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PREFACE

This report describes the work performed by The Johns Hopkins
University Applied Physics Laboratory (APL) for the Federal Aviation
Administration under contract DOT—FA75WA—3553. The Technical Represen-
tative for this effort  is Dr. James A. Shannon of Air Traffic Control
System Division (ARD—lil) of the Systems Research and Development
Service (SRDS).

This report is divided into three separate volumes. Volume II
discusses processing of the secondary radar (beacon) information with the
CD. Volumes II and I are essentially independent so that the reader
mainly concerned with beacon processing can concentrate on Volume II and
vice versa. Volume I consists of a suamlary of major results, conclusions,
and recommendations from the entire report. In addition , Volume I also
describes work completed in the area of primary radar processing (one
exception to this is Section 4.2 which discusses jitter in the beacon
system). Volume III contains the appendices for this report.
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SECTION 8.0

INVESTIGATION OF THE BEACON PERFORMANCE

OF THE COMMON DIGITIZER

8.0 INVESTIGATION OF THE BEACON PERFORMANCE OF THE COMMON DIGITIZER

8.1 INTRODUCTION AND SUMMARY

Volume II contains Section 8 of the report , which describes the
Investigation into the beacon data processing performance of the CD. It
Is the companion volume to Volume I, which , for the most part, addresses
the investigation into the CD processing of primary radar data.

8.1.1 Analysis Approach

This eection discusee8 the analysis of the beacon performance
of the Common Digitizer performed under Modification 1 to the contract.
The objective listed in the Statement of Work of Modification 1 is “to
analyze the beacon performance of the Conm on Digitizer (CD) pay ing particular
attention to the automation requirements of the en route portion of the
National Airspace System (N~S)” . This broad objective was refined by the
Laboratory to include the following specific steps in the analysis approach .

The first step was to isolate specific areas in which beacon
processing is deficient. Special attention was given to those areas which
were already known to be troublesome (e.g., azimuth jitter of target ambiguities,
etc.). Once the primary problem areas were determined, the performance
of the CD was studied to determine the causes for these problems . The
results of the analyses performed are discussed and where possible , modificat ions
to the CD are proposed to improve its performance in processing beacon
da ta .

The beacon analysis was based on empirical observations of the
CD processing of actual beacon data. In order to do this, recordings were
made at three points along the processing chain from raw beacon video entering
the CD to beacon reports exiting. Figure 8~ 1 illustrates this processing
chain. The relevant functions of the CD are shown . Beacon video from
the secondary radar receiver is first range integrated by the CD in order
to detect the occurrence of beacon replies or hits . The ranges of replies
that occur are noted and replies at the same range are then integrated
in azimuth to produce beacon target reports • The three points at which
recordings were made for this study include the incoming beacon video ,
the beacon replies , and the outgoing target reports (see Figure 8.1).
The approach was to start the analysis at the conclusion of the processing
chain (with target reports) and work backwards along the cha in by investigat ing
beacon replies and then beacon video, while reducing the amount of data
analyzed and at the same time focus ing in on specific problems .

The un ique feature of th is approach over previous analyses of
the Beacon Performance of the CD is that in addition to beacon target reports,
the beacon replies and beacon video are also considered. Cons ideration
of CD processing at these levels allows the probleni area in the CD’s processing
to be better isolated to a specific area in the CD logic.
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Analysis at the reply level and video levels have been made possible
by the addition of new equ ipment to the NAFEC facilities . In particular ,
the CD at Elwood used to generate all the report and reply data, has a
recently installed device called an Auxiliary Interpreter (Al) , which ,
among other functions, allows beacon replies to be extracted and recorded
in digitai form on magnetic tape. Also recently completed was the installation
of the Video Quantizer Recorder (VQR) machine which converts both primary
and secondary analog video to digitized video which in turn can then be
analyzed using processing by digital computers. In particular, using a
computer generated display, the intensity of the video can be displayed
in range and azimuth on static display for extended study of video character-
istics. With analog signals, a meaningful static display of the video
is not possible.

The target report analysis identified problem areas in the CD
processing through examination of target reports, developed and applied
methods to quantify and assess the significance of these problems, and
finally selected a group of specific problems considered significant enough
to warrant further investigation. Furthermore, the methods developed to
assess the signif icance of the problems can also be used to a~sess the
improvement in CD processing resulting from CD modifications that might
be made to correct the problems.

Nex t, the replies used to generate the target report were considered.
For example, problems such as jagged tracks or missing reports may be identified
at the target report level. Examination of the target replies may show ,
hypothetically , that jagged tracks are caused by bad range timing in the
placement of the replies in a range cell, resulting in range errors and
also centroid ing (azimuth) errors. This would tend to indicate processing
prob lems in the beacon reply group or the target detection group . If the
replies themselves are anomalous, it may be necessary to proceed further
and study the beacon video to determine the video characteristics that
cause the anomalous replies. If it was determined that certain video
characterist ics were resulting in anomalous replies being generated , a
modif ication to the video quantizer section of the beacon reply group in
the CD might be recommended to handle the prob lem causing video . At the
report level , a large amount of data is analyzed , as the analysis proceeds
further backwards along the processing chain , less data is analyzed , and
fewer problems are considered. This reduction in data as the analysis
proceeds through the processing chain is illustrated by the funnel in
Figure 8.2.
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As noted on the figure, the objective of this analysis is to
focus upon specific problems using beacon replies and video if necessary
to determine as much as possible about causes for the problem and thereby
enable recommendations to be made to improve beacon processing. Problems
in obtaining government furnished tapes prior to su~pension of the in-
vestigations curtailed , in places , attempts to identify specific trends
and make corresponding recommendations . However , many interesting
anomalies were identified and will be discussed.

In Section 8.2 the equipment and data collection process at NAFEC,
as well as the data collected itself are discussed. Section 8.3 addresses
the APL data reduction facilities and processing. Sections 8.4 through
8.6 present the results of the analysis performed at each of the three
processing levels (reports, replies , and video). While the section on
analysis of reports contains useful information, the sections of prime
interest are 8.5 and 8.6 which address the reply and video analyses.
These sections present data in forms only available recently due to the
addition of the Auxiliary Interpreter and VQR machine to the NAFEC facilities.

8.1.2 Overview of System Being Analyzed

The system under discussion in this section is part of che Air
Traffic Control Radar Beacon System (ATCRBS) and consists of airborne
transponders, ground interrogator receiver (Air Traffic Control Beacon
Interrogator, ATCBI), processing equipment (CD and ARTCC complex) and an
antenna system. Figure 8.3 illustrates the airborne transponder and that
portion of the system located at the antenna site at Elwood, namely the
ATCBI—3 and the CD. There are several versions of the ATCBI, up through
an ATCBI—4. The one installed at Elwood is an ATCBI—3. The Search Radar
is shown since its video is also processed by the CD, and the range timing
in the CD is synchronized to the search radar pretrigger. The ATCBI—3
is likewise synchronized to the search radar pretrigger providing proper
ranging for both search and beacon data. The figure should be referenced
as necessary throughout the following discussion.

In operation, an interrogation pulse—group transmitted from the
ATCBI via the antenna triggers each airborne transponder that is capable
of responding to the mode interrogated and located in the direction the
antenna mainbeam within 256 nmi of the antenna. The following interrogation
modes are presently defined for ATCR.BS.

8—5
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Mode 1 — for military use

Mode 2 — for military use

Mode 3/A — to initiate transponder response for identification
and tracking

Mode B — to initiate transponder response for identification
and tracking (not used in U. S.)

Mode C — to initiate transponder response for automatic
pressure altitude transmissions

Mode 1) — for future expansion (not used at present time)

The interrogation modes of primary interest to this analysis
are Mode 3/A and Mode C. All civilian transponders can respond to Mode 3/A
interrogations though some cannot respond to Mode C interrogations. When
the airborne transponder is triggered by the interrogation , it transmits
a multiple pulse reply group. The range of the airborne transponder is
determined from the round trip transit time (i.e , interrogations transmitted
to reply received time) and azimuth information is determined from the
direction of the mainbeam. The multiple pulse reply group , in the case
of a reply to a Mode 3/A interrogation , contains the encoded beacon code

• for identification and is used for detection and tracking. In the case
of a rep ly to a Mode C interrogation , the pressure altitude is encoded.

Each interrogation consists of a pulse triplet of pulses P1,

t P2, and P
3
. Pulses P

1 
and P

3 
are transmitted directionally in the antenna

nialnbeam. Pulse P2 is transmitted omnidirectionally 
for use in suppressing

transponder responses to sidelobe interrogations. Sidelobe suppression
is a feature that is included on all new transponders which measures the
relative amplitude of P1 and P

2 
to determine the origin of an interrogation

-‘ (i.e., mainbeam or sidelobe). The transponder will be suppressed and
will not reply if the interrogation was from a sidelobe of the antenna.
The mode of the interrogation is designated by the time interval between
pulse P

1 
and P

3 
as follows:

8-7
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Mode 1 3 ± 0.1 .is
Mode 2 5 ± 0.2 i.is
Mode 3/A 8 ± 0.2 118
Mode B 17 ± 0 .2  ji s
Mode C 2l±O.2~~sMode D 25 ± 0.2 i’s

The most elementary transponder reply is a pair of pulses,
(F1, F2) called framing pulses, that are spaced 20.3 psec apart. Information

pulses (for encoding altitude or beacon code) occur between the framing
pulses at intervals of 1.45 i.isec. Each information pulse position is
designated as follows:

Pulse Designation Position from F
1 (itse

c)

C1 1.45

A..1 2.90

C2 4.35

A2 5.80

C4 7.25

A4 8.70

10.15 (Not used in ATCRBS)

B1 11.60

D
1 

13.05 (Not used in Mode C)

• B
2 

14.50

D
2 

15.95

B
4 

17.40

• 
D
4 

18.85

In addition, a Special Position Identif ication (SPI) Pulse may
be transmitted with the reply at 4.35 iisec after F2. This pulse will be

transmitted with each reply only when the pilot has activated the “ident”
feature of the transponder. The X pulse position is not used in the present
ATCRBS. The twelve remaining information bits allow 4096 different codes
to be selected for reply to a Mode 3/A interrogation. Encoded altitude
from — 1000 feet to 127000 feet in 100 foot increments can also be transmitted
via the information pulses in reply to a Mode C interrogation. The trans-
ponder replies are received by the ATCBI receiver which incorporates
a sens itivity time control STC. This varies the sensitivity of the receiver
as a function of time elapsed from transmission of the last interrogation ,

8—8
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so that the gain is low when rece iving replies from transponders at close
range but increases with time so that higher gains are used when replies
from transponders at longer ranges are received. This feature will reduce
the number of detectable replies received though antenna sidelobes for
those cases where sidelobe suppression fails or the transponder does not
have the sidelobe suppression feature. From the ATCBI receiver, the
replies are sent to the CD where they are digit ized* and processed to
determine the range, azimuth , beacon code, and altitude of each aircraft
carrying a transponder.

