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PREFACE 

This report describes additional work performed by 
The Johns Hopkins University Applied Physics Laboratory (APL) 
for the Federal Aviation Administration as a follow-on to the 
beacon task of contract DOT-FA75WA-3553. The objective of 
this effort is to identify and evaluate possible discriminants 
against false targets caused by beacon ring around. The Technical 
Representative for this effort is Dr. James A. Shannon of Air 
Traffic Control System Division (ARD-111) of the System Research 
and Development Service (SRDS). 

This report is issued as an addendum to the final 
report (reference 1) for the initial investigation done under 
this contract. Errata to reference 1 are ~isted in Appendix D 
of this report. 

Grateful acknowledgment is made to NAFEC personnel, 
Mr. Robert Delaney and the technical support crew at the Elwood 
site, for their cooperation and technical assistance in collecting 
the required data for the investigation. 
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EXECUTIVE SUMMARY 

E.l Objectives 

The subject of this investigation was beacon ring around in 
the en route air traffic control system. Ring around occurs when 
interrogations and subsequent replies in interrogator antenna sidelobes 
and backlobes cause false target reports to be generated over a substantial 
portion of a complete antenna rotation. This is undesirable because the 
false reports can potentially confuse the air traffic controller or obscure 
true targets. This, in turn, can result in a compromise of the safety of 
en route air traffic. This is discussed in detail in Section 1. 

The purpose of this investigation was twofold. The first 
objective was to identify what, if any, characteristics are present in the 
on site sensor data that may be used to reduce false target reports generated 
by ring around and suggest possible false target report discriminants based 
on these characteristics. 

The second objective was to evaluate the proposed false report 
discriminant(s) via simulation using actual reply data. To accomplish this, 
a computer simulation was designed and implemented to take reply data as 
recorded on Auxiliary Interpreter Mode 2 tapes and generate report messages 
using the CD algorithm. Section 2 summarizes the specific results, conclusions 
and recommendations pertaining to these two objectives. 

E.2 Source of Data 

The investigation was conducted using video data collected from 
two different sites, the Elwood site at the NAFEC facility in Atlantic City, 
New Jersey and the Angel Peak site near Las Vegas, Nevada. Initially, the 
investigation was to use data only from commissioned sites. Sufficient data 
containing examples of ring around were not collected from commissioned sites. 
Therefore, data was collected at the NAFEC test site in Elwood using a test 
aircraft that' flew radial flight paths directly over the interrogator, thus 
insuring that ring around occurred. 

All of the video data collected was played through the Common 
Digitizer at Elwood, which is specially equipped with an Auxiliary 
Interpreter (AI), to provide a record on magnetic tape of target report 
messages including run length, and corresponding reply data as well. This 
feature is not available at other sites. Reasonable precautions were made 
to insure representativeness of the data. Sections 3 and 4 describe the 
analysis approach and data verification, and summarize the data collected. 

E-l 



E.3 Results and Conclusions 

The investigation centered on determination of the Elwood 
test target characteristics as this was the only target that experienced 
a sufficient number of ring arounds. It was determined that identification 
of reports with unusually short run lengths or unusually long run lengths 
is effective as a false target report discriminant. It was further 
determined that the tendency of a target to experience ring around is 
dependent upon the elevation angle of the target relative to the sensor. 
Targets at higher elevation angles (280 or above at Elwood) experience 
ring around while others do not. 

A discriminant based on run length was implemented in the CD 
Simulator (see section 6.2.5). Characteristics of this are summarized 
in Table E-l. 

Table E-l Run Length Discriminant 

Reject Reports with Run Length (RL) such that: 

RL ~ 36 ACP's*or RL ~ 104 ACP's 

if one of the following conditions are satisified: 

Condition Report Range Mode C Elevation 
Present Angle 

1 < 4nmi No Any 

2 Any Yes ~ 280 

*ACP is defined in Appendix C, Section C.2. 

Figure E-l is a comparison of Elwood test target report data 
(beacon code 2315) with the discriminant implemented and the same data 
without the discriminant. An X appears for each target report having 
the test target beacon code. Figures E-IA and E-IB display scan 
histories of the test target flight path, from south-southwest to 
north-northeast. The cumulative effect of several scans of ring around 
when the target was less than seven nautical miles from the interrogator 
is evident in E-IA. The reduction in the number of false reports 
generated is apparent when figure E-IA is compared with figure E-IB. 
However, the scan history display can be misleading because the scan-to-scan 
display of the reports, which can be observed during generation of the display, 
is not evident in a photograph. The air traffic controller is not normally 
concerned with a scan history but rather the present position and velocity 
of each aircraft, which is presented on a single scan basis. 
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E-IA (15 nmi Range Ring) E-1B (15 nmi Range Ring) 

E-1C (10 nmi Range Ring) E-lD (10 nmi Range Ring) 
Figure E-1 Run Length Discrimination Simulation Results 
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E.4 

Figures E-1C and E-1D illustrate the improvement in the display of a 
single scan. In figure E-1C. the correct report is the single X that 
is southwest of the interrogator. Eight false reports appear to the 
northeast. These are reduced to only two false reports by the discriminant. 
On the air traffic controller's display. the false reports of figure E-1C 
and their associated data blocks with alphameric information will obscure 
the region to the northeast resulting in difficulty in identifying other 
aircraft in this region (the display of other aircraft is suppressed in 
figure E-l). The discriminant is clearly effective in reducing the number 
of false reports thus cleaning up the controller's display and enhancing 
the process of air traffic control. 

Recommendations 

The results have shown that identifying target reports with long 
and short run lengths is an effective way to reduce the number of false 
reports generated during ring around. Air traffic controllers are highly 
trained and skilled individuals and rarely misidentify the position of an 
aircraft even under severe circumstances. However. presentation of 
ambiguous data to the controller should still be avoided. This will further 
minimize even the potential of air traffic controller confusion and thereby 
enhance the safety of en route air traffic. For this reason. it is recommended 
that the FAA give strong consideration to implementing run length discrimination. 
Before this can be done. however. the following two steps should be taken: 

1)	 An investigation of run length and elevation angle 
characteristics should be conducted using data from 
a representative cross section of commissioned en route 
sites to permit a more complete understanding of site 
dependency. 

2) The optimal approach to using run length discrimination 
must be determined. In an ideal situation. run length 
discrimination would be implemented only when an ambiguity 
occurs. Tracking of report data. which is done at the 
Air Route Traffic Control Center (ARTCC). is required to 
identify target report ambiguities. However. since the 
computer capacity of the ARTCC is already nearly saturated. 
it is desirable to implement the discriminant on site. 
One suggested approach is to identify reports with the 
discriminant on site by setting a one bit flag in the 
report message. then pass all the report data to the ARTCC 
where elimination of the flagged reports could take place 
after tracking. This approach minimizes any increase in 
ARTCC processing because only one extra bit of information 
is passed to the ARTCC. In addition. it avoids elimination 
of real reports since tracking information can be utilized 
to recognize when an ambiguity is present. 
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SECTION 1.0
 

INTRODUCTION
 

1.0 INTRODUCTION 

This investigation was a continuation of the work begun under 
contract DOT-FA75WA-3553. The overall objective of the original program 
was to aid the FAA in enhancing the performance of the National Airspace 
System (NAS) in the areas of aircraft acquisition, data transfer, and 
processing of both primary and secondary (Air Traffic Control Radar Beacon 
System (ATCRBS)) data. 

Modification 1 to the original contract expanded the scope of 
the analysis to include the on site processing of beacon data. This 
investigation was to analyze the beacon data processing performance of 
the Common Digitizer (CD) to determine what problems exist that affect or 
could potentially affect the automation of the en route portion of the 
National Airspace System (NAS) and, where possible, to make recommendations 
to alleviate these problems. Reference 1 documents the results, conclusions, 
and recommendations of the original investigation. Reference 2 is the 
study plan for the beacon portion of the original effort. 

This report, issued as an addendum to Reference 1, documents the 
additional investigations into the beacon processing performance of the 
CD and has been completed under Modifications 3 and 4 to the original 
contract. The study plan for this effort is Reference 3. 

1.1 BACKGROUND 

The subject of this investigation was the ring around problem. 
Ring around is a particularly severe form of target report ambiguity. It 
occurs when an aircraft transponder outputs replies over a substantial 
portion of an antenna scan, resulting in the generation of several target 
reports, all at the same range but spread apart in azimuth occurring 
within a single scan of the antenna. 

An example of ring around is presented in Figure 1-1. This 
photograph was made from the color TV display console using the CD-Record 
display system developed at the Laboratory and described in Section 8.3 of 
Reference 1. The CD-Record tape data was obtained by playing beacon video 
that was recorded on a wide band recorder at the Angel Peak site near 
Las Vegas, Nevada (site code QAS) through the Common Digitizer at 
Elwood, N. J. Since the original video was recorded at Angel Peak, a 
commissioned site, the display of Figure 1 is representative of a 
commissioned site. 
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CD-Record Tape Data 

Tape Name: QAS-2, FIFLD 

Time Frame: - 30 scans 

Range Ring Interval (nmi): 5 

Beacon Color: Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Flagged Codes 

Code Symbol Color 

0716 X Green 

Display 

All Beacon Reports 

Figure 1-1: Example of Ring Around 
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The range rings of the display have a 5 nautical mile interval 
with Angel Peak beacon interrogator at the center of the display. The 
target that produced the ring around has a beacon code of 0716 and is 
displayed as a green X. About 30 scans of data are presented so that the 
target flight path is eVident. The target came within about 7.5 nautical 
miles (slant range) south of the interrogator. The green X's in the 
northwest and northeast quadrant (mostly northeast) are false reports 
generated in the antenna sidelobes and backlobe. In the next sections, 
the adverse affects of the event depicted in Figure 1-1 are discussed. 

1.1.1 Adverse Affects of Ring Around 

False reports generated by beacon ring around can potentially 
affect system performance in three areas: 

1) System data load
 
2) Tracker performance
 
3) Controller performance
 

Each of these areas is addressed in detail below, with the conclusion 
that the controller performance is the area most affected by ring around. 

1.1.2 System Data Load 

There is increasing concern that the present data processing 
capacity of the IBM 9020 computer system at the Air Route Traffic Control 
Centers will soon be inadequate to handle the rapidly growing number of 
en route aircraft. This problem is discussed in detail in Reference 1, 
Sections 2.3.1 and 3.0. One way to reduce the 9020 data load is to 
preprocess the report data on site and eliminate false reports which would 
otherwise have to be processed by the 9020. However, although ring around 
produces many false reports when it occurs, it does not occur frequently 
enough to cause a significant increase in the data load of the 9020 systems. 
For example, during testing at Elwood, a single test target was observed 
to produce 29 good reports. During the same interval, the test target 
produced 98 false reports due to ring around (Section 6.2.3.2.4). Assuming 
that the 29 good reports were produced one per scan, the interval 
considered was about 29 scans. The average number of beacon reports per scan 
at a busy en route center is easily 200, so that in 29 scans one may expect 
about 5800 good reports. Thus, the 98 false reports comprise less than 2% 
of the data. Thus, although system data load will be reduced by eliminating 
false beacon reports caused by ring around, the reduction relative to the 
number of good beacon reports is not large. 
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1.1.3 Tracker Performance 

Targets of interest to the air traffic controller are tracked 
by the 9020 system at the ARTCC. Usually, when ring around occurs to a 
target the controller is concerned with, the target involved has already 
been tracked for many scans prior. On successive scans, the tracker is 
looking for the report closest to the established track that has the correct 
beacon code. Normally, when ring around occurs the real report is present 
along with the false reports and the tracker will correctly identify the 
real report because it is closest to the already established track. 

However, if the controller is attempting to establish contact 
with a new aircraft or reestablish a dropped track, ring around has the 
potential to cause a problem as the example of Figure 1-2 shows. 

The data, displayed in PPI format, was not tracked by an auto
mated system, but can be tracked visually by associating reports on 
successive scans. The target of interest in this display, shown as an 
X symbol, has a beacon code of 1673. This data was collected at the Elwood 
site. The target flight path starts at about 17.5 nautical miles northeast 
and ends at 20 nautical miles southwest of the interrogator which is at 
the center of the display. False reports were produced to the southeast of 
the interrogator when the target was between 5 and 10 miles northwest 
due to target replies in or near the antenna back1obe. These reports 
occurred on successive scans in such a way that they appeared to form 
a track. Had a eontro11er been attempting to establish contact with a 
previously untracked or dropped track target while ring around was 
occurring as it does in this example, the possibility of misidentification 
of target position would exist. The controller would recognize this and react 
by requesting the pilot of the aircraft to confirm his heading, and under 
normal circumstances there would be no further problems. There are times 
when a controller is requested by a pilot to provide emergency assistance 
because the pilot is experiencing difficulty such as disorientation or 
equipment failure, in which case the pilot will not necessarily know his 
heading, or because of the pressure of the situation, will read his heading 
incorrectly. Under these conditions, the event depicted in Figure 1-2 could 
have more serious consequences. Such events do not happen often, but they 
do happen. Reduction of false reports generated by ring around would, 
therefore, be a significant step in improving air safety. 

1.1.4 Controller Performance 

In addition to the problem described above, the presence of ring 
around on the controller's display is, at t~e very least, distracting. A 
data block containing alphamerics will be displayed for each false report 
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Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug 25 Tape 3 

Record Number: 0-491 

Range Ring Interval: 5 nmi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Flagged Codes 

Code Symbol Color 

1673 X Green 

Figure 1-2:	 False Reports Forming 
a Track* 

*"Tracking" is done visually 
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appearing on the display causing a portion of the display to be at least 
partially obscured, and making proper target identification difficult, if 
not impossible. The controller, of course, is not just concerned with one 
aircraft, but many, and he is constantly reviewing the entire air traffic 
situation affecting the sector with which he is concerned. When a 
controller must devote time to resolving false target ambiguities he 
necessarily must interrupt his normal procedure, thus reducing efficiency 
and safety. 

1.1.5 Summary of Ring Around Effects 

From the above discussion, it is evident that the area of system 
performance affected most by ring around is controller performance. Ring 
around partially obscures the controller's display with false reports and 
alphameric data for each, causing, as a minimum, distractions of the 
controller's attention. Worse, the presence of false reports can, under 
certain conditions, make establishing contact with a previously untracked 
or dropped track aircraft difficult, resulting in a compromise to air 
safety. 

1.2 OBJECTIVES OF THE INVESTIGATION 

It appears unreasonably difficult to reduce some ring around 
problems by further processing of data presently available at the CCC 
(Reference 4). Other solutions involve sensor modifications. A third 
solution, the subject of this investigation, is to process additional infor
mation available to the CCC for processing. 

This investigation had two specific objectives. The first 
objective was to identify what, if any, characteristics are present in 
the on-site sensor data that may be used to reduce the ring around problem 
and propose false target report discriminants utilizing the identified 
characteristics. 

The second objective was to evaluate the discriminants proposed 
to reduce the ring around problem by this investigation with respect to 
effectiveness in reducing the problem and overall affect on target report 
data quality. To aid in accomplishing the second objective, a computer 
simulation was developed which takes beacon replies from the Auxiliary 
Interpreter (AI) and, using the CD algorithm, centroids the replies to 
produce beacon target reports. This was a specific effort recommended in 
Reference 1. With this simulator, the effects of varying target leading edge 
threshold (TL), a target trailing edge threshold (TT) and the validation 
threshold (TV), and the implementation of various additional algorithms 
such as run length discrimination can be evaluated with actual reply data. 
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E-lA (15 nmi Range Ring) E-IB (15 nmi Range Ring) 

E-IC (10 nmi Range Ring) E-lD (10 nmi Range Ring) 
Figure E-l Run Length Discrimination Simulation Results 
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E.4 

Figures E-1C and E-1D illustrate the improvement in the display of a 
single scan. In figure E-1C. the correct report is the single X that 
is southwest of the interrogator. Eight false reports appear to the 
northeast. These are reduced to only two false reports by the discriminant. 
On the air traffic controller's display. the false reports of figure E-1C 
and their associated data blocks with alphameric information will obscure 
the region to the northeast resulting in difficulty in identifying other 
aircraft in this region (the display of other aircraft is suppressed in 
figure E-l). The discriminant is clearly effective in reducing the number 
of false reports thus cleaning up the controller's display and enhancing 
the process of air traffic control. 

Recommendations 

The results have shown that identifying target reports with long 
and short run lengths is an effective way to reduce the number of false 
reports generated during ring around. Air traffic controllers are highly 
trained and skilled individuals and rarely misidentify the position of an 
aircraft even under severe circumstances. However. presentation of 
ambiguous data to the controller should still be avoided. This will further 
minimize even the potential of air traffic controller confusion and thereby 
enhance the safety of en route air traffic. For this reason, it is recommended 
that the FAA give strong consideration to implementing run length discrimination. 
Before this can be done, however, the following two steps should be taken: 

1) An investigation of run length and elevation angle 
characteristics should be conducted using data from 
a representative cross section of commissioned en route 
sites to permit a more complete understanding of site 
dependency. 

2) The optimal approach to using run length discrimination 
must be determined. In an ideal situation. run length 
discrimination would be implemented only when an ambiguity 
occurs. Tracking of report data. which is done at the 
Air Route Traffic Control Center (ARTCC). is required to 
identify target report ambiguities. However, since the 
computer capacity of the ARTCC is already nearly saturated. 
it is desirable to implement the discriminant on site. 
One suggested approach is to identify reports with the 
discriminant on site by setting a one bit flag in the 
report message. then pass all the report data to the ARTCC 
where elimination of the flagged reports could take place 
after tracking. This approach minimizes any increase in 
ARTCC processing because only one extra bit of information 
is passed to the ARTCC. In addition. it avoids elimination 
of real reports since tracking information can be utilized 
to recognize when an ambiguity is present. 
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SECTION 1.0 

INTRODUCTION 

1.0 INTRODUCTION 

This investigation was a continuation of the work begun under 
contract DOT-FA75WA-3553. The overall objective of the original program 
was to aid the FAA in enhancing the performance of the National Airspace 
System (NAS) in the areas of aircraft acquisition, data transfer, and 
processing of both primary and secondary (Air Traffic Control Radar Beacon 
System (ATCRBS)) data. 

Modification 1 to the original contract expanded the scope of 
the analysis to include the on site processing of beacon data. This 
investigation was to analyze the beacon data processing performance of 
the Common Digitizer (CD) to determine what problems exist that affect or 
could potentially affect the automation of the en route portion of the 
National Airspace System (NAS) and, where possible, to make recommendations 
to alleviate these problems. Reference 1 documents the results, conclusions, 
and recommendations of the original investigation. Reference 2 is the 
study plan for the beacon portion of the original effort. 

This report, issued as an addendum to Reference 1, documents the 
additional investigations into the beacon processing performance of the 
CD and has been completed under Modifications 3 and 4 to the original 
contract. The study plan for this effort is Reference 3. 

1.1 BACKGROUND 

The subject of this investigation was the ring around problem. 
Ring around is a particularly severe form of target report ambiguity. It 
occurs when an aircraft transponder outputs replies over a substantial 
portion of an antenna scan, resulting in the generation of several target 
reports, all at the same range but spread apart in azimuth occurring 
within a single scan of the antenna. 

An example of ring around is presented in Figure 1-1. This 
photograph was made from the color TV display console using the CD-Record 
display system developed at the Laboratory and described in Section 8.3 of 
Reference 1. The CD-Record tape data was obtained by playing beacon video 
that was recorded on a wide band recorder at the Angel Peak site near 
Las Vegas, Nevada (site code QAS) through the Common Digitizer at 
Elwood, N. J. Since the original video was recorded at Angel Peak, a 
commissioned site, the display of Figure 1 is representative of a 
commissioned site. 
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CD-Record Tape Data 

Tape Name: QAS-2, FIELD 

Time Frame: - 30 scans 

Range Ring Interval (nmi): 5 

Beacon Color: Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Flagged Codes 

Code Symbol Color 

0716 X Green 

Display 

All Beacon Reports 

Figure 1-1: Example of Ring Around 
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The range rings of the display have a 5 nautical mile interval 
with Angel Peak beacon interrogator at the center of the display. The 
target that produced the ring around has a beacon code of 0716 and is 
displayed as a green X. About 30 scans of data are presented so that the 
target flight path is evident. The target came within about 7.5 nautical 
miles (slant range) south of the interrogator. The green X's in the 
northwest and northeast quadrant (mostly northeast) are false reports 
generated in the antenna sidelobes and backlobe. In the next sections, 
the adverse affects of the event depicted in Figure 1-1 are discussed. 

1.1.1 Adverse Affects of Ring Around 

False reports generated by beacon ring around can potentially 
affect system performance in three areas: 

1) System data load
 
2) Tracker performance
 
3) Controller performance
 

Each of these areas is addressed in detail below, with the conclusion 
that the controller performance is the area most affected by ring around. 

1.1.2 System Data Load 

There is increasing concern that the present data processing 
capacity of the IBM 9020 computer system at the Air Route Traffic Control 
Centers will soon be inadequate to handle the rapidly growing number of 
en route aircraft. This problem is discussed in detail in Reference 1, 
Sections 2.3.1 and 3.0. One way to reduce the 9020 data load is to 
preprocess the report data on site and eliminate false reports which would 
otherwise have to be processed by the 9020. However, although ring around 
produces many false reports when it occurs, it does not occur frequently 
enough to cause a significant increase in the data load of the 9020 systems. 
For example, during testing at Elwood, a single test target was observed 
to produce 29 good reports. During the same interval, the test target 
produced 98 false reports due to ring around (Section 6.2.3.2.4). Assuming 
that the 29 good reports were produced one per scan, the interval 
considered was about 29 scans. The average number of beacon reports per scan 
at a busy en route center is easily 200, so that in 29 scans one may expect 
about 5800 good reports. Thus, the 98 false reports comprise less than 2% 
of the data. Thus, although system data load will be reduced by eliminating 
false beacon reports caused by ring around, the reduction relative to the 
number of good beacon reports is not large. 
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1.1.3 Tracker Performance 

Targets of interest to the air traffic controller are tracked 
by the 9020 system at the ARTCC. Usually, when ring around occurs to a 
target the controller is concerned with, the target involved has already 
been tracked for many scans prior. On successive scans, the tracker is 
looking for the report closest to the established track that has the correct 
beacon code. Normally, when ring around occurs the real report is present 
along with the false reports and the tracker will correctly identify the 
real report because it is closest to the already established track. 

However, if the controller is attempting to establish contact 
with a new aircraft or reestablish a dropped track, ring around has the 
potential to cause a problem as the example of Figure 1-2 shows" 

The data, displayed in PPI format, was not tracked by an auto
mated system, but can be tracked visually by associating reports on 
successive scans. The target of interest in this display, shown as an 
X symbol, has a beacon code of 1673. This data was collected at the Elwood 
site. The target flight path starts at about 17.5 nautical miles northeast 
and ends at 20 nautical miles southwest of the interrogator which is at 
the center of the display. False reports were produced to the southeast of 
the interrogator when the target was between 5 and 10 miles northwest 
due to target replies in or near the antenna back1obe. These reports 
occurred on successive scans in such a way that they appeared to form 
a track. Had a controller been attempting to establish contact with a 
previously untracked or dropped track target while ring around was 
occurring as it does in this example, the possibility of misidentification 
of target position would exist. The controller would recognize this and react 
by requesting the pilot of the aircraft to confirm his heading, and under 
normal circumstances there would be no further problems. There are times 
when a controller is requested by a pilot to provide emergency assistance 
because the pilot is experiencing difficulty such as disorientation or 
equipment failure, in which case the pilot will not necessarily know his 
heading, or because of the pressure of the situation, will read his heading 
incorrectly. Under these conditions, the event depicted in Figure 1-2 could 
have more serious consequences. Such events do not happen often, but they 
do happen. Reduction of false reports generated by ring around would, 
therefore, be a significant step in improving air safety. 

1.1.4 Controller Performance 

In addition to the problem described above, the presence of ring 
around on the controller's display is, at t~e very least, distracting. A 
data block containing a1phamerics will be displayed for each false report 
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Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug 25 Tape 3 

Record Number: 0-491 

Range Ring Interval: 5 nmi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Flagged Codes 

Code Symbol Color 

1673 X Green 

Figure 1-2:	 False Reports Forming 
a Track* 

*"Tracking" is done visually 
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appearing on the display causing a portion of the display to be at least 
partially obscured, and making proper target identification difficult, if 
not impossible. The controller, of course, is not just concerned with one 
aircraft, but many, and he is constantly reviewing the entire air traffic 
situation affecting the sector with which he is concerned. When a 
controller must devote time to resolving false target ambiguities he 
necessarily must interrupt his normal procedure, thus reducing efficiency 
and safety. 

1.1.5 Summary of Ring Around Effects. 

From the above discussion, it is evident that the area of system 
performance affected most by ring around is controller performance. Ring 
around partially obscures the controller's display with false reports and 
alphameric data for each, causing, as a minimum, distractions of the 
controller's attention. Worse, the presence of false reports can, under 
certain conditions, make establishing contact with a previously untracked 
or dropped track aircraft difficult, resulting in a compromise to air 
safety. 

1.2 OBJECTIVES OF THE INVESTIGATION 

It appears unreasonably difficult to reduce some ring around 
problems by further processing of data presently available at the ecc 
(Reference 4). Other solutions involve sensor modifications. A third 
solution, the subject of this investigation, is to process additional infor
mation available to the CCC for processing. 

This investigation had two specific objectives. The first 
objective was to identify what, if any, characteristics are present in 
the on-site sensor data that may be used to reduce the ring around problem 
and propose false target report discriminants utilizing the identified 
characteristics. 

The second objective was to evaluate the discriminants proposed 
to reduce the ring around problem by this investigation with respect to 
effectiveness in reducing the problem and overall affect on target report 
data quality. To aid in accomplishing the second objective, a computer 
simulation was developed which takes beacon replies from the Auxiliary 
Interpreter (AI) and, using the CD algorithm, centroids the replies to 
produce beacon target reports. This was a specific effort recommended in 
Reference 1. With this simulator, the effects of varying target leading edge 
threshold (TL), a target trailing edge threshold (TT) and the validation 
threshold (TV), and the implementation of various additional algorithms 
such as run length discrimination can be evaluated with actual reply data. 
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2.0 SUMMARY OF RESL~TS, CONCLUSIONS, AND RECOMMENDATIONS 

2.0 SUMMARY OF RESULTS, CONCLUSIONS, AND RECOMMENDATIONS 

The analysis results are presented in detail in Section 6, 
with conclusions drawn at appropriate places in the discussion. In this 
section the results are tied together and overall conclusions made. Next, 
recommendations based on the conclusions are listed. 

2.1 RESULTS AND CONCLUSIONS 

2.1.1 Results of Elwood Test Target Analysis 

The following conclusions are based on the test target report data 
(beacon code 2315) collected at Elwood on August 25. 

