and the
four coasts that led to a track drop
are not counted.

(b) Search ~ Usually if a search report correlates to a
beacon message, the beacon message is flagged as radar
reinforced. Sometimes the CD will output a beacon
message that is not reinforced due to the fact that
there is no search report. On occasion, a non-
reinforced beacon message will be accompanied by a
search message that is close enough in range and
azimuth to match or collimate with the beacon message.
(Search PD = [number of radar reinforced beacon
messages + number of mis-colliminated search messages
+ number of coasts with search message in window] =+
track life)

(c) Total - If either the search message or a beacon
message occuxrs in the scan, it is called a hit. (Total
PD = number of hits + track life)

Mode 3/A Reliability (M3/A REL) - If the tracked targets

code changes, the program makes a determination whether or
not the code change was caused by the pilot changing the
code. If caused by the pilot, the new code should remain
the same for a period of time. If the code changes and then
returns to the original code, the code would be classified
not reliable for those scans that the code was different.
(M3/A REL = number of reliable codes received + number of
beacon messages received)

Mode 3/A Validity (M3/A VAL) - The CD flags all beacon

messages as validated or not validated. Validation usually
occurs when the message is composed of at least two
consecutive replies containing the same code. (M3/A VAL =
number of messages received with the validity bit set =
number of beacon messages received)



10.

Mode C Reliability (MC REL) - The EARTS tracking program
predicts the next scans target position, including its
altitude. If the message deviates from expected altitude by

~a specified amount, the altitude is declared not reliable.

(MC REL = number of reliable altitude codes received =+
number of beacon messages received)

Mode C Validity (MC VAL) - The CD flags all beacon messages

as validated or not validated. Validation usually occurs
when the message is composed of at least two consecutive
replies containing the same code. (MC VAL = number of
messages received with the validity bit set + number of
beacon messages received)

Beacon Hit Count (BEACON HITS) - Each beacon message
contains a hit count field. This number is derived by
subtracting the start azimuth from the stop azimuth. This
number is affected by the transmitter power, receive reply
signal strength, receiver sensitivity time control (STC)
curves, transmitter pulse repetition fregquency (PRF),
antenna beam width, transmitter sidelobe suppression (SLS)
operation, position of the aircraft in the antenna beam, the
aircraft range and altitude, and CD settings.

Search Reinforced Rate (RADAR REINF) - Each beacon message

can be flagged with a search reinforced bit. Reinforcement
depends on search detection and search collimation. (RADAR
REINF = number of beacon messages with reinforced bit set =+
number of beacon messages received)

Search Collimation Rate (SEARCH COLLIM) - A search target

should be collimated with a beacon target whenever the
search message lies within a certain delta azimuth from the
beacon message. If collimation occurs, the beacon message
will be tagged reinforced. The program looks at each beacon
message that does not have the reinforced bit set, and tries
to find a search message close enough so that it should have
been colliminated by the CD. Any search message that should
have reinforced a beacon message is declared mis-collimated.
(SEARCH COLLIM = number of radar reinforced messages =
[number of radar reinforced beacon messages + number of mis-
collimated search messages])

Range Error (RANGE ERROR) - Average value of the absolute

value of the range difference between the correlated beacon
message and the EARTS operational program tracking routines
prediction in NM.

Azimuth Error (AZMTH ERROR) - Average value of the absolute

value of the azimuth difference between the correlated
beacon message and the EARTS operational program tracking
routines prediction in degrees.

d. Beacon False Target Summary (BFTS).

1.

Total Number of False Target Reports - The total number of
beacon false target replies received.

Total Number of Discrete Code Target Reports - The total
number of beacon discrete codes received.



10.

False Target Report Percentage - The percentage of beacon
false target replies received. (FALSE TARGET REPORT

PERCENTAGE = [total number of false target reports X 100] =
total number of discrete code target replies)

Target Split (SPLIT) - Total number of beacon target replies
with a: (1) delta range of 0.2 NM or less, or (2) a delta
azimuth of 4 degrees or less, from another target reply.
(TARGET SPLIT PERCENTAGE = [total number of beacon replies
declared a SPLIT X 100] <+ total number of discrete code
target replies)

Ring-A-Round (RAR) - Total number of beacon target replies
with a: (1) delta range of 0.2 NM or less, or (2) a delta

azimuth greater than 4 degrees, from another target reply.
(RAR PERCENTAGE = [total number of beacon replies declared a
RAR X 100] + total number of discrete code target replies)

Downlink Reflection (DOWNLINK REF) - Total number of beacon

target replies with a: (1) delta range greater than 0.2 NM,
or (2) a delta azimuth of 4 degrees or less, from another
target reply. (DOWNLINK REF PERCENTAGE = [total number of
beacon replies declared a DOWNLINK REF X 100] + total number
of discrete code target replies)

Pulse Repetition Fregquenc PRF - Total number of beacon
target replies with a: (1) delta range greater than 2 NM,
or (2) a delta azimuth of 4 degrees or less, from another
target reply. (PRF PERCENTAGE = [total number of beacon
replies declared a PRF X 100] + total number of discrete
code target replies)

Uplink Reflection (UPLINK REF) - Total number of beacon

target replies with a: (1) delta range greater than 0.2 NM
or delta azimuth greater than 4 degrees, from another target
reply, (2) both targets have valid beacon ATCRBS
identification (ID) code, (3) ATCRBS ID code not valid, (4)
altitude required or both targets have valid altitude and
delta altitude is within user limits, or (5) speed available
for a real target. (UPLINK REF PERCENTAGE = [total number
of beacon replies declared an UPLINK REF X 100] + total
number of discrete code target replies)

Other - Total number of false beacon target replies not
declared a SPLIT, RAR, DOWNLINK REF, PRF, or UPLINK REF.
(OTHER PERCENTAGE = [total number of false beacon replies
declared an OTHER X 100] + total number of discrete code
target replies)

ATCRBS ID Code All Zeros (ATCRBS 0000) - Total number of

beacon target replies with a code of all zeros (0000).
(ATCRBS ID 0000 PERCENTAGE = [total number of beacon replies
with code of 0000 X 100] + total number of discrete code
target replies)
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HONOLULU CERAP EQARS DATA FOR LIHUE ASR-8 (LIH)

DATE 11/5/96 | 11/6/96 | 11/7/86 | 11/8/96 | 11/12/96 | 11/13/96 | 11/14/96 | 11/15/96
FAIL
CRITERIA Note 1 Note 2

Scans 221 481 651 557 617 670 653 457
Beacon 1231 2241 3209 4305 1837 2652 2370 1608
Sch Only 12082 13995 14740 5562 29890 32740 3755 27701
RR % <80% 79.5 84.2 86.1 82.4 88.0 86.9 827 80.4
Bit 25 H 2 0 14 81 2 4 4 4
0 Code Liiid 6 3 16 148 1 9 8 4
M3A % ## 99.3 99.5 99.2 93.6 99.8 99.4 99.4 99.4
MC % ## 99.2 99.1 98.9 97.0 99.5 99.0 99.2 99.3
COLLIMINATION

Azimuth Error ## -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

Range Error iiid -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
RTQC

Beacon

Azimuth Error Liiid -3.0 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9

Range Error #H# +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0

Reliability <98% 100.0 100.0 100.0 100.0 100.0 91.1 100.0 100.0

Search

Azimuth Error +/- 4 ACP +0.2 +0.2 +0.2 +0.2 +0.2 +0.0 +0.0 +0.2

Range Error +/- 1/4 nm +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0

Reliability <80% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
PERMANENT ECHO BPE1

Beacon Code 1275 1275 1275 1275 1275 1275 1275 1275 1275

Azimuth Error +/- 2 ACP +0.2 +0.3 +0.5 +0.5 +0.5 +0.5 +0.5 +0.5

Range Error +/- 1/8 nm +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0

Reliability <80% 100.0 100.0 99.8 100.0 100.0 91.0 100.0 100.0
PRIMARY CHAN B B B B B
PRIMARY POLARIZATION CcpP CP CcpP cp LP
BEACON CHAN B B B B B




HONOLULU CERAP EQARS DATA FOR LIHUE ASR-8 (LIH) (Continued)