The beacon interrogator antenna at Elvood is rotating at 9.6
seconds per scan and transmitting beacon interrogations at a rate of 360 per
second (beacon pulse repetition frequency, PRF). If the system is functioning
properly, the transponder will only be interrogated while it is in the
mainbeam of the antenna, which is roughly 3 degrees for the hog trough
type antenna. Taking into account the antenna scan rate, beacon pulse
repetition frequency (PRF), and beamwidth, the transponder will be interrogated
about 29 times while it is in the mainbeam each scan. The interrogation
modes can be interlaced in selectable patterns . Assume that an interlace
of 3/A, 3/A, C is used. This means that two Mode 3/A interrogations will
be transmitted followed by a Mode C interrogation over and over. This
is roughly 19 Mode 3/A interrogation and replies and about 10 Mode C interrogation
and replies while the transponder is in the mainbeam of the antenna per
scan. The 19 Mode 3/A replies are processed by the CD to determine the
beacon code, range, and azimuth of the target. The Mode C replies are
processed to determine the altitude of the target. Note that Mode C replies
are not processed to determine range and azimuth of the target. The received
replies are sent to the CD which first turns them into digital signals
for further processing. The remainder of this discussion addresses the
digital processing of the replies.

• The beacon video is quantized by the beacon video quantizer
• in the Beacon Reply Group (BRG) of the CD. The quantized video is then

sampled to determine the occurrence of an F
1
—F
2 
bracket pair and, if found ,

the quantized information pulses between the bracket pulses and SPI
position are sampled to extract the information (either code or altitude)
from the reply. It is possible that two transponders located close to
each other in the airspace could produce replies that overlapped. The
BRG can sometimes detect this and determine whether the pulse positions
are overlapped or interleaved. If the pulse positions are found to be
overlapped , the reply is flagged as garbled. If the positions are inter-
leaved, the beacon data for both replies can be processed.

* The ATCBI—4 receiver will send replies already digitized to the CD.
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Immediately after each interrogation, a range counter in the
Azimuth Range Timing Group (ARTG) of the CD starts count ing from essentially
zero range. The space between zero range to the maximum range processed
by the CD, 256 nmi, is divided into one thousand 1/4 nmi divisions called
range cells which are counted out by the range counter after the interroga-
tion is transmitted. As replies are received, the range cell they fall
in is determined by the count on the range counter. The process of trans-
mitting an interrogation , then counting through the thousand range cells
while receiving replies and assigning them to range cells is called a sweep .
With the 360 PRF there are 360 sweeps per second . An eleven bit shi f t
register , called a sliding window , is associated with each range cell.
It will be assumed that data , ones or zeros , are shifted in the eleven
bit shift register from the right. On each sweep , for which Mode 3/A was
interrogated, the sliding window associated with each range cell is processed
by shifting it left. If a Mode 3/A reply was received for a particular
range on that sweep, a hit is shifted into the sliding window by shifting
a one into the sliding window from the right. If no Mode 3/A reply was
received for that range cell after a Mode 3/A interrogation, a miss is
shifted in as a zero. An adder in the target detection group (TDG) of
the CD determines the number of hits in every sliding window each time
the window is processed.

Several thresholds are assoc iated with the number of hits
counted in the sliding window. First is the validation threshold T

When the number of hits in the sliding window reaches T
~
, validation begins.

The TDG group will request an in—process address from the Target Processing
Group (TPG) in the CD and the target report is said to be in process.
The information word contained in the next ungarbled reply for each mode
interrogated is stored by the TPG. Thereafter, the information word for
each ungarbled reply is compared with the stored word for each mode interrogated

• respectively. If the information agrees, the stored word has been validated
• and no further- comparison takes place. If the information does not agree,

the new information replaces the currently stored word for that mode.
• Thus, after the validation threshold is reached, two ungarbled replies

with the same information for each mode interrogated are required to validate
the information f or that mode. T

~ 
at Elwood is normally set to five.

Next is the target report lead edge threshold, TL. When

the number of hits in the sliding window reaches this value, a target report
lead edge is declared. Normally at Elwood, TL is set for six , so that six
hits in any eleven (eleven is the sliding window size) Mode 3/A interrogation

• will cause a target lead edge threshold to be declared. When this happens,
the target report will remain in—process until the number of hits in the
sliding window drops to a preselected threshold T

T called the target trailing

edge threshold, normally set to two at Elwood. After this, the target
report is completed.

• 
1 8—10
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An azimuth counter is also functioning in the CD to determine
antenna position as the number of azimuth change pulses or ACP ’s. There
are 4096 ACP’s per scan. The azimuth at which TL is reached , called the
azimuth start (AZ START), is added to the azimuth at which TT is reached ,
called the azimuth stop (AZ STOP), both expressed in ACP ’s. A division by
two is done by put t ing the sum in a shi f t register and shi f ting right .  As
a result, the remainder of 1/2 ACP, if it exists, is truncated . The result
of the division, the uncorrected center azimuth, is then corrected by a
preset azimuth correction factor, which is —3 ACP ’s at Elwood, and the final
value is the corrected target azimuth.

Thus the target is detected by azimuth integrations using a
sliding window, and the range of the target report is determined by which
range cells the Mode 3/A target replies are assigned to by the range counter.
Target detection is effected by reaching a leading edge threshold of six
Mode 3/A replies or hits out of eleven Mode 3/A replies. Target azimuth
is determined after the trailing edge threshold of two Mode 3/A hits out
of eleven Mode 3/A interrogations is reached and computing the azimuth
that is roughly half way between the leading and trailing edge thresholds.

The CD is also concurrently processing radar video in much the
same way that it is processing the beacon video. If an in—process beacon
report occurs in the same range cell as an in—process radar report, a single
in—process address is assigned and a single report is generated . The
target repor t will be designated as a beacon report which was radar reinforced .
A separate search radar report is not generated in this case.

I
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8.1.3 Conclusions and Recommendations for the Beacon Performance Analysis

The proposed approach to this analysis consisted of three steps —

analysis of beacon target reports , analysis of beacon replies, and analysis
of quantized beacon video. The analysis was to proceed by selecting beacon
target report anomalies during the analysis of the beacon reports , then
study the associated beacon replies and beacon video as necessary to determine
the causes and ultimately solutions to the identified anomalies. The
conclusions and recommendations section suggested by the analysis approach
should then start with the selected anomalies indicated and then follow
through with the associated results obtained at each level for the anomalies.
A separate section would then be provided for additional information of
interest discovered during the analysis but not necessarily related to the
originally identified anomalies .

This section generally follows this format. However , the data
collection was impaired at various stages during the analysis , preventing
a complete data set with associated anomalous reports , replies, and quantized
beacon video. The results obtained , however , are not discouraging though
the conclusions and recommendations do not list exactly the information that
the analysis approach would be expected to provide in the ideal situation.

8.1.3.1 Data Collection Problem

The primary data collection problems were the collection of beacon
reply data and quantized beacon video data. Collection of the beacon reply
data was hampered by problems with the actual data collection device , the
auxiliary interpreter (AT). This device is connected to the Common Digitizer
(CD) and accumulates in real time the beacon replies as detected by the CD.
The information is then written on magnetic computer tapes , called Al Mode 2

• • Beacon Reply Tapes (also just Mode 2 tapes or Reply Tapes). The first problem
during collection of this data was the selection of the correct wirestrap
options to record beacon target run length and beacon target reports. This
problem was solved after it was discovered that some data had been collected

-• with these wirestrap options selected. The second problem involved RF inter—
• ference from the search radar and/or beacon interrogator transmitters that •

directly affects the recording of the Mode 2 tapes. This problem causes
recording errors such as parity errors or checksum errors to appear on
the Mode 2 tapes. It was determined that good clean recordings of Al
Mode 2 c~ata could only be made by playing previously recorded tapes of
beacon and radar video through the CD with the transmitting equipment turned
off. As a result , no reply data can be recorded when the transi~itters are on
and data directly from the receiver is used as input to the CD. Evidence that
there are possibly significant differences between report data emana~ing from4
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the CD when real time radar and beacon video are used as inputs and resulting
report data when an FR—950 analog recording of the sane video signal is used
has been found and is also discussed in this report. These differences may
be present at the reply level and therefore could be recorded on the Mode 2
reply tapes. It is recommended that the AT recording problems be solved so
that its use is not restricted to analog recordings .

8.1.3.2 Anomalies Identified

Five different problems that have potential for improvement through
modifications to CD processing were identified . These are:

1. Target Report Ambiguities
2. Radar—Beacon Misalignments
3. Missing Reports
4. Jagged Tracks
5. Inconsistent Reported Codes

A target report ambiguity occurs when, on a single scan, two or more
reports corresponding to a single aircraft are outputted by the CD. These
additional reports result in unnecessary information being transmitted across
the modem lines and create an additional burden on the 9020 computer system at
the ARTCC . Further, the display of these ambiguous reports to the controller
creates an additional problem for him, thus reducing his capacity for carrying
out his primary purpose of directing air traffic. The existence of ambiguous
target reports will also result in problems to future automation of NAS.

Radar—beacon misalignment refers to the failure of the CD to correlate
a beacon report with its corresponding radar report. When functioning as
designed , the CD will recognize that incoming radar hits correspond to incoming
beacon replies from the same target and will produce a single beacon report tha t
is flagged as radar reinforced. When the CD fails to do this, two reports, a

• 
radar and a beacon report, will be transmitted to the ARTCC. While it appears
that controllers are not overly concerned about the display of this extra report,
its existence on the display must still be given consideration by the controller,
at least to the extent that he observes it and decides to ignore it. As controller
workloads are of ten extremely heavy, it would be best to eliminate the display of
all unnecessary reports. The extra radar reports place an extra burden on the
modem lines and the 9020 computer systems . It was therefore considered worth-
while to consider this problem for additional study.