1) All the false reports generated from side10be and back10be 
returns occurred at elevation angles above 28° relative to the interrogator 
indicating that the problem is a mismatch between the directional and 
omnidirectional antenna above this elevation (Section 6.2.3.1) at Elwood. 

2) Elimination of target reports with run lengths above and below 
some predetermined values will be effective in reducing the number of false 
reports (Section 6.2.3.2). 

3) The maximum altitude of the test aircraft was 20.000 feet. 
Since ring around at Elwood only occurred at elevation angles above 28°. the 
maximum slant range at which ring around was observed was roughly seven nautical 
miles. However. since the problem is one of elevation angle, ana no~ range 
or altitude alone. an aircraft at 40.000 feet should start to exhibit ring 
around at approximately fourteen nautical miles. Thus. implementing run 
length discrimination below some predetermined range. such as ten nautical 
miles, will not be as effective as implementing the discriminant for 
elevation angles above 28°. Elevation angle can be computed from Mode C 
altitude data provided by the aircraft transponder (Section 6.2.3.2). 

4) All aircraft above 12.000 feet will have a Mode C transponder 
and thus elevation angle can be computed from slant range and the available 
altitude data. Aircraft below 12.000 feet are not required to squawk 
altitude data. Below 12.000 feet. however. the maximum range at which ring 
around should occur is about 4 nautical miles. Hence. one procedure for 
implementing the run length discriminant at Elwood would be: 

a)	 If altitude is available implement above 28° elevation. 

b)	 If altitude is not available, implement below four 
nautical miles slant range. 
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5) Use of elevation angle information as opposed to a fixed 
range cutoff for determining when to implement the run length discrimina
tion results primarily in a reduction of the number of real reports 
eliminated (a very desirable improvement). The effect on the number of 
false reports eliminated is small (Section 6.2.3.2). 

6) Specific examples of an application of run length discrimination 
are given in Sections 6.2.3 through 6.2.5. These examples illustrate that run 
length can be an effective discriminant. The actual values for upper and 
lower run length cutoffs were judiciously chosen to illustrate a point with 
the data at hand. However, it is not recommended that these cutoff values 
be used wi~hout a more extensive evaluation of the effectiveness. 

2.1.2 Elwood Targets of Opportunity (Section 6.2.4) 

This part of the investigation was conducted to insure that the 
test target characteristics and characteristics of targets of opportunity 
in the Elwood data are consistent. The results indicate that they are 
consistent. 

2.1.3 Angel Peak Data (Section 6.2.6) 

The Angel Peak data was considered because of evidence that run 
length and elevation angle characteristics might be site dependent. 

The results are consistent with Elwood in that ring around occurs 
at higher elevation angles. In the Elwood data a specific elevation angle 
cutoff was found below which ring around does not occur. The results of 
the Angel Peak analysis indicate that this cutoff angle may vary from site 
to site. No evidence was presented to indicate that run length discrimination 
would not be effective at Angel Peak. 

2.2 RECOMMENDATIONS 

From this investigation, it has been concluded that: 

1) Run length discrimination is effective in reducing the number 
of false reports generated during ring around, and 

2) The tendency of a target to experience ring around is greater 
as elevation angle increases. This characteristic was present at both 
Elwood and Angel Peak, but the elevation angles involved were different, 
indicating site dependency. 
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Therefore, since run length discrimination has been shown to be a viable 
technique for decreasing the number of false reports caused by ring 
around, it is recommended that the FAA investigate further the possi
bility of implementing a discriminant that identifies potentially false 
reports based on run length. Two major areas of investigation are 
recommended: 

First, it is recommended that an analysis of run length and 
elevation angle characteristics be performed on report data collected 
from commissioned sites. The problem in using targets of opportunity at 
commissioned sites is that ring around does not occur frequently enough 
to obtain a good data base from which to extract characteristics, so it 
would be necessary to prOVide a test target, as was done in the Elwood 
data collection (see Section 4.1.5). Video tapes collected at commissioned 
sites would then be played through the CD at Elwood to produce Mode 2 tapes 
of beacon replies and target reports with run length. This data would then 
be analyzed to statistically quantify run length and elevation angle 
characteristics of the report data. The results would provide a sound data 
base for designing an algorithm to identify false reports generated during 
ring around. Since it is expected that site dependency is a factor, 
collecting data from several different sites will also indicate the 
properties of parameters, such as actual run length cutoff points and 
elevation angles, that will be set differently at each site. 

The next area of investigation should be directed towards 
determining how to best integrate run length identification of false 
reports into the NAS system. 

The two approaches most often considered are: 

1)	 Perform run length discrimination at the interrogator 
site, and 

2)	 Perform run length discrimination at the ARTCC. 

The first approach has the advantage that it imposes no additional processing 
load on the 9020 at the ARTCC. However, as a disadvantage, real reports 
will occasionally be incorrectly identified as false reports and eliminated. 
The loss of good reports will occur only rarely, and usually not on successive 
scans, so that the tracker at the ARTCC will fill in the missing reports with 
a predicted position for those aircraft being tracked. It should be pointed 
out that the entire detection and tracking process is statistical in nature, 
and even with the present system, real reports are occasionally deleted, just 
due to the nature of statistical processes, with no serious effects on air 
safety. However, no matter how innocuous the loss of these reports, such 
losses should be minimized. 
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The second approach, to pass run length to the ARTCC and perform 
discriminations there, adds the advantage that tracking prior to elimination 
of reports can be used to virtually prevent any loss of real reports in 
controlled air space. The problem associated with this approach is the 
additional computing load imposed on the 9020 system, which is already nearing 
capacity. 

This leads to a third technique that combines the best aspects 
of each approach. This is the recommended approach to implementing run 
length discrimination. The discriminant would be implemented at the 
interrogator site in the Common Digitizer. Reports identified as false 
reports (i.e., run length too long or too short) are flagged by setting a 
single bit in the associated report message. All the report messages, 
flagged or otherwise, are transmitted to the ARTCC, via the modem lines. In 
the ARTCC, elimination of reports could then be based on information not 
available on site, such as tracker data. This approach has the following 
advantages. 

1)	 On site processing of run length data m1n1m1zes the increase 
in data that the 9020 at the ARTCC must handle. Only one 
extra bit of information must be processed by the 9020 for 
each message. 

2)	 Eliminating the reports only after processing in the ARTCC 
avoids loss of good reports. 

3)	 Air safety is enhanced because the presentation of 
ambiguous data to the air traffic controller is reduced. 

This suggested approach does not indicate what will be done with 
the additional bit after the report data is passed to the ARTCC. The problem 
of how to use the discriminant information is non-trivial, and therefore 
beyond the scope of the present investigation. The many factors involved, 
such as tradeoffs between processing on site versus processing at the ARTCC, 
costs, benefits, and approaches to utilizing the demonstrated ability of 
the discriminant to effectively identify a significant percentage of false 
reports, make additional investigation necessary if optimal integration 
into the NAS system is to be accomplished. 
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3.0 ANALYSIS APPROACH
 

3.0 ANALYSIS APPROACH 

This section presents a summary of the overall analysis approach 
followed by the details of the specific stages in the investigation. This 
approach is discussed in detail in Reference 3. Figure 3-1 is a flowchart 
of the study plan illustrating the significant tasks of the investigation. 
The corresponding section number for each major task describing that aspect 
of the investigation is given in the figure. 

Initially the investigation was to be conducted utilizing data 
collected at commissioned en route ARSR sites. However, data collected from 
the Angel Peak site near Las Vegas, Nevada did not have a sufficient number 
of occurrences of severe ring around. Consequently, the investigation was 
expanded to include data collected at the NAFEC test site in Elwood, N.J. 
while a test target was flying on radials to and from the interrogator. The 
data collected includes (1) analog recordings of beacon video with known 
ring around problems, {2) corresponding CD-Records made from real time 
recorded FR-1800's, (3) CD-Records produced by playing the analog video 
tapes through the specially equipped CD at Elwood, N.J., and (4) associated 
AI Mode 2 tapes of beacon replies and reports (including beacon run length). 

The integrity of the playback data was verified via comparison of 
the CD-Records made during playback of analog video with the CD-Records 
produced from the FR-1800 recorded during the data collection with respect 
to both statistical characteristics and actual displayed target reports. The 
comparisons utilized the CD-Record Display Analysis Program and the Target 
Report Ambiguity Analysis Package (TRAAP). Also, the severity and character
istics of ring around in all the data at the target report level were 
observed with displays and statistically quantified. Then, using the AI 
Mode 2 Reply Display Analysis Program, specific examples of ring around were 
isolated and the beacon reports and corresponding beacon replies were docu
mented. The examples were inspected to determine what, if any characteristics 
exist in the reply data, that could be used to implement a false target 
discriminant which would reduce the ring around problem. It was determined 
at this stage that a discriminant using run length and elevation angle infor
mation could potentially be effective in identifying false reports generated 
during ring around. 

The next stage in the investigation was the development of a 
computer simulation that takes as input the AI Mode 2 replies, centroids 
them, using the CD algorithms, and outputs beacon target reports. The primary 
reason for developing the simulator was to simulate the effect of implementing 
proposed discriminants. In addition, the simulator provided a means for 
obtaining run length information for the Angel Peak data. Normally, this 
information appears in the AI Mode 2 data but it was inadvertantly omitted 
from the Angel Peak data. The simulator generates run length information 
in the same way that the CD at Elwood does during centroiding of replies. 
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Finally, the proposed discriminant was evaluated using statis
tical tools and the simulator. The results, conclusions, and recommenda
tions which emerged are documented by this report. 
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4.0 COLLECTION AND VERIFICATION OF DATA 

4.0 COLLECTION AND VERIFICATION OF DATA 

4.1 DATA COLLECTION 

4.1.1 Interrogator Sites Used for Data Collection 

Video data for this investigation was provided from two sources, 
the Angel Peak site near Las Vegas, Nevada (a commissioned site) and the 
NAFEC site at Elwood, N.J. Originally, the investigation was to be carried 
out using data from commissioned sites only. However, preliminary 
results from the Angel Peak data indicated an insufficient number of ring 
arounds to perform an adequate analysis. For this reason, it was jointly 
agreed by the FAA and the Laboratory that video data would be recorded 
at the NAFEC site at Elwood, N.J. while an FAA test aircraft flew patterns 
that passed directly over the interrogator. 

4.1.2 Equipment Configuration for the Angel Peak Data Collection 

Figure 4-1 is a block diagram of the equipment used for the 
data collection at the Angel Peak site. At the Angel Peak site were an 
Air Traffic Control Beacon Interrogator, a RCA Advisor analog video recorder, 
and a Common Digitizer (CD). The target reports generated by the CD were 
transmitted via a modem line, as shown in Figure 4-1, to the Air Route 
Traffic Control Center (ARTCC) at Los Angeles, where they were recorded 
on an FR-1800 tape. Time recorded on the FR-1800 tape was the time of day 
when the tape was made. 

4.1.3 Equipment Configuration at NAFEC 

Figure 4-2 is a block diagram of the equipment configuration 
at NAFEC used for the Elwood site data collection and subsequent reduction 
of both Elwood data and Angel Peak data. The Air Traffic Control Beacon 
Interrogator (ATC BI), FR-950 video recorder, Common Digitizer (CD), and 
Auxiliary Interpreter (D-machine or AI) are located at the Elwood site. 
The ARTCC is located at NAFEC in Atlantic City. The Elwood CD is a special 
"Enhanced Common Digitizer" which is equipped with an Auxiliary Interpreter 
(AI). The AI performs several functions, including interaction with the CD 
during radar processing (see Section 5.2 of Reference 1). The primary 
function of the AI during collection of data was the extraction of beacon 
reply information. 

The video input to the common digitizer can come from either of 
two sources. First, the ATC BI may be turned on, and real time video from 
its receiver inputted to the CD. The alternate video source is the FR-950 
analog recorder. Whenever real time video was used, a simultaneous FR-950 
analog recording of the beacon video was made. 
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Another piece of equipment at the Elwood facility (not shown 
in Figure 4-2) is the PPI-RAPPI display console. This display can be 
used to look at raw video, in-process target reports and completed target 
reports in the CD. 

A time code generator is also present at the Elwood facility 
for generating a time code that is written on the FR-950 tape during 
recording and for decoding and displaying FR-950 time during playback of 
the FR-950. The PPI-RAPPI console also contains a real time clock which 
is usually set to the time of day (WWV). The time displayed on the console 
is synchronized with a clock at the ARTCC which puts time on the FR-1800 
tape. Time references exist therefore, for FR-950 tapes and CD Record 
tapes (made from the FR-1800) and the AI Mode 2 tapes. 

4.1.4 Collection of Angel Peak Data 

This section addresses the collection of data at the Angel Peak 
site by Mr. Robert Delaney of NAFEC. Table 4-1 lists the conditions 
during this data collection. 

TABLE 4-1 

CONDITIONS DURING THE ANGEL PEAK DATA COLLECTION 

Site Angel Peak, Nevada 

Date of Collection December 7 and 8, 1976 

Video Recorder RCA Advisor 

CD-Parameters: 

TL 
6 

~ 2 

TV = 4 

Azimuth Correction Factor = -2 ACP's 

Mode Interlace = A, A, C 

Altimeter Setting (Not recorded) 

The equipment configuration is shown in Figure 4-1. Beacon video 
for targets of opportunity was collected at Angel Peak on the RCA Advisor 
recorder. Simultaneously, an FR-1800 tape of the digital target reports 
transmitted to the ARTCC at Los Angeles via the modem lines was being recorded. 
This data is described as field recorded data. Table 4-2 lists the RCA 
Advisor tapes collected at Angel Peak. 
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TABLE 4-2 

RCA ADVISOR VIDEO TAPES COLLECTED AT ANGEL PEAK
 
December 7 and 8, 1976
 

Advisor Tape Date *Zu1u Tille 
Start End 

1 12/8/76 00:07:00 00:33:uO 

2 12/8/76 01:03:00 01:29:00 

3 12/8/76 18:34:00 19:03:00 

4 12/7/76 19:54:00 20:12:00 

*See glossary 

4.1.5 Data Collection at NAFEC 

In support of this investigation the FAA conducted data 
collection operations on August 25 at the ARSR-2/ATC BI-3 site in 
Elwood, N.J. The purpose of this data collection was to provide beacon 
reply tape data and corresponding CD-Record data for use on the follow-on 
investigation. 

4.1.5.1 Test Aircraft 

The purpose of this data collection was to gather data to be 
used for investigation of ring around. To insure that sufficient ring 
arounds occurred, a test aircraft was used. The aircraft, a Convair 880, 
flew radials to the Elwood site passing directly over the facility. With 
the test aircraft, the proper geometry for high incidence of ring around 
could be maintained. The test aircraft beacon code was 2315. 

4.1.5.2 Data Collected 

The data collection utilized the equipment shown in Figure 4-2. 
Refer to the figure as necessary. During the run, both beacon video and 
MTI search radar video were recorded on the FR-950 tapes. MTI video was 
not recorded for the entire data collection because the radar was turned 
off during the run to prevent RFI from affecting the AI. In addition, an 
FR-1800 tape of the data transmitted across the modem lines to the air route 
traffic control center (ARTCC) was made. The auxiliary interpreter did not 
function, thus real time Mode 2 reply data was not collected. The loss of 
real time Mode 2 tape data did not affect the investigation, which utilized 
playback data. 
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Following is a list of notes taken during the data collection. 

Data Record 

Time Synchronization: 

The ARTCC time was reported to be synchronized to WWV. 
Elwood Real Time Clock (RTC) was 18 seconds behind WWV. 

FR-1800: 

Start Time - Approximately 13:30:00 
Stop Time - Approximately 14:54:00 

FR-950: 

Three tapes were made. The designation, start and stop times 
are listed. The FR-950 recorder was sometimes halted when the 
test aircraft was not near the Elwood site. 

Tape 77-15 Tape 77-16 Tape 77-17 

Start - 13:11:43 Start - 13:43:52 Start - 14:30:47 
Stop - 13:31:13 Stop - 13:55:10 Stop - 15:04:00 
Start - 13:34:00 Start - 13:58:42 
Stop - 13:43:00 Stop - 14:03:15 

Start - 14:13:24 
Stop - Approx. 14: 21:55 
Start - 14:22:55 
Stop - 14:28:00 

Beacon Interrogator: 

The beacon interrogator was on for the entire run. Mode 
interlace was 3/A, 3/A, C. 

ARSR-2: 

The ARSR-2 was on at the beginning of the run. It was turned 
off at 13:54:00. 

Run Length Reporting: Was enabled (LSB = 4) 

Report Data on Mode 2: Was enabled but AI was not operative 
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Auxiliary Interpreter: Was not operative 

PRF: 360/sec 

Scan Rate: 9.61 sec/scan 

Azimuth Correction: -4 ACP's 

RAPPI Console Listing: 

The test target was manually tracked at the RAPPI console 
with a ball tab cursor. A printout of CD data was obtained 
for this target as a result of the tracking. 

Photography: 

Raw beacon video was photographed during the run at a PPI 
display. 

4.1.6 Follow-Up Reduction at NAFEC 

The investigation required AI-Mode 2 recordings of reply data 
and corresponding CD-records. The FR-950 tapes (77-15, 77-16, 77-17) made 
at Elwood and Advisor Tapes 1 through 4 made at Angel Peak were played through 
the Elwood CD at a later date. During this playback, AI-Mode 2 data and 
FR-1800 data were recorded. CD-Records were made at NAFEC from these 
FR-1800 as well as from the FR-1800 tapes taken during the original data 
collections at Elwood and Angel Peak. The AI Mode 2 tapes and corres
ponding CD-Record data were forwarded to the Laboratory for analysis. 

During playback of the FR-950 data, the CD parameters TL, TV, TT 
were TL = 6, TT = 2, TV = 5. Run length reporting was selected during 
playback of the Elwood video but not during playback of the Angel Peak 
video. 

4.2 DATA RECEIVED AND VERIFICATION THEREOF 

This section lists the tapes received by the Laboratory as a 
result of the Elwood and Angel Peak data collection operations and discusses 
the results of a review of each data set that was conducted to determine 
the quality of the data received. 
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4.2.1 Review of Angel Peak Data 

This section documents the data tapes received by the Laboratory 
as a result of the data collection effort at Angel Peak, Nevada. 

4.2.1.1 Tapes Received from the Angel Peak Data Collection 

The tapes received are listed in Table 4-3 along with the 
corresponding video source. The CD-Record "Field" tapes were made from 
FR-1800 tape data recorded in real time from the modem line at the Los 
Angeles ARTCC during data collection operations. These tapes contain 
report data generated by the CD at the Angel Peak site. The RCA Advisor 
video tape source(s) were also recorded during the data collection, then 
played through the Elwood CD at a later date to produce the CD-Record tapes 
(labeled VT for video tape) and Auxiliary Interpreter (AI) Mode 2 tapes 
listed. The numbers in the tape labels indicate corresponding sets of 
Field recorded CD-Records, video tape CD-Records, and AI Mode 2 tapes. 
Each set of 3 tapes with the same number contains corresponding data. 

4.2.1.2 9-7 Track Conversion of Angel Peak Data Tapes 

The 9 track tapes received from the FAA must be converted to 
7 track tapes for processing in the Laboratory computer facility. This 
facility is discussed in Section 8.3 of Reference 1. The conversion is 
accomplished in the Laboratory Computer Aided Programming (CAP) facility. 
Table 4-4 lists nine track tapes and the corresponding seven track tapes. 

4.2.1.3 CD-Record Data Quality of Angel Peak Data 

The CD-Record tapes were reviewed using the CD-Record Target 
Report Display and Target Report Ambiguity Analysis Package (TRAAP) which 
are documented in Section 8.3 of Reference 1. This review was carried out 
to determine the quality of the recorded data and to insure that instances 
of beacon ring around are included. The results of the review using the 
display system are listed in Table 4-5. Under the TIME column of Table 4-5, 
the start and stop times that are recorded on the tape are listed. The 
CD-Record field tape times were recorded from a real time clock data during 
collection operations. The recorded time on the other tapes is the time 
of day when the corresponding video tape was played through the CD at 
Elwood. Under the TIME CORRESPONDENCE column, an arbitrarily selected time 
from each tape is listed under TAPE TIME next to the corresponding real 
time. The time correspondence for tape CD-Record QAS #lVT was verified 
during the analysis as indicated by the X in the "verified" column. The 
time correspondence for the other tapes was provided by NAFEC but was not 
verified. 
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TABLE 4-3 

TAPES RECEIVED FROM THE ANGEL PEAK DATA COLLECTION 

TAPE
 

CD-Record QAS 

CD-Record QAS 

CD-Record QAS 

CD-Record QAS 

CD-Record QAS 

CD-Record QAS 

CD-Record QAS 

AI-Mode 2 QAS 

AI-Mode 2 QAS 

AI-Mode 2 QAS 

AI-Mode 2 QAS 

1, 2 FIELD 

3 FIELD 

4 FIELD 

1 VT 

2 VT 

3 VT 

4 VT 

1 D 

2 D 

3 D 

4 D 

VIDEO SOURCE
 

Real Time Video
 

Real Time Video
 

Real Time Video
 

Advisor til and 2 

Advisor 112 

Advisor 113 

Advisor f/4 

Advisor fI1 and 2 

Advisor f/2 

Advisor 113 

Advisor f/4 
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TABLE 4-4
 

9 AND 7 TRACK TAPE* 

CD-Record QAS 1, 2 FIELD 

CD-Record QAS 3 FIELD 

CD-Record QAS 4 FIELD 

CD-Record QAS 1 VT 

CD-Record QAS 2 VT 

CD-Record QAS 3 VT 

CD-Record QAS 4 VT 

AI-Mode 2 QAS 1 D 

AI-Mode 2 QAS 2 D 

AI-Mode 2 QAS 3 D 

AI-Mode 2 QAS 4 D 

*9 and 7 track tape have the same name 
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TABLE 4-5
 

REVIEW OF CD-RECORD TAPES FROM ANGEL PEAK DATA COLLECTION
 

Tape Tape Time Time Correspondence 
Start Stop Tape Time Real Time Verified 

CD-Record QAS 1, 2 FIELD - - Real Time -

CD-Record QAS 3 FIELD - - Real Time -

CD-Record QAS 4 FIELD - - Real Time -

CD-Record QAS 1 VT 11:12:03 11:37:03 11:16:39:8 00:12:36.3 X 

CD-Record QAS 2 VT 14:08:00 14:35:15 01:16:05 14:08:30 

CD-Record QAS 3 VT 16:55:30 17: 11: 09 18:58:40 16:55:30 

CD-Record QAS 4 VT 17:24:00 17:40:31 19:56:36 17:24:00 

.j::'

I 
t--' 
t--' 

NOTE: Range limit for all data: - 2.5 nmi to 256 nmi 



The DATA CONTENT column of Table 4-5 indicates the presence of 
search or beacon data on the tapes. Only beacon data was recorded. 

The reason that the Angel Peak video tapes were played through 
the Elwood CD was to obtain Mode 2 tapes of reply data. This data can 
only be obtained from the Auxiliary Interpreter that is located at 
Elwood, N.J. However, since the data must be played through the CD at 
the Elwood site, it is necessary to verify that the resulting report data 
out of the Elwood CD corresponds with the reports issued by the Angel Peak CD 
during the real time processing of the video that was recorded at Angel Peak. 
Tapes QAS 1 FIELD recorded live during the Angel Peak data collection and 
the corresponding tape, QAS 1 VT, recorded at NAFEC from the video tape, 
were selected for this purpose. Figure 4-3 is the resulting display when 
beacon reports from the CD-Record made from live data, displayed in green, 
are overlapped with beacon reports made from the corresponding video tape 
at Elwood, displayed in red. Where red and green overlap, indicating 
a coincidence of the reports, a yellow color appears. Separate red reports 
indicate lack of coincidence between the reports. As the figure shows, the 
data, for the most part, coincides. Differences in jitter and gain settings 
between the two CD's while processing the data is the most probable cause of 
differences. Such variations can cause some differences in the ring around 
patterns observed and should be considered when conclusions are drawn 
from the data. In particular, a change in gain may cause run length to 
vary some, but this effect should be small, since the cause of ring around 
is failure of side10be suppression which is not related to CD gain at the 
video input port. 

4.2.1.4 Presence of Ring Around in the Angel Peak Data 

CD-Record tapes QAS 1 VT through QAS 4 VT were reviewed for the 
presence of ring around using the TRAAP system. The term ring around 
generally refers to a severe case of side10be splitting, as it is generated 
because of transponder interrogation and replies that occur in the 
interrogator antenna side1obes. The TRAAP system detects the side10be 
splits and classifies them as such on the basis of the criteria given in 
Table 4-6. 
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CD-Record Tape Data 

Tape Name: QAS #1 VT 
(Playback) 

Time Frame: 11:12:03 to 11:37:03* 

Ring Range Interval (nmi): 75 

Beacon Color: Red 

Beacon Symbol: Dot 

Search Color: None 

Search Symbol: None 

CD-Record Tape Data 

Tape Name: QAS #1 FIELD 
(Real Time) 

Time Frame: 00:08:00 to 00:33:00* 

Range Ring Interval (nmi): 75 

Beacon Color: Green 

Beacon Symbol: Dot 

*Time frames selected to correspond 

Figure 4-3	 Comparison of Real Time 
Data at Angel Peak with 
Playback Data at Elwood 

4-13
 



TABLE 4-6 

SIDELOBE DETECTION CRITERIA 

A. 

B. 

Range Separation (6R): 

Azimuth Separation (M): 

0 nmi ~ 6R ~ 

3 ~ 68 s: 180 0 

0.250 nmi 

C. Duplicate, discrete beacon code required 

Because only discrete codes are used for this, any cases of 
side lobe splitting or ring around that occur for non-discrete beacon code 
targets are excluded. Thus the number of sidelobe ambiguities detected 
represents a lower bound on those that are present. The detected sidelobe 
splits were listed by computer and then inspected. Those ambiguities that 
consisted only of pairs or triplets that fell within 90 0 of one another were 
not considered severe enough to be called ring around. Most of the observed 
ambiguities were found to fall in this category. However, a few instances 
were actual cases of ring around. Table 4-7 lists the tapes, the time 
intervals considered, and the beacon codes for which severe ring around 
occurred. 