DATE 11/18/96 | 11/19/96 | 11/21/96 | 11/22/96 | 11/25/96 | 11/26/96 | 11/27/96
FAIL
CRITERIA| Note 3 Note 4 Note 5

Scans 607 386 560 850 687 671 447
Beacon 2005 802 1106 2027 3491 4378 2045
Sch Only 8007 45107 60489 84895 24352 46489 11316
RR % <80% 77.5 86.0 836 83.7 81.0 82.3 80.2
Bit 25 ## 9 0 0 2 58 25 2
0 Code it 61 3 3 2 23 40 1
M3A % i 96.2 99.6 99.9 99.7 98.7 98.2 99.7
MC % Ht 97.8 99.2 99.7 99.6 98.1 98.3 99.2
COLLIMINATION

Azimuth Error H -0.1 +0.0 -0.1 -01 -0.1 -0.1 -0.2

Range Error i -0.1 -0.1 -01 -0.1 -0.1 -0.1 -0.1
RTQC

Beacon

Azimuth Error #Ht -3.0 2.7 2.9 2.9 -3.0 -3.0 2.9

Range Error ## +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0

Reliability <98% 99.5 100.0 100.0 100.0 99.8 100.0 997

Search

Azimuth Error +/- 4 ACP +0,2 +0.2 +0.2 +0.2 +0.2 +0.2 +0.2

Range Error +/- 1/4 nm +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0

Reliabitity <80% 100.0 100.0 100.0 100.0 100.0 100.0 100.0
PERMANENT ECHO BPE1

Beacon Code 1275 1275 1275 1275 1275 1275 1275 1275

Azimuth Error +/-2 ACP +0.6 +0.4 +0.5 +0.5 2.1 -2.0 -1.9

Range Error +/- 1/8 nm +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0

Reliability <90% 100.0 100.0 100.0 100.0 99.8 100.0 100.0
PRIMARY CHAN B A A A A A A
PRIMARY POLARIZATION LP LP LP LP LP LP LP
BEACON CHAN B/A B B B B A A




HONOLULU CERAP TRACS DATA FOR LIHUE ASR-8 (LIH)

DATE 11/5/96 | 11/6/96 | 11/7/96 | 11/8/96 | 11/12/96 | 11/13/96 | 11/14/96 | 11/15/96
FAIL
CRITERIA Note 1 Note 2
TDR RESULTS
Probability Detect

Beacon <90% 98.97 99.17 99.64 97.48 99.17 98.33 99.50 99.80

Search <80% 73.60 79.96 79.15 81.09 73.85 79.78 74.38 71.38]

Total 99.52 100.00 99.92 99.40 99.96 99.88 99.90 99.95
M3/A Rel <98% 99.94 100.00 99.90 97.45 99.88 99.97 99.77 99,95
M3/A Val <95% 99.94 99.86 99.66 96.05 99.96 99.85 99.80 99.80
MC Rel <98% 99.88 99.86 99.56 97.76 99.84 99.85 99.90 99.85
MC val <92% 99.57 99.17 99.15 96.65 99.72 99.23 99.63 99.45
Beacon Hits 52.2 50.6 56.1 53.7 55.1 56.3 54.3 57.5
Radar Reinf <80% 62.82 68.82 71.80 73.41 66.31 70.74 65.23 62.23
Search Collim #H 85.11 86.12 90.71 90.38 90.00 88.91 87.72 87.19
Range Error iaid 0.055 0.055 0.056 0.078 0.053 0.056 0.053 0.051
Azimuth Error HH 0.201 0.213 0.237 0.282 0.235 0.228 0.228 0.229
BFTS RESULTS
Total # Fls Tgt Rep 1 5 17 61 9 10 7 4
Total # Discrete Rep 1518 2757 3414 4585 2467 3216 2908 1884
Fis Tgt Rep % H 0.07 0.18 0.50 1.33 0.36 0.31 0.24 0.21
Split 1 5 11 31 5 9 4 4
Split % i 0.07 0.18 0.32 0.68 0.20 0.28 0.14 0.21
Ringaround 0 0 0 0 0 1 0 0
Ringaround % #H# 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Downlink Ref 0 0 6 28 3 0 0 0
Downlink % i 0.00 0.00 0.18 0.61 0.12 0.00 0.00 0.00
PRF 0 0 0 0 0 0 0 0
PRF % ## 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Uplink Ref 0 0 0 2 0 0 2 0
Uplink Ref % #H# 0.00 0.00 0.00 0.04 0.00 '0.00 0.07 0.00
Other 0 0] - 0 0 1 0 1 0
Other % i 0.00 0.00 0.00 0.00 0.04 0.00 0.03 0.00
ATCRBS 1D 0000 0 2 16 148 1 9 9 4
ATCRBS ID 0000 % # 0.00 0.07 0.41 2.96 0.04 0.28 0.30 0.20




HONOLULU CERAP TRACS DATA FOR LIHUE ASR-8 (LIH) (Continued)

DATE 11/18/96 | 11/19/96 | 11/21/96 | 11/22/96 | 11/25/96 | 11/26/96 | 11/27/96
FAIL
CRITERIA| Note 3 Note 4 Note 5
TDR RESULTS
Probability Detect

Beacon <90% 99.10 99.65 99.52 99.73 98.89 98.30 99.55

Search <80% 77.96 66.08 67.04 69.19 75.04 81.59 74.79

Total 99.82 100.00 100.00 99.96 99.53 99.80 99.92
M3/A Rel <98% 99.67 99.47 100.00 100.00 99.82 99.47 99.96
[M3J/A Val <95% 98.92 99.91 100.00 99.96 99.48 99.04 99.88
MC Rel <98% 99.23 99.56 99.88 99.96 99.62 99.51 99.96
MC val <92% 98.24 99.65 99.82 99.73 98.61 98.43 99.35
Beacon Hits 55.9 55.9 57.3 56.1 54.3 52.5 56.0
Radar Reinf <80% 67.16 57.74 57.32 59.59 68.27 71.90 66.20
Search Collim #t 86.17 87.53 85.70 86.17 890.75 88.25 88.66
Range Error ## 0.056 0.048 0.048 0.045 0.056 0.058 0.055
Azimuth Error ## 0.253 0.208 0.227 0.204 0.312 0.236 0.237
BFTS RESULTS
Total # FIs Tgt Rep 15 1 10 9 14 21 4
Total # Discrete Rep 2507 1116 1683 2201 3284 4731 2358
Fls Tgt Rep % ## 0.60 0.09 0.59 0.41 0.43 0.44 0.17
Split 11 1 10 9 12 20 4
Split % it 0.44 0.90 0.59 0.41 0.37 0.42 0.17
Ringaround 0 0 0] . 0 0 0 0
Ringaround % #H 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Downlink Ref 3 0 0 0 2 0 0
Downlink % ## 0.12 (.00 0.00 0.00 0.06 0.00 0.00
PRF 1 0 0 0 0 0 0
PRF % i 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Uplink Ref 0 0 0 0 0 0 0
Uplink Ref % ## 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other 0 0 0 0 0 1 0
Other % Ht 0.00 0.00 0.00 0.00 0.00 0.02 0.00
ATCRBS |D 0000 60 3 0 1 23 40 1
ATCRBS 1D 0000 % it 2.1 0.26 0.00 0.04 0.51 0.80 0.04




HONOLULU CERAP EQARS AND TRACS DATA LEGEND

NOTES:

1.

High number of merge, 0000 codes, splits, and downlinks due to military exercise northeast of Kauai.
BRTQC and BPE1 out of tolerance because CD fault/alarm stopped beacon processing.

High number of 0000 codes due to switching to Beacon Channel A. (Problem with defruitter.)

High number of 0000 codes and BIT 25 due to military training mission northeast of Kauai.

Primary radar placed in simplex, LP prior to data collection. Channel B found to be causing high data counts
resulting in time in storage bits being set.

Value not specified in Order 6180.10.
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HAWAII-PACIFIC SMO






o Memorandum

U.S. Department

of Transpor@ati_on Hawaii-Pacific SMO
Fede'ra.l Aviation 6700 Kalanianaole Hwy., Ste. 111
Administration Honolulu, Hawaii 968235-1277

Subject: INFORMATION: Lihue, HI (LIH) ASR-8 Fixed Date:

Ground Antenna Radar Evaluation Reply to
From: Manager, Hawaii-Pacific SMO Attn. of:

To: Associate Program Manager for Test, ACT-310B

Reference your memorandum, subject: Collection of Data in Support of FGAR OT&E
Operational Testing of the Lihue Terminal Radar Facility, dated June 27, 1996.