The next problem is missing reports. When the target report data
for several scans is displayed simultaneously, aircraft flight paths become
apparent. By visual inspection, it can be seen that aircraft tracks exist.
Ideally, on each scan, a beacon report will occur for each existing track.
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Sometimes, however , a report will not occur on the track, though one does
occur on a previous scan and subsequent scans. Such an event is called a
missing report. The target report data being displayed to the controller
is tracked by the 9020 system before being displayed. A missing report into
the 9020 system, occurring on a track already established by the 9020
tracker, will result in a report being displayed to the controller which is
developed by use of pred icted position based on past information. This, of
course, has a direct affect on track accuracy.

Jagged tracks refer to the occurrence of tracks for which a
smooth flight path cannot be drawn through the reports on the track. It
is assumed that the aircraft which generated the target reports forming a
track prescribed a smooth flight path in the air . If a smooth line were
drawn through a jagged track to approximate the aircraft flight path, it
would be evident that the target reports were deviating from the line. As
en route aircraft are not likely to follow a jagged path, it is assumed that
a centroiding problem or ranging problem has resulted when a jagged track
is found. Such tracks were frequently observed using the display program.
Improper centroiding and ranging can present significant problems to the system
at the ARTCC. For one thing, trackers normally assume a smooth flight path,
and look for a target report to occur at a position predicted on the basis of
a smooth prediction using past track parameters. When a target report does
not occur at its predicted position, the tracker must either coast (produce a
predicted report), or go through some additional logic to find the misplaced
report. In either case, tracker load is increased. Furthermore, the accuracy
with which the target position is known is reduced because of the incorrect
determination of target report position.

An incorrectly reported code occurs when a target report on a track
has a code that is different from those reports occurring prior to or subsequent
to it on the same track. As beacon code is used by the controller to identify

• aircraft which he is controlling and also by the tracker in the 9020, the
* occurrence of incorrectly reported codes is potentially a problem and will

become more so with increased automation.

8.1.3.2.1 Llmbiguities

It was observed that there are five identifiable categories of
ambiguities based on separation existing between the ambiguous target reports.
These classes are:

1. Range Splits
2. Azimuth Splits
3. Sidelobe Ambiguities
4. Reflection Outside the Mainbeam
5. Mainbeam Reflections
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Although the ambiguities are classified according to their range
and azimuth separations, this factor is closely related to the mechanism
that generated them . It is the mechanism that is of primary concern . In
consideration of this , the discussion of the character istics of the ambiguities
is closely tied to the mechanisms for generating them . In some instances
the ambiguities separation characteristics were first observed , then the
mechanism for generation was hypothesized . In other cases, th e ambigu ities were
known to exist and the cause was alread y known .

Range splits were observed to occur in pairs separated by less than
(usually) 3° in azimuth and 0.125 nmi in range. Less frequently, they occurred
separa ted by 0.250 nmi. Range splitting is observed for targets that are
part of easily distinguished tracks. Thus, coupled with the 30 azimu th
separation which is approximately a beamwidth , indicates that the range split
is generated entirely during the mainbeam. The distribution of azimuth
separations for range splits, presented later in this section, shows that the
azimuth separation most favored is 0° . Since two target reports cannot be
in the same range cell at the same azimuth , this is evidence tha t the range
split elements indeed are generated in adjacent range cells . The range cells
are 1/4 nini , but target report range in a range cell is reported to the
nearest 1/8 nmi (upper or lower half of a range cell), thus ta rgets separated
by an 1/8 nmi can be in adjacent range cells. Although a single aircraft is
generating the replies used to form the report , the replies may fall in
different range cells if the target lies sufficiently close to a range cell
boundary for inherent system range jitter to cause the replies to jump between
range cells. This is assumed to be the basis for range split generation. The
replies from a single target are randomly being placed by the CD in one
of two adjacent range cells in sufficient quantities to declare a target present
in both range cells. The characteristics of range splits are that they
generally occur in pairs, fall in adjacent range cells with an associated range

• separation usually of 1/8 nmi but sometimes 1/4 mini, and are generated during
a mainbeatn interrogation with a corresponding azimuth separation of usually
less than 3°.

The mechanism for generating an azimuth split was assumed to be a
fading of beacon replies and subsequent strengthening again of the replies
while the target is being interrogated in the inainbeam. The fading of replies
must be sufficient to declare a target report complete, then, enough strong
replies must be received to declare a new target report before the actual
aircraft is out of the mainbeam. In this case all the replies are assumed
to be placed in the same range cell. Thus, azimuth splits will have the same
range and, since they occur during a mainbeam interrogation, be separated by
no more than about 3°. They were observed to occur exclusively in pairs.

8—15

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~



Sidelobe ambiguities result when target reports are generated by
a single aircraft through interrogation by two or more of the antenna lobes.
This will normally include the mainbeam interrogations and interrogations
through one or more sidelobes. Normally, the reports will be generated at
the same range. However, the time between generation of sidelobe elements
is much greater than that of range or azimuth splits since the antenna has
turned through more than the 3° of mainbeam beamwidth and , if a target has
a radial velocity to or f rom the sensor , the range may change slightly
between the generation of successive elements forming a sidelobe ambiguity.
Thus sidelobes occur at azimuth separation larger than a beamwidth and
at almost the same range . Sidelobes usually occur in pairs, but are more
likely than the other ambiguities to occur in larger group sizes, as observed
from the data.

Reflections are generated when an aircraft is interrogated by the
mainbeam via a reflecting surface, and replies through a sidelobe. The
report generated by the reflected interrogations along with the normally
generated target report, form an ambiguity pair. Reflections will be at
different ranges because of the different interrogation/reply path lengths,
different azimuths because the inainbeam is not pointed at the target at all
during generation of the reflected report , and occur mostly in pairs.

Mainbeaxn reflections have a large range separation but occur in the
mainbeam. They are almost always in pairs. The term “inainbeam reflection” was
given to these ambiguities before their cause had been determined . There is
evidence to indicate that they are generated in much the way that range splits
are generated , though the range cells are no longer adjacent. An analysis
of range jitter in system shows that very large deviations are possible,
though unlikely. Mainbeam reflections were quite rare.

The ambiguities were detected by searching for two or more targets
per scan with the same discrete bea:cn code , then classified based on their separa—
tions. Mainbeam reflections and azimuth splits were so infrequently detected that
they are considered a negligible problem. Many “reflections ” were detected but
these wer e fo und to be two act ual aircra f t  that were simply squawking the
same discrete beacon code. Thus sidelobe ambiguities and range splits were
the only real ambiguities detected at significant levels. While reflections

4 were not a problem in the data used for this analysis , other sites may , of
course , have a more severe reflection problem .

Actual rates varied within some reasonable ranges.

Range Splits occurred at about a 1% to 3% rate usually and sometimes
as high as 4%. Sidelobes were usually between about 0.5% and 1%. Mainbeam
Reflection occurred at less than a 0.3% rate while Azimuth Splits were less
than 0.1%. Reflections are considered negligible because 1) real reflection
occurred at a low rate, and 2) reflections are best solved by proper antenna
siting — not CD modifications. Sophisticated software can be developed to reduce
reflections , but such techniques are not within the scope of simple CD modifications.
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The majority of the observed ambiguities occurred in pairs. Azimuth
Splits were always pai rs and indeed it can be shown that theoretically they
must be only pairs. Also , Range Splits , Mainbeam Reflec tions , and Sidelobes
are also mos tly pairs though sidelobes have more non—pairs than the other types
of ambiguities.

It was observed in the case of Range Splits that for the majority of
range splits with two Mode C reports in the group , bo th repor ts had the same
alt itude . However , in most cases , either no Mode C repor ts were present or one
Mode C report was present and one non—Mode C report was present. This was
similarly observed for sidelobes and mainbeam reflection but not reflections. -:

This Is evidence that at least one of the reports in the group was comprised of
few~r replies than a normal report. Because a normal mode interlace pattern has
more Mode 3/A rep lies than Mode C replies , there were suff ic ient  Mode 3/A
rep lies to declare bo th repor ts bu t not enough Mode C rep lies to determine
altitude for both reports. In the case of Range Split and Mainbeam Reflections ,
this idea is consistent with the range jitter theory for generations of the
ambiguities. That is, the successive rep lies are jittering back and forth
between range cells wi th a sufficient amount in each cell to declare a targe t,
For Ran ge Spl its , the cells are adjacent. For Mainbeam Reflections the cells
are not adjacent.  Naturally ,  the larger j i t ters  are less probable and Mainbeam
Reflect ons are therefore rare.

A single tape was made with an interlace of 3/A , C which has an
equal number of Mode 3/A and Mode C interrogations . This was the only tape
for which the majority of Range Splits , Sidelobes , and Mainbeam Reflections
did not have one Mode C report and one non—Mode C report (i.e., usually bo th
were Mode C reports for ambiguities detected on this tape) .

It was found that the ambiguity rates were dependent upon the video
input as well as CD factors. For example , differences between results obtained

• by playing the same FR—950 tape through at different times were obtained as
well as differences between FR— 950 results and real time results from wh ich the —

FR— 950 was made.

An experiment was done to detr-rmine the effect of Mode 3/A interroga—
tion rate on ambiguities. For the interlace patterns with fewer 3/A interroga-
tions the sidelobe and range split rates were lower than for interlace patteri~swith higher Mode 3/A interrogation rates. This is also consistent with the
mechanisms used to describe the generation of these ambiguities. That is, in
each case , the extra repor ts are being generated by fewer than normal rep lies.
Thus (realiz!i~~ that detection is based only on 3/A replies) when fewer 3/A
in terroga tions occur some of these “extra repor ts” are not detected .
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There was no evidence found to indicate that the ambiguities were
particularly spatially distributed in range, azimuth, or altitude, except
for sidelobes which tend to be close in range.

Since range splits were considered the major problem, some
additional characterization was done for them. It was found that 95% of
the range splits detected were less than 30 apart and separated by 1/8 mini
in range. The azimuth separation distribution was symmetric about 0°
with a peak at 0°. This shows that the generation of the report pairs is
occurring simultaneously, which supports a range jitter theory for their
generation.