TABLE 4-7 

RING AROUND IN ANGEL PEAK DATA 

QAS 

QAS 

QAS 

QAS 

Tape 

#1 VT 

#2 VT 

#3 VT 

#4 VT 

Analysis Time 
(Tape Time) 

Codes of Targets 
Experiencing 
Ring AroundStart End 

11:12:03 11:37:03 None 

14:08:00 14:35:15 0716 

16:55:30 17: 11 :09 2530 

17:24:00 17:40:31 3236 

Figures 4-4, 4-5, 4-6 and 4-7 are photographs of the CD-Record 
tape data for tapes QAS 1 VT, QAS 2 VT, QAS 3 VT, and QAS 4 VT displayed 
over the time intervals in Table 4-7. Only discrete beacon code reports 
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CD-Record Tape Data 

Tape Name: QAS ifl VT 

Time Frame: 11:12:03 to 11:37:03 

Range Ring Interval (nmi): 10 

Beacon Color: Red or Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Ambiguities 

Min Range Sep (nmi): 0 

Max Range Sep (nmi) : 0.250 

Min Az Sep: 30 

Max Az Sep: 1800 

Color: Red 

Symbol: X 

Duplicate Discrete Only: Yes 

FIGURE 4-4 QAS #1 VT Data 

Display 

Discrete Only 

4-15
 



CD-Record Tape Data 

Tape Name: QAS #2 VT 

Time Frame: 14:08:00 to 14:35:15 

Range Ring Interval (nmi): 10 

Beacon Color: Red or Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Ambiguities 

Min Range Sep (nmi) : 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 30 

Max Az Sep: 1800 

Color: Red 

Symbol: X 

Duplicate Discrete Only: Yes 

Display 

Discrete Only 

FIGURE 4-5 QAS #2 VT Data 
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CD-Record Tape Data 

Tape Name: QAS #3 VT 

Time Frame: 16:55:30 to 17:11:09 

Range Ring Interval (nmi): 10 

Beacon Color: Red or Green 

Beacon Symbol: X or Dot 

Search Dolor: None 

Search Symbol: None 

Ambiguities 

Min Range Sep (nmi): 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 30 

Max Az Sep: 1800 

Color: Red 

Symbol: X 

Duplicate Discrete Only: Yes 
FIGURE 4-6 QAS #3 VT Data 

Display 

Discrete Only 

,
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CD-Record Tape Data 

Tape Name: QAS #4 VT 

Time Frame: 17:24:00 to 17:40:31 

Range Ring Interval (nmi): 10 

Beacon Color: Red or Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Ambiguities 

MIN Range Sep (nmi) : 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 30 

Max Az Sep: 1800 

Color: Red 

Symbol: X 

Duplicate Discrete Only: Yes 
FIGURE 4-7 QAS 114 VT Data 

Display 

Discrete only 
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are shown. In this display, normal reports are displayed as green dots. 
Those reports for which an ambiguity was detected, using the criteria of 
Table 4-6, are displayed as a red X symbol. The range ring interval in 
the four figures is 10 nmi. These displays were observed as the reports 
were put up scan-to-scan, and it was evident that, although many sidelobe 
type splits occurred (see Section 8.4.3 of Reference 1), few were severe 
enough to be called ring around, as Table 4-7 shows. 

The results of this analysis were shown to the FAA and it was 
suggested by the FAA that a test aircraft be flown at NAFEC over the 
Elwood interrogator site to provide more ring around data (see Reference 5). 
This was done on August 25, 1977. 

4.2.1.5 Auxiliary Interpreter Mode 2 Tape Data Quality (Angel Peak Data) 

The AI Mode 2 tapes from the Angel Peak data collection were 
reviewed using the Reply Display described in Section 8.3 of Reference 1. 
This review was undertaken to insure that the data is good and that replies 
corresponding to the detected sidelobe splits and ring arounds can be 
located. The results are listed in Table 4-8. 

A recently installed Burroughs modification to the AI allows 
time to be recorded on the AI Mode 2 tapes (Reference 6). Thus this 
examination of the time data was not only to determine the time on the 
tapes, but to insure that time recording was indeed functioning properly. 
The TIME DATA QUALITY column in Table 4-8 indicates this. The start and 
end times are listed under the TIME column. These times are tape times 
and correspond to the tape time on the corresponding CD-Record tapes given· 
in Table 4-5. 

The upper and lower cutoff for recording of the report and reply 
data on the AI Mode 2 tapes is listed in the RANGE LIMITS column of Table 4-8. 

Specific items that were checked were report data (beacon, search), 
presence of reply data, and presence of run length reporting. Appropriate 
columns appear in Table 4-8. All the AI Mode 2 tapes had beacon only target 
reports and good reply data, but run length reporting was not implemented. 

4.2.2 Review of Elwood Data 

This section documents the receipt of data tapes from the August 25 
data collection effort at Elwood. These tapes were reviewed for data quality 
and presence of ring around targets. During the initial review of the 
data received, it was found that the Mode 2 tape made from FR-950 #77-16 
had no report data for the first 452 records which is about 5 minues or 
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TABLE 4-8
 

REVIEW OF ANGEL PEAK MODE 2 DATA
 

-I'
I 

N 
o 

Tape 
Tape Time 

(Approximate) 
Start End 

Time Correspondence 
I 

Tape Time Real Time 

IReport 
Data 

Reply 
Data 

Run 
Length 

Time Data 
Quality 

QAS 1 D 11:12:03 11:37:03 11:16:40 00:12:36 BCN Yes No Good 

QAS 2 D 14:08:00 14:35:15 01:16:05 14:08:30 BCN Yes No Good 

QAS 3 D 16:55:30 17:11:09 18:58:40 16:55:30 BCN Yes No Bad 

QAS 4 D 17:24:00 17:40:31 19:56:36 17:24:00 BCN Yes No Bad 

NOTE: Range limits for all data: - 2.5 nmi to 256 nmi . 

...
 



50 scans. In addition t time data on this tape was bad. This was 
reported to the FAA and another CD-Record and corresponding Mode 2 tape 
was made from this FR-950 tape. This tape was found to be adequate and 
the results of the review addressed here are from the later tapes. (See 
References 7 and 8). 

4.2.2.1 Tapes Received from Elwood Data Collection 

The tapes received are listed in Table 4-9 t along with the 
corresponding video source. The CD-Record live tape was made from the 
FR-1800 tape that recorded the modem line data in real time during the 
August 25 data collection. The FR-950 sources also recorded during the 
August 25 data collection were played through the Elwood Common Digitizer 
(CD to produce the CD-Record tape and Auxiliary Interpreter (AI) Mode 2 
tapes listed. 

Note that AI Mode 2 tapes It 2 and 3 correspond to the CD-Record 
tapes It 2 and 3 respectivelYt since each corresponding pair is made from 
the same FR-950 tape. Each pair of tapes was made simultaneously. 

4.2.2.2 9-7 Track Conversion of Elwood Data Tapes 

The 9 track tapes received from the FAA must be converted to 
7 track tapes for processing in the Laboratory computer facility. This 
facility is discussed in Section 8.3 of Reference 1. The conversion is 
done in the Laboratory Computer Aided Programming (CAP) facility. The data 
recorded in nine track tape format physically uses more tape when converted 
to the seven track tape format. Consequently data recorded on a single 
nine track tape reel may require two reels when recorded in the seven track 
format. Table 4-10 lists the nine track tapes and corresponding seven 
track tapes. As the table shows t AI Mode 2 tapes 1 and 2 each required 
two reels (designated Part A and Part B) in the seven track format. 

4.2.2.3 CD-Record Data Quality of Elwood Data 

The CD-Record tapes were reviewed using the CD-Record Target 
Report Display and Target Report Ambiguity Analysis Package (TRAAP) which 
are documented in Section 8.3 of Reference 1. This review was carried out 
to determine the quality of the recorded data and to insure that instances 
of beacon ring around are included. The results of review using the display 
system are listed in Table 4-11. 

Under the TIME column of Table 4-ll t the start and stop times 
that are recorded on the tape are listed. The CD-Record live tape was 
recorded from the Elwood clock (synced to WWV time) in real time during 
the August 25 data collection. The recorded time on the other tapes is the 
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TABLE 4-9
 

TAPES RECEIVED
 
FROM THE ELWOOD DATA COLLECTION
 

TAPE VIDEO SOURCE 

CD-Record Live Real Time Video 

CD-Record Tape 1 FR-950: 77-15 

CD-Record Tape 2 FR-950: 77-16 

CD-Record Tape 3 FR-950: 77-17 

AI Mode 2 Tape 1 FR-950: 77-15 

AI Mode 2 Tape 2 FR-950: 77-16 

AI Mode 2 Tape 3 FR-950: 77-17 
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TABLE 4-10
 

9-7 TRACK CONVERSION OF ELWOOD DATA
 

9 TRACK TAPE 7 TRACK TAPE 

CD-Record Live CD-Record Live 

CD-Record Tape 1 CD-Record Tape 1 

CD-Record Tape 2 CD-Record Tape 2 

CD-Record Tape 3 CD-Record Tape 3 

AI Mode 2 Tape 1 
AI Mode 
AI Mode 

2 Tape 1 
2 Tape 1 

Part A 
Part B 

AI Mode 2 Tape 2 
AI Mode 
AI Mode 

2 Tape 
2 Tape 

2 
2 

Part A 
Part B 

AI Mode 2 Tape 3 AI Mode 2 Tape 3 
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TABLE 4-11 

REVIEW OF CD-RECORD TAPES FROM THE ELWOOD DATA COLLECTION 

~ 
I 

N 
~ 

Tape Tape Time Adapter Codes Range Limits Azimuth Time Correspondence 
Start Stop EBCDIC Octal Upper (nmi) Lower (nmi) Offset Tape Time Real Time 

(Approximate) 

Live 13:15:58 14:52:16 72,73,74 173762 256 2.5 None Real Time 
173763 - -
173764 

Tape 1 10:57:30 11:25:25 72,73,74 173762 28 2.5 145.5° 11:05:16.6 13:20:7.5 
173763 
173764 

Tape 2 12:39:00 13:06:00 None None 256 2.5 190.02 12:38:57.3 13:46:13.5 

Tape 3 11:31:30 11:45:00 None None 28 2.5 22.0° 11: 38: 25.1 14:38:24.9 



time of day when the FR-950 tape was played through the CD. Under the 
TIME CORRESPONDENCE column, an arbitrarily selected time from each tape 
is listed under TAPE TIME next to the corresponding time of day on 
August 25 under REAL TIME. 

The live tape and tape 1 had adapter codes (Appendix A). These 
adapter codes should be selected when using the analysis programs, par
ticularly in the case of the live tape as it has data from another site 
on it as well as the Elwood site data. Use of the adapter code selects 
only the Elwood data. The codes 72, 73, 74 are recorded as EBCDIC characters 
on the tape (listed in the EBCDIC column of Table 4-11). The corresponding 
octal number, determined as described in Appendix A, is listed under OCTAL. 

The cutoff ranges are listed under the column designated RANGE 
LIMITS - Targets above the upper limits and below the lower limits are not 
recorded. This does not imply that the data was not processed. In the 
case of the live tape, of course, data is not processed above 256 nmi because 
this is the maximum range of CD processing in the 1/4 nautical mile range 
cell mode. However, though CD-Record data was not recorded above 28 nmi 
for tapes I, 2 and 3, it was processed in the CD and is present on the 
corresponding AI Mode 2 tape data. 

The real time azimuth data was referenced to true north. 
However, the recorded azimuth on the FR-950 tapes was with respect to 
a different zero reference because of a data recording problem that existed. 
The azimuth offset of the recorded data, with respect to the real time 
azimuth is listed under the AZIMUTH OFFSET column. 

The DATA CONTENT column of Table 4-11 indicates the presence of 
search or beacon data on the tapes. Only the live tape had both search and 
beacon data. 

4.2.2.4 Presence of Ring Around in Elwood Data 

CD-Record tapes I, 2 and 3 were reviewed for the presence of 
ring around using the TRAAP system. The term ring around generally refers 
to a severe case of side10be splitting, as it 1s generated because of 
transponder interrogation and replies that occur in the interrogator antenna 
side10bes. The TRAAP system detects the sidelobe splits and classifies 
them as such on the basis of the criteria given in Table 4-12. 
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TABLE 4-12 

SIDELOBE DETECTION CRITERIA 

A. Range Separation (6R): o nmi ~ 6R ~ 0.250 nmi 

B. Azimuth Separation (66): 3° ~ 66 ~ 180°. 

C. Duplicate, discrete beacon code required. 

Because only discrete codes are used for this, any cases of 
sidelobe splitting or ring around that occur for non-discrete beacon code 
targets are excluded. Thus the number of sidelobes detected represents 
a lower bound on those that are present. Visual observation of the data 
using the display system revealed, in fact, that a significant number of 
non-discrete code targets experienced severe ring around. 

Table 4-13 lists the tapes, the analysis time interval (in 
recorded tape time, not real time) and the number of sidelobes detected 
on each. It is emphasized that this number is a lower bound on the number 
of sidelobe splits available for analysis. 

Figures 4-8, 4-9 and 4-10 are photographs of the CD-Record tape 
data for tapes 1, 2 and 3 displayed over the time interval indicated in 
Table 4-11. Only discrete code beacon target reports are displayed. 
Code 2315 appears as an X symbol, and all others are dots. Duplicate 
Discrete Code ambiguities with the separation criteria indicated in the 
figure are in red while all other reports are green. Range rings have a 
5 nautical mile interval and are in blue with the Elwood site centered. 

4.2.2.5 Auxiliary Interpreter Mode 2 Tape Quality (Elwood Data) 

The AI Mode 2 tapes were reviewed using the Reply Display described 
in Section 8.3 of Reference 1. This review was undertaken to insure that the 
data is good and that replies corresponding to the detected sidelobe splits 
and ring arounds can be located. The results are listed in Table 4-14. 

A recently installed Burroughs modification to the AI allows time 
to be recorded on the AI Mode 2 tapes (Reference 6). Thus this examination 
of the time data was not only to determine the time on the tapes but to 
insure that time recording was indeed functioning properly. The TIME DATA 
QUALITY column in Table 4-14 indicates this. The start and end times are 
listed under the TIME column. These times are tape times and correspond 
to the tape time on the corresponding CD-Record tapes given in Table 4-11. 
The correspondence to real time in Table 4-14 is identical to the CD-Record 
time correspondence given in Table 4-11. 
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TABLE 4-13 

TRAAP ANALYSIS OF CD-RECORD DATA FROM THE ELWOOD DATA COLLECTION 

Tape 

Tape 1 

Tape 2 

Tape 3 

.p
I 

N 
.......
 

Analysis Time 
(Tape Time) 

Start 

10:57:00 

12:39:00 

11: 31: 30 

Stop 

11:25:00 

13:06:00 

11:45:00 

Minimum 
Side10bes 

17 

35 

19 

Comments 

Only duplicate discrete codes 
with range separation less than 
or equal to 1/4 nrni and azimuth 
separation greater than 3 0 are 
included in this table. Many 
ring arounds were observed for 
non-discrete codes as well . 



CD-Record Tape Data 

Tape Name: Aug 25, Tape 1,A 

Time Frame: 10:57:30 - 11:25:00 

Range Ring Interval (nmi): 5 

Red or GreenBeacon Color: 

X or DotBeacon Symbol: 

NoneSearch Color: 

NoneSearch Symbol: 

Ambiguities 

Min Range Sep (nmi): 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 30 

Min Az Sep: 1800 

Color: Red 

Symbol: X or Dot 

Duplicate Discrete Only: Yes 

FIGURE 4-~: Display'of August 25 
CD-Record Tape 1,A Data 

Flagged Codes 

Code Symbol Color 

2315 X Selected 

Display 

Discrete Only 
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CD-Record Tape Data 

Tape Name: Aug. 25, Tape 2,A 

Time Frame: 12:30:00 - 13:06:00 

Range Ring Interval (nmi): 5 

Red or Green 

None 

None 

X or DotBeacon Symbol: 

Beacon Color: 

Search Symbol: 

Search Color: 

Symbol: X or Dot 

Duplicate Discrete Only: Yes 

Ambiguities 

Min Range Sep (nmi): 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 3
0 

Max Az Sep: 1800 

Color: Red 

Flagged 

Code 

2315 

Codes 

Symbol 

X 

Color 

Red or Green 

FIGURE 4-9: Display of August 25 
CD-Record Tape 2,A Data 

Display 

Discrete Only 

4-29
 



CD-Record Tape Data 

Tape Name: Aug 25, Tape 3 

Time Frame: 11:31:30 - 11:45:00 

Range Ring Interva 1 (nmi) : 5 

Beacon Color: Red or Green 

Beacon Symbol: X or Dot 

Search Color: None 

Search Symbol: None 

Ambiguities 

Min Range Sep (nmi): 0 

Max Range Sep (nmi) : 0.250 

Min Az Sep: 30 

Max Az Sep: 1800 

Color: Red 

Symbol: X or Dot 

Duplicate Discrete Only: Yes 

Flagged Codes 

Code Symbol Color 

2315 X Red or Green 

Display 

Discrete only 

FIGURE 4-10: Display of August 25 
CD-Record Tape 3 Data 
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The upper and lower cutoff for recording of the report and reply 
data on the AI Mode 2 tapes is listed in the RANGE LIMITS colum of 
Table 4-14. Note that these range limits differ from the CD-Record data 
range limits in Table 4-11, in that none of the data was cut off at the 
28 nmi limit. This cutoff was implemented in the reply data to prevent 
overflow of the Auxiliary Interpreter output data buffer. However, the 
reply data does not appear to have suffered from not having the range 
cutoff inserted. 

The azimuth offset is identical to the offset of the CD-Record 
data in Table 4-11. 

Specific items that were checked were report data (beacon, 
search) presence of reply data, and presence of run length reporting. 
Appropriate column appears in Table 4-14. All the AI Mode 2 tapes had 
beacon only target reports, good reply data, and run length reporting 
implemented. 
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TABLE 4-14 

REVIEW OF ELWOOD MODE 2 DATA 

~ 
I 
W 
N 

Time (Approximate) Range Limits Azimuth Time Correspondence Report Reply Run Time Data 
Tape Start Stop Upper (nmi) Lower (nmi) Offset Tape Time Real Time Data Data Length Quality 

Tape 1 10:57:30 11: 25: 25 256 3 145.5° 11:05:16.6 13:20:7.5 BeN Only Yes Yes GoodA & B 

Tape 2 12:39:00 13:06:00 256 3 190.02° 12:38:57.3 13:46:13.5 BCN Only Yes Yes GoodA & B 

Tape 3 11:31:30 11:45:00 256 3 22.0° 11:38:25.1 14: 38: 24.9 BCN Only Yes Yes Good 



SECTION 5.0 

CD-SIMULATOR FUNCTION AND 
TESTING 

5.0 CD-SIMULATOR FUNCTION AND TESTING 

This section addresses the function and testing of the Beacon 
Reply Data Processor/CD-Simulator (CDS Program). The software was develop
ed as part of the ring around investigation to evaluate proposed discrimin
ants by simulating their operation on actual reply data. The program is 
discussed in detail in Appendix B. 

5.1 PURPOSE OF THE CDS PROGRAM 

This program simulates the CD processing of beacon replies to 
produce beacon reports. That portion of the CD processing simulated is dis
cussed in Seclion 8.1.2 of Ref. 1. The input to the program consists of 
1) Beacon Reply Data, and 2) Processing Parameters. The beacon reply data 
is recorded on the seven track version of Auxiliary Interpreter Mode 2 tapes. 
The processing parameters are provided by the operator. The beacon reply 
data is processed to produce target reports. The inputted beacon reply data 
and the target report data developed from processing is outputted to tape 
in the same format as the AI-Mode 2 tapes. 

5.2 CDS FUNCTION 

5.2.1 Program Input 

This program accepts two types of inputs: 1) Beacon Reply Data, 
and 2) CD processing parameters. These are described below. 

5.2.2.1 Beacon Reply Data 

The Beacon Reply Data is recorded on seven track versions of the 
Auxiliary Interpreter Mode 2 tapes. Two types of records occur in Mode 2 
data: 1) Target Report Records and 2) Beacon Reply Records. The records 
always occur consecutively in pairs; i.e., a report record, then a reply 
record. Only the reply records are required for input. 

5.2.1.2 Parameter Inputs 

Table 5-1 lists the input processing parameters for the CDS program. 

Table 5-1 

CDS INPUT PARAMETERS 

1. Read Tape Unit 
2. Write Tape Unit 
3. Target Lead Edge Threshold (TL) (0 through 11) 
4. Target Trail Edge Threshold (TT) (0 through 11) 
5. Begin Validation Threshold (TV) (0 through 11) 
6. Range Offset (LSB = 1/32 nmi may be negative) 

·7. Azimuth Correction Factor (LSB = 1 ACP, may be negative) 
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5.2.2 Program Processing 

At the beginning of each execution of the CDS program the input 
parameters defined in Section 5.3.2.2 are read from a card reader. After 
reading in these parameters, the program will initialize and begin operation. 
Records will be read from the input tape. Report records are ignored. Imme
diately after a reply record is read and before it is repacked, the record 
is outputted to the output mag tape unit, unchanged. Repacking then proceeds 
followed by processing of the replies. Beacon target reports are produced 
as a result of the reply processing. After all the replies from a reply 
record are processed, a record containing the completed reports only is 
outputted to the output tape in the Mode 2 format. Some reports will still 
be in process. These are saved but the completed reports are purged. This 
process of reading replies, writing a reply record, processing replies and 
writing a report record continues until either 1) the operator terminates the 
program with a key stop, or 2) an EOF mark is encountered on the input tape. 
An EOF is to be put on the output tape upon termination of the program. 
Figure 5-1 illustrates the program operation. 

5.2.3 Program Output 

The program output is a magnetic tape written in the same format as 
the input tape, which is a seven track version of the mode 2 tape. The tape 
contains alternating records of beacon reports and beacon replies. Each 
beacon reply data record in the output tape is identical to the input reply 
data. It is followed on the output tape by a record of reports that were 
generated in the CDS from the inputted reply data. 

5.2.4 Simulator Testing 

The CD simulator was tested by comparison of CD record data made 
by stripping reports from a Mode 2 tape generated by the Auxiliary Interpre
ter (Aug. 25 AI-Mode 2, Tape 3,. Part A) with CD record data made from reports 
stripped from a Mode 2 tape made by playing the original mode 2 tape through 
the simulator. In other words, original report data was compared with simulat
ed data. 

Figure 5-2 is a photographs of the original report data displayed 
in red overlapped with simulator data displayed in green. Only beacon 
reports with discrete codes are shown and code 2315, the test target, is dis
played as an X symbol to distinguish it from the other beacon reports. 
When reports from each tape coincide, a yellow or white color appears. 
Separate red and green reports indicate differences between the data. The 
predominance of yellow symbols indicates that the data coincides for the 
majority of reports. Differences are probably caused by jitter in the CD that 
is not present in the CD-Simulator. The testing is concluded to be successful. 
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CD-Record Tape Data (Two Tape Display) 

Ta~e 1 

Name: Aug. 25, CDS-CD-Record, Tape 3 

Time Frame: * 00:02:04-00:15:05 

Range Ring Interval (nmi): 5 

Beacon Color: Green 

Beacon Symbol: X or Dot 

Discrete Codes Only: Yes 

Tape 2 

Name: Aug. 25, AI-CD-Record, Tape 3 

Time Frame: * 00:00:04-00:42:04 

Range Ring Interval (nmi): 5 nmi 

Beacon Color: Red 

Beacon Symbol: X or Dot Figure 5-2 CD-Simulator Test 

Discrete Codes Only: Yes 

*	 Due to gaps in the original data, the difference between the start and 
end times for each tape does not correspond to elapsed time. The time 
endpoints were determined to coincide with 11:31:48 to 11:45:00 on the 
original Aug. 25 CD-Record Tape 3. 
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SECTION 6
 

ANALYSIS OF DATA
 

6.0 ANALYSIS OF DATA 

This section discusses the analysis of the data and the results 
obtained. Most of the investigation centers on the Elwood test target be
cause this was the only target in the data that experienced ring around for 
many scans. This did not happen because the target was peculiar but simply 
because it spent more time in regions where ring around occurs than did any 
of the other targets of opportunity. 

Characteristic features, elevation angle and run 1ength,were 
determined from the test target data. Other targets of opportunity exper
iencing ring around in Elwood were then examined to insure that their char
acteristics were consistent with the test target characteristics to rule out 
target dependence. Next, the Angel Peak Data was reviewed for evidence that 
the characteristics may be site dependent. The results are presented here 
in a logical order, with conclusions drawn as appropriate. The conclusions 
are summarized in section 2. 

6.1 RING AROUND EXAMPLES 

This section addresses the examination of specific examples of 
ring around in the report data and associated reply data. The purpose of 
this part of the investigation was to identify what characteristics, if any, 
could be found in the reply data to distinguish true reports from false 
reports generated when ring around occurs. 

Using the Mode 2 Reply Data Display described in Section 8.3 of 
Reference 1, many examples of ring around were isolated and examined. Al
though the exact reply patterns varied a great deal there were certain char
acteristics that became evident during this part of the investigation. A 
specific example, having these characteristics, is presented here in figures 
6-1, 6-2 and 6-3. In Figure 6-1 beacon reports from AI-Mode 2 Tape 2(E1wood 
data) are shown, with the test target, code 2315, shown as an X symbol. The 
test target was inbound toward the center of the display. At approximately 
2-1/2 omi, false targets were generated in the antenna backlobe as evidenced 
by the three X's at about 1800 from the correct target position (correct 
target position is known by visual correlation with the target track). The 
false targets and the corresponding real target are displayed in red. The 
reply group for the real target is shown in figure 6-2. The Mode 3/A replies 
are red, Mode C are blue, and the report is a green X. The run length for 
this report was 52 ACP's. Figure 6-3 is a similar display of the false 
reports and corresponding replies. Going in a clockwise direction, the run 
lengths are 64, 188 and 24 ACP's. This represents a very large range of run 
length values for false target reports. This is typical of other examples 
of false targets in the backlobe. On the other hand, the run length of 
real target reports does not vary over such a large range of values. A 

6-1
 



Figure 6-1 Ring Around Example on Elwood Mode 2 Tape 2 

Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug. 25, Tape 2 

Time Frame: 12:42:00 

Record Number: 411 to 416 

Range Ring Interval: 2 nmi 

Beacon Report Color: Red or Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Beacon Replies 

Mode C Color: None 

Mode C Symbol: None 

Mode 3/A Color: None 

Mode 3/A Symbol: None 

Ambiguities 

Min Range Sep (nmi) : 0 

Max Range Sep (nmi): 0.250 

Min Az Sep: 30 

Max Az Sep: 180 0 

Color: Red 

Symbol: X or Dot 

Duplicate Discrete Only: Yes 

Flagged Codes 

Code Symbol Color 

2315 X Red or Green 
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Figure 6-2 Ring Around Example on Elwood Mode 2 Tape 2 

Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug. 25, Tape 2 

Time Frame: 12:42:00 

Record Number: 410, 411 

Range Ring Interval: 2 nmi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Beacon Replies 

Mode C Color: Blue 

Mode C Symbol: Dot 

Mode 3/A Color: Red 

Mode 3/A Symbol: Dot 

Flagged Codes 

Code Symbol Color 

2315 X Green 
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Figure 6-3 Ring Around Example on Elwood Mode 2 Tape 2 

Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug. 25, Tape 2 

Time Frame: 12:42:4.4 

Record Number: 414, 415, 416 

Range Ring Interval: 2 runi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Beacon Replies 

Mode C Color: Blue 

Mode C Symbol: Dot 

Mode 3/A Color: Red 

Mode 3/A Symbol: Dot 

Flagged Codes 

Code Symbol Color 

2315 X Green 
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possible discriminant, which will reduce the number of false targets, is to 
eliminate reports that are very long in run length or very short in run 
length. 

