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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) [ZHN] 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-I 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 (FAA).  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. 

1.1   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) [QJM], which had a Mode Select Beacon System (Mode 
S) antenna installed.  This report covers OT&E Operational testing of the Type 
II 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-I had been optimized when 
data were collected after the FGAR was installed.  This prevented a valid 
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 Control 

NAS-MD-691 On-Line Certification and Diagnostics 

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

DOT/FAA/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   FAA FIELD TEST REPORTS. 

Manager, AOS-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   MISSION 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, AOS-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 II FGAR interfaces both mechanically and electrically with the 
National Airspace 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 mechanical 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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FIGURE 3.3-1  TYPE II FGAR INTERFACES BLOCK DIAGRAM 



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 (ZHN) 
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: 

a. Honolulu CERAP (ZHN) SSC RDAS Engineer 
b. Lihue FCT (LIH) Air Traffic Control Specialist (ATCS) 
c. Kauai AF SSC Supervisor and Environmental Technicians 
d. Lihue Terminal Radar Facility (LIH) Electronic Technicians 
e. Vitro/ACT-310B Engineer 

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 
operational 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-I 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-Is 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.  It 
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 
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 
LIH 
% 

<90% 99.12 

TABLE 5.1.5.1-2  TRACS TDR MODE 3/A RELIABILITY 

Fail Criteria 
LIH 
% 

<98% 99.68 

TABLE 5.1.5.1-3  TRACS TDR MODE 3/A VALIDITY 

Fail Criteria 
LIH 
% 

<95% 99.47 

TABLE 5.1.5.1-4  TRACS TDR MODE C RELIABILITY 

Fail Criteria 
LIH 
% 

<98% 99.61 



TABLE 5.1.5.1-5  TRACS TDR MODE C VALIDITY 

Fail Criteria 
LIH 
% 

<92% 99.09 

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. All 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 Objectives. 

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 equipment. 

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-I, 
operating in a terminal environment. 

7. CONCLUSIONS. 

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 



ACRONYMS AND ABBREVIATIONS. 
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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 

NM 

NE 

OT&E 

PC 

PD 

PE 

PLOTCD 

PPI 

PRF 

QJM 

RADAR REINF 

RAR 

RDAS 

Federal Contract Tower 

Fixed Ground Antenna Radome 

Government Furnished Equipment 

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 program) 

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 
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RMMS 

RR % 

RRAP 

RTQC 

SCANS 

SCH 

SEARCH COLLIM 

SLS 

SPLIT 

SSC 

STC 

STK 

SUM 

TD 

TDR 

TEMP 

TRACS 

UPLINK REF 

VAC 

VDC 

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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APPENDIX A 

REPORT 

REVIEW OF RADOME EM PERFORMANCE FOR 

ASR-8 (S-BAND) AND (BI-4) L-BAND 

AOS-230 

SURVEILLANCE SYSTEMS ENGINEERING 



© 
US Department 
of Transportation 

Federal Aviation 
Administration 

Memorandum 

subject INFORMATION: Review of Radome EM 
Performance for ASR-8 (S-Band) and (BI-4) L-Band 

From.-   Manager, 
Surveillance Systems Engineering, AOS-230 

Date: Sept. 29, 1995 

^p'y?      Sanford 
Attn. of: 

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. 

Joe Arguello 
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APPENDIX B 

LOCATION MAPS 

LIHUE TERMINAL RADAR FACILITY (LIH) 
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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 S. 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_. EOARS Program - 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. 

5. 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. 
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b.    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. 

b. 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.  In 
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 printer or PC display. 
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1. 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.) 

2. 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 occurs in the scan, it is called a hit. (Total 
PD = number of hits + track life) 

2. Mode 3/A Reliability (M3/A RED - 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) 

3. 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) 
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4. Mode C Reliability (MC RED - 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 -s- 
number of beacon messages received) 

5. 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) 

6. 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 frequency (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. 

7. 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) 

8. 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]) 

9. 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. 

10. 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. 

2. Total Number of Discrete Code Target Reports - The total 
number of beacon discrete codes received. 
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3. False Target Report Percentage - The percentage of beacon 
false target replies received.  (FALSE TARGET REPORT 
PERCENTAGE = [total number of false target reports X 100] -r 
total number of discrete code target replies) 

4. 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) 

5. 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) 

6. 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) 

7. Pulse Repetition Frequency (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) 

8. 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) 

9. 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) 

10. 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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APPENDIX E 

HONOLULU CERAP (ZHN) 

EQARS AND TRACS DATA 
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APPENDIX F 

REPORT 

LIHUE, HI (LIH) ASR-8 FIXED GROUND 

ANTENNA RADAR EVALUATION 

HAWAII-PACIFIC SMO 



Ö Memorandum 
U.S. Department 
of Transportation Hawaii-Pacific SMO 
Federal Aviation 6700 Kaianlage Hwy., Ste. 111 
Administration Honolulu, Hawaii 96825-1277 

Subject INFORMATION: Lihue, HI (LIH) ASR-8 Fixed Date: ß£C  ^ "l   '"6 

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. 

f I Thomas A. Smith 
[^attachments 

Copy to:     HNL CERAP 
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APPENDIX G 

ATCS EVALUATION QUESTIONNAIRE 

LIHUE FCT (LIH) 



ATCS EVALUATION QOTSTIOHNAIRZ 
LIHU* TIRHXHAL RADAR FACILITY (LIH) 
TY7» II /GAR OTfcB OPSHATIOKAL TEST 

Teat Nuaberi  LHAT-1 

Test Title:  Lihue ATCT (LIH) ATCS Evaluation Test 

Teat Sit«:  Lihue Terminal Radar Pacilitv (LIH) 

«valuator's If am«: O^/LiJfiriA    Ci-flHU<!L~  

PART I - PRIMARY RADAR EVALUATION 

1.   How well are the primary targets being detected (displayed), i.e., are 
there target drops; or are targets not being detected: (l) in certain 
areas, (2) at certain altitudes, or (3) as the range of the target 
increases? 

YES/HO    Iclrclt «w) 

Comments: 157^  /S £=/*/£ £t/d€*&)   /)A/,    TA^S^   AflP- 

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

«2S)/N0 leircl» 3Ml 

Comments : . __    

Are there primary false targets? If so: (1) at what range(s) and 
azimuth(s), and (2) do they appear at undesirable locations? 