It appears that the NADIF modification at Elwood was responsible
for the addition of some sidelobe problems. While the actual overall sidelobe
rate was not significantly affected , some severe problems existed at close
ranges that were not present before the NADIF modification was installed . The
problem is approaching ring around proportions. This was, of course, observed
only at NAFEC. No attempt to draw a blanket conclusion is implied by this
observation.

8.1.3.2.2 Radar—Beacon Misaligninents

Radar—beacon misalignment refers to the failure of the CD to properly
correlate beacon returns and corresponding radar returns from the same target.
Proper correlation results in a single beacon report being outputted by the
CD with a flag indicating that it is radar reinforced. When the radar
and beacon returns are not properly correlated , two reports, a radar and
beacon report, are outputted . This has an adverse affect on the ATCRBS load.

Radar—beacon correlation failure is a result of range variations
between the radar and beacon processing. This range variation usually consists
of a small constant offset and a varying offset between the range processing
of the CD. As a result, even when the constant offset is completely removed,
the time varying offset will sometimes prevent proper correlation.

As a result, there are two major reasons why 100% radar reinforcement
of beacon reports is not possible with the present system. First , the radar
blip—scan is never unity; therefore in some cases there will be beacon reports
for which a corresponding radar report was never declared. Second , the time
varying range offset between the radar and beacon processing will sometimes
prevent radar—beacon correlation even when a beacon report has a corresponding
radar report.

8.1.3.2.3 Missing Beacon Reports

As the beacon reports from each transponder equipped target are
received on successive scans, a beacon track is formed . If a report were
outputted for every track on every scan, the ratio of the beacon hits to
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scans (beacon blip—scan) would be unity. This of course, is not the
case which signifies the existence of missing reports. The purpose for
undertaking the study of missing reports was to see if some modifica tions
to the CD processing could be made to improve the beacon blip—scan ratio.
Insufficient data was analyzed to say much about a typical beacon blip—scan
number. For a particular data set, the blip—scan obtained was .87 which is
probably a typical value. This says that about 13% of the beacon reports
are missing. Again , it should be emphasized that this is based on a very
limited analysis.

Some beacon tracks were examined using the computer display
system and cases of missing reports were found . The corresponding reply
data was then displayed. For the cases studied, the missing reports were
always due to insufficient replies to declare a target leading edge. Additional
analysis is required before any important conclusion can be drawn; however, -

•

it is quite possible that the beacon lead edge threshold (TL) could be lowered
to permit detection of some of the otherwise missing reports without strongly
affecting the beacon false target rate . New analysis would be required tc obtain
an optimum setting for TL.

8.1.3.2.4 Jagged Tracks

Since en route aircraft usually prescribe a smooth flight path through
the airspace, it would be expected that a smooth line connecting the corres—
ponding target reports to show its flight path could be drawn. This, however,
is not always the case. Sometimes the target reports will appear to form a
very jagged track. A limited analysis of the degree to which this jagged line
occurs is described in Section 7. Results show that track jaggedness is caused
by poor centroiding rather than incorrect ranging of the target reports.

The replies corresponding to some reports forming jagged tracks were
examined using the computer display system. It was noted that the problem was
primarily poor centroiding, rather than a range problem , and was a result of
the effect that missing replies have on the centroiding of the report. In
addition to replies actually being missing, range jitter problems at the reply
level could cause some replies to be placed in a different range cell. Then ,
centroiding in own cell will be carried out as if these wayward replies were
missing altogether. Thus, range jitter effects can indirectly cause poor
centroiding. There are alternative methods of centroiding available. Further
analysis could more accurately quantify the effects of missing replies on
centroiding. It may reveal that one of the alternative techniques would
function more reliably. This has not been verified thus far.

4
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8. 1.3 .2 .5  Inconsistent Reported Code

An analysis of code deviation is discussed in Section 7. The
l imited quantity of data analyzed showed that the majority of code deviations
was caused by one of two events. First , en almost half of the occurrences the
code deviated to 0000 which is what the CD outputs if the beacon code was too
garbled to decode. The majority of the remaining deviations involved a
difference in only one bit position (out nf 12 possible) from the correct
code . Insufficient analysis has been done to prepare a solution. There are ,
however , definite possibilities for improvement through modification of the
code processing in the CD.

8.1.3.3 Target Report Characteristics

The most notable information extracted from this analysis involves
the spatial distributions of target reports. Histogram data showing distri-
butions of target reports in range , azimuth , and altitude were developed .
There was no typical distribution in any of these dimensions. Quite often
in an analysis , one will assume a “typical” spatial distr ibution f or the
target reports. Therefore , it is significant to note that a typical distri-
bution does not exist.

8.1.3.4 FR—950 Problems

Extensive use was made of FR—950 analog recordings of radar and
beacon video during the data collection for the beacon performance analysis.
Evidence showing that the use of FR—950 recordings may affect the results
obtained was documented . Two important observations were made:

1) Differences in target report data and associated anomalies
• exist between CD record tapes made from real time beacon - -

• video and CD record tape made from analog readings of the
real time beacon video.

-

• 
2) CD output may be different when the same FR—950 tape is played

through the CD at different times. - —

The problems were observed in three ways: the CD—Record displays,
the average number of discrete beacon code target reports per scan, and the
range split rate. Also , there were two separate APL trips to NAFEC . Some
of the observations involved playing results obtained from the same FR—950
played back on each of these trips to NAFEC. The CD record tapes considered
are put into four groups. All CD records in a particular group were made
from associated video sources (i.e., either real time beacon video or an
FR—950 analog recording of the real time video).
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Results of the discrete beacon code target reports per scan
comparison will be presented first. The comparisons were made by organizing
the CD record tapes into groups. An FR—950 recording is associated with each
group and CD records in the group are either made from the FR—950 or the real
time video used to make the FR—950. Four groups (I through IV) were con-
sidered. The relevant information is illustrated by Figure 8.4. Points
representing each CD record tape being considered are plotted and lines connect
those points representing CD record tapes in the same group . The horizontal
axis represents time in the sense that points representing tapes within a
group are plotted in the order that the tapes were made from left to right.
In addition , those points to the left of the vertical axis represent CD records
made on the first APL trip to NAFEC, while those to the right represent tapes

k made on the second APL trip to NAFEC . The vertical axis represents percentage
change in the average number of discrete beacon code target reports per scan
in percent, with a tic interval of 10%. In each group, the average number of
discrete beacon code target reports per scan measured for the first CD record
made in the group is used as a reference for that group . The reference value
in each group is plotted as the leftmost point in that group with an arbitrary
position along the vertical axis. The other tapes within the group are plotted
from left to right in the order that they were made, and their position on the
vertical axis is determined by the percent change in the per scan rate of the
average number of discrete beacon code target reports per scan. Lines
connecting the points representing tapes in the same group were then drawn.
The CD record tape associated with each point is indicated . Also an R or F
is associated with each point on the illustration. An R means the CD record
was made by playing real ‘time beacon video into the CD. An F means that FR—950
video was used to make the CD record tape. In groups II and IV, the first CD
record (leftmost), was made with real time beacon video. The others in groups II
and IV were each made from an FR—950 analog recording of the respective real time
video. Groups I and III used only FR—950 data.

An example of interpretation of the illustration will help clarify
the meaning. Consider Group I on Figure 8.4. The first CD record made in
this group was RUN 001, and the F means it was made from an FR—950 recording.
The average number of discrete beacon code targets per scan for this tape was
98 (this is determined from Table 8.8). A point representing RUN 001 was
plotted to the left of the vertical axis (since it was made on the first APL
trip to NAFEC) with an arbitrary position along the vertical axis. The other
tape in the group, CDR—804, was made from the same FR—950 as RUN 001 on the
second trip. It had an average number of discrete beacon code targets per
scan of 80 (from Table 8.8) which is about 18 percent below 98. The point ,

4 along the vertical axis for CDR—805 is plotted 18% below the position of RUN 001.
Furthermore , it is to the right of the vertical axis because it was made on the
second APL trip . The line is connecting the two points because they are of

I: the same group .
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Figure 8.4 is very useful for visualizing the general trends in the
data , which is its purpose. First , results made only on the same APL trip to
NAFEC will be discussed. Groups II and IV are the only ones with more than
one CD record made on the same trip (Group II the first trip, Group IV the
second trip). As Group I shows, on the first trip the average number of targets
per scan obtained from the FR—950 video (RUN 04B and RUN 04C) was higher than
that obtained from the real time video (RUN 04A). Furthermore, the FR—950
results were the same for RUN 04B and RUN 04C. Thus the number went up from the
real time value when the FR—950 was used , and the FR—950 result was repeatable.
Next, Group IV shows the opposite. The number obtained from the FR—950 results
went down.

Now compare results between the first APL trip and the second APL
trip. For Groups I through IV, the value obtained from FR—950 data on the
second trip was always lower than the first trip .

A tentative explanation is proposed to explain what is shown by
Figure 8.4. Assume that some unknown but variable parameter affecting the
video playback process exists. On the first trip, this parameter was set
such that the playback resulted in more targets per scan than the real time
video. On the second trip, it was set so that the FR—950 playback resulted
in fewer targets per scan. The parameter is not known, but could be something
as simple as playback gain on the FR—950 recorder .

The beacon reports from associated CD records in Groups II and IV
were compared using the CD record display to determine the nature of the
difference between real time results and FR—950 results. In the case of Group II ,
the extra reports appearing from the FR—950 results on RUN 04B and RUN 04C
were clustered in the same location but it could not be determined that they
formed tracks*. They may well have been false hits. For Group IV , the missing
reports from the FR—950 result on CDR—8l0 appeared to be part of tracks. This
might be explained by a different FR—950 playback gain setting. A high setting
resulted in extra noise hits in Group II and a low setting resulted in a loss
of reports on tracks in Group IV. This is purely conjecture, however, and is
not to be construed as a conclusion that the unknown parameters was video playback
gain. The point is that some variable parameter exists and it should be found
so that its impact on the reliability of FR—950 video can be assessed.

Figure 8.5 is a similar illustration for the percent changes in
the measured range split rate for Groups I, II and IV. The data was not
available for Group III. The data used was obtained from Table 8.11. On the
first APL trip, for Group II , the range split rate for the FR—950 results was
lower than the real time results but at least repeatable for the FR—950 results.