Lead edge threshold TL might also be a possible discriminant. In
creasing the leading edge threshold might be effective in eliminating the 
false reports with short run lengths, but would be useless against the false 
reports having very long run lengths. 

Another discriminant considered would examine the ratio of mode 3/A 
hits to the number of opportunities for a 3/A hit while the target report 
was in process. However, visual inspection of both false and real reports 
indicates that this ratio is very close to one for nearly all reports, true 
and false. 

Therefore, a discriminant using run length appears to have the most 
promise of being effective. In the next section, data is statistically assess
ed to determine the effectiveness of run length discrimination. 

6.2 ANALYSIS OF RUN LENGTH CHARACTERISTICS 

6.2.1 Introduction 

This section documents some significant results and conclusions ob
tained during investigation to determine a discriminant against false re
ports generated from ring around. Specifically, an analysis of real and 
false target report run lengths was performed to determine the merit of a 
run length discrimination scheme for reducing the number of false reports. 

6.2.2 Analysis Procedure 

Figure 6-4 illustrates the data reduction procedure used for this 
analysis. The data used was collected at Elwood, N.J. on August 25, as 
described in section 4.1. In particular, the data tapes delineated in Table 
6-1 were used: 

Table 6-1	 Data Tapes Used for Test Target Run Length 
Analysis 

1. August	 25 AI-Mode 2 Tape 1, Part A 
2. August	 25 AI-Mode 2 Tape 2, Part A 
3. August	 25 AI-Mode 2 Tape 3 

6.2.2.1 Extraction of Test Target Report Data 

Using the Auxiliary Interpreter Mode 2 Tape Reply Display system 
described in section 8.3 of ref. 1, all test target report data occurring 
at ranges below 10 nmi was extracted. This range cutoff was used because 
ring around did not occur beyond this range in this data set. 

6-5 



AUXI LIARY 1 
INTERP~:::TERAUGUST 25 nODE 2 TIl,PES OF I 

DATA COLLECTION 
RtPorn : _~r'iD I 
REP~ 

EXTRACTION OF 
TEST TARGET ANALYSIS -

REPORTS 
(CODE 2315)

BELC\o! 1a N~lI 

GRAPHS, 
TABULATIO~S, ETC. 

(1\ 

I 
(1\ 

Figure 6-4. DATA REDUCTION PROCEDURE 



The following procedure was used to extract the test target data 
using this display system. For each tape, the report data was displayed in 
PPI format on the Color TV console. Beacon data was displayed in green 
symbols. An X symbol was used to distinguish the test target reports (re
cognizable because of the unique Mode 3/A code assigned, 2315) from all other 
beacon reports. Fig. 6-5 is an example of the display for tape 3. Approxi
mately 10 scans of data are presented. The test target reports on successive 
scans can be visually observed to form a track. Reports appearing in an X 
symbol that are visually correlated with the track are true reports. Reports 
that appear as an X symbol which do not correlate visually with the track 
are false. All test target reports in Fig. 6-5 correlate with the track 
and are real reports. Test target report data below 10 nmi was hooked and 
the status, true or false, was noted. In Fig. 6-5, a true test target re
port is being hooked by the red box. Table 6-2 type of data was printed 
for this report. 

Table 6-2. Example of Hooked Report Data 

RUN MODE 3A MODE C 
REC MSG AZOOJTH RANGE LNG VAL CODE VAL ALTITUDE 

227 7 229.219 7.500 44 1 2315 1 20,000 

The record number (REC) and message number (MSG) uniquely identify 
the data on the tape so that it may be relocated if necessary. Also given 
are the range (slant range), azimuth, run length (in ACP's, see section A2 
in Appendix A) Mode 3/A code and Mode C altitude. A similar message 
was printed for each report that was hooked. 

Fig. 6-6 is an example of a test target track and test target 
reports that do not correlate with the track. The test target reports (X 
symbols) in the upper right corner of the display are false reports generated 
from antenna sidelobe and backlobe returns. Using the display system, these 
false reports are easily identified as Figure 6-6 shows. 

In some cases, two reports occurred simultaneously which could both 
be correlated with the track. In such cases, both reports could be called 
false, both real, or one real and one false. In the cases observed, the 
run lengths for such reports were shorter than the average run lengths for 
real reports. Thus, the report with the longer run length was designated 
the real report and the other false. 

6.2.2.2 Summary of Extracted Target Report Data 

As Fig. 6-4 shows, the extracted test target report data was sub
jected to analysis. Appropriate plots and tabulations were made and appear 
in the next section on results. The extracted data is summarized in Table 
6-3. 
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Auxiliary Interpreter Mode 2 Tape Data 

Tape Name: Aug. 25 Tape 3 

Time Frame: -11:33:43 

Record Number: 227 

Range Ring Interval: 5 nmi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Flagged Codes 

Code Symbol Color 

2315 X Green 

Figure 6-5 Extractions of Test 
Target Data 

6-8
 



Auxiliary Interpreter Mode 2 Tape Data 

Tape Name:	 Aug. 25, Tape 3 

Time Frame: -11:34:12 

Record Number: 

Range Ring Interval: 2 nmi 

Beacon Report Color: Green 

Beacon Report Symbol: X or Dot 

Search Report Color: None 

Search Report Symbol: None 

Flagged Codes 

Code Symbol Color 

2315 X Green 

Figure 6-6	 Example of Reports that 
do not Correlate With a 
Track. 
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Table 6-3. Test Target Data for Run Length Analysis 

Table 6-3a 

Tane: Aug. 25 AI-Mode 2 Tape 1, Part A 

Altitude (ft) Real Reports False Reports 

5000 
10000 
20000 

34 
8 
o 

o 
o 
o 

Table 6-3b 

Tape: Aug. 25 AI-Mode 2 Tape 2, Part A 

Altitude (ft) Real Reports False Reports 

5000 0 0 
10000 19 7 
20000 29 48 

Table 6-3c 

Tape: Aug. 25 AI-Mode 2 Tape 3 

Altitude (ft) Real Reports False Reports 

5000 0 0 
10000 0 0 
20000 27 44 

TOTAL Table 6-3d 

Altitude (ft) Real Reports False Reports 

5000 36 (} 

10000 27 7 
20000 56 92 

The tables show that test aircraft was observed at three differ
ent altitudes: 5000 feet, 10000 feet and 20000 feet. 

The altitudes were determined from the Mode C altitude provided 
by the aircraft transponder which is accurate to the nearest 100 feet. 
The actual altitude must be determined by correcting the Mode C altitude 
for the barometric pressure present at the time the aircraft was flying. 
The test aircraft altitude varied slightly in some cases from the three 
nominal altitudes. However, since the recorded barometric pressure for the 
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day cannot account for temperature variations even the corrected altitudes 
include errors. Therefore, the altitudes were simply rounded to the nearest 
1000 feet. 

t 

A listing of the data points and a sample of the altitude correc
tion appear in the Appendix C. 

6.2.3 Results 

6.2.3.1 Elevation Angle Dependence 

This section presents results that indicate an elevation angle 
above which ring around occurs and below which no ring around occurs. The 
basis for the conclusion is illustrated with a Range Altitude plot described 
below. 

6.2.3.1.1 Range-Altitude Plot 

From Table 6-3d it is observed that at 5000 feet t out of 34 reports 
observed, all were true. At 10000 feet, 7 false reports and 27 true reports 
were observed. At 20000 feet, 92 false reports and 56 true reports were 
observed. From this table it is evident that altitude plays a role in deter
mining when a target will produce ring around. To investigate this further, 
a Range-Altitude plot was made with all the data points included as shown 
in Figure 6-7. 

The horizontal axis is range in nautical miles. The vertical axis 
is scaled the same as the horizontal axis, but altitude is indicated in feet, 
rather than nautical miles. Test target reports were observed at three 
altitudes t 5000 feet t 10000 feet and 20000 feet, indicated on the vertical 
axis. The beacon interrogator is at the intersection of the axes. 

The elevation at Elwood is near sea level (15-25 feet) and the 
antenna height is 50-75 feet above the ground. Therefore, the antenna ele
vation above sea level is less than 100 feet. The aircraft altitudes are 
above sea level and contain errors which may be on the order of 100 ft. a~ 

discussed in Section 6.2.2.2 and Appendix C. Furthermore t 100 ft. difference 
will not show up in range altitude plot; therefore the elevation of the in
terrogator is neglected. 

Points corresponding to real reports are black, and points correspond
ing false reports are red. The vertical spreading of the points was done 
to accommodate the number of points observed and does not indicate deviations 
from the three altitudes for which data was observed. The range data (ex
ample in Table 6-2) is slant range t and the positions of the data points in 
Figure 6-7 were determined as the intersections of the corresponding altitude 
and slant range from the interrogator. Slant ranges below about 2.75 nauti
cal miles are not processed by the Common Digitizer and reports are not gen
erated below this range. This cutoff range is shown by an arc representing 
the locus of points that are 2.75 nautical miles from the interrogator. 
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6.2.3.1.2 Conclusions from the Range-Altitude Plot 

From Figure 6-7 it can be seen that all the false reports occur 
for targets above 28° elevation (measured from the figure) with the excep
tion of one. The exception was generated from a range split which is not 
related to ring around type false reports (see section 8 of Ref. 1). Above 
60°, no reports occur because the antenna mainbeam and sidelobes are too 
low to cause interrogation. 

It appears that ring around, rather than being related to altitude. 
is related to elevation angle. Sidelobe suppression is failing above this 
elevation. 

In the past it has been observed that higher altitude targets tend 
to ring around more frequently than lower altitude targets. From Figure 6-7. 
it can be seen that ground distance traversed while in the 28° to 60° eleva
tion angle region increases as altitude increases, so that higher altitude 
targets have more area and therefore more opportunity to ring around than 
the lower altitude targets. Of course, the occurrence of ring around is also 
related to range - targets beyond about 15 omi slant range will not exper
ience ring around ragardless of elevation angle. so that at extremely high 
altitudes, ring around will not occur. 

The ideal solution for ring around is to adjust the radiation pattern 
of the omnidirectional antenna so that sidelobe suppression is effective 
above this elevation (28°). This may not be easy to do in practice, however. 
and so run length discrimination, to be discussed shortly, may be a reasonable 
alternative. 

6.2.3.2 Run Length Characteristics 

In this section, an investigation of the run length characteristics 
for true and false reports to determine the viability of using run length 
as a false target discriminant is addressed. Run length is defined in section 
C.2 of Appendix C. The approach for this analysis was to examine histograms 
of run length for real and false reports to see if differences between the 
run length distributions for real and false reports could be utilized to 
design an effective false target discriminant. 

6.2.3.2.1 Composite Run Length Histograms 

Figure 6-8 is a histogram of real and false test target reports 
below 10 omi slant range. The horizontal axis is run length in ACP's (see 
section C.2 in Appendix C)and the vertical axis is number of reports. Run 
lAngth in the original data and is reported to a least significant bit of 
4 ACP's. Consequently, the run length bins are 4 ACP's wide (0-3, 4-7. etc.). 

Obviously. the distributions for the real reports differ from the 
false reports. The real reports peak at 44 with values ranging from 20 to 100. 
False reports peak at 20 with values ranging from 12 to 252. 
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In the case of the real reports, the most frequent run lengths, 
44, is near the calculated average 49.7. The: difference indicates an asymmetry 
in the distribution in that the higher run lengths are favored. This is rea
sonable since there is a lower limit on run length because a finite number of 
replies are required to detect a target but there is no upper limit. For false 
reports, the average run length of 59.4 is significantly different from the 
most frequent value of 20. This, of course, is because of the large spread 
of run length values for false reports. Comparison of the computed standard 
deviations confirms this. Standard deviation of the run length for the real 
reports was 14.8 while the standard deviation for false reports was almost 
4 times larger at 56.3. 

The difference in the distributions will allow an effective dis
criminant to be implemented because the real report run lengths are more 
tightly distributed about the average than the false reports. The ideal 
discriminant is one that eliminates all the false reports but keeps all the 
good reports. Since the histograms for the true and false reports overlap, 
it is impossible to design an ideal discriminant based on run length data 
alone. However, a significant percentage of the false reports can be eliminated 
with very little effect on the real reports if reports with very long and very 
short run lengths are eliminated. This would throw out the false reports 
with long and short run lengths while passing all the good reports because 
they are more tightly distributed. Unfortunately. some of the false reports 
are also passed because they have run lengths that are the same as good re
ports. Specific examples appear in the next section. 

6.2.3.2.2 Example of Run Length Discrimination Effectiveness 

In this section specific run length upper and lower cutoff values 
are chosen and their effect on real and false target report eliminations are 
evaluated. 

Plots of percent of reports eliminated versus run length cutoffs 
for lower and upper cutoff values appear in Figures 6-9 and 6-10. In Figure 
6-9 the horizontal axis is the lower run length cutoff value. Target reports 
with run lengths less than or equal to the cutoff value are eliminated. The 
vertical axis gives the percentage versus the cutoff value. In Figure 6-10 
the vertical axis is identical, but the horizontal axis represents the upper • 
cutoff value. Target reports with run lengths greater than or equal to this 
value are eliminated. The data for false reports is plotted in red and real 
reports in black. With the aid of these plots, two cases are considered. 
Case 1 is tabulated in Table 6-4. The determination of the entries in Table 
6-4 is described. 
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Table 6-4 Case 1 - Effectiveness of Run Length Discrimination 
Implemented at Slant Range < 10 nmi 

Lower Cutoff 
Upper Cutoff 

16 ACP's 
104 ACP's 

Real Reports False Reports 

Total Present 
Percent eliminated 

Total eliminated 

117 
o 
o 

99 
30 
30 

The lower cutoff (16 ACP's) was chosen from Fig. 6-9 to be the max
imum value which would not eliminate any real reports. The upper cutoff 
(104 ACP's) was chosen to be the minimum that would not eliminate any real 
reports. From the figures, these two cutoffs eliminate 12% and 18% respectively 
for a total of 30%. The total number of real reports (117) and false reports 
(99) is indicated on Fig. 6-8. The result is that of 99 false reports, 30 
are eliminated, while all 117 real reports are preserved. 

In Case 2, more effective cutoff values are chosen. The result is 
a discriminant that is very effective against false target reports. However, 
this is at the expense of some real reports. Thus, one must weigh the advan
tages of a reduction in false reports with the disadvantage of lost real re
ports. The following facts are important. 

First. much of the target report data of interest to an air traffic 
controller is tracked data. Trackers must necessarily estimate aircraft heading 
and speed in a statistical way based on previous track history. If a report 
should fail to come through for a single scan, the effect on a tracker is 
negligible because a predicted aircraft position is displayed. The good reports 
that are eliminated by the run length discriminant will be such isolated 
cases and will not cause a dropped track. 

Furthermore, it should be noted that the good reports that are eli
minated by a run length discriminant will have either an unusually long or 
an unusually short run length. Because of this, it is more likely that they 
will be improperly centroided than reports of normal run length. Improperly 
centroided reports can adversely affect tracker performance. 

False reports have the potential to confuse the tracker and in the 
case of ring around will obscure the controller's display where the false re
ports occur because, not only is the report displayed but a' data 
block containing alphamerics for each report is displayed as well. This affects 
not only the target causing the ring around but all other targets which are in 
the vicinity of ring around. Thus the compromise to be considered is the occa
sional loss of a good report, which will be filled in by the tracker, versus 
the presence of a large number of false reports that can potentially affect 
the display of good reports which would otherwise be displayed unobscured. 
With this in mind consider Case 2 in Table 6-5. 
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Table 6-5 Case 2 - Effectiveness of Run Length Discrimination 
Implemented at Slant Range < 10 nmi 

Lower Cutoff - 36 ACP's 
Upper Cutoff - 104 ACP's 

Real Reports False Reports 

Total Present 117 99 
Percent eliminated 10 71 

Total eliminated 12 72 

In Case 2, the upper cutoff remains 104 ACP's but the lower cutoff is in
creased to 36 ACP's. Now, out of the 99 false reports, 72 are eliminated 
a sizeable improvement and a very effective discriminant. However, 12 of the 
117 real reports are also lost. As discussed previously, the loss of these 
reports is not necessarily harmful. However, the idea of eliminating real 
reports is still politically dsiturbing, if nothing else. The number of real 
reports that are lost can be further reduced if use is made of elevation 
angle as shown in the next section. 

6.2.3.2.3 Use of Elevation Angle Dependence 

In section 6.2.3.1 the dependence of ring around on elevation is 
shown, Specifically, all ring around in the observed data occurs above 28° 
elevation. Thus, a ring around discriminant need only be implemented for 
targets known to be above this elevation angle. This will be just as effec
tive against ring around false reports as a discriminant that does not use 
elevation angle, but it will reduce the number of real reports that are also 
subjected to the same discrimination criteria and cause a subsequent reduc
tion in the number of real reports eliminated. In order to assess this quan
titatively, a histogram of run length for real and false reports above 28° 
elevation only was made. This is shown in Fig. 6-11. The number of real and 
false reports are indicated on the plot. This data is a subset of the data 
presented in the composite run length histogram of Fig. 6-8. In Figure 6-8 
the total real reports were 117. This is dramatically reduced to 29 when 
the data is restricted to above 28° elevation. On the other hand, of the 
99 false reports of Fig. 6-8, 98 are above 28° elevation. The remaining false 
report was generated by a range split, not ring around (see section 6.2.3.1.2). 
The significance of this is that while all the ring around generated false 
reports are still subjected to the discriminant, the number of real reports 
that are subject to the discriminant is substantially reduced, thereby 
reducing the opportunities to eliminate real reports. In the next section, 
an example is presented that shows how the number of real reports lost is 
reduced while the number of false reports eliminated is almost the same. 

6.2.3.2.4 Example of Use of Elevation Angle Data 

Figures6-l2 and 6-13 are plots of percent reports eliminated versus 
lower and upper run length cutoff values. These are identical to plots 
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FIGURE 6-12
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of Figures 6-9 and 6-10 describes in section 6.2.3.2.2. except now only re
ports above 28° elevation are included. These plots were used to evaluate 
Case 3 shown in Table 6-6. 

Table 6-6 Case 3 - Effectiveness of Run Length Discrimination 
Implemented above 28° Elevation Angle 

Lower Cutoff 36 
Upper Cutoff 104 

Real Reports False Reports 

Total Present 29 98 
Percent eliminated 10 71 
Total eliminated 3 70 

The run length cutoff values are the same as in Case 2. but now 
the discriminant is implemented only above 28° elevation angle. In Case 2. 
10% of 117 real reports. or 12 total real reports were eliminated. In Case 3. 
10% of real reports are still eliminated. but because of the elevationmgle 
restruction. only 29 real reports are present. thus only 3 real reports are 
eliminated. The bottom line is that only 3 instead of 12 real reports are 
eliminated. On the other hand. in Case 2. 72 false reports are eliminated and 
in Case 3. 71 false reports are eliminated. Thus. a significant reduction in 
the number of real reports eliminated has been achieved while the effective
ness against false reports remains almost unchanged. 

6.2.4 Additional Results From Elwood Targets of Opportunity 

In this section. an analysis of targets of opportunity in the Elwood 
data. other than the test target. is presented. This was done to insure that 
the observations of section 6.2.3 are not unique to the test target. but rather 
apply to any beacon targets detected by the Elwood sensor. 

6.2.4.1 Procedure for Extracting Data for Targets of Opportunity 

The three CD-Record tapes from the Elwood data collection listed 
in Table 6-3 were analyzed for target report ambiguities using the TRAAP 
program with the detection criteria given below in Table 6-7. 

Table 6-7 
Ambiguity Detection Criteria 

A. Range Separation (~R): 0 nmi < ~R < 0.250 nmi 
B. Azimuth Separation (~e): 3 < ~e < 180° 
C. Duplicate. discrete beacon code required 

A list of the target reports associated with each ambiguity detected was out
putted by the computer. A typical segment of this listing appears in Table 6-8. 
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Table 6-8
 
Typical Listing of Ambiguities
 
(Aug 25~ CD-Record~ Tape 2. A)
 

TIME	 RANGE AZIMUTH ALTITUDE CODE 
(NMI) (DEG) (FT) 3A 

12:58:34.8	 6.125 113.027 28200 7067
 

12:58:35.1	 6.125 123.398 28200 7067
 

12:58:35.1	 6.125 129.023 28200 7067
 

12:58:38.8	 5.875 267.100 28300 7067
 

12:58:43.1	 5.750 67.588 28400 7067
 

12:58:43.5	 5.750 82.002 28400 7067
 

12:58:44.0	 5.750 97.207 28400 7067
 

12:58:44.5	 5.750 114.434 28400 7067
 

12:58:44.6	 5.750 124.980 0 7067
 

12:58:57.0	 5.500 227.813 28600 7067
 

12:59:0.6	 5.500 3.428 28600 7067
 

12:59:5.5	 5.625 184.395 -1000 7067 Code 7067
 
Ring Around
 

12:59:6.0	 5.625 203.906 28700 7067 

12:59:10.7 5.750 23.555	 28700 7067
 

12:59:11.3 5.750 37.090	 28700 7067
 

12:59:14.4 5.875 182.637 0	 7067
 

12:59:19.2 6.125 341.104	 28800 7067
 

12:59:19.6 6.125 353.936	 28800 7067
 

12:59:19.7 6.125 359.648	 28800 7067
 

12:59:20.4 6.125 25.488	 28800 7067
 

12:59:20.5 6.125 29.355	 28800 7067
 

12:59:20.9 6.125 38.408	 28800 7067
 

12: 59: 21.4 6.250 63.018 300	 7067
 

13:00:25.7	 7.625 311. 309 10800 4306
 
Code 4306


13:00:26.2 7.625 331.348	 10800 4306
 

13:02:28.0 5.250 224.385	 20000 2315
 

13:02:29.8 5.125 287.842	 20000 2315
 

13: 02: 33.5 4.750 69.697	 20000 2315
 

13:02:37.5	 4.500 215.947 20000 2315 Code 2315
 

13:02:37.7	 4.500 227.285 20000 2315
 
Ring Around
 

20000
13:02:38.5 4.375 251. 719	 2315 

13:02:38.7	 4.375 263.496 20000 2315
 

20000
13:02:38.9 4.375 271.670	 2315 

13:02:39.2
 4.375 284.326 21500	 2315 
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The listings were inspected to determine the beacon codes of those targets 
experiencing ring around. For example, in Table 6-8, it can be observed that 
codes 7067, and the test target (code 2315) are experiencing ring around. On 
the other hand, although code 4036 was associated with a sidelobe type split 
because of the range and azimuth separation of the two reports, it was not 
involved in ring around. 

On the basis of the inspection performed, targets involved in ring 
around were selected for analysis. After the targets were selected, and the 
beacon codes noted, data was extracted from the associated beacon reply tapes 
for the targets using the procedure given in section 6.2.2.1. 

6.2.4.2 Summary of Targets of Opportunity 

Using the above procedure data was extracted for the codes listed 
in Table 6-9. 

Table 6-9 
Selected Targets of Opportunity 

Beacon Code 

Aug 25 AI-Mode 2 Tape 2, A 
Aug 25 AI-Mode 2 Tape 3 
Aug 25 AI-Mode 2 Tape 3 

7067 
1673 
1711 

The data is listed in detail in Appendix C. 

6.2.4.3 Confirmation of Elevation Angle Dependence 

The minimum elevation angle at which ring around first occurred for 
each target listed in Table 6-9 is given in Table 6-10. 

Table 6-10 
Minimum Elevation Angle for Ring Around 

Code Minimum Angle 

7067 33° 
1673 32° 
1711 34° 

Data points below these elevation angles were examined, but no false 
reports were found. Therefore, these results are consistent with the test 
target results because no ring around occurred below the 28° elevation angle. 
In the next section, the number of real and false reports above 28° is tabu
lated and run length characteristics for these reports are discussed. 
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6.2.4.4 Run Length Characteristics (Targets of Opportunity) 

Figure 6-14 is a histogram of run lengths for true and false 
reports above 28° for the targets listed in Table 6-9. Comparing this with 
the appropriate histogram data for the test target, Figure 6-11, it can be 
seen that the distributions are quite similar. In both figures, the most fre
quently observed run length for false reports was 20 ACP's. The most frequent 
run length for the test target real report was 76 ACP's. For the targets of 
opportunity, maximum run length for real reports occur at 52, 56, 72 and 76 
ACP's. Visually it can be se~n that the distributions for real report run 
lengths are similar. The difference is easily within normal variations from 
sample to sample, particularly when it is noted that only 88 points were used 
in Figure 6-14, while 127 points were used in Figure 6-11. 

It is concluded that the run length characteristics for these re
ports are consistent with those obtained for the test target above 28°, and 
hence, based on Elwood data, a run length discriminant will be universally 
applicable to all target reports above 28° at Elwood. In the next section a 
particular case is examined. 

6.2.4.5 Example of Run Length Discriminants Using Targets of 0iportunity 

Using the data presented in Figure 6-14 for targets of opportunity, 
the number of target reports eliminated for specific run length cutoff values 
was determined. The results are listed in Table 6-11. 

Table 6-11
 
Run Length Discrimination above 28°
 

for Targets of Opportunity
 

Lower Cutoff 
Upper Cutoff 

36 
104 

Real Reports False Reports 

Total Present 
Percent eliminated 

Number eliminated 

28 
21 

6 

60 
55 
33 

Here over half the false reports are eliminated (33 out of 60) 
and only 6 real reports out of 28. This example confirms that run length 
discrimination can be effective in reducing the number of false reports 
generated as a result of ring around. The difference between these results, 
and similar results obtained in Table 6-6 for the test target only, is 
attributed to the sample sizes used in the analyses. 

6.2.5 Results of a Simulation of Run Length Discrimination 

The run length discrimination scheme discussed in sections 6.2.3.2.4 
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and 6.2.5.4 was implemented in the CD simulator with one modification. Since 
targets below 12000 feet are not required to respond to Mode C interrogations. 
altitude data is not always available and hence elevation angle cannot be 
determined. However, a target above 28° elevation angle that is at or below 
12000 feet above ground level must be at a slant range less than 4 nmi. 

In the simulated version. the run length discriminant is applied 
to targets above 28° only if altitude is available. When altitude is not 
available, run length discrimination is applied to reports at slant ranges 
less than 4 nmi. 