YES^NCy (etrsu <—> 

Comments:  

Are' the primary Permanent Echoes (PE) at the correct range and azimuth? 

YES/NO    leireu wl 

Comments: /S**t£    /£X&JT}F'I£I>  — 

POAR-2(LIH)/II 
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PA3T n - SECONDARY fBEACCN) RAD&3 EVA1UAT20N 

1.   How .well are ehe beacon targets oeing detected (displayed), i.e., are 
there target drops and coasts; or are targets not being detected: (1) in 
certain areas, (2) at certain altitudes, or (3) as the range of the 
target increases? 

YBS /NO ;<irc. 0..1 

Comments:       Bp*c?nn   targArg   diapTay^rl   «;ari gf^rrf-nri 1 y   nnt-ciH» 

.the„,,MTT  area.   SPPHKI   t-n  ho  uaalr   fi~«r?   ln     To  hp   fair,   rh» 
equipment is not been declared operational,   and perhaps  the 
taohnloiano  arc  sfeill-voriting to  coi'vect  aaiund.  

2. Do the beacon traek trajectories change,   i.e.,  are they following a 
straight or arched path smoothly,   or do  they appear to be shifting beck 
and forth in azirauth from scan to scan? 

YES /NO   luni, «.„ 

comments:    Targets are following what appears to be the intends 
course for the approaches being flown. 

3. Are there beacon false targets?    If ao:   (ll   at what range(s)   and 
azimuth(a),   and   (2)   do they appear at undesirable locations? 

Comments:    No  false targets noted,   during periods  of evaluating 

4. Are the beacon Permanent Echoes   (PE)   or "parrot(s)"  at  the correct range 
and azimuth? 

YES/NO     ICtrcl«  «Ml ; _ 

Comments:   •'- VQigffiC".Hng£uQgE'-v^tte  appear  to  be  at  correct  

positions. 

If you have any questions concerning this questionnaire or the Fixed Ground 
Antenna Radome JFGAR) Program, contact Leonard K. Baker. ACT-310B, at 
(603) 485-5353 or fax (609! 485-5995. or at the FAA Technical Center's, 
Communications/Navigation/Surveillance Engineering and Test Division, Atlantic 
City International Airport, New Jersey 08405. 

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

FGAR-2(LIH)/II 
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APPENDIX H 

REPORT 

ASR-8 FLIGHT CHECK REPORT 

LIHUE, HI 



ifp^m^ 

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 

Search 

Common 
Digitizer 
CD-I A&B 

Channel A Active 
Channel B Off-line 
(Single Channel 
operation NOT in 
diversity.) 

Both CD Is Operational 

Power set to 50 watts at the antenna. 
(One dB from 62 watt 
commissioning Power) 
ISLS 

Circular Polarization 

Flight Check A/C (Saber Liner) 

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. 

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 to.7% this is 
a normal rate for the CD-I in the terminal environment and should not cause any problems 
with air traffic. 
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PTHTlTl        VERSION <£9 
ri-ULKsU        <c)1995 POS 

FILENAME: L1018FC1.LIH 

SCANS: 1 THROUGH 375' 
Mode  3/A  Code        6470 

Radar Enabled 
Beacon  o    Enabled 
U>: -~   Enabled 
Altitude = -1000     to 100000 ix. 

RdrBcn count = 111 
Beacon count = 84 
Radar count = 4.2 
UX count = 0 

Radar =    56.9 * 
Reinforced 

ggg FILE   CJ2S23HELP 

g^ZOOM      QBEBNOTE 

gggscftNs rrrraragsETUP 
"3RAHGE   QJSikiSTftTS 
göPRiNT GSZZSSSSTEP 
g?^OUIT  

RECORDED: 
10/-18/-9.S 

an 01,02 

/ 

60. 
nmi 

* 

„/■       /' 

^ 
^,«-" 237.3 <teg 

12.5 rani 

Figure 1 
CD-1A 

Reference Figures 1 Through 3. This is the first segment of the first flight check. Figure 
1 is from CD-I A and Figure 2 is from CD-IB. 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 ft. 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. 
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PIDTCD   JggSÄ 
FILENAME:   L101BFC1.LIH 

SCANS: 1      THR0U6H 375 
Mode 3/A  Code        6470 
C'j-E"   ■=     Ir.=-led 
Radar      •     Enabled 
Beacon D    Enabled 
UX --•   Enabled 
Altitude - -1000     to 100000 ft, 

RdrBcn count = 121 
Beacon count = 66 
Radar count = 34 
UX count  = 0 

Radar    = 64.7    V. 
Reinforced 

ES FILE       frugal HELP 
re^zooH   rrraregNOTE 
fjg£ TARGET feUgJil ID 

SCANS    rrHas£!SETUP 
RANGE   ßjgggä STATS 

 PRINT   aBggJBBHsTEP 

PECCOOED: 
10A8/96 

UB 03,04 

I 

\        V 

/ 

y 

s 

/ \ 1 

\ \ \ 

I I        +        1 
\        -*arr        /       /       /       / 

i 

60. nw 
237.3 deg 

12.5 nni 

Figure 2 
CD-IB 
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System Options    DJsptays    J^odes    Processor Options    Channel Output    Misc 

PPI Display: Reply Playback Mod*'?■* 

These Mums are a classic example of the returns, 
that result from lobeing. Notice that other aircraft 
at different altitudes do not have this problem.   * 
The lobeing was probably exaggerated by the 
reduced sensitivity of the flight check transponder 

"Cut JOT Position 
Range»     43.2   Nmi 

Azimuth»   106.1  Deg 

"Hooked Target 

Ident»    >000< 
Range» xxx.X Nmi 

Azimuth» >ooo< Deg 
Altitude» XX>CX Kft 

ülil iHoofc' 

Display Scales + Origin' 

IBIPillii^sl 
isönpq^oi 
HewOngsil.^ 

"Reply Playback  
Scan»     266 
Time» 10:46:14 

RepEes»     223 
File   » L1018FC1.REP mwe£zt 

Ne^Scam 
JPr^SBSri- 
£p35fän*s$ 

ÜSSS« 

Rewind 

Figure 3 
BEXR 
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LIn  Ü1,0; 

This   is   the   first   scan   this      -t9  NT -»-This   is   the   last   scan   this 

plot. q^   y +Plot. 
6-»7CI   ,   a 

* Ni 
647CJ 

51    "b 

6470 
26 

647CI '■>. 

rBxrf 

U018FC1.UH Scans: 375 to 530 RdrBcn »63 Radar «17 Beacon »35 UX »0 

215.2 deg 
11.1   nmi 

Figure 4 
CD-1A 

Reference figures 4 and 5(CD-1 A and CD-I 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. 
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LIB 03,0 + 

43 N, . <-This is the last scan of this plot. 
This is the first > J?" :\ 

c. ü 
scan this plot       fc», ^ 

<547tL 
40   \3 

51 X 

«S V 
<470„ H ■=. 