*That is , visually the reports did not correlate with other reports from ~
scan to scan.
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The overall conclusion about the use of FR—950 tapes is that the
target report data emanating from the CD when FR—950 video is inputted is
not Identical to that which was produced when the corresponding real time
video was used to make the tapes. This is significant because the analysis
of data obtained from FR—950 tapes is used ultimately to evaluate the CD
performance at operational sites where real time video , of course , Is used.
It is recommended that the cause of the different results be isolated so
that the impact on future analyses using FR—950 beacon video can be assessed.

8.1.3.5 Reply Analysis Anomalies

The primary objective of the rep ly anal ysis task was to consider the
beacon rep lies corresponding to isolated examp les of the problems iden ti f ied
for further investigation during the analysis of beacon reports. The in-
vestigation was suspended before this effort could be completed. Nonetheless ,
some interesting observations were made . The observations discussed here are
in addition to those discussed elseqhere in connection with specifically
identified beacon report anomalies.

One of the impor tan t aspec ts considered during the analysis of th E
beacon rep lies was that of proper CD centroiding. When a group of replies and
their associated CD reports are displayed by the Al Mode 2 tape disp lay system ,
the report appears to be slightly higher in azimuth than the eyeballed center
of the replies. The centroiding algorithm that the CD is supposed to use was
applied to the beacon reply data to compute the centroid azimuth . The results ,
for normal cases , were found to agree with the azimuth determined by the CD.
Therefore the apparent slight positive azimuth offset of the report from the
halfway point between the replies comprising the report Is normal. Further ,
the offset was given theoretical consideration . It was determined that , for
the Elwood CD , the beacon report centroid will be about 9 ACP ’s (0.79°) higher
in azimuth than the point halfway between the first and last replies comprising
the report for normal targets when the CD properly centroids beacon replies.

The remainder of what is presented here concerns cases where applying
the CD centroiding algorithm to a group of replies does not result in the same re—
port or reports that the CD produced. The first example concerns a range split.
A pair of beacon target reports occurring with a range split configuration ; i~ e.,
0.125 nmi apart in range and less than 3° in azimuth separation, was found in
the target report data and the corresponding replies were examined . The replies
had two important features: 1) they were all reported by the Al at the same
range, and 2) there was no fade in the replies such that a trailing edge ,
followed by a leading edge could be declared. Since all the replies were at
the same range, they should have all gone into the same range cell and
generated only one target report. Yet the CD produced two reports apparently

• in adjacent range cells. The only simple explanation is that although the
Al interpreter said the replies were at the same range, the CD put them in
different range cells. This is a reasonable explanation because the Al reports
the range of the replies as soon as the brackets are detected while the CD is
storing the hits in memory cells and is constrained to memory read/write cycle

4 times. Several range splits were examined . There were no range splits examined
with enough replies at two different ranges to result in a report being
declared in two adjacent range cells based on the Al repl y ranges.
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The next example is far more difficult to explain. In this case,
two replies were reported by the CD at the same range on the same sweep.
This is unusual because the CD can only process one reply per range cell
per sweep. In view of the range uncertainty problem presented above, it
might be said that these two replies were really in different range cells
even though the Al said they were at the same range. However, another
important fact exists. Both of the replies that were at the same range
on the same sweep are required , in this case, to reach the target leading
edge. Thus they were both apparently processed in the same range cell. This
type of anomaly was documented only once . It was observed to occur at least
one other t ime , but its frequency is not really known . It may , for example,
be a result of a CD timing failure or an intermittent Al failure.

Another case was examined in which the CD did not properly centroid
the replies. The range uncertainty theory can explain this problem. When
the CD centroidirig algorithm is applied to the replies, the computed target
report leading edge is several sweeps before the CD actually declared it.
This could be because some of the replies that appear to be at the same
ramge in the Al data were put in a different  range cell by the CD and
consequently not used to declare the leading edge threshold .

The next anomaly occurred when two target reports were generated
even though there are not enough replies to generate the two. Two target
reports in a range split configuration were examined . They will be called
reports A and B. All the associated replies were at the same range. When
a leading edge threshold was computed from the reply data by app lying the
CD algor ithm , it corresponded to the leading edge threshold that the ~D
declared for report B. Thus six replies were used to declare report B in
a range cell. On the very next Mode 3/A sweep, the CD declared a target
leading edge for report A in an adjacent range cell . Since the first six Mode 3/A
replies were already used to declare report B, there was only one reply in the
adjacent range cell, yet report A was declared. This implies, perhaps, that
the replies are simultaneously getting processed into two adjacent range cells.
This has never been conclusively shown, however.

The last example was an azimuth split. This was a fairly normal
group of replies and it is obvious that, in this case, the azimuth split was
caused by missing replies preceded and followed by non—missing replies.

The conclusions from this are several. First, there is definitely

4 some sort of range difference between the Al reply range and the CD ranging.
Second , there were other , more difficult anomalies present which may be
freaks but might also be the symptom of a serious CD processing problem .

For the range uncertainty problem , it would be interesting to take
the recorded replies and play them into a computer program that simulates
CD processing. The resulting reports could then be analyzed to determine