Figure 6-15 and 6-16 are overlapping displays of report data with 
and without the discriminant implemented. In figure 6-15. the test target is 
displayed as an X. In figure 6-16, a target of opportunity examined in sec
tion 6.2.4 with code 1673 is displayed as an X. In each case. the data without 
the discriminant is displayed in red, and with the discriminant in green. 
Therefore. the targets identified as false by the discriminant appear in red. 
and all other appear as yellow because of the overlapping of red and green. 

The results illustrate that the false reports are reduced but not 
eliminated. Tighter run length cutoff values would further reduce the false 
reports, but at the expense of good reports. One solution to this would be 
to use the discriminant on site to identify potentially false reports by 
setting a one bit flag in the report messages, but then pass all the report 
data to the control center. After processing in the ARTCC, false reports 
could be eliminated. This accomplishes three things: 

1)	 Processing in the ARTCC is kept minimum, since the discriminant 
is implemented on site. 

2)	 False reports associated with targets that the controller is 
concerned with, and hence tracking. are reduced. 

3)	 Elimination of good reports that are being tracked is avoided. 

6.2.6 Additional Results from Angel Peak Data 

The data collected at Angel Peak was investigated for evidence of 
possible site dependency of run length or elevation angle data. The Angel 
Peak site is situated on a mountain peak in the midst of rugged terrain and 
has an elevation of 8860 feet, while the Elwood site is situated in a very 
flat region. Thus a difference would be expected in the resultant antenna 
pattern just due to the surrounding terrain. Furthermore. the electrical 
tilts of the antenna patterns are probably adjusted differently at each site 
(though this was not confirmed) because the Angel Peak sensor is required 
to see aircraft at negative elevation angles (i.e. below 8860 feet) while the 
Elwood sensor is not. Thus, one might expect to find ring around or sidelobe 
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Auxiliary Interpreter Tape Data 

Tape Name: Aug 25-CDS-AI-Mode 2 Tape 3 
wlo discriminant * 

Time Frame: 11:31:48 - 11:44:00 

Record No: 0-1208 

Range Ring Interval (nmi): 5 

Beacon Color: Red 

Auxiliary Interpreter Tape Data 

Tape Name: Aug 25-CDS-AI-Mode 2 Tape 3 
with discriminant * 

Time Frame: 11:31:48 - 11:44:00 

Record No: 0-1208 

Range Ring Interval (nmi): 5 

Beacon Color: Green 

Beacon Symbol: X or Dot 

Flagged Codes 

Code Symbol Color Figure 6-15 Simulation of Run 
2315 X Red or Green Length Discrimination. 

*	 Run Length Discrimination 
Reject Reports with Run Length RL such that RL<36 ACP's or RL>104 ACP's 
if one of the following two conditions is also satisfied: 

CONDITION Report Mode C Elevation 
Range Present A'ng1e 

,
I< 4 nmi No Any1 - i ! 

I Any ! Yes I -> 28°2 
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Auxiliary Interpreter Tape Data 

Tape Name: Aug 25-CDS-AI-Mode 2 Tape 3 
wlo discriminant * 

Time Frame: 11:31:48 - 11:44:00 

Record No: 0-408 

Range Ring Interval (nmi): 5 

Beacon Color: Red 

Auxiliary Interpreter Tape Data 

Tape Name: Aug 25-CDS-AI-Mode 2 Tape 3 
with discriminant * 

Time Frame: 11:31:48 - 11:44:00 

Record No: 0-408 

Range Ring Interval (nmi): 5 

Beacon Color: Green 

Beacon Symbol: X or Dot 

Flagged Codes 

Code Symbol Color 
1673 X Red or Green 

* Run Length Discrimination 
Reject Reports with Run Length R
one of the following two conditi

L such that 
ons is also 

RL<36 ACP's 
satisfied: 

or RL>l04 ACP's if 

CONDITION Report 
Range 

Mode C 
Present 

El
A

evation 
ngel 

1 < 4 nmi No Any 

Figure 6-16 Simulation of Run 
Length Discrimination 

2 Any Yes 
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problems at a lower physical elevation angle at Angel Peak than at Elwood. 
For these reasons, it was considered worthwhile to investigate the Angel 
Peak Data. 

6.2.6.1 Extraction of Angel Peak Data 

Since run length reporting was not enabled during recording of 
the Mode 2 tapes from Angel Peak video (see table 4-8), the CD simulator 
(no discriminant) was utilized to process the reply data and generate new 
report messages with run length information. The tape selected for this 
analysis was CDS-QAS #4 D which was made by playing QAS #4 D (see table 4-8) 
through the simulator. Next, report data for all targets within about 35 
nautical miles of the sensor was extracted over an interval of approximately 
12 scans and a listing made. An example of the type of data extracted appears 
in table 6-2. This listing was inspected for evidence of site dependency 
via comparison of observed characteristics with Elwood results. 

6.2.6.2 Discussion of Site Dependen~y 

The data was easily divided into two groups. All the target reports 
with exception of one had elevation angles with respect to the interrogator 
ranging from -2.54° to 3.79°. One target, code 3236, had angles ranging from 
12° to 19°. The run lengths for the low elevation angle reports were consis
tent with previous data presented for good reports. However, the run lengths 
for code 3236 were, with few exceptions, consistently longer. Table 6-12 is 
a summary of average data. 

Table 6-12 Summary of Angel Peak Run Length Characteristics 

Elevation	 Average StandardTargets	 Number of PointsAngle	 Run Length Deviation 

Code 3236 12	 79 18 

, 
jTargets of Oppor- I 
turnity	 Excluding! -2.49 to 4° 157 42 12 ! 

iI	 I:ode 3236 . ~ 

1I	 • 

NOTES:	 Tape: CDS-QAS #4 D made by playing QAS #4 D through the CD Simulator. 
Reocrd No: 323 to 469 
Points: All Reports at Ranges less than 35 nmi. 

As the table shows, the average run length for targets at low elevation angles 
was 42 which is consistent with Elwood data. However, the average run length 
for the target at the high elevation angle was 79. This observation, that 
the higher elevation angle target has a longer average run length, is consis
tent with the Elwood results. This may be seen by looking at the Elwood run 
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length histogram data of figures 6-8 and 6-11. In figure 6-8 all the test 
target data at Elwood below 10 nautical miles is included regardless of ele
vation angle. The run length histogram for good reports only peaks at 44 
ACP's. In figure 6-11 reports above 28° elevation angle only are included. 
In this histogram, run length for good reports peaks at 76 ACP's, a shift 
toward higher run length values. The Angel Peak data is consistent in as much 
as longer run lengths occur mostly at the high elevation angle. The target 
at the high elevation angle was also the only one that experienced ring around, 
though the characteristics of the ring around were difference. In the Elwood 
data, most of the ring around observed involved false reports displaced up 
to almost 180° from the true report. In the Angel Peak data, the target, 
code 3236, was observed to frequently produce side10be splits in which three 
or more false reports were produced with azimuthal separations less than 90° 
from the true reports. Only when the target was at almost 45° elevation were 
false reports observed to be separated from the true report by azimuths approach
ing 180°. 

6.2.6.3 Conclusions from Comparison of Angel Peak Data with Elwood Data 

This section supports the contention that the occurrence of false
 
reports generated due to side10be returns is elevation angle dependent and
 
that these false reports occur more frequently at higher elevation angles.
 
From the Elwood data, a specific elevation angle, 28°, is shown to be a cutoff
 

.below which ring around does not occur. Evidence in this section indicates 
that the nature of this elevation angle is site dependent. 
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APPENDIX A
 

Appendix A (section 4) 

Conversion of Adaptor Codes 

This documents the method of converting the adaptor 
codes on CD-Record tapes from EBCDIC format to octal for use in 
the Target Report Ambiguity Analysis Program (TRAAP). 

The adaptor codes on CD-Record tapes are used to identify report 
data from different sites. Typically, the data from a single site 
may have one or two or three codes. As an example, Elwood has codes 
72, 73 and 74. These numbers are represented on CD-Record tapes in 
EBCDIC format. Table A-l lists the binary equivalent for EBCDIC 
characters. The task at hand is to convert the adaptor code numbers 
72, 73 and 74 to octal numbers for use in the TRAAP. 

The code 72 consists of two characters, 7 and 2. The binary 
equivalent for 2 is taken from Table 1: 

111100102 

Next the binary equivalent for 7 is obtained: 

The two binary representations are written together as illustrated below, 
divided into groups of three bits from the right and written as an octal 
number. 

.,/7 2~
 
EBCDIC 7 EBCDIC 2
 

ffi ~ 
~1737628~ 

In this case the result is 

17376272EBCDIC 8 

Similarly 73EBCDIC = 1737638 and 

1737648 ,74EBCDIC 
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TABLE A-I 

CHARACTER TO BINARY EQUIVALENT EBCDIC 

Character Binary Code Character Code 

0 11110000 T 11100011 
1 11110001 U 11100100 
2 11110010 V 11100101 
3 11110011 W 11100110 
4 11110100 X 11100111 
5 11110101 Y 11101000 
6 11110110 Z 11101001 
7 11110111 
A 11000001 
B 11000010 
C 11000011 
D 11000100 
E 11000101 
F 11000110 
G 11000111 
H 11001000 
I 11001001 
J 11010001 
K 11010010 
L 11010011 
M 11010100 
N 11010101 
0 11010110 
p 11010111 
Q 11011000 
R 11011001 
S 11100010 
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APPENDIX B 

by 

L. A. Biddison 

Operation and Data Base Formats of the Common
 
Digitizer Simulator
 

1.0 Introduction 

This memorandum describes the functions of the Common Digitizer 
Simulator Program and its operating instructions. This includes the 
correct 32-bit word formats for the data recorded by the Auxiliary 
Interpreter onto 9-track magnetic tape. Also described is the 30-bit 
format used in repacking the data onto 7-track mag tapes for the NELIAC 
computer. 

2.0 Functional Description 

This section describes the simulation of the CD processing of 
beacon replies to produce target reports. Part 1 describes the input 
processing of the beacon reply data recorded on 7-track Auxiliary Interpreter 
Mode 2 tapes. Part 2 discusses the CD Simulator internal processing to 
produce target report data, and Part 3 describes the output processing of 
data onto another 7-track mag tape, in the same format as that of the input 
tape. 

2.1 Input Processing 

There are two types of records on the Mode 2 input tapes: beacon 
reply records and target report records, which occur in consecutive pairs. 
Each record contains one type of data and is of fixed length. The CD Simulator 
will process only the reply records from the input tape (ignoring the original 
target report records). It will build its own reports from the data extracted 
from the original replies. Input parameters (input tape unit, output tape 
unit, target leading edge threshold, target trailing edge threshold, validation 
threshold, range offset and azimuth correction factor) are entered via a 
punched input card immediately after the program begins execution. See 
Figure 1 for the input card format. The parameters that are involved in 
the implementation of a discriminant (to eliminate false target reports 
generated from ring around) are to be input from the computer console (see 
Operating Instructions). If the discriminant is not desired, that information 
is also conveyed via the console. This must be done prior to the execution 
of the CDS program using console "inspect and change". 

The first two words in each magnetic tape record are used as a 
record header. The first word designates the recording mode (which will 
always be Mode 2) and the type of data in the record (in this case, beacon 
reply or target report). The second word contains the time when the last 
Azimuth Reference Pulse occurred. 
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Two types of messages comprise the beacon replies: one-word 
initial sweep messages and two-word beacon reply cells. (See Annex A, 
page B-12). Following each initial sweep are all the reply messages 
received during that sweep (see Figure 2). The sweep message contains 
the initial sweep azimuth (in azimuth change pulses) and the type of 
interrogation (in this case, either Mode 3/A or Mode C). On Mode 2 
tapes there is no correlation between scans and records. Several scans 
of information could be contained in one record or one scan could span 
several records. 

Since the format of the output data must be the same as that 
of the input data, the input reply record is immediately dumped onto 
the output tape. This is done after reading in each reply record and 
prior to the repacking of its data. Unpacking is necessary because of 
the rather unusual format of the input data. The Auxiliary Interpreter is 
interfaced to a 9-track magnetic tape drive that writes records consisting 
of 32-bit words. The NELIAC computer uses 30-bit words and is interfaced 
to 7-track tape units. Therefore, the 32-bit words were split into bytes 
and stored into 30-bit words in the format shown in Annex A (PP.B-14 and 
B-15). This data will be repacked by the simulator into the 30-bit reply 
format shown in Annex A (page B-19). 

The first word of the header will be stored in MT INPUT(O). The 
32-bit time word will now be found in REPLY HEADER TIME(O) and REPLY HEADER 
TIME (1) (see Annex A, page B-18). The remainder of the reply data is stored 
from MT INPUT (REPLY START 1) through MIT INPUT (END BEACON BUFFER). While 
initial sweep messages consist of only one word in the 32-bit format, in 
the MT INPUT buffer they will consist of two 30-bit words, with the second 
word containing all zeroes. The initial sweep message is unique in that 
bit 14 of the first cell word and the entire second cell word contain zero. 
All other 2-word cells are considered to be reply messages. The last message 
in MT INPUT will occupy the last two words (i.e., they won't be split up at 
the end of a record). The Master Flowchart is in Figure 4. 

2.2 Program Internal Processing 

The processing of replies is done by associating the replies with 
range cells. The maximum range is 256 nmi, and this area is divided into 
1024 range bands, each 1/4 nmi in width. An II-bit sliding window is 
associated with each range cell. It initially contains all zeroes. For 
each sweep for which Mode 3/A was interrogated, all 1024 sliding windows 
are shifted left one bit position. If a Mode 3/A reply was received for a 
particular range cell in that sweep, bit 0 of its associated sliding window 
will be set. If no hit fell into that range band, bit 0 will not be set. 
If the range falls on a cell boundary, it shall be considered to be in the 
upper range cell. In all cases, the "reply corrected range" is used; that is, 
the range received from the reply message plus the "range offset" obtained 
from the punched input card. Every time the windows are processed, the 
number of hits in each (i.e., the number of bits set in 0 through 11) will be 
compared to three thresholds. If the number of hits is greater than or equal 
to T (Target Leading Edge Threshold) or TV (Begin Validate Threshold) that1
partlcular target report is said to be "in process". If the number of 
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hits reaches TV' validation for Mode 3/A and Mode C codes begins on the 
next sweep. Once validation begins, the code data from the next ungarbled 
reply is examined. If validation of that mode is not complete for a particular 
range band, the new code is compared with that saved from the previous sweep 
associated with that mode. If they agree, the validation of that code 
(3/A or C) is complete for that range cell. If the information does not 
agree, the new code replaces the one currently stored for that mode. If 
validation does not begin, the stored code data is zero. And, if it is 
completed for a particular mode, the respective validation bit is set. 

When the number of hits in the sliding window reaches T the target
L

, 
has reached its lead edge and the corresponding sweep azim~th is saved in a 
word associated with that range cell. If the number of hits in a sliding 
window drops to TT (Target Trailing Edge Threshold), the target report is 
complete (providing TL was previously reached for this range band report). 
If TL was never reached, yet TV was, the report is discarded. 

Once the report is complete, its center azimuth and run length are 
calculated. These are saved along with the validation and"ident lt bits, 
the range, Mode 3/A code, and Mode C altitude. These parameters are all 
recorded at the completion of the reply record processing. 

2.3 Output Processing 

When the inputted reply record has been processed, the target report 
data must be repacked and dumped onto the output mag tape in the same format 
as the Mode 2 tapes. The completed reports will be written in the chronological 
order of their completion. The reports still in process will be left alone, 
but the completed reports will be purged. The first message in the record is 
the two-word header message to indicate data type (target report) and recording 
Mode 2. The 30-bit report words must be converted into the 32-bit format 
shown in Annex A (page B-13 and packed in the form shown on pages B-16 and B-17. 
Each completed report will consist of four 32-bit words. The report record 
is of fixed length (see Figure 3). Therefore two words of zeroes will be 
stored at the end of the new report data to indicate its termination. Annex B 
contains the CD Simulator flowchart and Annex C contains its NELIAC listing. 

3.0 Operating Instructions 

To operate the CD Simulator Program, one must first boot in the 
object from block 1 of its mag tape. Then an input card, of the format in 
Figure 1, must be put into the card reader with two blank cards behind it. 
Before program execution, location 260008 must be set to zero (using console 
"inspect and change") if no discriminant implementation is desired. Set 
location 26000 to 1 if the discriminant is to apply only to reports for which8Mode C altitude has been validated. Set it to 2 if the discriminant is to 
apply to all completed reports. If the discriminant is to be applied, set 
the following locations thusly: 
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= altimeter setting in feet, scaled 12; 
sensor elevation in feet, scaled 0; 
lower discriminant run length, LSB =4 ACP's; 
upper discriminant run length, LSB = 4 ACP's; 
range to compare with target slant range (if Mode C 
altitude is not validated) to determine if the discriminant 
is to be applied to completed reports, in nmi, scaled 0. 

When this has all been set up, the program can begin execution at 
location 10000 • Flip on console KEY 1 to inhibit the mag tape record number

8
printout on the line printer. If KEY 2 is set, the program will halt after 
writing an "end-of-fi1e" mark onto the output tape. The setting of KEY 3 
causes the inhibition of mag tape read-error printouts on the line printer. 
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A7. t MuTI'i lB~H"'"5 Sc.aled 1'1..) SWEEP0 i ~ e> t 
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1 
___~_R_D_:~ _ 

, Coil: R£:AD MO:>E 1\-'10 RE(DED ~
 

1n 

\.J i\ Ire ad HI d 1"\ 0 li c 2. '( C Co 'I'd
 
trm. Input ttipe. W,II 7"'np\~ \
 
dun-i? 0)1'1 (epl~ rece'tds e\\.- \ 
C.ou ,'"'d e("(. d onto outpu-t t"~f c \ 

3~- bit toYn'at. \A.'I~\ \/U~eo.c· 
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l·H:ssAGE ') 

t	 "INDr"'X"Y"li fd 1"Lt.. Input y t:.r I	 buffe~ 
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I..-----r-----.-._. 
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-:: (A 1: tw\ THAT T L i + At. r~\ THAT T"T,: ) / L 
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TO COMPLETE REPORT C.ELL , STOR£ MODES 

3/A AND C VA L1DATIOrJ BITS i. STORE 
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AND MODE ~ AL.TITUt>l:,:. RePORT C.ELL,..S 

AR.E s,-o R£ D SEQUE ...,TI ALLy AS TH c '/ l.N 
'HE ORDER l.N WH 1 CH THE'I ARE COMPLETED. 

P\J~(fE CELL 

TO RE-INrn
IlLltE ALL 
PARAM E."'EA.~ 
"FOI'THAT 

RPlt-JGE 
"f,f\Nf 

PURGE CEL..l-

P-E-INITIf\L12E RANGE BI\"'D~ PA~AMErER.S~ 

LE'tD VALIl>ATION FLACrSi AND VAR.IOUS OTHER. 

FLAb-~i • C.LEI\~ OUT MODE~ 3/A ArJD C C.OPE~ t.11 
RND Pit tM UTH AT T L i . 

,,'------ 
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'BUMP
 

INCRE MENI CELL ItJDEX ON
 
INPUTTED ~EPLY RECORD~
 

INDEX + Z. -? INDEX 

>-----b-I EVA L rtJ PUr CELl" 

RE Pf\CK. ~lL C.DV\P LETEP r<..E PORT tELL. S 
iNTO 32.-BIT WoRD FOf.:...MAT (FROM TH£ 

30- BIT FD!<.MAT, THEN \ cEf...O OR1&lNf\L 

COMPLETED REPOR-r CE"LL "BUFFER.. AND 
ALl "~EPOll.'" C.OMPL£TE 

II 
FLA&~, 

WRt TE" "Eo PORT 
I\EtoRV ON"" 
OUTPUT ,.., f\ C1' 

,11 PE. 
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READ NEx'" REC.Ofo-l) FROM 

IN PUT TAPE: U ".1\, 

PRINT ERRor, 
MES,SAC:rE ON 

L' tJ £ PR,,,-rT E t"\. 

"INC R £" ME NT RECDR.t> couNT": 
MT R E co R.D t- i --.-.. M-r R Et.ORD 

o
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DUMP R~W UNPAc~ED p~TA 

REcoR.D t>tRE.CTL'i ONTO 

OUTPUT TAPE. 

'DVM P RPtw, Uf'.lPf\CKE D 

'in l "3 ?...-13\T t=o R ''''l fiT) oc..TAl

RE-CO'::' D DATf.\ OtJ-rc., 

Ll NE. PRINTt.I\'. 

U lJ Pf\C.l~ D~TA INTO 30 - B 11 Fe RoM f'lT 

AND ~ToR£ It-JTD BlJFFE~ \lM'- ItJPur " 

J)\SPLA'I' MT 
~_tJ_o~ REcoRD courJT 

o~ Ll NE 
PR.I"-'TE R. 

1)VP-'\ P RE. P?,tJ(f~ 

>-'i_E_S_~ (3 ()- BIT) Dc..1~\L 

DATJ\ REc.oR D 
eN LINE. P({INTEj;;'... 

NO 

RETUR.N
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Annex C 

CD Simulator Listing 
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3(COMI1ENT: FLOWCHART 01, [002341, 18 JAN 1977)
 

.
•
(: C 0 SIMULATOR OPERATING INSTRUCTIONS) 

(: KEY 1 - TO INHIBIT liT RECORD NUMBER PRINTOUT) 

(: KEY 2 - WRITE EOF ON OUTPUT TAPE AND HALT) 

(: KEY 3 - INHIBIT HT ERROR PRINTOUTS) 

(: PC IS 1COOO.: HAVE INPOT CARD IN READER) 

~ 
I 

~ (: LOCATION 26000 ft IS DISCRliFLG - = 0 IF NO DISCRIMINANTS; ) 

(: = 1 IF ONLY FOR REPORTS WITH HODE C VALIDATED; ) 

(: = 2 IF WA~T DISCRIMINANT FOP. ~LL COMPLETED REPORT~) 

(: FOLLOWING LOCATIONS SET IFF YOU WISH TO IMPLEMENT DISCRIMINANT) 

(: LOC. 26001~IS ALTIMTR SET - ALTIMETER SETTING IN S12 FEET) 

(: LOC. 26UG2 A IS SENSOR ELEV - IN SO FEET) 

(: LOC. 26u03~IS RUNLL - LOWER RUN LENGTH FOR DISCR. COMPARE, 4ACP) 

(: LOC. 26004 ft IS RUNLU - UPPER RUN LENGTH FOR DISCR. COMPARE, 4ACP) 



(: LOC. 26005~IS DISCRNGE - RANGE TO CCMPABE WITH SLANT RANGE) 

(: IF USING 
COMMENT!S: 

DISCRIMINANTS 
•• 

AND MODE C NOT VALIDATED, IN SO NMI) 
30000 

t;d 
I 

W 
OJ 



3 (COMI1ENT: FLOWCHART 02, [00100], 18 JAN 1977 > 

WINDOWS: 
{ BIT 10(10 - 10>, BIT 9(9 - 9>, DIT 8(8 - 8>, BIT 
BIT 6(6 - 6), BIT 5(5 - 5>, BIT 4(4 ~ 4>, BIT 3(3 -
DIT 2(2 - 2>, BIT 1(1 - 1>, BIT OeD - C> }(1C24>, 
COMPLETED 1 RPRT BUF(1024>, 
COr,PLETED 2 RPRT EUF(1024>, 
COMPLETED 3 RPRT BUF(1024>, 
COMPLETED 4 RPRT BUF(1024>, SWEEP AZIMU1H, 
~ODE 3A CODE(1024>, 
HODE C ALT(1024>, ; DIMN1: •• 

7(7 -
3>, 

7>, 
30000 

t:;d 
I 

W 
1.0 



3(COMl'IENT: FLOWCHART 03, {00112l, 18 JAN 1977 > 

PARAMS: ( AZMTH AT TL(O - 11)
 
}(1C24),
 

OUTPUT BUF:
 
( OT1A(12 - 27), OT1B(O ~ 9) },
 

OUTPUT 1 BUP:
 
( OT1C(24 - 29>, OT2AC6 - 21), OT2ACO - 3) },
 

OUTPUT 2 BUF:
 
( OT2C(18 - 29), OT3A(O - 15) }(1240>,
 
TEMP OUT BUF(3000),
 

FLAGS: 
( IN PROCESS FLGCO - 0), VAlID 3A COMPLETEC1 - 1>, 

bJ 
VALID C COMPLETEC2 - 2), IN VALIDATIONC3 - 3>, 

I Tt REACHED PLGC4 - 4), IDENT BIT(S ~ 5>, 
o 
~ 

RPT COMPLETE FLG(6 - 6), C CODE FLGC7 ~ 7> }C1C24>, ; 
DIMN2: •• 

5ceoe 

5200e 

52001 

520,)2 

62222 

64222 



7 (CO!'lMENT: FLOWCHART 04, (00014], 18 JAN 1977) 

LIBRARY = { READ INPUT CARD, ARC TAN, SCUARE ROOT, }; 

b:l 
I 

.l:
I-' 



6(CO:-\MENT: FLOWCHABT 05, (00023], 18 JAN 1977) 

OCT DUMP: 
() G4471", 

04471 

HAG TAPE ALTERNATE: 
(. 7720(", 

7720C 

MAG TAPE: 
I") 77212", 

77212 

PRINT: 
a 02273", . . 02273 

ttl 
I 
~ 
N 



3 (cmU1ENT: FLOWCHART 06, (025271 ~ 18 JAN 1977) 

WRITE = 8, TAPE DRIVE, OUT TAPE DRIVE, INDEXI, SWEEPIMODE,
 
TLI, TTl. TVI, RANGEIOFfSET, AZMTHICORR FCTR, A31 = 2, CI = 1,
 
orSCRMfLG = ( 26000 R },
 

ALTIMTRISET = ( 26001 R },
 

SENSORIELEV = ( 26002 R },
 

RUNLLI = { 26003 R }, 

RUNLUI = ( 26004 R },
 

DISCRNGEI = { 26C05 R },
 

DELTAIH, RSI. RGI, ALTCORBI,
 

IDISCRIFMT: 
* DISCRMFLG = * 11, 121 * ALTIMETER SET = * 56. 2, 
* FT * 121 * SENSOR ELEV = * 12, * FT * / * RUNLL = * 13,
* ACPS * 121 * RUNLU = * 13, * ACP5 * 121 * DISCRNGE = * 11, * NtH JC< I / l,

It TE11P(6), 

(INITIALIZATIONIFORMAT:
 
11, IlII1, '1112, 11112, 11112,11115, 11115, l,
 
MODE C CODE, BADISWEEP FLAG,
 

(MODE ERB fORMAT: 

* SWEEP MODE NEITHER 3A NOB C: 
SKIP TO NEXT SWEEP. I 1, x, 

D1: 12562
 
SIGN"
 
HUNDREDS(8) = 0, 2, 0, 1, - 2, 0, - 1, 0,
 

GRAYICODE: 12573
 
( 012(7 - 7), D14(6 - 6). A11(5 - 5), A12(4 - 4), A14(3 - 3),
 
RI1<2 - 2), B12(1 - 1>, BI4<O - 0), CI1(2 - 2), C12(1 - 1),
 
C14(0 - 0) },
 
ALTITUDE, ;
 

TAPE IO(TYPE, BN, UNIT, HODE, BEGIN, END, G):
 
{ TYPE - I, BN - J. UNIT - K, MODE - L, BEGIN ~ H, END - H, 12730 RG,
 



- -

MAG TAPE, 
( : ) 

}, 

( : - -  -  ... .... -41 ... 4 • ~ ... ... ... ... ...) 