L1018FO..LIH Scans: 375 to 530    RdrBcn »(55    Radar  -11     Beacon «31    UX «0 

Figure 5 
CD1-B 

201.5  deg 
16.1   nmi 
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PLDTCD UEJ3SI0N  «9 
CC319S5 POS 

FILENAME: L1018FC1.LIH 
SCANS: 530 THROUGH 734 
Mode 3/f\  Code        6470 

Radar • Enabled 
Beacon □ Enabled 
UX -   Enabled 
Altitude »-1000     to 100000 ft. 

RdrBcn count 
Boacon count 
Radar count 
UX    count 

Radar  = 
Reinforced 

12S 
16 
13 
0 

83.2   '/. 

FI«-E  cnszjHEi-p 
ZOOM      Cng^NOTE 
TftRGETEEBaaiO 
SCANS    CEBJBpSETUP 
RANGE    fcmgjt-iSTQTS 
PRINT    fgJi BSTEP 

ßgjQUIT 

un 01,02 

60. 
nini 

8 d*q 
9 nmi 

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. 
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PLOTCD ÜERSIOW 69 
<c>1395 PCS 

FILENAME:  L1018FC1.LIH 
SCANS: 530 THROUGH 734 
Mode 3/A Code       «5470 
'■ z r E z "i   -    i r "J z>! £ c 
Radar Enabled 
Beacon o   Enabled 
UX ^   Enabled 
Altitude - -1000     to lOOOOOft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar    = 
Reinforced 

131 
23 
8 
0 

85.1    '/. 

FILE HlgJlHBJ» 
ßJPZOOtl f-M a 3-4 HOT E 
fy TARGET Olg^IlD 

SCANS   (3EH33SETUP 

R«NGE    C^^STOTS 
PRINT    KSBSTEP 

f^WQUIT  

£0. 
nni 

Figure 7 
CD-IB 
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PLOTCD UERSION 63 
(C31995 POS 

FILENAME:  L1018FC1.LIH 
SCANS: 735 THROUGH 1230 
Mode  3/A Code       6470 
'-T.'r-zr 
Radar 
Beacon 
UX 
Altitude ■ 

Enabled 
] Enabled 
-   Enabled 
-1000     to 100000 tt. 

RdrBcn count 
Beacon count 
Radar count 
UX    count 

Radar  = 
Reinforced 

208 
224 
34 
0 

48.1     '/. 

gjgpzoon     fc3A5a^NOTE 
TARGET Cng^ID 

 SCANS    f^iaJlSETUP 
EiRflNGE    CUJOgSTATS 
ggypniNT    IHJUUSTFP 
ffjQ?QUIT 

RECORDED: 
10./18/S* 

Lift 01,02 

«SO. 
nmi 

Figure 8 
CD-1A 

Reference figures 8 through 10. This segment was flown from the radar site north to the 
FRANKE, 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. 
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PTfYrrTl        VERSION (S9 

FILENAME: L1018FC1.LIH 
SCANS: 735THR0U6H 1230 
Hode 3/A Codo       6470 
31-3=n = ErasUd 
Radar • Enabled 
Beacon O Enabled 
UX -»   Enabled 
ftltitude - -1000     to l0OOOO<t 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

211 
216 
28 
0 

49.4    '/. 

FILE CUSHJHELP 
ZOOM QJSENOTE 

tä^BTftRGETr-.HaatllD 
fljfcpSCANS E333J0SETUP 
t^P RANGE ß33Jg0STATS 
ygTPPRINT C22XSSTEP 

fpnmouiT 

LIB 03,0-» 

60. 
nmi 

188.3 d*q 
•M.3 nmi 

Figure 9 
CD-IB 
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SUffiE El* 
System Options    displays    Modes    Processor Options    Channel Output    Misc 

PPt Display: Reply Playback Mode 

The target was lost in this area. This appears 
to be a lobemg effect The pattern of the data 
seems to indicate this. The gradual shorting 
of the targets runlength and its gradual return 
are classic in lobemg. 

"Reply Playback  
Scan>>    1146 
Time » 11:55:08 

Repfies»     173 
Re   » L1018FC1.REP 

&pen'FilSg§g| ikeaSoao? 
lBtMmmmmm-. 

tear?- sr*1 

" Cursor Position 
Range >>     59.5   Nroi 

Azimuth»   134.B Deg 

"Hooked Target 

Ident» XXXX 
Range» >00O< Nmi 

Azimuth» XXJCX Deg 
Altitude » XX>CX Kit 

US löHH 

'Display Scales + Origin" 

Hew Pnpwi | ^Hwacsf; 

SS»*"**1«*1 

Rewind 

Figure 10 
BEXR 
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PLOTCD   S°5
NP% 

FILENAME: L1018FC1.LIH 

SCANS: 123GTHR0UGH 1578 
Mode 3/A Code        <5470 

Radar Enabled 
Beacon o    Enabled 
UX --   Enabled 
Altitude » -1000     to 100000 ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

118 
29 
14 
0 

80.3    '/. 

FILE   EEEBäBHEi-p 

TARGET MIByl ID 
SCANS    tJHatiSETUP 

jy RANGE    d£5Jj3STATS 
pi PRINT    ggS3PSTEP 

/// 

\     \ 

60. 
nmi 

136.1   deq 
47.7 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. 
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PIDTCD UERSION 69 
(Ö133S PDS 

FILENAME:  L1018FC1.LIH 

SCANS: 123CTHR0USH 1578 
Mode 3/ft Code       6170 
Pd-E-n -    l-ib\=z 
Radar     •    Enabled 
Beacon  □    Enabled 
UX ^   Enabled 
Altitud« » -1000     to 100000 ft. 