Data collected between the period September 11 through November 27, 1996 was
evaluated to characterize the operation of the primary and secondary radar systems at the
newly established facility on Kauai. This data included recordings taken during the
commissioning flight check on October 10-22, 1996. Evaluation of the flight check data is
similar to those reported in James Masingill’s ASR-8 Flight Check Report.

Flight check results indicate that Air Traffic will be satisfied with the performance of the
radar system. High altitude primary radar coverage (above 20,000 feet) was non existent.
However, the ASR-8 was not designed to provide high altitude coverage and radar

coverage indicator charts for the ASR-8 in the flight check configuration supports the flight
check results. '

The Lihue radar passes all EQARS/TRACS9 radar analysis summaries except for radar
reinforcement rate (64.62%) and search blip-scan (72.65%) because of the air traffic
environment around Lihue. The low number of aircraft per scan causes the beacon parrot
to skew the reinforcement rate and the number of small aircraft/helicopter to skew the
search blip-scan lower.

While the evaluation shows that the Lihue radar performs adequately, further study at
another site of performance before and after radome installation may be required to see
effect of the radome on radar performance.

If you require additional information, please contact Geneson Coloma, RDAS, at (808)
739-7251.

Tho A. Smith
Attachments

Copy to: HNL CERAP

/&1//
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ATCS RVALUATION QUESTIONNAIRE
LIHOX TRRMINAL RADAR PACILITY (LIH)
TY?B II FGAR OT&E OPERATICNAL TEST

Test Number: _HAT-1
Test Title: _Liky TCS aluazion Teas

Test 8ite: ih i R FPacili !

Evaluator‘s MName: A&‘//WAJ‘A C(,W(-—

iy - PRI Y ~.UATZ

How well are the primary targets being detected (displayed), i.e., ars
there target drops: or are targets not being dezeczed: (1! in certatin
areas, (2) at certain altitudes, or (3) as the range 3f the target
increasas?

YRS/NO tcirciv enet

Comments: STC- (S BEING W) pN, TRIGTS Al
ety cose i

Do the primary track trajectories change, i.e., are they following a
gtraight or arched path smoothly, or do they appear to ba shifting back
and forel in azimuth from scan to scan?

@/NO (e.zcle dme)

Commants :

re there primary falee targets? If so: (1) at what range(s) and
azimuth(s), and (2) do they appear at undesirable locaticns?

YES@ tetesle ane)

Comments:

Are' the primary Permanent Echoas (PE} at the correct range and azimuch?

YES/ND ccircie ona)

Comments: ~OVE _/DENTIFIED —

PGAR~2 (LIH) /IT




BPART IT - =N LUJRTT

1. How well are the beacon targets being detected (displayed), i.e., are
there target drops and ccasts; or are targets not being detected: (1) in
certain areaa, (2) at certain alcitudes, or {3) as the range of the
target increases?

YEBS/NO icircie onat

Comments: _ Beacon targets displayed satisfactorily outside
the . MTI area. Seems tao he waak clogse in To be fair, the .

equipment is not been declared operational, and perhaps the
Seehnteians—are stiii-working—to—cerrect—saned —

2. Do the heacon track trajectories change, L.s., are zhey follewing a

stralgh: or arched path smoozhly, or do they appear to be shift.ng back
and forth in azimuth from scan to scan?

YES/NC (etreie one:

Comments: _Targets are following what appears to be the intende

course for the approaqhes being flown.

3, Are there beacon false targets? If go: (1! at what rauge(s) and
azimuth{a), and (2) do chey appear at undesirable lccations?

YE(:“H- ory’

Comments: NO false targets noted, during periods of evaluating

4. Are the beaccn Permanent Echoes (PE) or “parroc(s)*” at :the correct range
and azimuth?

YES /NO ‘1eirele C\ll‘ ..
Comments: -. VORTAL and 1JOBE.gkte appear to be at correct
positions.

If yo.u Rave any questions concerning this questicnnaire or the Fixed Ground
Anterna Radome (FGAR] Program, contact Leonard H. Baker, ACT-310B, at

(603) 4685-535) or fax (609) 4B5-599%5, or at the FAA Techn:cal Center’s,
Communications/Navigation/Surveillance Engineering and Test Division, Atlantic
City International Atirport, New Jersey 0840S.

Thank you for taking your time to provide us with
this valuable information.

FGAR-2 (LIH) /IX
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ASR-8 FLIGHT CHECK REPORT
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THIS REPORT PRODUCED
BY JAMES W. MASINGILL




To: Mr. Hai Nguyen
Author: Mr. Jim Masingill

Subject: Flight Check ASR-8, Lihue Hi. 18, 22 Oct. 1996.

The flight check was flown on the 18th and 22nd of October in three separate flights The
first flight was flown to check the various fixes in the coverage area, the second flight was
a short segment to test the coverage in the northwest quadrant. The third flight was flown
on Tuesday the 22nd and was used to test the inner and outer fringe coverage. Plots of
the segments of the flights are on the following pages with a description of the coverage
and analysis of the reasons for any loss of coverage. On the portions of the flight where
data was lost and, appeared to be screening, an analysis was done using topographical
maps to determine if screening was in fact the problem since no panoramic photos were
available from the present radar site location.

The equipment at the site was configured in accordance with the flight check manual and
the direction of the flight check coordinator in Honolulu. The following equipment
configurations were used.

Beacon Channel 1 Active Power set to 50 watts at the antenna.
(One dB from 62 watt
commissioning Power)

ISLS
Search Channel A Active Circular Polarization
Channel B Off-line
(Single Channel
operation NOT in
diversity.)

Common

Digitizer

CD-1 A&B  Both CD1s Operational Ace 3 and Runlength discrimination
on for search.

Search Lead Edge=10 Trail Edge=8
Beacon Lead Edge=6
Beacon Trail Edge=2
Beacon Begin Validate=2
Run length reporting on.
Flight Check A/C (Saber Liner) Low Sense (-69db) and Low Power
H-2



The following snapshots of the flights were taken using PLOTCD, RRAP, and the BEXR.
The BEXR recordings are included to explain the loss of CD data during the periods of
data loss. Only two BEXR snapshots are used due to the inability of the BEXR software
to filter the flight check aircraft from the other traffic. All loss of data was caused by the
aircraft not receiving the interrogation. This was determined by lack of any replies during
the periods of data loss. Loss of data due to Beacon Interrogator sensitivity is normally
indicated when replies are spotty. A more detailed discussion is included with each figure.

Also included are QARS (Quality Analysis Radar Summary) including summaries of data
recorded with the system operating in normal day to day operation. These are included to
demonstrate the large difference in the radar’s performance from worst case to best case
operation.

In summary, the beacon coverage during the flight check was adequate, however the
search coverage was marginal. The Search was severely degraded through the use of
single channel, circular polarization. During recordings made before and after the flight
check with the radar in diversity and linear polarization the search blip scan approached
and sometimes exceeded the beacon blip scan. Coverage for this facility during normal
day to day operation will be excellent. On degraded days when the facility is having to be
operated in circular polarization the search coverage will be marginal. This should not be
a problem as the radar will be operated in linear polarization on most days. .

Beacon false targets were not a problem. One reflector was identified but the use of ISLS
reduced the number of false targets to about 1 per day. Also any false targets caused by
this reflector do not appear in in any flight paths. Beacon splits averaged .5 t0.7% this is
a normal rate for the CD-1 in the terminal environment and should not cause any problems
with air traffic.
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FILENAME: L1OtBFCL.LIK

SCANS:!  THROUBH 375
Hode 3-A Code 6470
-2 Rzm ot Imgblez’
Radar Enabled
Beacon O Enabled
WX —~ Enzbled

Altitude = ~1000

to 100000 f1.