(: CD SIMULATOR INITIALIZATION) 

~ 

~ 
~ 

~TARTI: 
READ INPUT CARD(INITIALIZATION FORMAT; TAPE DRIVE, OUT 

TAPE DRIVE, TL, TT, TV, RANGE OFFSET, AZMTH COPR FCTR, } 
nrSCRMFLG = 0: ; RUN1L * 4 - TEMP, RUNLU * 4 - TEMP[l], 

PRINT(DISCR FMT, DISCRMFLG, ALTIMTR SET, 12, SENSOR 
ELEV, TEMP, TEMPllJ, D1SCRNGE); 

OUT TAPE DRIVE = 3: 4 - OUT TAPE DRIVE; 
OUT TAPE DRIVE = 4: 8 - OUT TnPE DRIVE; ; 

TAPE DRIVE = 3: 4 - TAPE DRIVE; 
TAPE DRIVE = 4: 8 - TAPE CHIVE; ; : 

TAPE 10(1, 0, TAPE DRIVE, 2, 0, 0, O}, 
TAPE IO(l, 0, OUT TAFE DRIVE, 2, 0, a, n), 
o  SWEEP MODE - SWEEP AZIMUTH - MT RECORD - BAD SWEEP FLAG, 
I = 0(1)1023£ 0 - WINDOWS[I] - FLAGS(I) -
COMPLETED 1 RPRT BUF(I] - COMPLETED 2 aPRT BUFlI] 
COMPLETED 3 BPRT BUF(Il - COMPLETED 4 RPRT BUFlI] 
MODE 3A COOE(I] - MODE C ALT[I] - AZMTH AT TL[I], }, 
I : 0(1)1241£ 0 - OUTPUT BUF[!], }, 
I = 0(1)2999£ 0 - TEMP OUT BUF(I], }, 
n - CARRY OVER, 17~ - FRESH START, 

12616 

NEXTIRECORD: 
C - FEAD REPORTS, 1 - READ REPLIES, 
READ MODE TWO RECORD, 
PROBLEM CODE = 0: ; NEXT RECORD. 
a - x, REPLY START I - INDEX, 
(: ) 

a - PROBLE~ CODE, 
13\)01 

~ ~ ~ ~ ~ ~(: ... .. ... . ~ ... ... ~ . ... ) 



(: EVALUATE INPUT CELL) 

EVALIINPUT CELL: 
[KEY 2 < WRITE EOF > , ], 
I'1T INPUT[INDEX](14 - 14) = 0 n MT INPUT(INDEX + 11 = 0: 

C • BAD SWEEP FLAG; 
BAD SWEEP FLAG = 1: BUMP. ; 
EVAL REPLY CELL.
 

SWEEP MCDE = A3: i INIT SWP C.
 

INITISWP A: 
I = C(1) 1023( BIT 0[1] + BIT 1[1] + BIT 2(1] + BIT 3(1] + 
BIT 4[I} + BIT 5(1] + BIT 6(11 + DIT 7[11 + BIT 8[1] + 
BIT 9[1] + BIT 10[1] - L,
 
TL REACHED FLG[I] = 1: MODE 3A2. i
 
L ~ TL: 1 - TL REACHEt PLG(Il - IN PROCESS FLG{I],
 

SWEEP AZIMUTH - AZMTH AT TL(I]; ;
to 
I 

p. 
Ln MODEI3A2: 

L ~ TT: : AROUND. 
TL REACHED FLG(I] = 1: REPORT COMPLETE; 

IN VALIDATION[I] = 1: PURGE CELL: ; ; 

AROUNDI:
 
VALID 3A COMPLETE(I] = 1 n VALID C COMFLETE[I] = 1:
 

INIT SWP B. ;
 
IN VALIDATION[I] = 1: INIT SWP B. ; 
L ~ TV: 1 - IN VALIDATION[I] • IN PROCESS FLG[I]: ;
 
INITISWP B: l,
 

INITISWP C:
 
I'1T INPUT[INDEX](15 - 26) - SWEEP AZIMUTH,
 
I'1T INPUT[INDEX](27 - 29) - SWEEP MODE = A3: 

1= u(l)1023( WINDOWS(I] * 2'1 - WINDOWS(I],
 
o - WINDOWS(I] (0 - 0), },
 
BUMP. ;
 

SWEEP MODE = C: BUMP. HELP. 
(: ) 

13013 

13035 

13112 

13131 

13164 

13166 



GLOBAL ALPHAEETIC NAME LIST DUMP 18 JAN 1977
 

C6 
C5 

ALTITUDE 
ARCTAN 

3 12574 
o 10315 

06 
03 

HUNDBEDS 
IDEN'IBIT 

3 
3 

12563 
62222 05 05 

07 
03 

BPKERRFOBMAT 
RPTCOMPLETEFLG 

o 
3 

14570 
62222 06 C6 

03 AZMTHATTL 3500000011 03 INPROCESSFLG 3 62222 00 00 05 SQUAREROOT o 10150 
07 BACKSFACE1RECOR 0 15505 03 INVALIDATION 3 62222 03 03 02 SWEEPAZIMUTH 3 42000 
02 BITC 3 30000 CO 00 04 LIBRARY 3 10040 07 TAPEDACKSPACE 0 15462 
02 BITl 3 30000 01 01 05 LOCAL 3 10403 06 TAPEDRIVE 3 12453 
"2 
02 

BIT10 
BIT2 

3 
3 

30000 
3000C 

10 
02 

10 
02 

05 
05 

MAGTAPEALTERNAT 
MAGTAPE 

0 77200 
o 77212 

06 
07 

TAPEIO 
TAPEREIHND 

o 
o 

126~4 

15500 
02 BIT3 3 30000 03 03 02 MODRCALT 3 44001 06 TEMP 3 12525 
(2 
02 

B1T4 
BIT5 

3 
3 

30000 
30000 

04 
05 

04 
05 

06 
06 

MODECCODE 
MCDEEFRFORMAT 

3 
0 

12544 
12546 

03 
03 

TEMPOUTBUF 
TLREACHEDFLG 

3 
3 

54332 
62222 04 04 

02 BITo 3 30000 06 C6 02 MODE3ACODE 3 42001 03 VALID3ACOMPLETE 3 62222 01 01 
C2 BIT7 3 30000 07 07 07 MTINPUT 3 660CO 03 VALIDCCOMPLETE 3 62222 02 02 
02 BIT8 3 30000 08 08 07 M'IRECORD 3 14513 02 WINDOWS 3 30000 
02 BrT9 3 30000 09 09 05 OCTDUMP o 04471 06 WRITE 3 12452 
07 BYPASS1RECORD 0 15512 03 0'I1A 3 52000 12 27 06 X 3 12561 

tp 
I 
0' 
~. 

07 
OJ 

CARRYOVER 
CCOr:EFLG 

3 
3 

14507 
62222 01 C7 

03 
03 

OT1B 
OT1C 

3 52000 00 C9 
3520012429 

00 CLOCK 3 00160 03 OT2A 3 52001 06 21 
02 COMPLETED1RPRTB 3 32000 03 OT2B 3 52001 00 C3 
02 COMPLETED2RPRTB 3 34000 03 O'I2C 3 52002 18 29 
C2 COMPLETED3RPRTB 3 36000 03 OT3A 3 52002 00 15 
02 CO~PLETED4RPRTB 3 40000 C3 OUTPOTBUF 3 52000 
07 COUNTDIGITS 3 14514 03 OUTPUT1BUP 3 52001 
06 DECODEALTITUDE 0 14167 03 OUTPUT2BUF 3 52eo 2 
02 DIMN1 o 46001 06 OUTTAPEDRIVE 3 12454 
03 DI!'1N2 o 64222 03 PARAMS 3 50000 
(6 
06 

DrSCRMFLG 
D1 

3 
3 

26000 
12562 

05 
07 

PIiIN'I 
PRCBIEMCODE 

o 02273 
3 14506 

07 
05 

ENDBEACONEUFFER 
FIXTOFLOATING 

3 14q72 
o 12142 

05 
07 

READINPUTCARD 
REl\DREPORTS 

o 10757 
3 14457 

03 FLAGS 3 62222 07 READREPLIES 3 14460 
07 FRESHSTART 3 14512 07 RECCOUNTFORMAT 0 14607 
07 FRESHSTARTO 3 14512 00 00 07 REPLYHEADERTIME 3 14455 
07 FRESHSTART1 3 1q512 Cl 01 07 REPLYSTl\RTI 3 14510 



BEJ:\C.ON T~R~ET 1\EPo~ l:Yl-b,t fOf")"I'\ot)
 

3\ 30 '1.q 'Z.~ 11 '2L '1~ :t~ '2.3 1.'2. 2 1 20 iq I~ 17 It, I~ 14 I'? 1'2. " 10 q i .., (, 5 ~ ~ '2. t 0 
I I I II IM I SRilI 1 '7 FS MM3/A M A- 0 KtlllT lJ, A7C1 2I\rQC E(J;)( F(lJ 0 3/A roi'll.. 00Q10q; A0R t-IB 

"T1 T 00Q.,
I c. I \ I_l-.L..-I 

I 1 I 1 I I \ 1'1 
0 
TRRNGE" E: 

F\...5 B : I/~ N t-\ I 
L 
A , (,

I I , L I I 

;)1 ~o 'Z.q ~og '1.1 '1.U 'lS ).1\ 1-'!.> 1:2. 1.' 1.0 \q \~ 17 1\1> IS ILJ 13 12. " 10 , 'il 1 t, S 'i 3 2. , 0 
[ i , Iii i i --T,--rT- It· T--·r..... i • , iii i i F iii iii i 

TII-IE" 1/-J 5'-oR.A&£RUN LENGtHA1.1MUTH ) Lse -= 1Ac..P 10 (]) \l) 0C!;(J)(1)0 
LSB -= 3 Acr LSI;> -:: l/g s.~c..1:AM~ SCALE 0 1:;1 l ~!J,oo " &.j0% I1C.P) 

0; 
I • I I I , I ,-'--l , L I I I ~ I J , I J J I I I I ] I I I I I , I 

f-' 
W 

11 ~o lq ,,~ ~1 :lU '1~ ~q :,.~ 1.'1. 2- 1 1.[> 1'1 I~ \1 II. I~ I~ I'; 12. 1\ )1) CJ .g 7 (, 5 ~ '3 1. 1 0 
.~-- ~_.- , I I I I I , I I , II I I I I1 I I "I M MM M 0 0 0 I , .,1) 0 0:t3/A VE!. E 3/p.. c:.ODEb7 tv\oDfE Q)Q) ([) Cl) Ql 0-;.. 00012>002 0C 03/A t.jB 0'" ,. 0V1 1 ~ A'" L\ " T L All I '11 I Ai I ~'! \l.'2.. ry,ll 011 ell c..L l1'lf ,02.11'1TI I I I , I I IL L 

3\ o 

o 0 0 0 
MOD E: ?. C.O'PE' 

ell (J) Q> Q) 
MOPE C. AL"tTuO~ 

LSI?> :: lO D FT. 

Fl("~r vJo.--ct 

~COJ'\~ W01"'d 

-rh,rd Wofd.. 

1=0 lA I th v-loyd 



(: .. .... .. .. ... 4 ... • .... .. ... ... .... .. .. .. • ... ... ... ~) 

(: EVALUATE REPLY CELL) 

EVALIREPLY CELL: 
MT INPUT[INDEX] (15 - 28) - K + RANGE 
I ~ 0 n 1 S 1023: ; DUMP. 
SWEEP MODE = '\3: ; I1CDE C REPLY. 
( : ) 

OFFSET - I / 2t3 - I, 

( : - .............. .. .... .. ... .... .. ... .. .. ~ ~) 

~ 

.b
~ 

MODEl3A REPLY: 
1 - WINDOWS[I](O - 0), 
VALID 3A COMPLETE(I) = 1: MODE 3A1. ; 
IN VALIDATION[I] = 1: ; MODE 3A1. 
MT INPUT[INDEX + 1](28 - 28) = 0: ; MODE 3A1. 
MT INPUT[INDEX + 1](15 - 26) = MODE 31 CODE[l]: 

1 - VALID 3A CCMPLETE[I): 
~T INP~T{INDEX + 1](15 - 26) - MODE 3A CODElI]; 

MODEI)A1: 
IN PROCESS FLG[I) = 1 

1 - IDENT BIT[l]; 
BliMP. 

n 
; 

MT INPUT[INDEX + 1](29 - 29) = 1: 

REPORT/COMPLETE: 
{ AZMTH AT TL[I] - TEMP, SWEEP AZIMUTH(O - 11) 
TEMP> TEMP[1]: TEMP(1) + 4096 - TEMP(1]; ; 
(TEMP(1] + TEMP) / 2t1 - TEMP[1], 
(TEMPt1] - TEMP) / 2t1 - TEMP(2], 
DISCRMFLG = r: DISCRMEND. : 
I - TEMP, (TEMP * 60) / 1. 082 - RS, 
VALID C COMPLETE{I] = 1: ; DISCR~2. 

MODE C ALT[I] - MODE C COtE. DECODE ALTITUDE, 
ALTITUDE < 0: ALTITUDE + 1 - ALTITUDE; ; 

- TEMPl1], 

13217 

13237 

13300 

13317 



ALTITUDE < 0: DISCRM2. ; 
«ALTI~TR SET - 29. 92B12) * 925) / 1. GB12 - SENSOR 
DELTA" / 100 - DELTA H + ALTITUDE - AL!CORR, 
as * RS - ALTCORR * ALTCORR - TEMP, 
SOUARE ROOT(TEMP) - RG, 
ARCTAN(ALTCORR, RG) • TEMP. 360 - TEMP, 
TE~P ~ 28. OB15: DISCRM3. DISCRMEND. 

ELEV 

DISCEM21: 13436 
DISCRMFLG = 2: ; DISCRMEND. 
DISCRNGE * 60 - TEMP ~ RS: ; DISCRMEND. 

DISCRM31: 
PUNLL < TEMP[2J n TEMP[2] < RUNLU: DISCRMEND. R2. 

13ij46 

DISCPMIEtlD: 13455 

:::; 

TE~P[2) (1 - 5) - TEMP - COMPLETED 2 RPRT BUF[X](7 - 11), 
TE~lP [2] (0 - 0) - TEMP - COMPLETED 1 RPRT BUF [Xl (28 - 28), 
1 - COMPLETED 1 RPRT BUF [X] (24 ... 2ij), 
VALID 3A COMPLETE[I] - COMPLETED 1 RPR! BUP[X](22 - 22), 
VALID C CO MPLET E[ I] - CO MPLET E0 1 RPRT BUF [ X] (2 1 - 2 1) , 
I - COMPLETED 1 RPRT EUF[X](2 - 11), 
TEMP[1] + AZHTH CORe FCTR - TEMP[1], 
TEMP[1] > 40)95: TEHP[1J - 4096 - TEMP(ll; ; 
TEMP[ll > 4095: TEMP[ll - 4096 - 'IEMP(1J; ; 
TEMP[ll - COMPLETED 2 RPRT [JUF(X] (15 - 26), 
VALID 3A COMPLETE(I] - COMPLETED 3 RPRT BUP(X](22 - 22), 
VALID C COMPLETE[I] - COMPLETED 3 RPRT BUF[X] (21 - 21), 
IDENT BIT[I] • COMPLETED 3 BPRT BUF[X](20 - 20), 
MODE 3A CODE(l] - COMPLETED 3 RPRT BUF[X](O - 11), 
C CODE FLG(I] = 1: ; R1. 
MODE C ALT[IJ - MODE C corE, DECODE AL!ITUDE, 
ALTITUDE < 0: ALTITUDE + 1 - ALTITUDE; ; 
ALTITUDE - COMPLETED 4 RPRT DUF(X](O - 11), 

R1 I : 
1 - RPT COMPLETE FLG[X], X + 1 - X, 

1361C 

R21: 
PUnGE CELL, }, 

13616 



PURGEICELL: 1362C
 
{ 0 .. IDENT BIT[Il .. TL REACHED FLG[I] .. IN PROCESS FLG(I] ..
 
AZMTH AT TL(1] .. VALID 3A COMPLETE(I] 4
 

VALID C COMPLETE[I] ... C CODE FLG(IJ'" MODE 3A CODEII] ..
 
roODE C ALT(I] ... IN VALIDATION[IJ, },
 
(: ) 

(: ... ~ ......... .. .... ~ • ... ~
4 ... ~ ~ ~) 

MODEIC REPLY: 13671 
VALID C COMPLETE[!] = 1: MODE C1. 
IN VALIDATION(I] = 1: ; MODE C1. 
MT INPUT(INDEX + 1] (28 .. 28) = 0: 

C CODE FLG(I] = 1: ; 1 ~ C CODE FLGI!J, 
b:I HT INPUT (INDEX + 1] (15 ... 26) .. MODE C At! (I] , 
I 

-i>' MODE C1. ; 
CO MODE C1. 

MT INPlJT(INDEX + 1](15 ... 26) = MODE C AtTlI]:
 
, .. VALID C COMPLETE[I};
 
MT INPUT{INDEX + 11(15 .. 26) ... MODE C ALTlI];
 

MODEIC1: 11744 
IN PPOCESS FLG[I] = 1 n MT INPUT(INDEX + 1J(29 ... 29) = 1: 

1 ~ IDENT BIT(I); ; 
DUMP. 
( : ) 

(: .. ~ ~ -4> .. .. ...... ) 

END lOr RECORD: 13763 
100COC A .. TEMP OUT BUF, 2 .. TEMP OUT BUF[1J, 
REPLY HEADER TINE(O ... 15) .. TEMP OUT BUF(2], 
REPLY HEADER TIME(1](O .. 15) .. TEMP OUT nUF(31, 4 .. J, 
I ~ 0(1)102)£ RPT COMPLETE PLG(I) = 1: 

COMPLETED 1 RPRT BUF[!] (15 .. 29) .. TEMP OUT BUF(J],
 
COMPLETED 1 RPRT BUF(I] (0 .. 14) - TEMP OUT BUF(J + 1],
 
J + 2 - J, 



COMPLETED 2 RPRT BUF[I] (15 • 29) • TEMP OUT BUF[J),
 
COMPLETED 2 RPRT BUF[I] (0 • 14) • TEMP OUT BUFlJ t 1],
 
J + 2 • J,
 
COMPLETED 3 RPRT BUF[I] (15 - 29) - TEMF OUT BUF[J],
 
COMPLETED 3 RPRT BUP[Il (0 • 14) • TEMP OUT BUP(J f 1],
 
J + 2 • J,
 
COMFLETED 4 RPRT BUF[I] (15 - 29) - TEMF OUT DUF(J],
 
COMPLETED 4 RPRT BU~[Il (0 - 14) - TEMP OUT BUP(J f 1],
 
J + 2 ~ J,
 
r • RFT COMPLETE FLG£I] - COMPLETED 1 RPRT BUP£I] •
 
COMPLETED 2 RPRT BUF[I] - COMPLETED 3 RPRT BUF[I] 

COMPLETED 4 BPRT BUFlI];; },
 

J > 2052: 2052 - J; ; 
r - TE~P OUT BUF[J] • TEMP OUT BUF[J + 1] 
TEMP OUT BUP[J + 2] - TEMP OUT BUP[J + 3], J t 4 - J, 0 - K 

REPACKI: 
~	 TEMP OUT BOP{K] - OT1A[I], 
t	 TEMP OUT BUP[K + 1](6 - 15) • OT1B[I], 
~	 TEMP OUT BUF[K + 1](0 • 5) • OT1C[I], 

TEMP OUT BUP[K + 2] - OT2A[Il, 
TP~P OUT EUP[K + 3](12 - 15) - OT2D(I], 
TEMP OUT BUP(K + 3](0 • 11) • OT2C[I], 
TEMP OUT BUF[K + 4] • OT3A[I], I + 3 - I, 
K + 5 - K < J: REPACK. ; 
OUTPUT BUP A + 1233 - TEMP, 
TAPE IO(WRITE, 11111", OUT TAPE DRIVE, 2, OUTPUT BUP 8 , TE 
MP, 2), NEXT RECORD. 
(: ) 

(: .. .. ~ .. .. -- ... ... ... ... ... ~ .. .. ... .. .. ... ... 
BUMPI:
 

INDEX + 2 • INDEX ~ END BEACON EUfFER: END OF RECORD.
 
EVAL INPUT CELL.
 

t EC 0 DE A1TIT UDE:
 
[ MODE C CODE(O • 2) - GRAY CODE,
 
lIUNDEEDS[GRAY CODE] • ALTITUDE,
 

- I, 

...	 ... ) 

14162 

14167 

14061 



MODE C CODE(3 .. 10) .. GRAY CODE, 
D2 + 04 + A1 + A2 + A4 + E1 + 82 + B4 - SIGN, 
SIGN(O - 0) = 0: ALTITUDE" - ALTITUDE; ; 
02 = 04: 0 .. 04; 1 - 04; 
D4 = A 1: 0 - A1; 1 - A1; 
A1 = A2: 0 - A2: 1 .. A2; 
"2 = 114: 0 .. AU; 1 .. A4; 
Aq = B1: 0 - 81: 1 .. 131: 
81 = 82: 0 - 82; 1 .. 82; 
£12 = B4: 0 - 84; 1 .. D4; 
GRAY CODE * 5 - 10 + ALTITUDE • ALTITUDE, 
MODE C CODE(11 .. 11) - 01, }, 
(: ) 

t;d (: • ~ • .. -40 .. .. ) 

I 
l!1 
o HELPI: 

[KEY 3 < HELP1 > , 1, PRINT(MODE ERR FORMAT, ), 
14432 

HELP11: 
1 .. BAD SWEEP FLAG, SUMP. 

1q436 

WRITEIEOF: 
TAPE 10(7, 0, OUT TAPE DRIVE, 2, 0, 0, 0), THEIEND: •• 

14441 



LOCAL NAME REFERENCES - FLOWCHART 06
 

LIMITS: 100eo - 14454 

ADDRESS K NAME	 REFERENCED BY 

12455 3 INDEX	 13012 13015 13C 21 13167 13173 13220 13256 13263 13275 
13305 13704 13722 13727 13741 13751 14163
 

12456 3 SWEEPHOOE 12744 13032 13176 13213 13234
 
12457 3 TL 12626 13073
 
1246J 3 'rT 12630 13113
 
12461 3 TV 12632 13151
 
12462 3 RANGEOFFSET 12634 13223
 
12463 3 AZH'IHCORRFCTR 12636 13522
 
'2464 3 A3 13033 13177 13235
 
12465 3 C 13214
 
12466 3 DELTAH 13375 13401
 
12467 3 as 13351 13404 13405 13444
 
12470 3 RG 13420 13423
 

I	 12471 3 ALTCORB 13403 13410 13412 13421"" L11 
~	 12472 0 DISCFFHT 12647 

12533 0 INITIALIZATIONF 12616 
12545 3 BADSWEEPFLAG 12747 13024 13026 14437 
12562 3 SIGN 14223 14225 14430 
12573 3 GBAYCODE	 14172 1417 3 14201 14203 14205 142')7 14211 14213 14215 

14217 14221 14233 14237 14245 14252 14254 14260 14266 
14273 14275 14301 14307 14314 11131 6 14322 14330 14335 
14337 14343 14351 14356 14360 14364 14372 14377 14401 
14405 14413 14420 14422 

12616 0 START 10000
 
13001 0 NEXTFECORD 13007 14161
 
13013 0 EVALINPUTCELL 14165
 
13035 0 INITSWPA
 
13112 0 MODE3A2 13071 13074
 
13131 0 AROUND 13114 13123
 
13164 0 INITSWPB 13142 13147 13152
 
13166 0 INITSWPC 13034
 
13217 0 EVALREPLYCELL . 13031
 



ADDRESS K NAME REFERENCED BY
 

13237 0 MODE3AREPLY 
13300 0 MODE3A1 13247 13254 13261 13273 
13317 0 BEPOR'ICOl1PLETE 13122 
13436 0 DISCRM2 1335E 13365 
13446 0 DISCRM3 13435 
13455 0 DISCRMEND 13344 13434 13440 13445 13454 
1361D I) R1 13575 
13616 0 R2 13453 
13620 0 PURGECELL 13130 13616 
13671 0 110DECREPLY 13236 
13744 0 MODEC1 13675 13702 13707 13725 13737 
13763 0 ENDOFRECORD 14166 
14061 0 REPACK 14136 
14162 0 BUMP 13030 13212 13216 13233 13316 13762 14440 
14U32 0 HELP 13215 
14436 0 HELP1 14432 

:P 
I 1UUU1 0 'lRITEEOF 13013 
~ 2(,001 3 ALTIM'IRSET 12653 13370 

260(12 3 SENSORELEV 12657 13374 
26003 3 RUNLL 12642 13446 
260 t 4 3 BUNLU 12645 13U52 
26C'C5 3 nISCRNGE 12665 13442 



3 (COMMENT: fLOWCHART 01, (01610], 18 JAN 1911) 

REPLY HEADER TIME(2),
 
MT INPUT ~ ( 66000 ft },
 

READ REPORTS = 0, READ REPLIES = 0, REIREAD COUNT,
 
DUMPIFLAG = 0, XFERIINFO, LASTIADDRESS, OFPISfT = 2048,
 
ENDII,
 
VALIDIBEC LENGTHC) = 6, 1236, 2460, END BEACON BUFFER, 
SIECONDS(2), SAVE~I, 

RPK/ERRCR DATA: 14416
 
[ RPK/ER SV I, },
 
RPKERISVJ,
 

PROB 1VALUES: 14500
 
{SITATUS, },
 
SKIPICOUNT, RECORDILENGTH, RECORDINGIMODE, DATAITYPE,
 
EIOP = 0, PROBLEM COCE, CARRY OVER, REPLY START I,
 
F1RSTIWORD,
 

b:l 
I 

.~	 FRESH START: 14512 
( FRESII START oeD - 0), FRESH START 1(1 - 1>, } = 11", 
NT	 RECORD, COUNT DIGITS = 8, 

(PRODLEMIFOEMAT:
 
121 * READ PROBLEM INFORMATION * / / 121 * 1. STATUS FLAGS * I
 
3111, / 121 * 2. SKIP COUNT * 13113, 
/ 121 * 3. RECORD LENGTH * 13115, 
/ 121 * 4. RECORDING MODE * 13112, / 121 * 5. DATA TYPE * 13112, 
/ 121 • 6. END OF FILE * 13/11, / (21 * pnOBLEM I. D. * 13111, I
 
/ / J,
 

(RPK ERR FORMAT: 
121 * REPACK ERROR * / 121 * 1. VALUE OF I * 12113, 
/ 121 * 2. VALUE OF J * 1211), / / l, 

(aEC COUNT FaRHAT: 
* MACHINE TAPE RECORD * 13/14, / / 1, 

WORDIS1:	 14616 



{BI1A(12" 27), D'1B(0" 8) }, 

WORDID2: 
{ 1311C(24 .. 29), B12A(6 21>, B12B(0 .. 2) }, 

14617 

WORDIl33: 
{ 812C(18 .. 29), BI3A(O - 15) }, 

14620 

WORD/B4: 
{ B13B(12 .. 26), B14A(0 • 9) }, 

14621 

WORDIB5: 
{ BI4B(2 4 .. 29), 814C(6 .. 20), BISA(O .. 3) }, 

14622 

t;lj 

I 
Ln 
~ MISH: 

{ TESTIBIT(15 .. 