RdrBcn count  = 122 
Beacon count = 23 
Radar    count  = 0 
UX count  = 0 

Radar     = 84.1     V. 
Reinforced 

El T ARGET |f:} \g] gl ID 
SCANS fflUgjg'SETUP 
RANGE ßHggl STATS 
PRINT    flj       H5STEP 

»ranynouTT 

Figure 12 
CD-IB 
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PT fYTTTi     UEJJSION <S9 
rXXJ±\-,U        <cM995 POS 

FILENAME: L1Q18FC1.LIH 

SCANS: 157GTHR0UQH 1792 
Mode 3/A Code       6470 

Radar Enabled 
Beacon o    Enabled 
UX -•   Enabled 
Altitude =-1000     to 100000 <t. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

84 
31 
1<5 
0 

73.0    '/. 

Z°°"       fcUaUJNOTE 
gjjZJPTARGET QJ5SJ * D 

SCAMS    fiSXSSpSETUP 
R«HGE   CEBg^STflTS 
PRINT BB5SHBSTBP 

jf^lQUIT  

RECORDED: 
10^1Q/96 

LIA 01,02 

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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PIÜTCD UERSION «S3 
<cH995 PDS 

FILENAME:  L1018FC1.LIH 
SCANS: 157ETHR0U6H 1732 
Mode  3/A Code       6470 

Radar • Enabled 
Beacon D Enabled 
UX -~   Enabled 
Altitude =-1000     to 100000 ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 
Radar     = 
Reinforced 

85 
29 
13 
0 

74.6    V. 

FILE EnHIDHEl-p 

 ZOOM EQHSJpNOTE 
J2pPTARGETfl32E2pID 

SCANS ßUJJgJSETUF 
PUWGE r=TTOä?iSTQTS 
PRINT | 0STEP 

f^filQUIT 

RECORDED: 
10/18s9« 

LIB 03, CM 

60. 
n*u 

212.0 deg 
28.7 nmi 

Figure 14 
CD-IB 
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Lin 01,02 

First target report. 

-•a . 

List trarget report 
"a-        usn'n 

C.cC" 

318.0 dec, 
10.6 nmi 

U018FC1.UH Scans: 1800 to 221   RdrBcn -149    Radar  -0    Beacon »44    UX =0 

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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ÜB   03,0t 

r"% 
% 

First Target 
Report 

sn^5= nc 

„ J3 i-n 3 : :D = 3n rn: :•. z ; 3 = 3 O 0c z c^-j.en^r'-c. 

Last Target 
Report 

"öi.      '53a 
'o.        fei 

a         2_ 

L1018FC1.LIH Scans 1800 to 221   RdrBcn =155    Radar =0    Beacon »38    UX «0 

Figure 16 
CD-IB 

H-19 



PLOTCD UERSION 63 
<c)1335 POS 

FILENAME::  L1018FC2.LIH 

SCANS: 1      THDOUSH 424 
ModQ  3/A  Code       6470 

Radar 
Beacon  D 
UX -* 
Altitude =» - 

Enabled 
Enabled 

■   Enabled 
1000     to 100000 ft. 

RdrBcn count 
Beacon count 
Radar count 
UX    count 

Radar  = 
Reinforced 

131 
89 
17 
0 

59.5 V. 

FILE       £03523 HELP 
ZOOM       HHffigjNOTE 

SCANS    Q5S£JSETUP 
RANGE    ßlSSJSTOTS 
PRINT KZ539STEP 

f?TTi)QUIT  

RECORDED; 
10/18^96 

Lift  01,02 

/ \ 

\ \ \ 

60. 
nmi 

7.6 deg 
32.6 nmi 

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. At the 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 18,000ft and 50NM 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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PIDTCD 
TILENAME: 
SCANS:1 

UERSION <S9 
<c)1935 PDS 

L1018rC2.LIH 
THROUGH 424 

Mode 3/A  Code       6470 
3d-Bin = L-^JISC 
Radar • Enabled 
Beacon D Enabled 
UX *»»   Enabled 
Altitude =-1000     to 100000ft. 

RdrBcn count  = 136 
Beacon count  = 81 
Radar count  = 12 
UX count  = 0 

Radar     = 62.7    '/. 
Reinforced 

CSP FILE ffljgjjlHELP 
JSPZOOH CQ33i@NOTE 
f£P T ARGET CHSB31D 

SCANS ßUjjgjisETUp 
RANGE   QXJESSTATS 

PRINT   ■       0STEP 
f^TfflQUIT 

RECORDED; LIB 03,CM 

/    6470^ &/ .■ 

T    / . 
\     \     \ 

60. 
nm 

294. ■» d«3 
45. <5 rani 

Figure 18 
CD-IB 
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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 0/8 
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-Is and the BEXR. 
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DT rVTVT^      VERSION <S9 
irLiJl^U        (Ö1995 PDS 

FILENAME: L1022FC1.LIH 

SCANS: 150 THROUGH 245 
Mode 3/A Code   6051 
~'.-"tzr: = Insbls: 
Radar Enabled 
Beacon D Enabled 
UX — Enabled 
Altitude » -1000  to 1000  ft, 

RdrBcn count = 55 
Beacon count = 34 
Radar  count = 5 
UX    count = 0 

Radar  =    £1.8 
Reinforced 

V, 

FILE finSiö HELP 
ZOO« fcUSjfclNOTE 

txJJ T ARGET Qigg] ID 
EJ SCONS gJJJJJJSETUP 
t^P RANGE ^HJBjfiSTftTS' 
ßPPRINT ß^aPSTEP 
GEQUIT 

RECORDED: 
10/22/90 

UA 01,02 

Figure 19 
CD-1A 
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PIDTCD UERS10N 63 
CÖ1335 PDS 

FILENAME: L1022FC1.LIH 

SCANS: 150 THR0U6H 245 
Mode 3/A Codo       6051. 
l^-üc-   =    E--5bLsc 
Radar Enabled 
Beacon n    Enabled 
UX *-   Enabled 
Altitude »-1000     to 1000     ft, 

RdrBcn count = 65 
Beacon  count  = 22 
Radar     count  = 8 
UX count  = 0 

Radar     = 74.7    V. 
Reinforced 

ZOOM      QSS^NOTE 
TARGET fcU&fcJlD 
SCANS  £PP5B3SETUP 

RANGE   frUga-iSTftTS 
PRINT    |   QSEBPSTEP 

ggJTjqUIT  

60. 
nmi 

Figure 20 
CD-IB 
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PT fYTPTl       VERSION 63 rLULKjU       (Ö1935 POS 