8—26

Li’ . : ; - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
: ~

- - - .-- .

~~~

~.



what , if any, anomalies are introduced by the CD. The purpose here is not
to replace the CD but rather to use computer aids to study its behavior and
isolate t rouble sp ots so that they could be improved upon.

For the other anomalies, it is recommended that their frequency
first be determined to see if th ey are f reaks or actually r ep resen tative
of real CD problems. Appropriate action will be indicated by the results
of additional analysis.

8 .1.3.6 VOR Results

The quantized video signal intensity from a replying transponder
was displayed as a function of range and azimuth. The individual replies
and pulses within the replies were easily discernable from the illustration .
It was shown that the mode interlace, range jitter , and garbling conditions
could be predicted from the quantized video data. Next, single sweeps from
a Mode C reply and Mode 3/A reply were each displayed. From these, pulse shape,
beacon code , and Mode C altitude were extracted . Finally, the associated
replies as recorded on the Al Mode 2 tape were located and compared.

The information extracted from the VQR data agreed very satisfactorily
with the Mode 2 data.

In addition to the usefulness of the VQR data as utilized by the
Laboratory , two important conclusions were made . The first one concerns the
range litter problem. Throughout the beacon analyses , one of the impor tan t
topics of discussion has been that of range splits. The proposed mechanism
for generation of range splits is related to range jitter in the ATCRI3S and
it ha s been proposed by the FAA and perhaps others , that CD modification be
made to allow detect ion of transponder rep lies with more accuracy to eliminate

• or reduce range jitter and associated range splits. The theoretical analysis
described in Section 4.2 shows that although the Ct) is a source of range jitter ,
other significant jitter sources exist in ATCRBS , which w i ll result in repl y
range l itter prior to Cl) processing. An example of VQR data shows clearly-that ,
in the case of the example presented , the range variations between successive
replies at the video level before CD processing was at leas t 100 nsec and
possibly greater. This was only one example and a more thorough investigation
should he made . The investigation was not completed by the Laboratory be cause
the effort on this task was suspended . With jitter of this magnitude prior to
CD processing , it makes li ttle sense to attempt to de tec t rep lies in the CD

4 to ~4 thin only a few nanoseconds. Elimination of range splits will involve
more sophisticated processing of reply da ta , such as hit placement techniques
or sliding window merging.

I
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The second conclusion was that the VQR window was not correctly
placed . While the recorded azimuth and range for VQR window agreed with
the requested numbers, the actual placement of the window was correct in
range but 127 ACP’s behind the desired azimuthal placement relative to the
Al Mode 2 reply data . Since the Al Mode 2 reply data agrees in azimuth with
the target report azimuths outputted by the CD, the -azimuthal displacement
is in the VQR process. The actual cause is unknown, but may be a result of the
—127 ACP preset to the azimuth counter in the CD upon the occurrence of the
azimuth reference pulse. In any event , the cause must be found before beacon
video corresponding to preselected replies can be quantized.
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8.2 NAFEC FACILITIES AND DATA COLLECTION

8.2.1 Introduction

In order to collect the data necessary to perform the beacon
performance analysis of the CD, the Laboratory made extensive use of the
NAFEC facility at Atlantic City , New Jersey. All beacon video used was
processed by the CD at Elwood , N. J. and target report data from this CD
was transmitted via the narrowband modem lines to the Air Route Traffic
Control Center (ARTCC) at NAFEC , Atlantic City,  where the CD—Record tapes
of target reports were made. The Elwood CD was used because it is
equipped with a special minicomputer , called an Auxiliary Interpreter (Al),
which allows real time extraction of beacon reply information.

In this subsection , the NAFEC facility used for data collection
is described in detail. A general data collection process is described .
Finally , the actual data collected is listed. In some cases , problems with
the data collection became evident. These problems could potentially have
an impact on future investigations, as they may a f f ec t  data quality. There-
fore, the problems of this significance are presented here and recommendations
concerning them are made.

8.2.2 NAFEC Facility

Figure 8.6 is a block diagram showing the relevant components at
NAFEC used to implement the data collection. The Air Traffic Control Beacon
Interrogator—3 (ATC BI—3), FR—950 recorder, Common Digitizer (CD), and
Auxiliary Interpreter (D—machine or Al) are located at the ARSR—7 site
at Elwood. The ARTCC is located at NAFEC in Atlantic City. The Video
Quantizer Recorder (VQR) machine is located at the ASR—5 site. The Elwood
CD is a special “Enhanced Common Digitizer” which is equipped with an
Auxiliary Interpreter (Al). The Al performs several functions, including

4 interaction with the CD during radar processing (see Section 5.2). Figure 8.7
is a block diagram of the hookup of the Al to the CD. Blocks and connections
shown in solid lines are CD equipment while Al equipment is shown in broken
lines. The primary fu nction of the Al during collection of data for the beacon
performance analysis 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—3 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 is being used , the option of
making a simultaneous FR—950 analog recording of the video exists. The FR—950
tapes have sufficient  capacity to accommodate two video - channels , and these
are normally beacon video and log normal radar video.
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When real time video is used the CD can receive beacon video , log
normal radar video and MTI radar video. At any one time , the CD processes the
beacon video and one of the two available radar video signals. A crossover
range is defined, below which MTI video is processed and above which log
normal video is used .

The video signals, both radar and beacon , may be quantized by
the VQR machine which produces a digital tape of the video sampled within
specified range and azimuth boundaries. Limitations on the size of memory
within the VQR machine restricts these boundaries to a window approximately
8 ami by 147 ACP ’s in the analysis of beacon video. Since the VQP. machine
is not located at the Elwood site, the video being inputted to the Elwood
CD cannot be simultaneously inputted to the VQR machine as well. Thus , if
a VQR tape of a specified region of range and azimuth on an FR—950 is
required , the FR—950 tape must be taken to the VQR location to produce
the VQR tape. As a consequence, when real time video is the data source into
the CD, the only way that a VQR tape can be obtained is by making an FR—95O
tape and then making a VQR from the FR—950 tape. In theory, this should
present no problem. In practice, however, target report data generated using
FR—950 data has been shown to be different from target report data generated
from the real t ime video used to make the FR—950 tape. This may be an
indication that the FR—950 process in some way distorts the video and thus the
VQR tapes made from the FR-.950 tape may not be representative of the real time
video. The problem is discussed in more detail in later subsections, but is
mentioned here to indicate the significance of the limitation that real time
video at Elwood cannot be quantized directly by the VQR machine.

The beacon video into the CD is first range integrated by the beacon
reply group to produce beacon hits or beacon replies. The Al extracts, in
real time , the beacon replies. Beacon reply data is accumulated in Al buffers
until full, and then a reply record is written on a digital magnetic tape. The
Al has the capability of functioning in other modes besides extraction of
beacon replies. The tapes containing beacon replies are made when the Al
opera tes in Mode 2 , and are called Mode 2 tapes. The replies in the CD are
then further processed to produce beacon target reports. These reports , in
digital form , ar e encoded in an analog signal for transmission over the
narrowband MODEM lines to the ARTCC. Here , the analog signal is recorded on
an FR—1800 tape. At a later time, the FR—l800 can be played through the
IBM 9020 computer system at the ARTCC to produce the digital recordings of
targe t reports called CD -Records.

While the beacon processing has been primarily addressed here, the
CD~~~cords will also contain radar target reports if radar video was inputted
to the CD. In addition to the beacon replies, both beacon and radar target
report data may also be recorded on the Al Mode 2 tapes.
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Another piece of equipment at the Elwood facility (not shown in
Figure 8.6, is the PPL—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 provided at the Elwood faci l i ty
for generating a time code that is written on the FR—950 tape during recording
and for decoding and displaying FR—950 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. The time displayed on the console is synchronized with a clock
at the ARTCC which puts time on the FR—l800 tape. Time references exist
therefore , for FR—950 tapes and CD record tape (made from the FR—l800). At
the times which the data for this analysis was collected , no time information
could be recorded on the Al Mode 2 tapes.

8.2.3 Description of Data Collection Procedures

The collections of the FR—950 tapes, Mode 2 tapes, FR—1800 tapes
(from which the CD records are made) were made in data collection runs
lasting about twenty minutes each. The data collection runs were made using
the NAFEC facilities depicted in Figure 8.6 which should be referenced as necessary
during the following discussion. The actual tapes being recorded during any
given run depended upon the data requirements which were being satisfied by
that run and the availability and operational status of the associated equipment. —

Thus some data collection runs were made without Mode 2 recording and some
collections were made using real time video in which no FR—950 tape of the
video was made. The data collection process will be described for the general
case in which all tapes would be made .

• Basically, a data collection run consists of inputting radar and
beacon video from either the ATC BI—3 receiver or an FR—950 analog recording
of video to the CD and collecting the required tapes. Before each run, the
system confi guration , parameter settings , radar—beacon range alignment, and
time correlation between tapes to be collected must be considered . This
section descr ibes these considerations in more detail.

The CD records were not made during the data collection run . Instead ,
the FR—l800 tapes which are made during the data collection run, were played
through the IBM 9020 computer system at a convenient time to produce the CD
records of target report data.

The digital VQR tapes of beacon video also were not made during the
data collection run. After analysis of collected report and reply data,

$ range—azimuth windows were specified for selected FR—950 tapes. The VQR
machine was then used to quantize the video occurring within the designated
windows and produce a VQR tape of these selected regions.
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Finally,  several problems with the data collection became evideni
either during the actual data runs or as a result of analysis of the
data collected. Some of these problems may have an impact on fugure inves—
tigations which involve a similar data collection and these problems are
presented here along with recommendations concerning them. In cases where
analysis of the data was required to discover the problem , a brief discussion
will appear here along with a reference to the appropriate section describing
the analysis.

System configuration considerations for the data collection run
involve the selection of video source and certain wirestrap selectable
options on the Al .  The video could come from the FR—950 video recorder or
the ATC BI—3 and the ARSR—2 search radar could be turned on and real time
video used. Also it was desired that beacon run length , beacon target reports
and search radar target reports be put on the Mode 2 tapes; however, because
of incorrect wirestrap selections, some Mode 2 tapes were made without this
data . Some FR—950 tapes made at sites other than Elwood (St. Louis and
Paso Robles) were used as a video source. All sites, including Elwood ,
were equipp ed with ARSR—2 search radars and ATC BI—3 beacon equipment.

Numerous parameter settings were considered . For all the tapes
made the following CD parameters were constant:

T
L 

= 6

TL
_ T

T = 4

Tv = 5

Blanking ranges must also be set in the CD. The CD may be inhibited from
processing radar video in certain regions. This is called blanking, and
up to three blanked regions may be defined by presetting the start and stop
ranges and azimuths for each region in the CD. Blanking is normally done to
prevent overloading CD processing with heavy search radar clutter returns.
Since the FR—950 tapes chosen f or playback had only normal or log—normal
video, there was considerable close—in clutter. Blanking was appropriately
set to eliminate this heavy clutter . When operating the CD with the radar in
real time, MTI video is also available. A crossover range, below which MTI
video only is processed , and above log—normal video is processed , may be
defined for three contiguous sectors. In theory , the MTI video should reduce
the close—in clutter to an acceptable level. Heavy clutter regions may still
exist and blanking would be used for these regions. The crossover ranges
normally used at the Elwood site are given in Table 8.1.