RdrBen count = {11
Beacon count = 84
Radar count = 42

ux count = 0
Radar = 56.9 ~
Reinforced

EWFILE  EIFELP
[ZEzoon [IRXEFINGTE
{28 TARGET CYNRIE 1D
EZscans ISETUP

RECORDED: Linr 01,02
10-18,96 e —_ __
e ~
~ /.‘- =~ S
- . ————__,
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E2 B RANGE [EEREISTATS 237.3 deg
IEBPRINT | X STEP 12.5 rmi
ESXraurT

Figure 1
CD-1A

Reference Figures 1 Through 3. This is the first segment of the first flight check. Figure

1 is from CD-1A and Figure 2 is from CD-1B. Figure 3 is from the BEXR. This segment

was flow from Honolulu to the SOK VOR, the flight was flown with a beacon mode 3
code of 6470 and was flown at an altitude of 4900 fi. There was loss of data during the
first portion of the flight. It appears that there is some lobeing which caused the loss of
data. This can be seen in figure 3 the plot of the target replies. It appears that this is only
a problem with marginal transponders (simulated by the flight check a/c’s transponder
being in low sensitivity). Other A/C flying in the same area did not experience this

problem.




PIOTCD  versiow 69 RECORDED: LIB 02,04
(1838 POS | 10,18,96 T
FILENAME: L1018FC1.LIH e T
SCANS: 1 THROUBH 375 s T .
Mode 3/A Code 6470 7 — . e
Sd-tz- 3 ITratlad - e T S
Radar Enabled R s T -
Beacon O Enabled - - . -
LI ~ Frasled S s _ . . "
$ — T— ., ,
Altitude = 1000 to 160000 ft. . - e
i i s S, \‘. A
’ - - - _ = ‘\\ N s
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RdrBen count = 121 \ Y \ \ . T2 e / / {
Beacon count = 66 ; \ N \ e o '-1‘/;;" / / /.
Radar count = 34 Y N\ — At T4 / /
X \ il ¥ I
X count = @ \ \_/ Ty /
Radar = 4.7 7. \'\ AN \.\ /// /U‘
Reinforced AN \\\ ~ - yd /s
IZSFILE ITSEIHELP "\_ ~. v s /,/
| F2: fastal] NOTE N ~o Ve
LG TARGET GITEE 1D ) /
EZ8scans LITSIgiseTu ™ P
EJPANGE IEESHSTATS é0. ~ - 237.3 deg
- | IEBPRINT gEFESEISTEP nml \\,\__/’ 12.5 rmi
| F10{: 11 44




Channel Output
- PPl Display: Reply Playback Mode '

Misc

- ~. F,! S erttes
These retums are a classic example of the retumny, ‘.'{; !}}‘,‘, )
. [that result from lobeing, Netice that ather airafl R ES ls : .{"_ e " Cursor Position
at different aktitudes do not have this problem. -« j/“/ ])} Jf’!;_c .’}; Range >> 43.2 Nmi
The lobeing was probably exaggermed by the s I {f’l,", IFZ¥- ;',“ Az >> 106.1 Deg
reduced sensiivity cf the fjght check transponder ‘!.’,;f';;‘{;;if:-'j muth :
* i ]{ ¥ K]
‘. MR F SN
tgy = . 2 . 3 i3 ;:, ~ Hooked Target
% ’ . Ident >> 300K
;}ry {///:' ..;/G;;{é/"’ 0 ... - : . Range >> W X Nmi
s / ,",’5 /ffj‘ﬁy . <0 . o Azimuth »> xX X Deg
I /y//' Pl | | e e &
Y S A 'fl;‘ ¥ PO S e
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. R =% B T
: Tt Wew Drigan] S oec ]
-~ . \ - &
Reply Playback e Nty
Scan>> 266 %ﬁg{a Speed.
Time >> 10:46:14 SStop ol | Tistore
Replies >> 223 "S"hip” History 4
File >> L1018FC1.REP Rewiod




Lin L, 00
- . . . 6470 . . . -
This is the first scan this 49 \':!’ 3 «This is the last scan this
plot. O H triot.
€470, o
YR
51 }
L+
6470
2 h%
6470, =
24 =
E‘GL,
215.2 deg
11.1 nmi
L1018FCI. LIH Scans: 375 to 530 RdrBcn =63 Radar ={7 Beacon =35 HX =0

Figure 4
CD-1A

Reference figures 4 and 5(CD-1 A and CD-1 B respectfully). This portion of the flight
was flow from the SOK VOR in an area southwest of the radar facility This was flown to
check the screening caused by the mountains southwest of the radar. This area was flow
twice at the same altitudes with the same results.




LIB 03,0+

.

] 6:970\.. __ ¢This is the last scan of this plot.
+ This is the first > I =
()
scan this plot Qh: L)
e ®
40 ™\
6470
51 \_%
:'f:.
6470 oy
26
§ ch_;
6470 ﬂ%
24 ¥ 5
mf‘s
201.5 deg
16.1 i
Li1016FCL.LINH Scans: 375 to 530 RdrBcn =£5 Radar =i

Beacon =31 KX =0

Figure 5
CD1-B




RECORDED: 1A 01,02
PLOTCD ggnlssxsog ggs 10,1896
FILENAME: L1018FCL.LIH

SCANS: S30 THROUGH 734
Mode 3,A Code 6470

S} vy -l

Ridar - Enabled
Beacon O Enabled
X ~ Enzabled

Altitude = -1000 to 100000 ft.

RdrBen count = 129
Beacon count = 26
Radar count = 13
WX count = 0
Radar = 83.2 “
Reinforced

ENFILE  DigaveLr
EWzoon  GImFINOTE
I3 TARGET GITRGE 1D
EWscans CIURZISETUP
LB RANGE [IXEISTATS
EBFRINT TR STEP
EaurT

Figure 6
CD-1A

Reference Figures 6 and 7. This is the second portion of the area southwest of the radar
continuing on to the airport. The data losses were the same as the first part of this
segment. Upon approach to Lihue, airport the flight check aircraft descended to 100 ft
and performed a touch and go. Data was lost one nautical mile from the radar. This loss
was approximately 1/4 NM from the end of the runway.



PIOT (Siess fs

FILENAME: L1018FCL.LIH

SCANS: 530 THROUGH 734
Hode 3, Code 6420

..... el -

[

Qadar + Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = -1000 to 100000 ¢,

RdrBen count = 131
Beacon count = 23
Radar count = 8

HX count = 0
Radar = B85.1 %
Reinforced

EWriLe  CIEEieeLp

I zoon  [CIXSEGFEINOTE
ﬁmwmermw
EWscans IXRISETUP
ERRanceE CIXRIEISTATS
LEMPRINT YR STEP
Equlr

RECORGCED:

10/18,8¢

LIB 03,04

&0.
noi

189.9 deg
2.9 nai

Figure 7
CD-1B




PIOTCD 518 &
FILENAME: L1018FC1.LIH

SCANS: 735 THROUGH 1230
Mode 3/A Code 6470

-eTa - [ g |
P A S LhIill=a

5édar - Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = -1000 10 100000 ft.

RdrBen count = 208

Beacon count = 224

Radar count = 34

WX count = 0

Radar = 48.1 7%

Reinforced

EWFILe  CESiee e
ZooM z NOTE

ISR TARGET CYGEI 1D

ZJscans CIGRZISETUP
EBRANGE  CIGREISTATS
ERPRINT KIS S TEP

g2aurT

RECORDED: Lia 01,02

10,1896
~

Figure 8
CD-1A

Reference figures 8 through 10. This segment was flown from the radar site north to the
FRANKR intersection, southeast to the PATSY intersection, continuing to the HAULE
intersection, south to the BROOKE intersection and then west to the LEANE intersection.
This portion of the flight went very well. The only problems were during the turn at the
HAULE intersection and a short loss of data during the last leg of the segment. This data
loss appears to be caused by the same lobeing effect that caused the loss of data during the
first portion of the flight the BEXR plot, Figure 10 shows the replies from the aircraft
during the period of data loss. Near the LEANE intersection the flight check aircraft was
lost completely. This was caused by the screening from the mountains southwest of the
radar site. The minimum altitude that and aircraft can be expected to be picked up at the
LEANE intersection is approximately 10,000 ft MSL.

H-11




PIOTC VERSION &3 | RECORDED: LIB 03,04

(31995 pPO3 10,18-96
FILENAME: L1G18FCL.LIH /—\\\

SCANS: 735 THROUGH 1230
Mode 3/A Code €470

Qd-Tzm = Ersoled
Radar - Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = -1000 to 100000 {1.