FILENAME:  L1022FC1.LIH 

SCANS: 245THBOUBH 350 
Mode 3/A Code       6051 

Radar Enabled 
Beacon D    Enabled 
UX *-   Enabled 
Altitude ■ 1100       to 2000    ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

25 
44 
1 
0 

36.2    V. 

 FILE CJ3353HEI-P 

C3>zoon QSagnoTE 
TftBGETgngglD 
SCftNS ntSJISETUP 
RftNQE HJSgpsTATs 

 PRIHT flE2S8PSTEP 

jfänfilouiT 

RECORDED: 
10/-22/9.S 

Lift 01,02 

60. 
n«ii 

149.7 dtg 
40.6 nai 

Figure 21 
CD-1A 
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PLOTCD   ^ä°s
N^ 

FILENAME: L1022FC1.LIH 
SCANS: 245THR0UBH 350 
Mode 3/A Codo   £051 
£•:!-£:-- =  LnbUj 
Radar  •  Enabled 
Beacon D Enabled 
UX    - Enabled 
Altitude - 1100 to 2000    ft, 

RdrBcn count = 31 
Beacon count  = 39 
Radar count  = 2 
UX count  = 0 

Radar    = 44.3    V. 
Reinforced 

ZOOM    nia^NOTg 
JanBTAftGETtf-T^jpllD 
ßj SCANS    EBQgSpSETUP 

RANGE    QEB^STATS 
 PRINT St2BBiSTEF> 

RECORDED: 
10/22/36 

LIB  03, 04 

«SO. 
nm 

149.7 deg 
40.6 nmi 

Figure 22 
CD-IB 
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"PT HTP'n        VERSION  63 rLMLKsU        <cM935 PDS 

FILENAME:  L1022FC1.LIH 
SCANS: 365 THROUGH 450 
Mode  3/A  Code        6051 

Radar ■ Enabled 
Beacon n Enabled 
UX --   Enabled 
Altitude = 2100      to 3000    ft, 

RdrBcn count  = 4 
Beacon count  = 24 
Radar     count  = 0 
UX count  = 0 

Radar     = M.3 
Reinforced 

V. 

 ZOOM    CH3EPNOTE 

^PTftRGETrrT^yllP 
SCAMS    GnSHJJSETUP 
RANGE   fcUa&JSTftTS 
PRINT    gQSSSTEP 

3 QUIT 

Lift Ol,02 

60. 
nmi 

151.2 d*3 
36.9 rmi 

Figure 23 
CD-1A 
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PIDTCD VERSION 63 
<cH395 POS 

FILENAME:  L1022FC1.LIH 
SCANS:365 THROUGH 450 
Mode 3/A Code       6051 

Radar Enabled 
Beacon  D    Enabled 
UX -.   Enabled 
Altitud» = 2100       to 3000    ft. 

RdrBcn count = 6 
Beacon  count  = 22 
Radar    count = 1 
UX count = 0 

Radar     = 21.4     V. 
Reinforced 

QSFILE    CXXSZJHELP 
ZOOM    EB33S NOTE 
TftftGET M»gjt)lD 
SCA«S     CHa^SETUP 
RA"GE   EOBBSTQTS 
PRINT    mm||STEP 

RECORDED: 
10/22/3<S 

UB 03,0-t 

60. 
nmi 4-1.7 nmi 

Figure 24 
CD-IB 
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PIDTCD UEPSIOH 63 
CcM995 POS 

FILENAME:  L1022FCI.LIH 

SCANS: 420THROUBH 468 
Mode  3/-A  Code       6051 
'■id'Szr,  a    Diajlsc 
Radar Enabled 
Beacon n    Enabled 
UX *-»   Enabled 
Altitude = 3100       to 8000    it, 

RdrBcn count  = 9 
Beacon count  =18 
Radar     count  = 4 
UX count  = 0 

Radar     = 33.3    V. 
Reinforced 

ZOOM      fc) ||3 ^fd NOTE 
TAROETCngglP 
SCANS  EQSB3SETUP 

RANGE   EQ355SSTATS 

 PRINT  K2SBSTEIP 

tfgmouiT 

RECORDED: 
10/22/^Ä 

Lift 01,02 

15a2 deg 
4&6 nmi 

Figure 25 
CD-1A 
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PLOTCD UERSrON <S9 
<Ö199S POS 

FILENAME:  L1022FC1.LIH 

SCANSM20 THROUGH 4<S8 
Mode 3sf\ Code       6051 
"'!-'• ic-   c     rr..-ir'.-■•: 
Radar     •     Enabled 
Beacon n    Enabled 
UX >-   Enabled 
Mtitucte = 3100       to 5000    ft 

RdrBcn count = 11 
Beacon count  = 15 
Radar count = 4 
UX count  = 0 

Radar    = 42.3    V. 
Reinforced 

FILE CHSZJHO-P 
zoo« CQ33*3NOTE 
TARGET EEBga ID 

 SCANS fflfffjE'SETUP 
Gag ROUGE ESGgggsTQTs 
 PRINT J22HBSTEP 

gggquiT 

Figure 26 
CD-IB 
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PLOTCD VERSION 63 
<Ö13S5 POS 

FILENAME:  L1022FC1.LIH 

SCANS: 487 THROUGH 595 
Mode 3/A Code       6051 

Radar Enabled 
Beacon O    Enabled 
UX -.   Enabled 
Altitude = 5100       to 10000  ft, 

RdrBcn count  = 30 
Beacon count  = 21 
Radar     count  = 0 
UX count  = 0 

Radar     = 58.8    V. 
Reinforced 

FILE 
ZOOM 
TARGET 
SCANS 

HELP 
NOTE 
ID 
SETUP 

~feP PRINT    ffZSBSTEP 

^gTilQUIT 

RECORDED: 
10/22/96 

Lift 01,02 

60. nm 
15a 2 cteg 
46.6 mi 

Figure 27 
CD-1A 
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PIDTCD UERSION (S3 
<Ö1335 PDS 

FILENAME:  L1022FC1.LIH 

SCANS: 487 THROUGH 5S5 
Mode  3/A  Code        6051 
-zrBci  a    tnsb'.s-r 
Radar Enabled 
Beacon  D    Enabled 
UX —   Enabled 
Altitud» * 5100       to 10000  <t, 

RdrBcn count = 33 
Beacon count  = 19 
Radar    count  = 5 
UX count  = 0 

Radar    = 63.5 
Reinforced 

V. 