I
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- TABLE 8.1
- MTI - LOG NORMAL CROSSOVER RANGE

Azimuth Limits (deg) Crossover Range (nmi)

Sector 1 337° — 118° 28
Sector 2 118° — 247 0 22

- - 
Sector 3 247° — 3370  24

Blanking ranges may also be set for the beacon video processing . While

I such blanking was not requested by the Laboratory , apparently beacon video
processing was blanked for some of the runs above and below some ranges.
The inadvertant blanking had little or no impact on the quality and useability
of the data collected .

The beacon interrogation mode interlace was also varied during
• some of the runs. The ATC BI—3 can interrogate three modes: 3/A , C and 2.

These may be interlaced in several fixed selectable patterns by the interrogator.
- 

Such patterns as

3/A only,
- 

3/A, C, 2, and
3/A , 3/A , C

are available. When real time video is being used , the interlace pattern
must be selected . When FR—950 video is used the interlace is determined

- by the settings used when the FR—950 tape was made and is interpreted from
- the FR—950 tape by the CD. In one case, an FR—95O tape at Elwood had Mode D

- interrogations. This mode is an experimental mode and is simply ignored by
the CD. The pulse repetition frequency (prf) was 360 per second and scan

-
- rate was 9.6 seconds per scan for all Elwood video and the St. Louis video

but was 240 per second and 12 seconds per scan for Paso Robles.

- Radar—beacon range alignment refers to the offset that may
exist between a radar report and the correspond ing beacon report. This align—

~ ment is adjusted by properly aligning the radar and beacon video into the CD.
When the video signals are not properly aligned the effect is observed from
the target reports. Alignment between radar and beacon reports out of the

fr CD varied from tape to tape. Four different alignments existed .

I
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1. Properly aligned.

2. A modification called the “Cardon--mod” has been installed
on the CD at Elwood and probably most CD ’s in the field.
This modification introduces an additional delay in the
search radar processing , so that incoming video to the
CD must be adjusted to compensate . some FR—950 tapes used
in data collection were made before the Cardon-rod was
installed and the radar—beacon alignment on these is
adjusted for the post Cardon—mod CD. This causes the
radar and beacon reports to be misaligned when played through
the CD with the modification.

3. The CD has an option which offsets the beacon target reports
by + 1/2 nmi.

4. CD timing is adjusted to properly align the radar and beacon
video properly at each site. The alignment for one site is
not necessarily the sama as for another site. Thus, tapes
not made at the Elwood site , but played through the Elwood CD
will be misaligned .

A system was established for assuring time correlation between FR—950
tapes, Mode 2 tapes and CD record tapes. A clock on the PPI—RAPPI console at
Elwood is set to the time of day and synchronized with a clock at the NAFEC
ARTCC which puts time on the FR—1800 tapes. This tine (the time of day of the
data run) is recorded on both the FR—l800 tapes and CD record tapes. When
an FR—950 tape is used as the source of video , the time of day when the FR—950

was made is di~played by the time code generator display on the FR—950
equipment rack. If real time video is being used , the time code ~~nerator is
synchronized with the clock on PPI—RAPPI console which is displaying the tine
of day of the data collection run. Thus if an FR—950 tape is made during a
data collection run using real tine video , it will h5~ve the time of day of
the data collection run recorded on it.

At the beginning of the data collection run , both the time disp layed
by the time code generator on the FR—950 rack and the clock on the PPI—RAPPI
console are recorded . This provides a time link between the FR—950 tape ,
the FR—l800 tape and the CD record .

Time is not recorded on the Mode 2 tapes. In order to provide a
time link with the Mode 2 tape , the time displayed by the FR—950 equipment
when the first azimuth reference pulse occurs after the start times recorded
for the FR—950 and FR—l800 at the beginning of the data collection run , which
starts the Auxiliary Interpreter processing , is recorded . This makes it possible
to time correlate the data on the FR—950 and CD records with the Auxiliary

t Interpreter tapes , since the time of the first Al record is then known. The
link with tI~.e Mode 2 tape is determined from the start time of the first
record and the scan rate of the antenna. To determine the time of a given
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report/reply set on the Mode 2 tape, the time of the first record is added
to the product of the scan rate (expressed in seconds per scan) and the
elapsed scans from the first record to the report/reply set of interest.
This is, of course, approximate , but is sufficient to correlate data on
the Mode 2 tape with data from the FR—950 tape and CD record tape.

After analysis of the target report data and reply data , range—
azimuth windows can be specified for selected FR—950 tapes . These
specifications are submitted to FAA personnel at NAFEC , who then use the VOR
machine to produce digital VQR tapes of the analog FR—950 video in the designated
windows. Laboratory personnel were not present for the production of the VQ!~.
tapes.

8.2.4 Discussion of Collected Data

This section presents the actual data collected . Two trips to the
Elwood ARSR—2 site were made by Laboratory personnel for the purpose of collecting
data. The purpose of the first trip was to review the FR—950 tape library and
select some FR—950 tapes to be used as a data base. In addition , real time video
was used to make an FR—950 tape . Mode 2 reply data was not recorded because the
Al was not available at the time. The purpose of the second trip was to play
the selected FR—950 ta:e back through the CD to produce Mode 2 reply tapes and ,
in addition , collect some new data as well. Some problems with the Mode 2 recording
were discovered and will be discussed . After these two data collections , a
sample VQR tape quantizing several windows was requested . Problems existing
wi th VQR window placement existed . After the Mode 2 recording problems were
resolved , the Laboratory requested that a data collection run be done by NAFEC
personnel so that a sample Mode 2 tape could be made. This tape and associated
CD record tape were received by the Laboratory . Range—azimuth windows were
specified for the FR—950 tape used to make the sample reply and CD record tapes
and the corresponding VQR tape was received . Problems were apparent with all
the VQR tapes and are discussed here.

8.2.4.1 First APL Trip to Elwood

On February 20—21, 1975, Laboratory personnel traveled to Elwood , N.J.
in order to review the FR—950 tape library of beacon video recordings. The
primary purpose for this trip was to play several FR—950 recordings through
the CD and obtain CD record tapes of the resulting target reports. A list of
the tapes, parameter settings , start and stop times of the tapes, and specific
motes taken on items peculiar to each tape follows. It should be noted that
the cooperation and support of NAFEC personnel in this exercise was excellent.

Table 8.2 is a list of the data recorded on the first APL trip. The
FR—950 tape made from this real time data run, 4A, was played through the CD
twice in runs 4B and 4C. This tape is referred to as ELWD I~1, 2/20/75.
Following is a list of comments noted for each entry in the table .
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Run #1

Some breaks in what appeared to be single beacon targets on raw
video PPI occurred . On all tapes recorded at Elwood, N.J. there are
considerably less targets in the southeast sector. This area is over
the Atlantic Ocean and has been designated as a warning area; therefore,
few aircraft fly in this region.

Run #2

The interlace pattern for Run #2 is Mode 3/A, D. Mode D is a
special experimental type of code and is ignored by the CD.

The 32 mile blanking was not in effect for a small sector around
0° during the first part of Run #2. During Runs #1 and #2 there was no
switching to the fast loop of the improved quantizer. This problem was
eliminated in the following runs.

Run #3

This data contained weather clutter in the southern and southeastern
areas. The data in this run has been rotated clockwise in azimuth about 90°.
The Atlantic Ocean is toward the southwest.

Run #4A

Run 4A is the real time run.

Run #4B

Playback of real time tape made in Run #4A. During part of the
run around 152500 the beacon mode triggering was faulty, causing targets to
be improperly processed . Several scans (about 12) of report data were lost.

Run #4C
ft -

FR—l800 ran out for last — 8 minutes of this run.

Run #5

A range alarm occurred at first part of tape. This indicates a
missed radar trigger or a radar grigger detected outside of expected limits.
It means that for that particular sweep the ranging could be incorrect. Also
there was a question about the correctness of the time synchronization for
this run. The end time for the FR—950 did not appear to correlate properly
with the end time for the FR—l800.
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There existed extensive land clutter on this FR—950 tape,
particularly in the northeast out to approximately 120 nmi. A large
number of false search targets were generated in this area. The density
of search targets outside of this area was lower than on previous runs.
There existed a continuous ring of beacon replies at 200 nmi which were
artificially inserted for test purposes. The fruit rate on this tape appeared
lower than on tapes recorded at Elwood .

Run #6

From the beginning of the run to about 11:23:55 sector blanking
from 348° — 39° out to 64 nmi was inadvertantly set. There also appeared
to be several azimuth j umps in the playback of the tape.

The search data on this run is very poor. Normal search was the
type of video recorded . The improved quantizer operates more efficiently on
log normal. Because of this there are a great number of false search target
reports.

8.2.4.2 Second APL Trip

During the week of July 7—11 , 1975 , APL engineers traveled to the
NAFEC facility at Elwood, N.J. to run CD tests and obtain data tapes. On
July 10—11, CD records and Auxiliary Interpreter Mode 2 tapes were recorded
for use in the beacon analysis.

Table 8.3 lists the real time runs and tapes made. The scan rate
and PRF were constant for the real time data taken at Elwood. Due to improper
adjustment , the search and beacon videos were not properly time aligned and a
constant misalignment exists for all the real time data. The column in the
table called D—tape refers to Auxiliary Interpreter Mode 2 tapes, which are also
known as D—machine Mode 2 tapes. The MTI—log normal radar video crossover ranges
are given by Table 8.1.

Table 8.4 is a list of the tapes taken using FR—950 video. For each

J of these runs one D~-tape was made. Since only log—normal search video is
available from the FR—950 tape, the crossover ranges of Table 8.1 do not apply.
Ins tead , blanking was used for search targets less than 32 nod. 1~Then the
Auxiliary Interpreter is off target reports should not go over the !‘~ODE1” lines.
However , it was observed tha t repor ts wen t over anyway . The following is a
list of summarized comments from the notes taken during the recordings.
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Run #4

Azimuth and range alarms of the CD went off several times during
this run.

Run #6

After a short time of what was thought to be normal tape movement
for the Auxiliary Interpreter Mode 2 tape, the tape began to move much faster
giving the appearance of run—away. The run was restarted with the same results.
The run was terminated after 5 minutes.

Run #7

This was an attempt to repeat Run #6. The rapid Mode 2 recorder
movement occurred again but the run was continued anyway.

Run #8

This run was made accidentally when the Auxiliary Interpreter processing
was started on the wrong cue. The source was the same FR—950 tape used in
Run #7 but the Mode 2 tape run away did not occur so the data was kept. CD records
805 and 806 will be on the same tape.

Run #9

This run was to start at 10:53 using real time video. However,
the FR—950 wasn’t started until about 10:53:06. At about 11:07:00 the Mode 2
tape speed increased to give a run away appearance. The run was continued to
completion anyway.

Runs #10 and #11

No FR—950 tape was made for these runs. The Mode 2 recorder appeared
normal.

Run #12

This run used the FR—950 of video from Run #9. In Run #9 the Mode 2
tape speed increased. It remained normal for Run #12.

I
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8.2.4. 3 Mode 2 Tape Recording Problems

During the data reduction , of the twelve Al Mode 2 tapes recorded ,
four of the tapes were found to be unreadable as a result of parity errors.
Furthermore, it was found that run length reporting was not selected and
beacon target report information was not being recorded . Similar parity
error problems occurred during attempts to collect other Al recordings for
other APL investigations.

8.2.4.4 First Sample VQR Tape of Beacon Video

After analysis of the above collected data was completed , a sample
VQR tape of beacon video was requested on April 17, 1975. Four windows
were requested. Table 8.5 lists the requested windows.

All beacon recordings were made from the same FR—950 tape,
Elwood #1 2/20/75. The specific recording parameters follow:

Quantization: 6 bit

Sampling Ra te: Fvery 1/ 128 nod .

Packing Density in Core: Five 6—bit samples per 30 bit word .

TABLE 8.5

VQR WINDOWS

START STOP¶ START STOP START STOP TIME TIME
RANC,E 

- 

RANGE AZ IMIJTII AZIMUTH (hr:min :sec) (hr:min:scc)

58 nnti 64 nod 354 0 
6° 14:34:00 14:36:00

142 nod 150 nod 297 ° 309° 14:34:00 14:37:00

150 niui 158 nod 3570 
4

0 
14:34:00 14:38:30

14 nod 22 and 195° 207° 14:36:00 14:38:00
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The requested windows contained beacon target reports with observed problems