WORDIl36: 
{ 8158(18 .. 29), 

15), UPPERIDATh(O 

BI5C(0 .. 14) }, 

.. 14) }(S), 

14623 

14624 

lfSH: 
{ LOWERIDhTA(O .. 14) }(S), ; 

14631 

FEADIMODE TWO RECORD: 
{·READ REPORTS + READ REPLIES = Q: EXI! NOW. 

14636 

READIA 
3 .. RE 

FECORD: 
READ COUNT, 

14642 

REIREAD LOOP: 
4 .. I, TAPE DRIVE .. K, 2 .. L, MT INPUT~ + OFFSET" N + 2459 
127CC A 2, MAG TAPE ALTERNATE, (ShVE Q < XFER INFO> , ], 
XFER INFO(0 .. 14) .. LAST ADCRESS - MT INPUT R - OFFSET + 1 
RECORD LENGTH, OFFSET" M, MT INPUT[MJ (22 .. 27) - DATA TYPE, 
MT INPUT£M + 1J(24 .. 27) - RECORDING MODE, 
XFER INFO(15 .. 29) .. STATUS, 
STATUS(2 .. 2) = 1: 

HE READ COUNT - 1 .. RE READ COUNT ~ 0: 2 .. PROBLEM CODE, 
SKIP COUNT + 1 .. SKIP COUNT, PROBLEM EXIT. 
EACKSPACE, RE READ LOOP. ; : 

- M, 
14644 



STATUS = ~: ; 1 
I = C(1)2( RECORD 

CHECK HEADER. 
3 - PROBLEM CODE, 

PROBLEM CODE, PROBLEM EXIT. 
LENGTH = VALID REC LENGTH(I]: 

} , 
PROBLEM EXIT. 

CHECKIHEADER: 
RECORDING MODE = 2: 

DATA TYPE = 1: OK HEADER. ; 
DATA TYPE = 3: OK HEADEB. : 
D~TA TYPE = 40 R : OK HEADER. : 
5 4 PROBLEM CODE, PROBLEM EXIT. 
RECORDING MODE = 0 n RECORD LENGTH = 6: 

6 - PROBLEM COCE: 5 - PROBLEM CODE; 
PROBLEM EXIT. 

1 - EOF, 

14737 

~ 

~ 
~ 

OKIHEADER: 
MT FECORD + 1 - MT RECORD, 
DATA TYPE(O - 0) = 1 n READ REPLIES = 1: 

MT INPUT~ + OFFSET - TEMP, M - SAVEM, 
TAPE IO(WRITE, 11111 R , OUT TAPE DRIVE, 2, TEMP, 
ADDRESS, 2), SAVEM - M, OK DATA. READ A RECORD. 

LAST 

14774 

OKIDATA: 
DUMP FLAG = 1 u DUMP FLAG = 3: RAW DATA DUMP. REPACK. 

15031 

RAWIDATA DUMP: 
MT INPUT R + OFFSET - TEMP, OCT DUMPCTEMP, LAST ADDRESS}, 

1504(1 

REI PACK: 
MT INPUT(M + 1] - SECONDS, MT INPUT(M + 2] - SECONDS(1J, 0 - J, 

15050 

DEACONIREPLIES: 
DATA TYPE(O 4 0) = 1: 2049 - END BEACON DOFFER, 

OFFSET + 2454 - END I, 
I = OPPSET(6)END I( MT INPU~(I] - WORD B1, 
MT INPUT[I + 1] - WORD 82, MT INPUT[I + 2] 4 WORD 83, 
MT INPUT[r + 3] - WORD B4, MT INPUT(I + 4] - WORD 85, 
MT INPUT[r + 5] - WORD E6, E1A - MSH, D1B - LSH(6 - 14), 
B1C - LSH(O - 5), B2A - MSH[1J, B2B 4 L5"[1] (12 - 14), 
n2C - LSH(1] (0 - 11), BJA - MSH(2], B3B - LSH[2], 

15055 



B4A" MSH[3](6" 15), B4B - MSH[3](C - 5), B4C - LSHOJ,
 
8SA .. 11SH[4](12 .. 15), E5B" I1SH[4](0" 11), B5c" LSH[4J,
 
K = O(1)4{ TEST BIT[Kl = 1: 0 .. MT INPUT(J](O - 14),
 

OPPER DATA[K] - NT INPUT[J] (15 - 29), J + 1 - J, 
END BEACON BUFFER + 1 - END BEACON BUFFER,
 
J ~ I: REPACK ERROR. ;
 
o .. MT INPUT[J];
 
LOWER DATA(K] - 11T INPUT[J] (0 .. 14),
 
UPPER DATA[K] .. NT INPUT[J](15 - 29);
 

J + 1 - J, }, }, 
INITI~LIZE REPLY SYMBOL AND COLOR, DONE PACK. 

DONEIPACK: 15244
 
DISPL~Y MT RECORD COUNT, RECORDING MODE - MT INPUT,
 
DATA TYPE(O - 14) - MT INPUT(15 - 29),
 
SEC 0 NDS [ 1] ( 18 .. 29) - REP L Y HE ADER TIM E [ 1] ,
 

~ SECONDS{O](O - 3) .. TEMP - REPLY HEADER TIME(l](12 - 15), 
~ SECONDS[O] (6 .. 21) - REPLY HE~DER TIME, 

DUMP FLAG = 2 u DUMP FLAG = 3: PACKED DArA DUMP. EXIT NOW. 

PACREDIDATA DUMP: 15276
 
J + MT INPUT~ - LAST ADD~ESS, OCT DU11P(MT INPUT~,
 

LAST ADDRESS), EXIT NOW.
 

PROBLEM\EXIT: 15307
 
[KEY 3 < PROB1EXT > , ],
 
PRINT(PROBLEM FORMAT, STATUS, SKIP COUNT, RECORD LENGTH
 
, PECODCING NODE, DATA TYPE, EOF, PRODLEM CODE, ),
 

PROB 1, EXT: 15331
 
: - EOF,
 

REPACKIEBROR: 15332
 
I .. FPK fR SV I, J .. RPK ER SV J, (KEY 3 < RPK1ERR > , 1,
 
PRINT(RPK ERR FOBMAT, RPK ER 5V I, RPK ER SV J, ),
 

RPK 11 ERR: 15344
 
o .. EOP, EXITINOW: }, 

BACKISPACE: 15346 



( 2 - I, 1 - J, TAPE DRIVE ~ ~, MAG TAPE ALTERNATE, 
[SAVE Q < XFEB INFO) , ], 
XFER INFO(15 - 29) = C: ; 7 - PROBLEM CODE, PROBLEM EXIT. }, 

INITIALIZEIREPLY SYMBOL AND COLOR: 
( FrESH START 0 = 1: 

I = 2(1)END BEACON BUPPER( MT INPUT[I]<14 - 14) = C n 
I1T INPOT(I + 1] = 0: 0 - CARRY OVER - fRESH START 0, 

I - REPLY START I, CHECK REPLY END.; }, 
EXIT NOW. : 

CARRY OVER = 1 n MT INPUT[2](14 - 14) = 1: 1 - I, 
FIRST WORD - ~T INPUT[1l; 2 - I; 

I - REPLY STABT I, 

15362 

~ 
I 

lJl 
~ 

REPLY/LOOP: 
~T INPOT(I] (14 - 14) = 0 n MT INPUT{I + 11 = 0: 

CHECK REPLY END. ; 
7 - MT INPUT[I + 1](] - 5), 7 - MT INPUT[I + 1](0 

CHECK/REPLY END: 
I + 2 - I, 
I < END BEACON EUFFEB: REPLY LOOP. : 
I = END BEACON BUPFER: 1 - CARRY OVER, 

END BEACON BUFFER - 1 - END BEACON BOPfER, 
~T INPOT[I] - FIRST WOBD; 0 - CARRY OVER: }, 

- 2), 

15425 

15443 

TAPE BACKSPACE: 
{ 77 R - fRESH START, 2 - I, MT RECORD - 1 - ~T RECORD, 

15462 

COMMIEXIT: 
1 - J, TAPE DRIVE 
DISPLAY MT RECORD 

- K, 2 
COUNT, 

- 1, 
77 ft -

12700 ft 2, MAG TAPE 
FRESH START, }, 

ALTERNATE, 
15467 

TAPE REWIND: 
{ 0 - I1T RECORD, 1 - I, COMMON, }, 

15500 

BACKSPACE 1 
{ MT RECCRD 

RECORD: 
- 1 - MT RECORD, 2 - I, CO~MON, }, 

15505 

BYPASS 1 RECORD: 15512 



{ MT RECORD + 1 ~ MT RECORD, 3 - I, COMMON, }, 

COMIMON: 
{ 1 ~ J, TAPE DRIVE ~ K, 
DISPLAY MT RECORD COUNT, 

2 • L, 12700 A 2, MAG 
77ft ~ FRESH 'START, 

TAPE 
}, 

ALTERNATE, 15517 

DISPLAY\MT BECOFD COUNT: 
{ (KEY 1 < NO PRINT MT > , ], 15531 

PRINT(REC COUNT fORMAT, fiT RECORD, ), NOIPRINT ~T: }, •• 

bO 
I 

\JI 
C1:J 



LOCAL NAME REFERENCES - FLOWCHART 07
 

LHUTS: 10000 - 15540 

ADDRESS K NAME REFERENCED BY 

14461 3 REREADCOUNT 14643 14706 
14462 3 DUMPFLAG 15031 15034 15267 15272 
14463 3 XFERINFO 14657 15353 
14464 3 LASTADDRESS 14661 15022 15045 15300 15303 
14465 3 OFFSET 14647 14663 14666 1500 q 150QO 15064 15066 
14466 .) ENOl 15065 15240 
14467 3 VALIDRECLENGTH 14730 
14473 3 SECONDS 15051 15256 15264 
14475 3 SAVEM 15007 15027 
14476 3 BPKERBORDATA 15332 15337 
14477 3 EPKERSVJ 15333 15341 
145CO 3 PROBVALUES 14700 14702 14721 15312 
145(1 3 SKIPCOUNT 14714 15314 

tJj 14502 3 RECORDLENGTH 14665 14727 14761 15316 
I 145( 3 3 RECOBDINGMODE 14676 14737 14757 15245 15320\Jl 

14504 3 DATA TYPE 14672 14742 14745 14750 14776 15056 15322'" 
145(, 5 3 EOF 14765 15324 15331 15344 
14511 3 FIRSTWORD 15420 15456 
14515 0 PROBLEMFORMAT 15310 
14616 3 WORDS1 15072 15107 15113 
14617 3 WORDB2 15074 15127 15133 
14620 3 WORDB3 15076 15146 
14621 3 WORDE4 15100 15152 15156 
14622 3 WORDB5 15102 15172 15176 
14623 1 B5C 15210 
14623 3 WORDB6 15104 
14f,24 1 UPPERDATA 15220 15233 
14624 3 MSH 15111 
14631 1 lOWEBDATA 15231 
14631 3 LSH 15117 15124 
14636 0 RElIDMODETWORECO 13005 
14642 0 READARECORD 15003 



ADDRESS (( NAME FEFERENCED BY 

14644 C REREADLOCP 1472Q 
14737 0 CHECKHEADER 14731 
14774 (I OK HEADER 14744 14747 14752 14756 
15~ 31 0 OKDATA 15030 
15:"40 0 RAWDATADUMP 15037 
15050 0 REPACK 15036 
15(iS5 0 EEACCNREPLIES 
15244 0 DONEPACR 15060 15243 
15276 0 PACKEDI:ATADUMP 15275 
15307 0 PROBl.EMEXIT 14715 14725 14736 14755 14773 15360 
15331 0 FROE1EX'I 15307 
15332 0 REPACKERROR 15226 
15344 0 RPK1ERR 15334 
15345 0 EXITNOW 14641 15274 15306 15406 
15346 0 EACKSPACE 14717 
15362 0 INITIALIZEREPLY 15242 
15425 0 REPLYLOCP 15446 

t:C 15443 0 CHECKREPLYEND 15403 151+32 
0"
0 

I 
15467 0 CONNEXIT 
15517 0 COMMON 15503 15510 15515 
15531 0 DISPLAYl'lTRECORD 15244 15474 15525 



18 JAN 1971 

SEQ NR ROUTINE NAME OBJ PROGRAM FLOWCHART ENTRANCE 

01 30000 21711 ~C234 H 01 I 18 
02 DIMH1 30000 46000 00100 H 01 I 18 

03 DIMH2 50000 64221 00112 H 01 I 18 

04 10040 10043 00014 H 01 I 18 
05 OCTDUl1P 00023 H 01 I 18 
06 TAPEIO 12452 14454 Ci 2527 10000 H G1 I 18 
07 14455 15540 01670 H 01 I 18 

b:l 
I 
0' 
i-' 



GLOBAL NUMERICAL NA"E LIST DUMP 18 JAN 1977
 

C,; CLOCK 3 00160 07 TAPEBACKSPACE o 15462 03 OT2c 3520021829 
05 PRINT o 02273 07 TAPEBEWIND . 0 15500 03 OUTPUT2BUP 3 52002 
05 OCTDUMP o 04471 07 BACKSPACE1RECOR 0 15505 03 TEMPOUTBUP 3 54332 
f4 LIBRARY 3 10040 07 DYPASS1RECORD 0 15512 03 CCODEFLG 3 62222 07 07 
C5 SQUA:;EROOT o 10150 06 DISCRMFLG 3 26000 03 RPTCOMPLETEPLG 3 62222 06 06 
05 ARCTAN o 10315 02 BITO 3 30000 00 00 03 IDENTBIT 3 62222 05 05 
C5 LOCAL J 10403 02 BITl 3 30C 1)O 01 Cl 03 TLREACHEDFLG 3 62222 04 (.4 
05 READINPUTCARD o 10757 02 BIT2 3 30000 02 02 03 INVALIDATION 3 62222 03 03 
05 FIXTOFLOATING o 12142 02 BIT 3 3 30000 03 03 03 VALIDCCOMPLETE 3 62222 02 02 
C'6 wrITE 3 12452 02 BIT4 3 30000 04 (;4 03 VALID3ACOMPLETE 3 62222 01 01 
06 TAPFCRIVE 3 12453 02 BIT5 3 30000 05 C5 03 INPROCESSFLG 3 62222 CO 00 
06 OUTTAFEDRIVE 3 12454 02 BIT6 3 30000 06 06 03 FLAGS 3 62222 
06 TEMP 3 12525 02 BIT7 3 30000 07 07 03 DIMN2 o 64222 
06 MODECCODE 3 12544 02 BIT8 3 30000 08 (,8 07 MTINPUT 3 660CO 
06 MCDEEfiRFORMAT o 12546 02 BIT9 3 30000 09 09 05 MAGTAPEALTERNAT 0 77200 
G6 X 3 12561 02 BIT10 3 30QuO 10 10 05 MAGTAPE o 77212 

Cd 
1 06 D1 3 12562 02 WINDOWS 3 30000 
0' 

(,6 HUNDREDS 3 12563 02 CCMPLETED1RPRTB 3 32000N 

06 J,LTITUDE 3 12574 02 COMPLETED2RPRTB 3 34000
 
06 TAPEIO o 12604 02 COMPLETED3RPRTB 3 36000
 
06 DECODEALTITUDE o 14167 02 COMPLETED4RPRTB 3 400CO
 
07 PEPLYHEADERTIME 3 14455 02 SWEEPAZIMUTH 3 42000
 
07 READREPORTS 3 14457 02 MODE3ACODE ) 42001
 
f7 READREPLIES 3 14460 02 MODECALT 3 440 G1
 
07 ENDEEACONEUFPfR 3 1U472 C2 DIMN1 o 46001
 
(17 PRO£lLEMCODE 3 14 5tl 6 03 AZM'IHATTL 3 5000D 00 11
 
07 c.~PPYOVER 3 14507 03 PARAMS 3 50000
 
07 REPLYSTARTI 3 14510 03 OT18 3 52000 00 09
 
Co7 FPESHSTART1 3 14512 01 01 03 OT1 A 3 520GO 12 27
 
C7 FRES HSTA RTO 3 14512 CO 00 03 OUTPUTBUF 3 52000
 
07 PRESHSTABT ) 14512 03 0128 3 52001 00 03
 
C7 MTRECORD 3 14513 03 0'I2A 3 520()1 06 21
 
07 COUNTDIGITS 3 14514 03 OT1C 3 52eO 1 24 29
 
(7 RPKEfiBFORMAT o 14570 03 OUTl?UT1EUF 3 5200 1
 
07 RECCOUNTFOR"AT o 14607 03 OT3A 3 52002 00 15
 



GLOBAL ALPHAEFTIC NAME LIST DUMP 18 JAN 1977
 

C6 ALTITUDE 3 12574 06 HUNDREDS 3 12563 07 RPKERRFORMAT o 14570 
C5 ARCTAN o 10315 03 IDEN'IBIT 3 62222 05 05 03 RPTCOMPLETEPLG 3 62222 06 C6 
03 AZMTllATTL 3 50000 00 11 03 INPROCESSPLG 3 62222 00 00 05 SQUAREROOT o 10150 
07 BACKSPACE1RECOR 0 15505 03 INVALIDATION 3 62222 03 03 02 SWEEPAZIMUTH 3 42000 
02 
02 

BIT(' 
BIT1 

3 
3 

30000 
30000 

CO 
01 

00 
01 

04 
05 

LIBRARY 
LOCAL 

3 
3 

10040 
10403 

07 
06 

TAPEDACKSPACE 
TAPEDRIVE 

0 
3 

15462 
12453 

n2 B1T10 3 30000 10 10 05 MAGTAPEALTERNAT 0 77200 06 TAFEIO C 126(4 
02 
02 
C2 
02 

B1T2 
BIT3 
B1T4 
BIT5 

3 
3 
3 
3 

3000C 
30000 
30000 
30000 

02 
03 
04 
05 

02 
03 
04 
05 

05 
02 
06 
06 

MAGTAPE 
MODECALT 
MODECCODE 
MCDEEFRFORMAT 

o 
3 
3 
0 

77212 
44001 
12544 
12546 

07 
06 
03 
03 

TAPEREIHND 
TEMP 
TEMPOUTDUF 
TLREACHEDFLG 

o 15500 
3 12525 
3 54332 
3 62222 04 04 

02 
('2 
02 

BITr, 
BIT7 
BIT8 

3 
3 
3 

30000 
30nOO 
30000 

06 
07 
08 

C6 
07 
08 

02 
07 
07 

MODE3ACODE 
MTINPUT 
MTRECORD 

3 
3 
3 

42001 
660C 0 
14513 

03 
03 
02 

VALID3ACOMPLETE 
VALIDCCO~PLETE 

WINDOWS 

3 
3 
3 

62222 
62222 
30000 

01 
02 

01 
02 

02 BTT9 3 30000 09 09 05 OCTDUMP o 04471 06 WRITE 3 12452 
07 BYPASS1RECORD 0 15512 03 OTa 3 52000 12 27 06 X 3 12561 
07 CARRYOVER 3 14507 03 OT1B 3 52000 00 C9 

~ 03 CCOCEFLG 3 62222 07 C7 03 OT1C 3 52001 24 29 
:::; 00 

02 
CLOCK 
COMPLETED1RPRTB 

3 
3 

00160 
32000 

03 
03 

OT2A 
OT28 

3 
3 

52001 
52001 

06 
00 

21 
(,3 

02 COMPLETED2RPRTB 3 34000 03 0'I2C 3 52002 18 29 
02 COMPLETED3RPRTB 3 36000 03 OT31 3 52002 00 15 
02 CO~PLETED4RPRTE 3 40000 C3 OUTPUTBUF 3 52000 
07 COU NTDIGITS 3 14514 03 OUTPUT18UF 3 52001 
06 DECODEALTITUDE 0 14167 03 OOTPUT2BUF 3 52002 
02 DIMN1 o 46001 06 OUTTAPEDRIVE 3 12454 
03 DII1N2 o 64222 03 PARAMS 3 50000 
(6 
06 

DISCRMFLG 
01 

3 
3 

26000 
12562 

05 
07 

PRIN'I 
PRCBIEMCODE 

o 
3 

02273 
14506 

07 ENDBEACONEUFFER 3 14472 05 READINPOTCARD 0 10757 
05 FIXTOFLOATING o 12142 07 READ REPORTS 3 14457 
03 FLAGS 3 62222 07 READREPLIES 3 14460 
07 FRESHSTART 3 14512 07 RECCOUNTFORMAT o 14607 
07 FRESHSTARTO 3 14512 00 CO 07 REPLYHEADERTIME 3 14455 
07 FRESHSTART1 3 14512 C1 01 07 REPLYSTllRTI 3 14510 



ADDRESS K NAME REFERENCED BY
 

14167 :> DECODEALTITUDE 13361 13600 
14U55 3 REPLYHEAI:ERTIME 13173 15266 
14457 3 FEADFEPORTS 13001 14640 
14460 3 READREPLIES 13003 14637 15001 
14472 
14506 

3 
3 

ENDBEACONEUFFER 
PROBLEMCODE 

14164 
13004 

15062 
13006 

15223 
14713 

15404 
14724 

154lJ5 
14735 

15450 
14754 

15454 
14767 14772 15326 

15357 
14507 3 CARRYOVER 12176 1537E 15407 15453 15460 
14510 3 REPLYSTARTI 13011 15402 15424 
14512 3 FRESHSTART 13000 15364 15401 15464 15476 15527 
14513 3 MTRECORD 12746 14774 15466 15501 15506 15513 15535 
14514 3 COUNTDIGITS 
1457C 0 RPKERRFORMAT 15335 
14607 0 RECCOUNTFORMllT 15533 
15u62 0 TAPEEACKSPACE 

td 
I 

'" U1 

15500 
155L 5 
26000 
30:) c.:C 

0 
0 
3 
3 

TAPEREWIND 
EACKSPACE1RECOR 
DISCRMFLG 
WINDOWS 

12637 
12751 
13057 

12651 
13037 
13061 

13343 
13041 
13063 

13436 
13043 
13202 

13045 
13204 

13047 
13207 

13051 
13242 

131)53 13055 

32')(10 
340CO 

3 
3 

COMPLETED1RPRTB 
COMPLETED2RPRTB 

12753 
12754 

13521 
13464 

141; 41 
14('142 

36CCO 3 COMPLETED3RPRTB 12755 1357r. 140. 43 
40000 3 COMPLETED4RPFTB 12756 13607 14(44 
421')00 
42CC1 

3 
3 

SWEEPAZIMUTH 
MODE3ACODE 

12745 
12757 

13106 
13265 

13171 
13277 

13324 
13564 13663 

440"1 3 MODECALI 12760 13357 13576 13664 13724 13731 13743 
46001 0 DIMN1 
50 (HI 0 3 PARAMS 12763 13111 13321 13640 
520:J 0 3 OUTPUTBUF 12767 14065 14C73 
52Dn 3 OUTPUT1BOF 14106 14114 
52002 
54332 
62222 

3 
3 
3 

OUTPUT2BUF 
TEMPOUTnUF 
FLAGS 

14127 
12773 
12752 
13156 

13166 
13066 
13163 

140 1{; 
13100 
13244 

14015 
13105 
13251 

14022 
13116 
13272 

14027 
13125 
13301 

14052 
13132 
13315 

14061 
13137 
13353 

13144 
13502 

13510 13544 13552 13560 13572 13614 13623 13630 13635 



ADDR ESS K NAME REFERENCFD BY 

13645 13652 13657 13667 13672 13677 13711 13720 13736 
13745 13761 14003 14035
 

64222 0 DIMN2
 
66000 3 MTINPUT 13016 15071 15227 152~6 15371 15426 15455
 
772C:O 0 MAGTAPFAtTERNI\T 14656 15352 15473 15524
 
77212 0 MAGTAPE 1261~
 

b:' 
I 
0' 
0' 



APPENDIX C (section 6) 

C.l Altitude Correction 

Following is the procedure for correcting Mode C altitude for 
actual barometric pressure. 

A. Compute 

~H = [(B-29.92) x 925] to nearest 100 feet 

where 

B = barometric pressure (inches of mercury) 

~H = altitude correction in feet 

B. Compute 

H = H + ~H 
c 

where 

H is Mode C altitude (feet) 

H is corrected altitude (feet)
c 

The barometric pressure on August 25, 1977, when the Elwood data was 
collected was 30.19. This gives ~H of 200 feet. 

" The following table lists Mode C altitudes observed for the test 
target, corrected altitudes, and altitude used for the analysis. 

Mode C Altitude (ft. ) Corrected Altitude• Used in Analysis 

4800 5000 5000 

9800 10000 10000 

20000 20200 20000 

20100 20300 20000 

C.2 Run Length 

Run length is a measure of the extent in azimuth over which replies 
were received and used to generate a target report expressed in Azimuth 
Change Pulses (ACP's). There are 4096 ACP's per revolution. A detailed 
discussion of reply centroiding and run length appears in section 8.1.2 
and 8.5.2 of reference 1. The relevant information appears here. 

Run length is calculated by the Common Digitizer during centroiding 
of in process beacon reports. First, the uncorrected center azimuth is 
computed as follows: 
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UNCORRECTED CENTER AZIMUTH [AZ START + AZ STOP)/2] eq. A-I 

where
 
AZ START = Azimuth in ACP's when the leading edge threshold T


L was reached. 

AZ STOP = azimuth in ACP's when the trailing edge threshold TT 
was reached. 

UNCORRECTED CENTER AZIMUTH	 the uncorrected target report center 
azimuth in ACP's. 

The division is accomplished by summing the AZ START and AZ STOP and shifting 
the result right one bit. Thus the fractional part of the result (1/2) if 
it exists, is truncated and the UNCORRECTED CENTER AZIMUTH is always an 
integer. Run length is then computed by the Common Digitizer. 