FILE 
ZOOM 
TARGET 
SCANS 

HELP 
NOTE 
ID 
SETUP 

fjggRANGE   ££D3a£]STßTS 
3P PRINT    SB   Hi STEP 

ram QUIT  

RECORDED: 
10/22yas 

LIB 03,0-t 

60. 
ntu 

Figure 28 
CD-IB 
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PTfYTfn       VERSION 63 rJ-»-'J-^IJ        <cM9S5 POS 

FILENAME:  L1022FC1.LIH 

SCANS: 600THROUSH 800 
Mode 3/A Code       «5051 

Radar • Enabled 
Beacon □ Enabled 
UX -<•   Enabled 
Altitude -lOtQO     to 20500 ft. 

RdrBcn  count  = 16 
Beacon count  = 74 
Radar     count  = 3 
UX count  = 0 

Radar     = 17.8 
Reinforced 

y. 

 FILE <:U8jjlHgLP 
BJgZOOH CEBggNOTE 
gjä^ftBGETlETTggniD 

SCANS CggggsETUP 
QÜff RANGE QEBQSSTflTS 
SB PR I NT JB20STEP 

tjQUQUIT 

Figure 29 
CD-I A 
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PIDTCD   ^9°5
N^ 

FILENAME:  L1022FC1.LIH 
SCANS: 600THR0U6H 800 
Mode 3/A Code       6051 

Radar • Enabled 
Beacon D Enabled 
UX "^   Enabled 
Altitude ■ 10100     to 20500 ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

21 
70 
2 
0 

23.1    V. 

FILE 
ZOOM 
TARGET 
SCANS 

PRANGE 
PRINT 

f3TilQUIT 

RECOROEDi LIB  03,04 

60. 
nmi 

149.7 deg 
59.3 nmi 

Figure 30 
CD-IB 

H-34 



PTnTfT}        VERSION 63 JTiAJX^JJ        <cH39S PCS 

FILENAME: L1022FC1.LIH 
SCANS: 800 THR0U6H 99S 
Mode 3/A Code  6051 

Radar 
Beacon 
UX 

a 
Enabled 
Enabled 
Enabled 

Altitude » 33000     to 37000 ft 

RdrBcn count = 4 
Beacon count = 82 
Radar  count = 0 
UX    count = 0 

Radar  =    4.7    7. 
Reinforced 

PILE EJJ3J2JHE1_P 
ZOOM CnSgpNOTE 

gjTftBGETglggjfflD 
OJ SCANS CggglSETUP 
 RANGE f.-lia^JSTftTS 
S£PPRINT KSSBSTEP 
fffTilOUIT 

Figure 31 
CD-1A 
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Figure 32 
CD-IB 
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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 8 0/8 
Figure 35 & 36 20,000 4 7/8 
Figure 37 & 38 10,000 2 3/8 
Figure 39 & 40 5000 14/8(Effective 

minimum range 
of radar) 

Figure 41 & 42 3000 12/8(Effective 
minimum range 
of radar) 

Figure 43 is the altitude vs range plot of the entire flight from CD-1A the plot from CD-IB 
was practically identical and is not included. 
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PLOTCD UERSION (S3 
C01395 POS 

FILENAME:  L1022FC1.LIH 
SCANS: 100UHR0U6H 1105 
Mode 3/A Codo       6051 
-C;~--zr   - 
Radar 
Beacon Q 
UX -»- 
ftltitud« ■ 33000     to 37000  ft, 

Enabled 
Enabled 
Enabled 

RdrBcn count = 5 
Beacon count  = 72 
Radar count = 2 
UX count = 0 

Radar     = 6.5/1 
Reinforced 

 FILE      GnSgjHELP 
flggpzooti     QXgjgNOTE 
ß»TARGET QHSJID 

SCANS    CQ3S3pSETUP 
RANGE    ßJSgSTATS 
PRINT  {■ SS8BSTBP 

C£CpQu][T  

BECOROED: 
10/22/StS 

Lift 01,02 

60. 
nun 

Figure 33 
CD-1A 
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PLOTCD UERS10N 69 
<c>199S PDS 

FILENAME: L1022FC1.LIH 
SCANS: 1OO0THROUGH 1105 
Mode 3/A Code       £051 

Radar 
Beacon 
UX 

Enabled 
Enabled 
Enabled 

Altitude - 33000 to 37000 ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar  = 
Reinforced 

13 
65 
1 
0 

16.7     V. 

FILE    ßXBEJHELP 

 ZOOM      QEBJglNOTE 
gPTARCETEggglP 
 SCANS    MtgJlSETUP 
j^PRANGE   fcHSjg^STATS 

PRINT   |       fSTEP 
3QUIT 

R£C0R0D>. 
10^22/^6 

LIB 03,0-» 

147.-t deq 
6.0 nod 

Figure 34 
CD-IB 
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DTHTTT^     VERSION 69 
XTJJUl^JJ        CÖ1995 POS 

FILENAME: L1022FC1.LIH 
SCANS: tlOOTHROUGH 1200 
Mode  3/-A  Code        «S051 

Radar Enabled 
Beacon D    Enabled 
UX -*-   Enabled 
Altitude » 19900     to 21000   ft. 

RdrBcn 
Beacon 
Radar 
UX 

Radar  = 
Reinforced 

count 
count 
count 
count 

= 13 
= 27 
= 0 
= 0 

32.5 V. 

FILE EEB523HELP 
ZOO" COSE NOTE 
TARGET ffl^gyl t D 
SCANS Ota^lSETUP 

jJgRANGE |f:Hay4STATS 
PRINT ]BZ8  BPSTEP 

LQUIT 

RECCBOEDi 
10/2Zrt6 

Lift 01,02 

1(53.3 deg 
4.9 ruai 

Figure 35 
CD-1A 
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PLOTCD UERSION O 
<C)1995 POS 

FILENAME:  L1022FC1.LIH 
SCANS: 110OTHR0U6H 1200 
Mode 3/A Code       6051 

Radar 
Beacon 
UX 
Altitude < 

Enabled 
n Enabled 
->•   Enabled 
19900     to 21000   ft. 