RdrBen count = 211
Beacon count = 214
Radar count = 28

KX count = 0
Radar = 49.4 7
Reinforced

EWrFiLe REFIHELP
[ZWzoon  CIEINOTE
IR T ARGET XTI 1D

IEWscans GIIEISETUP
&l RrencE CILHFEIsSTATS
LEWPRINT TSRS TEP
Eaourt

Figure 9
CD-1B
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Figure 10
BEXR



VERSION &9

PIOTCD &%

FILENAME: LI101BFCL.LIH

SCANS: 1230HROUGH 1578
Mode 3/A Code 6470

oo -

d;d;;' Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = 1000 to 100000 f:.

RdrBecn
Beacon
Radar
WX
Radar
Reinforced

count 118
count
count

count
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@® N
o !
w
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ENrFiLe  CIEEHeELP
GEWzoon YT FANOTE
IGEM TARGET YT 10
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RECOROED: LIa 01,02
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60.
nmi

Figure 11
CD-1A

Reference figures 12 and 13. This segment was flown from the LEANE intersection to
the SOK VOR and then to the radar site. Screening, by the mountains, on the east coast
of Kauai caused the data loss.




PIOTCD S3% s
FILENAME: L1018FCH.LIH

SCANS: 1230 HROUBGH 1578
Mode 3,A Code 6470

Fi-Ezo = T-zbiz-
Radar - Enable

Beacon O Enabled
()4 ~ Enabled

Altitude = 1000 to 100000 ft.

RdrBen count = 122
Beacon count = 23
Radar count = 0

WX count = 0
Radar = 84.1 X«
Reinforced

FWFILE CYOEFIHELP
Zlzoon [CIXWFINOTE
LE8 1ARcET CII3GEI1D
EZWscans CIEZIsETLR
I nance STATS
GERFRINT Y EBESTEP
@l qurt

LIB 03,04

Figure 12
CD-1B
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PIOTCD 8 & | oo '

10,1896
FILENAME: L1018FCY.LIH /’\\
SCANS: 1578 HROUBH 1792 \
flode 3,4 Code 6470 ’ /—\ AN

- == 2 Veaei o
‘.-- vo=

Radar - Enabled
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RdrBen count = B4
Beacon count = 31
Radar count = 16
HX count = 0
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ESFILE g
LZWzoon  CIGeZINDTE
{3 TARGET CILREI 1D

dZWscans ITMEISETUP
EERANGE YTZISTATS
SERPRINT RSB S TEP

ETJauIT

Figure 13
CD-1A

Reference figures 13 and 14. This segment of the flight was flown from the radar site,
south of the island and an approach to Barking Sands Airfield. There was no coverage at
the Barking Sands Airfield due to severe screening of this area. Coverage to the south of
the island was also spotty due to screening.
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FILENAME: L1018FC1.LIH

SCANS: 1578 HROUBH 1792
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Figure 14
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Figure 15
CD-1A

Reference figures 15 and 16. This segment of the flight was flown over and around the
Princeville Airport, the Kilauea Lighthouse and a race track north of the Moloaa Forest
reserve. The flight check aircraft was flying between 1600 and 2100 Ft during this portion
of the flight Coverage was very good in this area’at these altitudes. The flight check
aircraft had performed a touch and go at Barking Sands prior to this segment (figures 13
and 14). There was no coverage at low altitudes over the western or north western

portions of the island until the first report on figures 14 and 15. After this segment the
flight check landed at Barking Sands.
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Figure 16
CD-1B
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SCANS: 1  THROUGH 424
Mode 3-A Code 6470
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Figure 17
CD-1A

Reference Figures 17 and 18. This is the second flight flown by the flight check aircraft.
This flight was flown on the afternoon of 18 Oct. 1996. This portion of the flight was
flown to check the coverage over the mountains to the west and northwest of the radar

facility. The flight check aircraft departed Barking Sands and proceeded to the SOK VOR

at 5000ft. Atthe SOK VOR the flight check turned around and proceeded on a westerly
course. Approximately 20NM from the site coverage was lost. The flight check aircraft
began ascending. There was no coverage until the flight check aircraft reached an altitude
of 18,0001t and SONM range. The flight check began a clockwise circle from 270 degrees
to 360 degrees. At approximately 280 degrees coverage was lost and the flight check
aircraft climbed to 20,200ft and coverage was restored. The flight check continued at this
flight level until the flight was terminated when the flight check aircraft reached 360

degrees.
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SCANS: 1  THROUBH 424
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RdrBen count = 136
Beacon count = 81
Radar count = 12
WX count = 0
Radar = 62.7 7
Reinforced

ERFILE  IImEier
[£Wzoon  YTRFEINOTE
iGER TARGET GYTSeI 1D

(ZWscans CITmZISETUP
W RaNGE IR EISTATS
LERPRINT TR STEP

fEllourT

RECORCED:
10,1896

LIB 03,04

Figure 18
CD-1B




Reference figures 19 through 32 and 43. This portion of the flight check was to determine
the outer fringe coverage. The flight check aircraft flew at 7 different altitudes to
determine the coverage. The altitudes flow were 1000, 2000, 3000, 5000, 10,000,
20,000, and 35,000 feet. Figures 19 through 32 are plots of each of these altitudes. The
data from the flight shows outer fringe coverage for these altitudes.

Figure #s. Altitude (Ft) Max Range (NM)
Figure 19 & 20 1000 26 7/8

Figure 21 & 22 2000 40 0/8

Figure 23 & 24 3000 43 1/8

Figure 25 & 26 5000 43 C/8

Figure 27 & 28 10,000 46 2/8

Figure 29 & 30 20,000 59 6/8 (Max range)
Figure 31 & 32 35,000 60 0/8 (Max range)

The data was the same from both CD-1s and the BEXR.
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Figure 19
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Mode 3/A Code 605{

:l-l.-l-.':-‘ = :';:J!;‘:
padar Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = -1000 to 1000 ft.

RdrBen count = 65
Beacon count = 22
Radar count = 8§

WX count = 0
Radar = 4.7
Reinforced

GWFILE  GEaSiner
EWzoon  CRRFINOTE

&3 T ARGET GITREIID
fEBscans GITECIseTur
EEWRANGE CIIJEISTATS
HERPRINT BISTEP
FEliaurr

60, \_//

Figure 20
CD-1B




PLOTCD (SH& &
FILENAME: L1022FC1.LIH

SCANS: 245 THROUGBH 350
Mode 3,A Code 605!

Tordca o= Lmzblaz
Radar - Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = 1100 to 2000 ¢t.

RdrBen count = 25
Beacon count = 44
Radar count =1

WX count = 0O
Radar = 36.2 Z
Reinforced

ZWFILE GIISGIHELP
&M zoon 1t-F2L g
LER TARGET LITEGFIID

EZWscans CIGRZISETUP
EBRANGE ITRFEISTATS
LENPRINT CYERSTEP

EqurT

RECORDED:
10,2296

60

nmi

LIa 01,02

/

148.7 deg
40.6 nai

Figure 21
CD-1A




P VERSION &9
(1995 POS

FILENAME: L1022FCI1.LIH

SCANS: 245 THROUGH 350
Mode 3/R Code 6051

Sirgzn = Lrablad
Radar - Enabled
Beacon O Enabled
KX ~ Enabled

Altitude = 1100 to 2000 ft.

RdrBcn count = 31
Beacon count = 38
Radar count = 2

X count = Q
Radar = 44,3 7
Reinforced

EWFILE OIXEEIHELP
LENMzoon CIXEGEINOTE
N TARGET GITRGRI 1D

EF¥scans CXTITISETUP
LEMRANGE IXREISTATS

EERNPRINT EVCENSTEP

fFzaur T

RECORDED:
10,2296

60

nmi

L8 03,04

148.7 deg
40.6 nai

Figure 22
CD-1B




VERSION &3

PIOTCD &E& 5%

FILENAME: L1022FCLl.LIH

SCANS: 365 THROUBH 450
Hode 3-A Code 605!

R T T
Radar - L
Beacon 0 Enabled
ux ~ Enabled
Altitude = 2100

to 3000 ft.