RUN LENGTH = (UNCORRECTED CENTER AZIMUTH - AZ START) X 2 eq. A-2 

where 

RUN LENGTH = target report run length in ACP's. 

Finally, the RUN LENGTH computed in equation A-2 is shifted right by 2 bits, 
so that the lower 2 bits are truncated and the least significant bit (LSB) 
represents 4 ACP's. This is the result that is recorded on the Mode 2 tapes 
as run length, before being printed out as in Table 2. 

The data in the run length field on the Mode 2 tapes is multiplied 
by 4 before being printed as in Table 2 so that the result is expressed in 
ACP's. Since truncation was used in the computations, the following is true: 

eq. A-3RLRECORDED < RLACTUAL ~ RLRECORDED + 3 

where 
the run length recorded on the Mode 2 tapes expressedRLRECORDED 
in ACP's. 

the run length that would be	 given by equation A-2RLACTUAL 
if truncation were not used. 

C.3 Table C-l is a list of the actual data points used in the analysis. 
These were extracted as described in Section 6.2.2.1 of the report. 
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TABLE C-l 

Data Point List 

Tape: Aug. 25, AI-Mode 2 Tape 3 Beacon Code: 2315 
Range: <: 10 nrni 

Tape Message Run Status 280 or 
Record Number Azimuth Range Length Altitude True or Above Comments 

False 

207 10 ?27.637 8,500 52 20,000 T 

227 029.2197 7.500 44 20,000 T 

~4.004239 23 6.875 20 20,000 F X 

245 9 tl30.36l 6.500 60 20,000 T X 

255 4 25.313 6.125 112 20,000 F X 

257 15 63.721 6.000 20 20,000 F X 

257 70.22523 6.000 20 20,000 XF 

263 1232.3836 5.500 72 20,000 T X 

269 23 16.523 5.250 40 20,000 F X 

275 15 96.416 5.000 60 20,000 F X 

279 16 1234.932 4.750 80 20,000 T X 

287 13 23.115 4.375 36 20,000 F X 

289 31. 7291 4.375 72 20,000 F X 

289 20 46.143 4.375 44 20,000 F X 

289 26 52.471 4.375 28 20,000 F X 

293 2 69.873 4.375 216 20,000 F X 

293 97.2955 4.250 20 20,000 F X 

293 10 p-13.027 4.250 20 20,000 F X 

293 12 21.465 4.250 20 20,000 F X 

0.40.117297 4.00011 88 20,000 T X 

351 28.74015 3.875 76 20,000 T X 

359 718.2321 4.125 60 20,000 F X 

359 9 027.285 4.125 104 20,000 F X 
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TABLE C-1 

Data Point List 

Tape: Aug. 25, AI-Mode 2 Tape 3 Beacon Code: 2315 
Range: -5 10 runi 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

28
0 

or 
Above Comments 

367 22 35,596 4.500 64 20.000 T X 

373 

385 

4 

8 

172.178 

38.320 

4.750 

5.250 

68 

76 

29,000 

20,100 

F 

T 

X 

X 

401 20 246.885 5.750 92 20,100 F X 

401 

401 

405 

26 

31 

15 

254.443 

261.123 

39.463 

5.875 

5.875 

6.250 

52 

76 

76 

20,100 

20,100 

20,100 

F 

F 

T 

X 

X 

X 

421 13 40.342 7.125 48 20,100 T X 

437 6 40.254 8.125 48 20,100 T 

451 23 39.902 9.250 44 20,100 T 

877 

891 

907 

11 

25 

7 

65.391 

64.863 

64.336 

9.250 

8.250 

7.375 

48 

48 

40 

20,000 

20,000 

20,000 

T 

T 

T 

921 

925 

16 

8 

h':\ C;L..C; 

200.830 

6 17'1 

6.000 

L..n 

20 

?n 

?n 

nnn 

nnn 

'T' 

F 

y 

X 

925 12 ?17 ?hh 6 000 RL.. ?n nnn "' y 

935 30 c;n nOR ').')00 1h ?n nnn If y 

937 17 h? 0 ':\n c; c;nn Qn ?n nnn .,. X 

941 4 218.320 5.125 12 20.000 F x 

955 9 187.910 4.500 16 20 000 "' x 

955 14 199.863 4.500 56 20 000 F X 

957 2 221.660 4.375 24 20 000 F X 

957 11 236.514 4.375 28 20 000 F X 
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TABLE C-1 

Data Point List 

Tape: Aug. 25 AI-Mode 2 Tape 3 Beacon Code: 2315
 
;' 0 .Range: ~ 1 nm1. 

Tape Message Run Status 280 or 
Record Number Azimuth Range Altitude True orLength Above Comments 

False 

12 ')() (){)I"\LL ~7 c; 1;' V
957
 242.227 "' 
2')2959
 x
12
 4.37')260.156 20.000 1<' 

969
 v
7
 62.666 100
 20 000 4.000 T 

1029
 v
12
 R4 20 00087.891 1<'4.000 

1029
 14
 v
1fi95.098 20 000 F4.125 

1029
 v
15
 20 00098.701 lfi 1<'4.125 

1029
 v
20
 134.561 20 000 1<'4.125 20
 

1033
 q6 v
13
 240.732 20 000 T4.250 

1035
 1
 256.465 4.375 20 000 1<' x
16
 

y1043
 6
 21.445 4.625 188
 20 000 F 

1043
 11
 35.420 4.625 20
 20 000 F X
 

1049
 8
 240.820 5.000 x
72
 20 000 T 

1057
 22
 23.467 5.375 24
 20.000 F X
 

1059
 9
 35.508 5.375 36
 20 000 F X
 

1061
 9
 75.322 5.500 80
 20.000 F X
 

.
1061
 12
 87.100 5.500 108
 20.000 F X
 

1061
 14
 96.328 5.625 32
 20.000 F X
 

1065
 10
 240.293 5.250 20
 20.000 T X
 

1065
 12
 240.557 5.875 68
 20.000 T X
 

1073
 24
 33.486 6.250 16
 20.000 F X
 

1077
 1
 82.881 6.375 72
 20.000 F X
 

1081
 2
 240.293 6.875 44
 20.000 X
T 

1095
 13
 240.381 7.750 52
 20.000 T 
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TABLE C-l 

Data Point List 

Tape: Aug. 25 AI-Mode 2, Tape 3 Beacon Code: 2315 
Range: ~ 10 nmi. 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

28
0 

or 
Above Comments 

1118 5 240.381 8.750 48 20,000 T 

1132 8 240.469 9.750 48 20,000 T 
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TABLE C-1 

Data Point List 

Beacon Code: 

Status 
True or 

2315
 

28 0 or 
Above Comments 

X 

.x 

x 

X. 

X 

X 

X 

X 

X 

Tape: Aug. 25 AI-Mode 2. Tape 2. Part A 
Range: ~ 10 nmi. 

Tape Message 
Record Number 

251 15 

269 8 

287 6 

303 26 

321 15 

337 27 

355 14 

373 27 

391 26 

411 2 

415 1 

415 9 

415 16 

509 16 

511 15 

517 3 

523 10 

527 16 

533 2 

547 16 

563 13 

579 6 

593 10 

Azimuth Range Length Altitude 

233.613 9.875 40 QAOO 

233.525 9.125 4~ <moo 

233.525 8.375 .~ qROO 

233.613 7.500 44 9800 

233.965 6.750 48 qROO 

236.250 6.000 96 QROO 

234.492 5.250 48 9800 

234.932 4.500 44 9800 T 

235.547 3.750 52 9800 T 

237.393 3.000 52 9800 T 

20.303 2.750 64 9800 F 

35.068 2.750 188 9800 F 

46.582 2.750 24 9800 F 

202.061 2.750 172 9800 F 

251.191 2.750 104 9800 F 

45.967 3.000 56 9800 T 

160.400 3.250 44 9800 F 

252.598 3.500 20 9800 F 

47.021 3.750 48 9800 T 

47.813 4.500 48 9800 T 

48.428 5.250 52 9800 T 

48.779 6.000 52 9800 T 

49.043 6.875 52 9800 T 

Run 

False 

T 

7' 

7' 

T 

T.. 

7' 

T 
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TABLE C-1 

Data Point List 

Tape: Aug. 25 
Range: '£ 10 nmi 

Tape Message 
Record Number 

Beacon Code: 

Status 
Altitude True or 

2315
 

280 or 
Above Comments 

X
 

X
 

X
 

X
 

X
 

X
 

607 13 

621 21 

637 1 

1149 6 

1165 5 

1181 1 

1175 3 

1209 7 

1223 5 

1237 15 

1253 1 

1267 6 

1281 29 

1313 1 

1327 16 

1494 12 

1510 4 

1534 6 

1534 12 

1536 21 

1540 12 

1550 6 

1550 10 

AI-Mode 2, Tape 2, Part A 

Run 
Azimuth Range Length 

49.131
 

49.219
 

49.307
 

111.270
 

105.293
 

98.877
 

91. 055
 

82.529
 

74.707
 

64.160
 

54.932
 

46.143
 

37.617
 

24.170
 

20.303
 

268.594
 

268.330
 

58.359
 

69.082
 

112.939
 

267.275
 

55.283
 

70.664
 

7.625 48 

8.375 44 

9.250 48 

9.375 40 

8.875 48 

8.250 48 

7.875 48 

7.625 52 

7.500 36 

7.500 44 

7.500 52 

7.500 48 

7.750 44 

8.875 44 

9.750 36 

8.875 48 

7.875 52 

6.500 48 

6.500 88 

6.375 156 

6.000 64 

5.625 188 

5.500 44 

9800
 

9800
 

9800
 

20,000
 

20,000
 

20,000
 

20,000
 

20,000
 

20,000
 

20,000
 

20,100
 

20,100
 

2~,100 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

20,100
 

False 

T 

T 

T 

T 

T 

T
 

T
 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

F
 

F
 

F
 

T 

F
 

F
 

C-8
 



TABLE C-1 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape 2, Part A Beacon Code: 2315 
Range: 

~ 10 nmi. 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

28
0 

or 
Above Comments 

1552 10 96.416 5.500 40 ,?n lnn 1<' v 

1552 27 135.439 5.375 20 2n .1 no R v 

1556 6 266.660 5.125 68 20 100 7' v 

1564 26 50.098 4.750 244 20 100 F Y 

1568 4 101.162 4.625 80 20 100 1< x 

1568 16 120.146 4.625 136 20.100 F X 

1568 18 129.023 4.625 28 20.000 F X 

1570 4 149.678 4.625 24 20,000 F X 

1570 

1572 

1572 

5 

6 

7 

153.193 

263.848 

268.242 

4.500 

4.375 

4.375 

20 

32 

28 

20,000 

20,000 

20,000 

F 

T 

F 

X 

X 

X 

, 

~ 

Azimuth 
Split 

1580 4 38.848 4.125 20 120,000 F X 

1580 11 31.465 4.125 12 ,)0,000 F X 

1580 19 50.098 4.125 28 70,000 F X 

1582 3 67.412 4.000 56 00,000 F X 

1582 10 76.201 4.000 32 bO,OOO F X 

1582 28 94.219 4.000 32 20,000 F X 

1584 2 108.018 4.000 16 00,000 F X 

1590 28 94.219 4.000 32 00,000 F X 

1642 16 147.305 4.250 16 00,000 F X 

1644 3 190.371 4.250 20 0,000 F X 

1644 7 202.764 4.250 48 0,000 F X 

1644 9 ~09.355 4.375 32 20,000 F X 
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TABLE C-1 

Data Point List 

Tape: Aug. 25. AI-Mode 2. Tape 2. Part A Beacon Code: 2315 
Range: ~ 10 .nm~. 

Tape Message Run Status 28
0 

or 
Record Number Azimuth Range Length Altitude True or Above Comments 

False 

1(,4(, 10 'H1'" "'''', I. '" AA 1<? 7n nno v y 

1648 1 301. ')')3 4 ')00 ?lJ. 70 000 V y 

1648 4 304.62Q 4.')00 ?o 70 non "' y 

1648 6 308.496 4.')00 ?O ?O 000 "' y 

1656 17 83.760 4.7')0 77 70 000 '1' y 

1662 5 289.336 5.250 20 70 000 F X 

1662 6 293.555 5.250 40 20 000 F X 

1672 8 83.936 5.625 76 20 000 T X 

1676 18 285.645 6.125 20 20.000 F X 

1686 22 84.375 6.500 52 20.000 T X 

1702 4 84.111 7.500 44 20.000 T 

1716 8 84.111 8.500 48 20.000 T 

2258 12 68.115 5.625 76 20.000 T X 

2262 4 224.385 5.250 48 20.000 F X 

2264 15 287.842 5.125 80 20 000 F X 

2272 21 69.697 4.750 84 20 000 T X 

2276 8 215.947 4.500 128 20.000 F X 

2276 13 227.285 4.500 76 20.000 F X 

2278 7 251. 719 4.375 152 20.000 F X 

2278 11 263.496 4.375 32 20.000 F X 

2278 17 271.670 4.375 48 20.000 F X 

2280 2 284.326 4.375 24 20.000 F X 

2280 21 312.627 4.250 28 20.000 F X 
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TABLE C-l 

Data Point List 

Tape: Aug. 25, AI-Mode 2,Tape 2,Part A Beacon Code: 2315 
Range: 

~ 10 mni. 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

280 or 
Above Comments 

2280 2 284.326 4.375 24 20.000 F X 

2288 

2288 

8 

12 

70.664 

75.410 

4.125 

4.125 

20 

16 

20,000 

20,000 

T 

F 

X 

X 

l Azimuth 

Split 

2344 22 24.258 6.250 16 20,000 F X 

2346 6 36.475 6.250 220 20,000 F X 

2348 9 83.936 6.375 116 20,000 F X 

2352 3 240.820 6.750 48 20,000 T X 

2364 15 241.523 7.750 48 20,000 T 

2378 6 241.523 8.625 44 20,000 T 

2390 

2390 

8 

9 

241. 787 

243.457 

9.625 

9.750 

36-. 

16 

20,000 

20,000 

T 

F 

Range 

) Split 
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TABLE C-1 

Data Point List 

Tape: Aug. 25 , AI-Mode 2. Tape 1. Part A Beacon Code: 2315 
Range: {10 .nml. 

Tape Message Run . Status 28
0 

or 
Record Number Azimuth Range Length Altitude True or Above Comments 

False 

13 13 ':l':l~ ':lE:;7 a ?c;n t..lJ. I,Ann 'T' 

27 3 336.709 8. ')00 lJ.A I,Ann 'T' 

51 145 337.324 7.87') lJ.1. I,Ann 'T' 

63 18 337.588 7.J2'i lJ.n I,Ann 'T' 

77 17 337.764 6.375 lJ.A lJ.Ann 'T' 

91 10 337.852 5.750 44 lJ.800 'T' 

105 13 338.027 5.000 44 4800 l' 

119 11 338.379 4.375 40 480nn l' 

133 11 338.555 3.625 40 4800 l' 

147 11 338.555 3.000 52 4800 T 

267 23 156.182 3.000 24 4800 T 

285 12 155.127 3.625 4n I.Ann l' 

307 1 155.566 4.250 20 1.80n l' 

323 14 154.512 5.000 40 lJ.800 T 

339 7 154.424 5.625 44 4800 T 

361 20 154.336 6.375 40 4800 T 

377 7 154.160 7.000 44 4800 T 

391 30 154.248 7.750 36 4800 T 

407 24 154.336 8.375 36 4800 T 

423 18 154.512 9.125 44 4800 T 

441 10 155.215 9.750 36 4800 T 

1116 19 186.855 7.375 44 4800 T 

1130 5 186.680 6.625 44 4800 T 
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TABLE C-l 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape I, Part A Beacon Code: 2315 
Range: -c 10 . - nnu. 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

280 or 
Above Comments 

1142 

1156 

1170 

1186 

20 

13 

5 

30 

1 Rfl flRO 

186.680 

186.768 

186.680 

'i R7'i 

5.125 

4.375 

3.625 

M1 

40 

44 

44 

LdH'H1 

4800 

4800 

4800 

'T' 

T 

T 

T 

1310 

1370 

1384 

1398 

1412 

1426 

1440 

2258 

2276 

2292 

2310 

2126 

2344 

2362 

2380 

fl 

3 

7 

12 

14 

12 

14 

11 

4 

7 

1 

3 

7 

7 

6 

11Q 7R'i 

, ,[,. 
1 318 

1.055 

0.967 

0.967 

0.967 

309.287 

309.375 

309.111 

308.760 

308.232 

307.969 

307.617 

307.178 

? R7'\ 

" R7e; 

6.625 

7.375 

8.125 

8.875 

9.625 

8.750 

8.000 

7.250 

6.625 

5.875 

5.125 

4.500 

3.750 

21. 

/. /. 

44 

44 

44 

44 

44 

48 

40 

44 

48 

48 

52 

48 

52 

L..ROO 

t.ROO 

4800 

4800 

4800 

4800 

4800 

9800 

9800 

9800 

9800 

9800 

9800 

9800 

9800 

'T' 

'r 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 
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TABLE C-1 

Data Point List 

Tape: Aug. 25 , AI-Mode 2, Tape 3 Beacon Code: 1711 
Range: 

~ 10 nmi. 

Tape Message Run Status 28
0 

or 
. Record Number Azimuth Range Length Altitude True or Above Comments 

False 

L..77 7 ':!.n <; kR/. {} ')7E:: 40 1 n 1 nn 'T' 

491 23 304. ')41 R ':17<; I. £\ 10 1.00 'T' 

507 9 101 0,,7 7 ':17<; I. I. 1 n I, (1(1 m 

523 8 301 201 h ':17<; 48 10 500 T 

569 20 288.721 3.625 44 11 400 T 

579 19 77.959 3.375 16 11.500 F 

581 2 129.551 3.250 20 11 500 F 

585 16 275.977 3.000 76 11 600 l' 

593 19 29.268 2.R7,) RL.. 1 1 (,nn H' 

593 33 43.594 ?R7,) L..R 1 1 (,nn "' 
595 10 ')1 .,,1 F, ? 7<;(\ 1 (\R 11F,OO H' 

595 24 64.160 2 7<;11 (,11 1 1 7nn "' 
597 11 113.291 2.7<;0 F,L.. 11 7no "' 
597 13 122.695 2.7<;0 L..L.. 11 7nn "' 
597 15 128.58 /" 2.7<;0 L..L.. 11 7nn "' 
637 15 301. 377 2.87<; 1 h 1? ? nn H' 

637 26 314.121 2.875 88 12 ')00 F 

639 5 321.152 2.875 24 12 200 F 

639 16 332.314 2.875 28 12 200 11 

649 4 169.365 3.250 84 12 300 'T' 

665 1 156.709 3.875 68 12,400 l' 

681 6 148.711 4.750 48 12 ')00 'T' 

697 12 142.734 5.625 44 1? Rnn 'T' 

C-14
 



TABLE C-l 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape 3 Beacon Code: 1711 
Range: < 

- 10 nmi . 
Tape Message Run Status 28

0 
or 

Record Number Azimuth Range Length Altitude True or Above Comments 
False 

713 t:.. enn ,,, , n"11R . q 'l C; "T'10 I. " , 

R 1 'V. ':loll< l'729 48 13 500'7 "A" 

743 23 11 qnn134.033 44 l'8.500 

759 10 132.188 14 ?nn449.500 l' 
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TABLE C-1 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape 2 Beacon Code: 7067 
Range: ~ 10 nmi. 

Tape Message Run Status 28
0 

or 
Record Number Azimuth Range Length Altitude True or Above Comments 

False 

1856 11 299.092 Q <;; L.A ')7 nnn 'T' 

1882 2 80.068 8.250 20 27,400 F 

1882 16 90.527 8.250 172 27,400 F 

1884 12 124.541 8.125 48 27,400 F 

1884 17 136.934 8.125 112 27,500 F 

1890 1 291. 709 7.750 76 27,600 T 

1898 15 86.309 7.375 20 27,700 F 

1902 2 137.197 7.375 48 27,700 F 

1906 1 286.084 7.000 52 27,800 T 

1914 5 65.391 6.750 20 27,900 F 

1920 12 277 .734 h ,{7<; <;;1'> 'JA lnn 'T' 

1930 18 R 1 711 h 17<; Q7 28 200 F 

1932 11 99.H44 n .12') 40 2H.200 F 

1934 ? 111.027 n D'i 112 7.8 200 F 

1934 9 123 398 h 17<; 77 ?R 'JOO F 

1934 11 129.023 h 17 <; 7R ?R 'JOO F 

1936 13 267.100 5.875 40 28 300 l' 

1946 24 67.588 5.750 16 28 400 F 

1948 9 82.002 5.750 20 28.400 F 

1950 1 97.207 5.750 148 28 400 F 

1950 16 114.434 5.750 148 28 400 F 

1950 19 124.980 5.750 20 28.400 F 

1954 3 248.555 5.625 140 ?R 4(H) l' 

/ 
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TABLE C-1 

Data Point List 

Tape: Beacon Code: 7067Aug. 25 • AI-Mode 2. Tape 2 
Range: ~ 10 nmi. 

Tape Message Run Status 28 
0 or 

Record Number Azimuth Range Length Altitude True or Above Comments 
False 

1970 5 227.813 5 1)00 '\? ?R t:.nn. T 

1976 7 3.428 5.500 28 28.600 l( 

1986 2 184.395 5.625 56 28 hon 'T' 

1986 5 203.906 5.625 96 28.700 l( 

1994 17 23.555 5.750 24 28700 1;' 

1996 21 37.090 5.750 92 28 700 1;' 

2002 21 182.637 5.875 16 28 700 T 

700R ?? ')./,1 1 n/, e. 1 ')1:: .r\ ?R ROO ,.. 

?nln 11 ~'\~.Q~F. h.1?'\ hR ?R Ron l( 

?Ol 0 '1 L.. ~'\Q hL..R h.1?'\ ?L.. ?R Ron 1;' 

2012 13 2') .u8H h.l?'\ 28 ?R Rnn .Ii'. 

2012 16 7q ~'\'\ h 1? '\ ?R ')Q Qnn. 1:' 
~ 

2014 1 I) 18.L..08 h 1?'\ 1 ?I, ?Q Qnn
• 

u 
~ 

2016 6 63.018 6.250 20 28 LaOa L 

2020 15 169.717 6.375 28 28 800 l' 

2038 19 163.037 7.000 48 28.700 l' 

2058 1 156.797 7.750 60 28.700 l' 

2074 15 153.457 8.625 28 28 .600 l' 

2092 1 149.238 9.625 36 28 .600 T 

- -
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TABLE C-1 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape 3 Beacon Code: 1673 
Range: $. 10 nmi. 

Tape Message Run Status 280 or 
Record Number Azimuth Range Length Altitude True or Above Comments 

False 

112 6 26.016 9.750 52 24,100 T 

125 21 22.061 8.875 40 24,200 T 

143 2 17.051 7.875 44 24,400 T 

161 9 q.R44 7 l? ') IC,A ?/. IC,nn 'f' 

169 1 1n1 1Q1 n.7,)O ~h ?/. hnn "' 
171 :2 213.13') n .7')0 /.J.P. ?L. 7nn "' 
179 14 0.61') 6 ')00 7? ?L. 7nn 'f' 

197 3 348.311 6.000 7? ?L. Qnn l' 

221 6 86.572 5.625 L.n ? 'i 1no "' 
221 7 85.078 5 7')0 RO ? ') . 100 "' 
221 9 96.592 ')7')0 ?6. ? 'i 1nn 1;' 

221 12 102.480 5.750 ')n ? ') 1nn "' 
223 1 106.699 5.625 1 ':\n ? ') . 100 l' 

231 11 315.088 5.750 ')6 ?') ':Inn l' 

241 2 90.264 5.750 80 2') ':\00 F 

241 5 103.271 5.750 20 25 ':\00 F 

247 21 298.037 5.875 64 25 400 T 

257 30 76.992 6.125 92 25.500 F 

259 2 87.275 6.125 72 25 500 F 

259 10 136.406 6.125 24 25 500 F 

259 12 147.568 6.125 24 25 500 "' 
265 3 284.414 6.375 72 25 600 l' 

275 6 71.104 6.625 28 25.700 F 
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TABLE C-1 

Data Point List 

Tape: Aug. 25, AI-Mode 2, Tape 3 Beacon Code: 1673 
Range: 

~ 10 nmi. 

Tape 
Record 

Message 
Number Azimuth Range 

Run 
Length Altitude 

Status 
True or 

False 

28
0 

or 
Above Comments 

275 

277 

281 

R 

2 

5 

7r:.,.?1LL 

127.969 

275.219 

I:. 1:.')<; 

6.750 

7.000 

I. I. 

44 

76 

')<: ,('1('1., 

25,700 

25,800 

'" 
F 

T 

291 

293 

297 

307 

309 

313 

329 

-

11 

11 

19 

18 

16 

18 

7 

64 JLLR 

119.795 

266.748 

,}7 7LLLL 

108.ROq 

261 387 

257 344 

-

7 

7 

7 

~ 

~ 

R 

Q 

1.7<; 

C;OO 

7C;O 

l?<; 

?<;(\ 

(,?C; 

(,?" 

1 (\(\ 

?O 

1:.1. 

QQ 

lc. 

<;? 

<;') 

-

')<; Q('I('I 

?I:. (\(\(\ 

')c. ('1('1('1, 

')c. '('1('1. 
')c. ')('1('1 

')c. ')('1('1 

') c. I. ('1('1 

-

k' 

k' 

'T' 

TO 
~ 

l' 

'l' 

'l' 
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Appendix D - Errata to Reference 1 

Reference 1 is the APL report issued to the FAA under 
Contract DOT-FA75WA-3553 in September 1976. The ring around 
investigation was conducted as a follow-on to this contract, and 
the final report for the ring around investigation is issued as 
an addendum to reference 1. Errata to reference 1 are listed in 
this appendix. 

Errata to reference 1: 

1)	 Page 8-5, Section 8.1.2, Paragraph 2, Sentence 1 
should read: 

In operation, an interrogation pulse-group transmitted 
from the ATC BI via the antenna triggers each airborne 
transponder that is capable of responding to the mode 
interrogated and located in the direction of the antenna 
mainbeam within 256 nmi of the antenna. 

2)	 Page 8-10. first paragraph, lines 4 and 8: Change 
the "one thousand" to "1024". 

3)	 Page 8-23, first paragraph, line 5: Change "Group I" 
to "Group I I" . 

4)	 Page 8-29, Section 8.2.2, first paragraph, line 4: 
Change ARSR-7 to ARSR-2. 

5)	 Page 8-156, Equation 8-1: Should read 
RUN LENGTH = (UNCORRECTED CENTER AZIMUTH - AZ START) X 2 

6)	 Page 8-156, Paragraph 2, line 5: Change "Section 8.12" 
to "Section 8.1.2". 

7)	 Page 8-160, Table 8.23, under column labeled "RUN LNG": 
The number here should be 24 instead of ey. 
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