RdrBcn count 
Beacon count 
Radar count 
UX count 
Radar     = 
Reinforced 

16 
22 
0 
0 

42.1     V. 

 FILE       ßU5J2jHEl_P 
ÜäFZPOH       GQHgpNOTE 
ggTftRGETrrrrarenip 

SCANS    QBSPSETUP 

 PRINT    iffüfiffllT "CP 
fgTjjlQUIT 

LIB  C3,CM 

15. 
nm 

159.« cteg 
5.0 mi 

Figure 36 
CD-IB 
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PTfYTfTi       UEPSION 63 x XXJ±\~rU       <c>1995 PDS 

FILENAME:  L1022FC1.LIH 
SCANS: 122dTHR0UGH 12-M 
Mode 3/A Code       6051 
QirBz~   a     ün;:!-:o' 
Radar     •     Enabled 
Beacon D    Enabled 
UX -   Enabled 
Altitude - 9900       to 19900   H 

RECORDCOi 
10^22^6 

Uft 01,02 

RdrBcn count 
Beacon count 
Radar count 
UX    count 

Radar  = 
Reinforced 

11 
8 
0 
0 

57.9 '/. 

611 FILE       CHSSJHELP 
 ZOOM    J2EB5SMOTE 

gg [gTARGET fi}_ftgjjfc1 ID 
SCAMS   En5HPSETUp 

RANGE   fiX5B3STftTS 

 PRINT    KSSPSTEP 
jgnmouiT  

178.4 cteg 
2.3 nad 

Figure 37 
CD-1A 
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PIDTCD UERSION .53 
(Ö1995 POS 

FILENAME: L1022FC1.LIH 
SCANS: 122<S"HR0UGH 1244 
ModQ 3/A Code       6051 

Enabled 
Enabled 
Enabled 

Altitude = 9900 

Radar 
Beacon a 
UX *- 

to 19900   <t, 

RdrBcn count =12 
Beacon count = 7 
Radar  count = 0 
UX    count = 0 

Radar =    63.2 'A 
Reinforced 

ßjFILE ßfl332JHEl_P 
ZOOM niayJNOTE 
TARGET QJJjg]ID 

 SCANS CHJSlSETUP 
t^RANGE rmraä^sTQTs 

PRINT K        HP STEP 
O330UIT 

RECORDED; 
10/22^9<S 

LIB 03,0-» 

178.1  d«j 
2.3 nni 

Figure 38 
CD-IB 
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PLOTCD   Jg!gg& 
FILENAME:   L1022FC1.LIH 

SCANS: 12-t3"HR0U8H 1315 
Mode 3/A Code       6051 
SirSir   e    E.-.itls-: 
Radar Enabled 
Beacon □    Enabled 
UX —   Enabled 
Altitude » 4900       to 5100 

RdrBcn count 
Beacon count 
Radar count 
UX count 

Radar     = 
Reinforced 

15 
10 
0 
0 

60.0    "/. 

FILE 
ZOOM 
TARGET 
SCANS 

HELP 
NOTE 
ID 
SETUP 

RANGE   feUafcj STATS 
PRINT   (BBBPSTEP 

Figure 39 
CD-1A 
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PLDTCD UEHSION  63 
<c>1995 PDS 

FILENAME: L1022FC1.LIH 

SCANS: 1245THR0U6H 1345 
Mod© 3/A Code       6051 

Radar • Enabled 
Beacon □ Enabled 
UX ^   Enabled 
Altitude »4S00       to 5100     ft 

RdrBcn count  = 20 
Beacon count  = 5 
Radar count  = 0 
UX count  = 0 

Radar     = 80.0    V. 
Reinforced 

ZOOM       ^»gp'jNOTF 
T ORGET QBJ£31D 

 SCAMS    QJJgjgJSETUP 
gg RANGE   CHaggSTATS 

PRINT    |        psTEP 
ggggouiT 

Figure 40 
CD-IB 
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PTHTTT»        VERSION 63 
riXJl^U       (01995 POS 

FILENAME:  L1022FC1.LIH 
SCANS: 1315THR0UBH H8S 
Modo  3/A  Code       6051 

Enabled 
Enabled 
Enabled 

Altitude * 2700 

Radar 
Beacon □ 
UX    — 

To 3500 <t 

RdrBcn count = 68 
Beacon count = 17 
Radar count = 13 
UX count = 0 

Radar =    00.0 V. 
Reinforced 

611 FILE       MtajlHELP 

ra TARGET HtajllD 
SCANS    MIBJISETUP 
RANGE   liU&fcjSTflTS 

 PRINT   KZSBBSTEP 

fgPPOUIT 

RECORDED: 
10/22sS6 

LI A  01,02 

270.0 deg 
0.9 rmi 

Figure 41 
CD-1A 
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UERSION <59 
<c)199S POS PLOTCD 

FILENAME!:  L1022FC1.LIH 

SCANS: 1345THR0U6H M89 
Mode  3/A Code       6051 
ZzrZ-.r-   c    E-iibUd 
Radar Enabled 
Boacon n    Enabled 
UX ^   Enabled 
Altitude » 2700      to 3500 

RdrBcn count  = 74 
Beacon count  = 11 
Radar     count  = 18 
UX count  = 0 

Radar    = 87.1 
Reinforced 

Figure 42 
CD-IB 
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fU-TITUDE vs.   RflNOE 
50000 

-♦5000 

40000 

33000 

Scan :      ■   M88 

Ä 30000 

File Name 
Tile Size 

L1022FC1.LIH 
5390000 

jUHLiluunH>«Jilmu4.wAuu.divuiuj//^»nl>"*"jiJi4a4al4.ujJJj.ti.i.iitiiii4xi.Li.i.uuj-i.wii.i»i :. 

! i <" 
! L 

 *•«.,«!: 

Figure 43 
CD-1A 
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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  radar£s 
performance   (Both beacon and search),   between the  flight  check 
parameters  and the normal  day to day parameters.     The  first  set of data 
from the two CD-Is 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 COA DOSQARS   RADAR DATA ANALYSIS   RUN DA«: 10/21/1996     DATE RECORDED: 10-18-96 

SITE TOTALS 
Se"XS BL?/SCN R/R ^^ AS'M RSPLT Felse-BCN Cod* Reliability      DEV     •• BASED ON ••      MTI  CROSSOVERS 

BCN 10622 97.6 61.1 90.1 0.1 0.7 RAR 0.0 K3R 96.4 MCR 99.S 0.062 KM TOTAL TRACKS- 106 1096 ACTS 32.0 NMI 
NHL 7056 SS.l SO.5 91.1 0.8 0.7 REf 0.0 M3V 98.7 MCV 98.1 2.4 ACT» MODE C SCANS- 9823 0 ACTS 0.0 NHI 
MTI 3566 90.9 81.5 89.0  2.0  0.0 ZER 0.6 ARL 52.0 DMTI 0.0 EFPD 98.6 TOTAL REFLCT-   10   0 ACTS  0.0 NMI 