RdrBcn
Beacon
Radar count
HX count

Radar =
Reinforced

count
count

W OON S

s

—
m Y

FUFILE QS FIHELP
L&lzoon [IITFINOCTE
KEN T ARcET GYESTEE] 1D

IZWscans

IGERPRINT RN STEP
| F1O]:1l gy

G SETUP

EERMAANGE GCITREISTATS

RECOROED:
10,2296

LIa 01,02

ggi 36.

Figure 23
CD-1A




meCD ?E;zlsslgg pséas ngconoan: LIB 03,04
c 10,2296

FILENAME: L1022FCL.LIH -
SCANS: 365 THROUGH 450
Mode 3/A Code 605! //—\\\\ \

-t

oz oo Boszleod < \
adar - Enabled ///, ///,/”’——-—_‘“‘\\\ “~ 3
Siacon o Enag%og , \\\ \
J ~ Enable )
Altitude =2100 103000 fu| / / \
s / / ‘ \ \

RdrBcn count
Beacon count
Radar count
WX count

IR TTINT
A C)*‘SO\
AN
/'//

~
‘/
8\\\
S~

Radar =

- 4 ao\?;/
Reinforced ////

EBFILE  GOEEeer >
IEWzoon  GICEFINOTE
I T ARGET CIEGE 10

gy scans CYILLEISETUP

@auxr

EE@roNGE CREEISTATS| ¢ 150.8 deg
(EWrRINT EZZRESTEP | DR 4.7 rai

Figure 24
CD-1B




VERSION €3

P].DT (21885 POS

FILENANE: L1022FC1.LIH

SCANS: 420 THROUBH 468
Hode 3/A Code 6051
0 =S B R S B T
Radar Enabled

Beacon 0O Enabled
UX ~ Enabled

Altitude = 3100 to 85000 ¢t

RdrBen
Beacon
Radar count
X count

Radar =
Reinforced

count

count 18

(D] 1]
O noun
w

~N

IFWFILE HELP
XWzoon  CYIFINOTE
LM TARGET Y TSI 10
[X®scans CRGRISETUP
HEMraNGE YIRS TATS
EBPRINT HEv=
Eauir

RECORDED:
10,22.-9¢

Lla 01,02

150.2 deq
46.6 nmi

Figure 25
CD-1A




PIOTCD &ges
FILENAME: L1022FC1.LIH

SCANS: 420 THROUBGH 468
Mode 3-A Code 6051

TeTos € Trat e

&stF ‘ Enablee
Beacon O Enabled
WX ~ Enabled

Altitude = 3100 to BOOD f1.

RdrBcn count = 1}
Beacon count = 15
Radar count = 4

WX count = O
Radar = 42.3 %
Reinforced

ZWFILE  GIConne P
ZWzoon  IERFINOTE
R TARGET LY ISEI 10
XMscans [IINTISETUP
EEWRaNGE [YERGASTATS
LENPRINT [V
[[F10[[T) 44

LI8 03,04

Figure 26
CD-1B




PIO {S13%5 &5
FILENAME: L1022FCL.LIH

SCANS: 487 THROUBHK 595
Mode 3,A Code 6051

-y D e - -

Radar Enabled
Beacon 2@ Enabled
WX ~ Enabled

fAltitude = 5100 to 10000 f1t.

RdrBcn count = 30
Beacon count = 24
Radar count = 0

WX count = 0
Radar = 58.8 %
Reiniorced

GENFILE [XRFIHEP
M zoon  CIARFINOTE
LER TARGEY ITFIID
EZWscans CITREZISETUP
EEWRANGE IXREISTATS
EZBPRINT ARy STER
[ F10[ T3}

RECOROED: LIa 01,02
10,2236

40 / 150.2 deg
nmi 46.6 pni

Figure 27
CD-1A

H-31




PIOTCD &SH& &
FILENANME: L1022FCL.LIH

SCANS: 487 THROUBH 535
Mode 3,A Code 6051

JIrden o gEmsnlaz
Radar - Enabled
Beacon O Enabled
(1) ¢ ~ Enabled

Altitude = 5100 to 10000 ft.

RdrBcn count = 33
Beacon count = 19
Radar count = B

HX count = 0
Radar = 63.5 7
Reinforced

ENFiie CEiae
JEWz00n  GIWFINOTE
I T ARGET CYUat] 1D

fZWscans IEZIsETUP
LEMRaNGE XIS TATS
AERPRINT RIS TER

EZaury

RECORDED:
10,2296

LIB 03,04

Figure 28
CD-1B



PIOTCD &E& &%
FILENAME: L1022FC1.LIH

SCANS: 600 THROUBH BOQ
Hode 3/A Codse 6051

Cordom = Tryg. ez
Radar - Enabled
Beacon O Enabled
X ~ Enabled

Altitude = 10100 to 20B00 ft.

RdrBen count = 16
Beacon count = 74
Radar count = 3

WX count = 0
Radar = 17.8 %
Reinforced

EBFE O

zoor [OXRFINOTE

§EW T ARGET CIXHGEI 1D
IZWscans ISETUP
[EWRaNGE CIIRGEISTATS

{ERPRINT YN STEP
§EXuaurr

60

nmi

Lla Q1,02

Figure 29
CD-1A




PI_DT UVERSION 69 RECORDEDs LIB 03,04

(1995 POS | 10,2284
FILENAME: L1022FCL.LIH -
SCANS: 600 THROUBH 800 ™~
Mode 3-A Code 6051 .
SoeZem 2 Crnzblss \

Radar - Enabled
Beacon O Enabled
WX ~ Enagbled

Altitude = 10100 to 20800 1.

RdrBen count = 2§
Beacon count = 70
Radar count = 2

X count = 0
Radar = 23.1 7
Reinfarced

[EWFILE CIXSGEHE P
Elzoon GITEGZINOTE
ER T ARcET CITRE] 1D
N scars XEEZISETUP
gEMnancE CINSEISTATS
LERPRINT ERICREISTEP
G

Figure 30
CD-1B



VERSTION &3

PIOTCD 5%

FILENAME: L1022FCt.LIH
SCANS: 80O THROUSH 3399

Hode 3 A Code 6051
o e m ey

Radar Enablod
Beacon O Enabled

WX ~ Enabled
Altitude = 33000 to 37000 §t.
RdrBcn count = 4
Beacon count = 82
Radar count = 0

HX count = 0
Radar = 4.7 7
Reinforced

EWFILE ONFIHELP
iEWzoon  CYIMFINOTE
W T orceT CITEI 10

IZWscans SETUP
IZWAANGE CIISIEISTATS
LERPRINT LR STEP

EETqurT

RECORCED:
10,22-9¢

60.

nmi

LIa 01,02

Figure 31
CD-1A




PIOTCD VSi0y 85,
FILENAME: L1022FCL.LIH
SCANS: 800 THROUSH 939
Mode 3-/AR Code 6051

=z & I

- ]

PR S
Eme T -

Radar - Enabled
Beacon O Enabled
04 ~ Enabled

Altitude = 33000 to 37000 ft.

RdrBen count = 7
Beacon count = 77
Radar count = Q

HX count = 0
Radar = 8.3 7
Reinfarced

ERFILE LCIEHELP
zoon I FINOTE
£E8 TARGET GITSE] 10
IXHscans XX TISETUP
IEMRANGE IXRFISTATS
IZPPRINT B

ERaurt

RECOROCED: LIB 03,04

102296 ~—
/—\ NG

60. 150.4 deg
nmnl 60.4 i

Figure 32
CD-1B




Reference figures 33 through 42 and 43. This protion of the flight was flown to check the
inner fringe coverage (cone of silence). The flight check aircraft flew at the following
altitudes to test the coverage, 35,000, 20,000, 10,000, 5000 and 3000 feet.

Figure #s. Altitude (FT) Min Rng (NM)

Figure 33 & 34 35,000 80/8

Figure 35 & 36 20,000 47/8

Figure 37 & 38 10,000 23/8

Figure 39 & 40 5000 1 4/8(Effective
minimum range
of radar)

Figure 41 & 42 3000 1 2/8(Effective
minimum range
of radar)

Figure 43 is the altitude vs range plot of the entire flight from CD-1A the plot from CD-1B
was practically identical and is not included.