Uneorrelated r.cords: Beacon reports - 158. Coasted scans - 254 Antanaa updates - 2223, Tracks Initiated - 142 
Site has 146 code xero beacon reports. 65 were used in calculations. Avo. search/scan: NML • 26 MTI - 27 

PE AND RTQC VERIFICATION 
_,.__ . SCANS ADAPTED MEAN   ADAPTED     MEAN   ADAPTED  REPORTED ADAPTED REPORTED RELIABILITY 
l^2y CHECKED RANGE  ERROR  AZIMUTH     ERROR  MODE3/A   CODE M0DE1/2   CODE    PERCENT 
BRTQC 2212    57.0   0.0 2088.00 ACTS -2.88 ACTs  7777    7777      7777    0000    100.0 PCT 

LIB  LIHUE COB DOSQARS  RADAR DATA ANALYSIS  RUN DATE: 10/21/1996     DATE RECORDED: 10-18-96 
SITE TOTALS 

 .S?™?.B"/SCN R/R C0U- ASPtT RSPLT f«l»»-BCN Code Reliability      DEV     ♦• BASED ON ♦•      MTI  CROSSOVERS 

Ü2" ^n« ?7-3 H-2 M-5 "-1 °-* *** °-° WR 9B-7 MCR "•* °-0H "U TO«- TRACKS- 103 4096 ACTS 32.0 NMI 
CVT ,1.1 S°-4  9*-0  °-9   °-B REF °-° MV 98"8 MCV 96-7  2-3    «" >*»* C SCANS-  9763    0 ACTS  0.0 NMI 
BTI  3545  90.9  84.9  93.0  2.0   0.0 ZER  0.5 ARL 52.2 DMTI  0.0  EFPD  98.6  TOTAL REFLCT-    4    0 ACTS  0.0 NMI 

s?^*1*?^ r«e°td3: Beacon reports - 134, Coasted scans - 290 Antenna updates - 2212, Tracks Initiated - 137 
»ite nas 157 code zero beacon reports, 48 were used in calculations. Awg. search/scan: NHL - 26 MTI - 27 

PE AND RTQC VERIFICATION 
-,,--_ .„ SCANS ADAPTED MEAN ADAPTED     MEAN   ADAPTED  REPORTED ADAPTED REPORTED RELIABILITY 
„CrnJ: ID CHECKED RANGE  ERROR AZIMUTH     ERROR  HODE3/A   CODE M0DE1/2   CODE     PERCENT 
flRT0C 2212    57.0   0.0 2088.00 ACTs -2.88  ACTS  7777    7777      7777     0000    100.0 PCT 

Day to Day Operation 
LIA  LIHUE COA DOSQARS  RADAR DATA ANALYSIS  RUN DATE: 10/26/1996     DATE RECORDED: 10-26-96 

SITE TOTALS 
.........ft™!.!"if^.RiR..C°LL AS?tT *St"  r«ls*-BO' Code Reliability      DEV     •• BASED ON ••      MTI  CROSSOVERS 

US' llli ll'3 *2-3 "-3 °-° °-S RAR °-° K3R "0-0 MCR 99.8 0.052 NMI TOTAL TRACKS- 31 4096 ACTS 32.0 NMI 
wVT :,;? ! 82-° "•' 3-S "-1 MF °-° *°V 99-9 "W 99-3 I-9 *CP» MODE C SCANS- 3330 0 ACTS 0.0 NMI 
MTI 1331 99.5 82.7 83.0  4.3  0.5 ZER 0.0 ARL 53.2 DMTI 0.0 STPD 99.9 TOTAL REFLCT-    0   0 ACTS  0.0 NMI 

Uneorrelated records: Beacon reports - 18, Coasted scans - 24 Antenna updates - 1419, Tracks Initiated - 33 
site nas 17 code zero beacon reports, 1 was used in calculations. Avg. search/scan: NML - 38 MTI - 64 

PE AND RTQC VERIFICATION 
,.».,.*, ,« SCANS *DAPTED **** ADAPTED     MEAN   ADAPTED  REPORTED ADAPTED REPORTED RELIABILITY 
TARGET ID CHECKED RANGE  ERROR AZIMUTH     ERROR  H0DE3/A   CODE MODE1/2   CODE    PERCENT 
BRTQC 1424    57.0   0.0 2088.00 ACTS -2.90 ACTs  7777    7777      7777     0000    100.0 PCT 

LIB   LIHUE COB DOSQARS  RADAR DATA ANALYSIS  RUN DATE: 10/26/1996     DATE RECORDED-: 10-26-96 
SITE TOTALS 

.........ffT?f.B"'ffJ!.R/R C0U' AS?LT *S?tI F*Xj*-Ba' Cod« Reliability      DEV     ♦• BASED ON ••      MTI CROSSOVERS 

BCN 3354 99.9 87.2 88.3 0.0 0.7 RAR 0.0 M3R 99.9 MCR 99.9 0.051 MC TOTAL TRACKS- 31 4096 ACTS 32.0 NMI 
NML 2025 98.3 86.7 88.2 3.6 0.0 REF 0.0 M3V 99.9 MCV 99.8 1.8 ACTs MODE C SCANS- 3350 0 ACTS 0.0 NMI 
MTI 1329 99.2 »7.9 88.5  4.6  0.5 ZER 0.1 ARL 53.2 DMTI 0.0 STPD 99.9 TOTAL REFLCT-    0   0 ACTS  0.0 NMI 

Uneorrelated records: Beacon reports - 11, Coasted scans - 4 Antenna updates - 1410, Tracks Initiated - 33 
Site has 10 code zero beacon reports, 2 wer« used in calculations. Avg. search/scan: NML - 38 MTI - 67 

PE AND RTQC VERIFICATION 
SCANS ADAPTED MEAN ADAPTED     MEAN   ADAPTED  REPORTED ADAPTED REPORTED RELIABILITY 

TARGET ID CHECKED RANGE ERROR AZIMUTH     ERROR  M0DE3/A   CODE MODE1/2   CODE    PERCENT 
BRTQC 1424     57.0   0.0 2088.00 ACTs -2.90 ACTs  7777    7777      7777     0000    100.0 PCT 
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