PIOTCD (Sug s o
FILENAME: LIO22FCI.LIH
SCANS: 1000 HROUGBH 1105
Mode 3/A Cade 6051

ICTIr S Lnaz.ed

l-ladar - Enabled
Beacon O Enabled
U ~ Enabled

Altitude = 33000 to 37000 +$t.

RdrBecn count = §
Beacon count = 72
Radar count = 2

KX count = 0
Radar = 8.5 %«
Reinforced

GEFILE Eaaiver
fERzoon  CIXIFINOTE

&M TARGET CYEREI 1D \

EWscans IIEFISETUP

IEMRANGE IXECLISTATS &0. 1480 deg
ERPRINT EAsSTEP nmi 7.8 nai

ZEJaqurT

Figure 33
CD-1A




PIOTCD &&& %
FILENAME: L1022FC1.LIH

SCANS: 1000°HROUGH 1105
Mode 3,f Code 6051

LosEze o2 Ceazles

Qadar - Enabled
Boacon O Enabled
KX ~ Enabled

Altitude = 33000 to 37000 ft.

RdrBecn count = 13
Beoacon count = 65
Radar count =1

WX count = 0
Radar = 16.7 «
Reinforced

EWFILE  YXFIHELP
ZWzoon  CIMZINOTE
=W TARGET [CYURIE] ID

N scans CYHRZISETUP
IEMRANGE CIXRGEISTATS
(ZHPRINT JEICgSTEP

EEouIT

LIB 03,04

147.4 deg
8.0 i

Figure 34
CD-1B




Pmm ?glssIgsN psgs IQCE]CZU;ESEI;I LIa 01,02
/ "/—_‘\\
FILENAME: L1022FC1.LIH /

SCANS: 1100THROUGH 1200 \

Mode 3-A Code &051

drgzs ow Uszklezs .

Radar - Enabled ~ ‘\

Beacon O Enabled \

WX ~ Enabled N\

Altitude = 19300 to 21000 ¢t \ \
N\ \

/ \

s

/ /\\\ o

/
{

|

* )
RdrBen count A /
Qs

=13
Beacon count = 27
Radar count = 0
HX count = 0
Radar = 32.5
Reinfor ced

EWFILE  IREver
EEWzoon  EIXRFINOTE
ERTARGET [ ID

EXWscans Y] JSETUP

IERRaNGE JXRIEESTATS
EEPRINT N sTER

Figure 35
CD-1A




VERSION 69

PIOTCD %% &5

FILENAME: L1022FCt.LIH
SCANS: {100THROUBH 1200

Mode 3/A Cods

SIrTzr

- i W
- [ B D R

605!

{

Qadér:'

Enabled

Beacon O Enabled

()4 ‘~ Enabled

Altitude = 18300

to 21000 ft.

RdrBen count = 16
Beacon count = 22
Radar count = 0

WX count = 0
Radar = 42.1 %
Reinforced

ENFILE CmEiner

¥R zoon CIIFINOTE

m*mneeu

ID

a1t-F3)
LB scars CHETZISETUP
LW RANGE CIXEFISTATS
LENPRINT T
Eourt

RECORDED:
10,2294

Figure 36
CD-1B




Lia 01,02
PIOTCD Vg ss, | mEcomoem '

FILENAME: L1022FCL.LIH

SCANS: 12248 HROUGH 1244
Mode 3-A Code 6051

Qd-Ez- o frm3zizsd
Radar -+ Enabled
Beacon O Enabled
ux ~ Enabled

Altitude = 3300 to 18900 f¢t.

RdrBcn cowunt i1

Beacon count = 8
Radar count = 0

WX count = 0
Radar = 57.9 7
Reinforced

ENrFiLe I FiHeLe

ZWzoon  GIGmZINOTE

IGEN TARGET TSGR 10
[XRWscans JSETUP
gelronce CIEGISTATS| |5 178.4 deg
AEWrRINT IRYCNEsTEP nmi 2.3 rmi
ZFauIr

Figure 37

CD-1A



VERSION 63

PLDTC (c>1995 POS

FILENAME: L1022FC1.LIH

SCANS: {224 HROUGH 1244
Mode 3/A Code 6051
JIvzos 9 fpdslons
Radar Enabled
Beacon O Enabled
WX ~ Enabled

Altitude = 9300 to 18S00 fz.

RdrBen count

Beacon
Radar
HX

count
count
count

onowu
N OO\!B

~N

Radar =
Reinforced

1°)
w

ENFILE HELP
Elzoon [IXEGFINOTE
M TARGET CYERGEI 1D
fEWscans CITEISETUR
LERRANGE [XET|EISTATS
EERPRINT P STEP
| F10[C Ty

RECORDED:
10,2296

i5.

Figure 38
CD-1B




PIOTCD B3 ss
FILENAME: L1022FC1.LIH

SCANS: 1249 HROUBH 1345
Mode 3-A Code 6051

“20Cr e Easklzc
Radar - Enabled
Beacon O Enabled

X ~ Enabled

Rltitude = 4300 to 8100 ¢t.

RdrBen count = 15
Beacon count = 10
Radar count = (0

WX count = Q0
Radar = 60.0 “%
Reinforced

GIrILe CITHZIHELP
EWzoon  [IENEINOTE
R TARGET [ITEGEIID
GEWscans CITSCISETUP
[ﬂmnee mwnrs
E=rRINT E¥
FHaury

LA 01,02




PIOTCD USE& &%

FILENAME: L1022FCI.LIH

SCANS: 1 24T HROUGH 1345
Hode 3-A Code 6051

RdrZo T Toabled
Radar - Emnabled
Beacon 0O Enabled
)4 ~ Enabled

Altitude = 4800 to 5100 ft.

RdrBcn count
Beacon count
Radar count
HX count

Radar =
Reinforced

OO W”N
(=]

@
[w]
.

o
~N

EWFILE CITRFIHELP
EWzoon [ NOTE
LEBM TARGET Y] 1D

ZXscans JSETUP
LEWRANGE [ STATS
LEEPRINT Y STEP
| F10[s 841

LIB 03,04

340.2 deg
1.8 ned

Figure 40
CD-1B




RECORDED:

VERSION &9 J
10,2296

PIOTCD Ess o5

FILENAME: L1022FC1.LIH

SCANS: 1349 HROUGH 1483
Mode 3,A Code 605!
Qadar - Enabled /

Beacon O Enabled

HX ~ Enabled / ,

TN

Altitude = 2700

to 3500

ft.

RdrBen
Beacon
Radar
11).4

Radar

count
coumt
count
count

48
) 4
13

Reinforced

o
o
o

VA

IFYFILE
&N zoon

I HELP

NOTE

R TARCET G #11D

ERMscans ]

JSETUP

LEWRANGE CTIWEISTATS
(EBPRINT (EZERsTEP

gFaurt

270.0 deg
0.9 nmi

Figure 41
CD-1A




Altitude = 2700

to 3500 ft. /

RdrBen count = 74
Beacon count = 11
Radar count = I8

WX count = D
Radar = 87.1 ¥
Reinforced

GE-: Eaier
§ zoon NOTE
(SR ranceT SRES
ik scans YTRTISETUP

GRRANCE GIEISTATS| 15
LEMPRINT JEZGEmSTEP |  nni
gZhaurt

£CORDED: LIB 03,04
PIOTCD ‘s, | oo ‘
FILENAME: L1022FCI.LIH - = é
SCANS: 134T HROUGH 1489 o £ .
Mode 3,A Code 6051 / z £ .
FIrTLe € Eeghled — S
Radar Enabled 321 :!_\ \
Beacon O Enabled z AN
WX ~ Enabled H \
R \

._
PN
o=

%3

Figure 42
CD-1B



ALTITUCE vs. RANGE

Scan ¢ : 1488 : : : ; : File Name
; : - : ; file Size

Socoo [1022FCI.LH
8330000

45000 |-+ mesmti e ............. SRR e ............. S T T ]

40000 j s SESe SIS e ITTCRTT UL . .............

. . ' i
f ll'lu"“‘ ' : M
. Iy,
e Te 1 ) BT T e Muagy g e . ceeenn R,
M n
: : : ; R :

Altitude (FEET)
i
.
N

: ““""’u. H

; z : = m -

: z ,;...r»-»»m oy '
B P -',m'“"'mmmm-"‘ .................. feesennes vareed

§ § +*:b‘* g H 1 E H

5000 |- j : S ESSUHI R ,.,,F.}'.....

: : a : | ety 1 i :
o : Lty by Wlllml:“m ll'?"'ﬂ"'ll' : '
o 7 14 21 28 3;‘ 42 49 56 &3 70
Range (NID

Figure 43
CD-1A

H-48
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The data below is from two QARS run on two different days. They are
included to demonstrate the dramatic differences in the radarEs
Performance (Both beacon and search), between the flight check
barameters and the normal day to day parameters. The first set of data
from the two CD-1s is from the flight check. The second set is from a
data set recorded with the radar in diversity, linear polarization, and
the beacon at normal power. specifically note that the long range
search coverage ( Normal (NML) outside 32 Miles) is almost doubled from
about 54% to better than 98% Blip Scan. MTI coverage is almost 10%
better and beacon is 2% better.

Flight Check Configuration

LIA  LIHUE CDA DO SQARS RADAR DATA ANALYSIS RUN DATE: 10/21/1996 DATE RECORDED: 10-18-96
SITE TOTALS
Scans BLP/SCN R/R COLL ASPLT RSPLT False-BCN Code Reliability DEV ** BASED ON ** MT! CROSSOVERS

LA A AL R R A R R N R Ry R R R T R R R R R R R T R

BCN 10622 97.6 61.1 90.1 0.1 0.7 RAR 0.0 M3R 9B.4 MCR 99.5 0.062 NMI TOTAL TRACKS- 106 4096 ACPS 32.0 NMI
NML 7056 55.1 S50.5 91.1 0.8 0.7 REF 0.0 M3V 98.7 MCV 98.1 2.4 ACPs MODE C SCANS- 9823 0 ACPS 0.0 NMI
MTI 3566 90.9 81.5 89.0 2.0 0.0 ZER 0.6 ARL 52.0 DMTI 0.0 EFPD 98.§ TOTAL REFLCT- 10 0 ACPS 0.0 NMI

Ul}cnr:cll:od tecords: Beacon reports = 158, Coasted scans = 254 Antenna updates = 2223, Tracks Initiated = 142
Site has 146 code zero beacon reports, 65 were used in calculations., Avg. seazch/scan: NML = 26 MTI = 27

PE AND RTQC VERIFICATION

SCANS ADAPTED MEAN  ADAPTED MEAN  ADAPTED REPORTED ADAPTED REPORTED RELIASILITY
TARGET ID CHECKED RANGE ERROR  AZIMUTH ERROR MOOE3/A  CODE MODE1/2  CODE PERCENT
BRTQC 2212 7.0 0,0 2088.00 ACPs -2.88 ACPs 7777 1777 7711 0000 100.0 PCT
118 LIHUE CDB DOSQARS RADAR DATA ANALYSIS RUN DATE: 10/21/1996 DATE RECORDED: 10-18-96
SITE TOTALS
Scans BLP/SCN R/R COLL ASPLT RSPLT False-BCN Code Reliability pEv s+ BASZID ON ** MTI CROSSOVERS

AR A A A A A A A A R R R R R N Y T R R R X R

BCN 10580 57.3 62.2 93.5 0.1 0.6 RAR 0.0 MIR 98.7 MCR 99.6 0.062 NMI TOTAL TRACKS- 103 4096 ACPS 32.0 NMI
MML 7035 S53.4 SO0.4 94.0 0.9 0.8 REF 0.0 MIV 98.8 MCV 98.7 2.3 ACPs MODE C SCANS- 9763 Q0 ACPS 0.0 NMI
MII 3543 90.9 84.9 93.0 2.0 0.0 ZER 0.5 ARL 52.2 DMTI 0.9 EFPD 98.6 TOTAL REFLCT- ¢ 0 ACPS 0.0 NI

ugco:nluod records: Beacon reports = 134, Coasted scans = 290 Antsnna updates = 2212, ‘Tracks Initiated = 137
Site has 157 code zero beacon reports, 48 were used in calculations. Avg. search/scan: NML = 26 MTI = 27

PE AND RTQC VERIFICATION

SCANS ADAPTED MEAN ADAPTED MEAN ADAPTED REPORTED ADAPTED REPORTED RELIABILITY
TARGET ID CHECKED RANGE ERROR  AZIMUTH ERROR  MODE3I/A CODE MODEL/2 CODE PERCENT
BRTQC 2212 57.0 0.0 2088.00 ACPs -2.88 ACPs 7777 haxhl 7777 0000 100.0 PCT

Day to Day Operation

LIA LINUE CDA DOSQARS RADAR DATA ANALYSIS RUN DATE: 10/26/1996 DATE RECORDED: 10-26-96
SITE TOTALS .
Scans BLP/SCN R/R COLL ASPLT RSPLT False-BCN Code Relliability oEv ** BASED ON ** MI1 CROSSOVERS
.0000to...b.'..'0'00.0...00c"000.'0.'.-a...00'..0.'0..00.0."0000'0.'..'...0'0l..'.D"b.00..0'00000.o000‘..00.0.0'000"00.00’
BON 335¢ 99.3 82.3 83.3 g.0 0.5 RAR 0.0 M3R 100.0 MCR 99.8 0.052 NMI TOTAL TRACKS- 31 4096 ACPS 32.0 NMI
NML 2023 98.2 B82.0 83.4 3.6 0.1 REF 0.0 MIV 99.9 MCV §9.1 1.9 ACP3 MODE C SCANS- 3330 0 ACPS 0.0 NMI
MTI 133% 99.5 82.7 83.0 4.3 0.5 ZER 0.0 ARL 53.2 DMII 0.0 EFPD 99.9 TOTAL REFLCT-~ [} 0 ACPS 0.0 NMI
Uncorrelated records: Beacon reports = 18, Coasted scaas = 24 Antenna updates = 1419, Tracks Initiated = 33

Site has 17 code zero beacon reports, 1 was used in calculations. Avg. search/scan: MNML = 38 MTI = 6¢

PE AND RTQC VERIFICATION

SCANS ADAPTED MEAN  ADAPTED MEAN  ADAPTED REPORTED ADAPTED REPORTED RELIABILITY
TARGET ID CHECKED RANGE ERROR  AZIMUTH ERROR  MODEJ/A CODE MODEL/2 CODE PERCENT
BRTQC 1424 57.0 0.0 2088.00 ACPs -2.90 ACPs 7777 77 ™ 0000 100.0 PCT
LI® LIHUE CDB DOSQARS RADAR DATA ANALYSIS  RUN DATE: 10/26/1996 DATE RECORDED: 10-26-96
SITE TOTALS
Scans BLP/SCN R/R COLL AS?LT RSPLT False-BCN Code Reliability DEV ¢+ BASED ON ** XTI CROSSOVERS

PP bt N Pttt 0t etIett et e ittt teditetttosrtlttetiettetoRttettttttttotodittstitertistttttsstnststesdesdictossiniates

BON 3354 99.9 87.2 8B.3 0.0 0.7 RAR 0.0 MIR 99.9 MCR 99.9 0.051 NMI TOTAL TRACKS~ 31 4096 ACPS 32.0 NMI
NML 2025 98.3 986.7 88.2 3.6 0.0 REF 0.0 MIV 99.9 MCV 99.8 1.8 ACPs MODE C SCANS- 3150 0 ACPS 0.0 NMI
MTI 1329 99.2 87.9 88.5 4.6 0.5 2ER 0.1 ARL 53.2 DMTI 0.0 EFPD 99.9 TOTAL REFLCT- [ 0 ACPS 0.0 MRMI

Uncorrelated records: Beacon reports = 11, Coasted scans = 4 Antenna updates = 1410, Tracks Initiated = 33
Site has 10 code zero beacon reports, 2 waze used in calculations. Avg. search/scan: NG@ = 38 MTI - 67

PE AND RTQC VERIFICATION

SCANS ADAPTED MEAN ADAPTED MEAN ADAPTED REPORTED ADAPTED REPORTED RELIABILITY
TARGET ID CHECKED RANGE ERROR  AZIMUTH ERROR  MODEI/A COOE MODE1/2 coDE PERCENT
BRTQC 124 $7.0 0.0 2008.00 ACP3 -2.90 ACPs 7777 7777 kaka] 0000 160.0 PCT
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