such as range splitting. Unfortunately, the actual windows quantized did
not include the beacon video corresponding to these reports. A problem
evidently exists as to the definition of the absolute references used to
specify the range and azimuth limits of the desired window. The VQR tape
was used to develop the VQR display system but was not used in the analysis.
Another VQR tape was obtained later and used to further analyze the window
placement problem.

8.2.4.5 NAFEC Data Collection Run

Because of the Al recording problems, it was decided to have NAFEC
submit a set of sample tapes to the Laboratory for analysis . If these tapes
did not exhibit severe problems, then the remainder of the required Mode 2
tapes could be collected. Following is the request submitted to NAFEC:

Run #1

CD Settings

1. T
L = 6

2. Sliding Window Size = 11

3.

4.

5. The beacon and radar reports are to be properly aligned.

“D” Machine

1. Enable run length reporting.

2. Put search and beacon reports on Mode 2 tape as well as
replies for beacon data.

Beacon Interrogator

Use an interlace of 3/A, 3/A , C.

Procedure

S Play real time Log—Normal search video and beacon video through the
CD. The search video may be appropriately blanked below some range.
Produce (a) a CD Record tape , (b) a Mode 2 Auxiliary Interpreter tape
and (c) an FR—950 recording. Take twenty minutes of data or fill up
the “D” machine tape, whichever is shorter.

8—4 5 
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After the request was submitted , it was discovered by NAFEC
personnel that the radar and/or the beacon interrogator RF was interfering with
the Mode 2 recording process, causing the Al recording parity errors, thus
eliminating the possibility of a live data collection. Therefore NAFEC
made the FR—950 tape first, then played it back through the CD with all RF
equipment turned off to make the Mode 2 tape and FR—1800 tape. Following is
a list of the tape designations for the tapes made:

FR—950 — APL #12—75
CD Record — 1/16/76 32
Mode 2 — 1/ 16/76 #1

The CD record and Mode 2 were received by the Laboratory. NAFEC is retaining
the FR—950 for future Laboratory use.

8.2.4.6 Second Sample VQR Tape Request

After analysis of the tapes 1/16/76 #1 and 1/16/76 #2, it was
requested that a VQR tape be made from APL #12—75 (FR—950 tape). The
following is the request submitted :

The FR—950 tape recording to be used as an input for all
VQR recordings is APL #12-75.

Constant settings on the VQR machine for all recordings
should be as follows :

Sampling interval 1/128 nmi
Character packing density = 5 six—bit characters per word
Number of words per sweep 205

The preceding parameters will establish a sampling window 8 nmi by 12.9°
(147 ACP) assuming that 620008 words are available for storage in the lOPalong with a PRF of 360 and a scan rate of 9.6 sec. for the Elwood ARSR.
The window placement in the following requests assumed a window of this size.

Eight specific requests are listed in Table 8.6. The column
labeled IDENT lists an internal Laboratory identification number . The start
azimuth and range define the lower left—hand corner of the quantizing window.
Start and stop times refer to times on the FR—950 recording and set up a
time window ± 100 seconds around the time of interest. Such a large window
was established because of the uncertainty in correlation between FR—1800
time and FR—950 time. In some cases the requested time window may extend
before the beginning or after the end of the FR—950 tape. Obviously in these
cases the requested time interval was adjusted to coincide with the limits of
the FR.-950 tape.
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All VQR recordings were p laced on two magnetic tapes , separated
by end of file rarks (EOF) .

TABLE 8.6

Start Azimuth Start Range Start Time Stop Time
IDENT (ACP) (nmi) (hr:min:sec) (hr:min:sec) Window

2/9/76 3591 156 14:33:46 14:37:06 A

2/10/76 #1 2136 41 14:35:48 14:39:08 B

2/6/76 #2 3023 93 14:35:12 14:38:32 C

2/6/76 #3 3010 98 14:35:12 14:38 :32 D

2/6/76 #1 2836 126 14:35:12 14:38:32 E

2/11/76 #1 22 14 60 14:35:10 14: 38: 30 F

1/28/76 #C 447 99 14:33 :20 14:36:40 C

1/28/76 #B 167 54 14:33:20 14:36:40 H

Two VQR tapes were received on February 24, 1976 as a function of this request.
The tapes have been labeled VQR 2/24/76 #1 and VQR 2/24/76 #2.

For each window recorded , to achieve the requested range, a hardware
range offset was preset before recording began. The actual range of a window
as recorded on a VQR tape is the sum of this hardware offset and the recorded
range of the window on the tape. Table 8.7 lists the tapes received , the windows
on each tape in the order that they occur , and the hardware offset used in
each case.

The actual window quantized in each case was not the desired region
of the video tape. In the case of window G, a reply occurring at 101 nod and

3 480 ACP’s according to the VQR , data actually occurs at 101 nmi and 353 ACP ’s
according to the Auxiliary Interpreter (Al) Mode 2 reply data. This means the
VQR machine is actually quantizing a window 127 ACP’s prior to the desired
window. In the case of window E, a region 51 ACP ’s prior to the desired window
was quantized .
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TABLE 8.7

CONTENTS OF VQR TAPE 2/24/76 #1 A~D #2

WINDOW VQR TAPE RANGE OFFSET
_____ _____ ________ 

nmi

A VQR 2 / 2 4 / 7 6  111 128

B 128

C 64

D 64
F VQR 2/24/76 #2 32

C 96

H 32
E 9€ ’

8.2.4.7 Summary of Data Problems and Conclusions

The data problems encountered occurred primarily with the reply and
VQR data. The Mode 2 tapes of beacon replies recorded at NAFEC frequently had
numerous parity errors on them . This problem was found by NAFEC to be caused
by RF interference from the search radar and beacon interrogation . To avoid
the problem so tha t good Mode 2 could be ob ta ined , a proced ure was adop ted
where all reply tapes would be made from FR.-950 recordings so that the RF
equipment could be turned off. It was discovered during the analysis of target
reports, however, that some target report results obtained from the CD using
real time video were not the same as the results obtained when an FR—950 analog
recording of the same video was used . Since the video inputted to the CD in
real time cannot be quantized by the VQR machine except by the use of an FR—950
tape, this means that the only level at which the FR—950 real time difference can
be observed is at the target report level. it is recommended therefore , that the
RF interference problem be corrected so that Mode 2 reply da ta can be made from
the CD using real time video . It is further recommended that the FR—950 real
time problem be understood so that the impact on future investigations can be

3 intelligently assessed .

Problems with the placement of the VQR window were also present.
The regions being quantized by NAFEC were consistently different in azimuth
from those requested by the Laboratory. This is not a case of negligence or
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poor workmanship by NAFEC but rather comes about because of some process
in the creation of the VQR tapes which has not been mutually understood by
personnel (both APL and NAFEC) involved in making the tapes. It is
possible, for example , that the azimuth start given to the VQR machine is
interpreted by the machine as being measured from the occurrence of the
azimuth reference pulse (ARP). In the Elwood CD , when the ARP occurs , a preset
azimuth of —127 ACP ’s is loaded into the azimuth counter . If the VQR machine
interprets the AR? as occurring at 0 ~CP ’ s , then it will always quantize a
window 127 ACP ’s prior to the requested window. In one case this is exactly
what happened. The problem however, is unresolved at the present time. It
will be necessary to solve this problem before useful VQR data can be obtained .

-I
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8.3 APL DATA REDUCTION

8.3.1 Introduction

The analysis approach used for the beacon perfer- . nce ana1~ sis
relies heavily on the use of digitall y recorded - ‘nta. Consequentl y , the
data reduction and analyses were done using the Laboratory comp~ito r SYstor’ .
Systems for disp lay ing report , rep ly and VQR da ta on a color CRT w~-r~
developed for use in the analysis. In addiLion other software and algorithms
were written to accumulate statistical data from the target report information .
A Target Report Ambiguity Analy sis Package (TRAAP) was designed to detect t he  —

occurrence of target report ambiguiti es* and accumulate statistical informa—
tion on them . A Radar—B eacon Nisalignment Analysis Program (MISAL) was
developed and used to detect the failure of the CD to correlate a radar report
with corresponding beacon reports from the same target (presumably caused by
a misalignment in range or azi=uth between the radar and beacon) and accumulate
statistical information on the inisalignments. Finall y ,  a Target Report Quality
Analysis (TROA) program to collect statistical information from tracked target
report data was used (see Section 7.2). The following paragraphs in this
subsection describe in more detail the Laboratory computer facility , the
d isp lay systems , and the other anal ysis program that were developed.

8.3.2 Laboratory Computer Facility

Fi gure 8.8 is a block diagram of the Laboratory computer facility
in the configuration used for the beacon performance analysis and shows all
the relevant components. The computer is a UNiVAC 1230 computer designed
for real time processing of data. The anal\-st can function interactively
with the computer through the use of the color TV console. Figure 8.9 shows
the console in more detail. Figure 8.10 is a color calibration chart. Color
pho tographs of the selected console displays appear throughout Section 8.
The three colors which may be projec ted on the display are red , green , and
blue . Because th e color photographs ~ t the display do no t accura tely
represent the colors seen on the disp lay , the color calibration chart is
in cluded.  In all discussions of color in Sec tion 8 , the display colors are
used. Refer to Figure 8.10 to determine the corresponding color reproduced
h the photographic process. The console keyboard is used by the operator to
input necessary parameters to the analysis programs and to control and direct
computer functions . Information from the computer is displa yed to the operator
via the data disc. The computer writes the information on the data disc , which
then drives the four small screen CRT ’s and one 12 inch color CRT on the console.
The small screen disp lays are used for presenting alphan umer ic  da ta w h i l e  the
cnlnr CRT is used to present data pictoriall y (such as the disp lay of tar ge t
reports in PPI fashion). The data disc maintains the disp lay w it ho ut cont inuous -
computer input , so that the computer is free to do other things without loss of
the display.

* An amb iguity is the o c c u r r e n c e  of two or more tar~~-t reports out of the  CD in
the  same scan resultin g from a single aircraft.
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The l ine prin ter is used for lis tin g da ta , statistics , certain system

messages , and certain parameters. The tape drives are used to read recorded
data and program modules into the computer. Most of the data received from
NAFEC was recorded on 9 track tapes. These were converted to 7 track
tapes for compatibility with the Laboratory computer tape drives which
are 7 track drives. In addition, anything to be listed on the line
printer can alternately be outputted to magnetic tape and then listed
by the printer from the tape at a later time.

8.3.3 Display Systems

Systems for displaying CD record data, Mode 2 tape data, and VQR
tape data were developed for use in the Laboratory computer facility. These
display systems are described here. As the results of the study are presented
the extreme usefulness of these display systems will become apparent .

8.3.3.1 CD Record Target Report Display

The CD record display system displays target reports on the
12 inch color CRT in PPI fashion. Figure 8.11 is a photograph of a typical
display of beacon target reports. Approximately 20 scans of reports are
shown. The range rings (in blue) have an interval of 75 nmi. Normal beacon
reports are being displayed in green while target reports forming ambiguities
(which ir e  d -t o -t  by -‘n :  TRAAP algorithm described in 8.3.4) are displayed
in re overlapping of red and green should produce yellow, but due to
the saturation effects of the photographic process, white appears where the
red and green colors overlap (see Figure 8.10). Since the data disc mainta ins
the display, several scans of data may be read into the computer and disp layed
simultaneously on the screen . As the successive scans are displayed , the air-
craft flight paths become apparent to the viewer and appear to form actual tracks*.
Such tracks can be seen on Figure 8.11. l’se of the disp lay allow s large numbers
of target reports to be analyzed very rapit-Ily. The display system has numerous
capabilities. Some of the more important ones are discussed here .

Any position on the display may be offset to the center of the
display. In addition , the display scale can be varied so that a particular
region of interest can be “blown up” to present more detail. This is a
very powerful feature, as the analyst can select an area containing interesting
target reports, move it to the center of the screen, and then blow it for
very detailed examination of the region.

A ball tab controlled indicator, displayed on the screen, may
be used to “hook” a target report of interest. The target report data (range,
azimuth, altitude, and beacon code) corresponding to the hooked target will
then be displayed on one of the small screens. This feature is particularly
useful for determining characteristics associated with particular observed

*The tracking function is performed by the viewer .
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FIGURE 8.11 TA RGE T REPORT D T c P I Ay

CD—Record Tape : Bun 04A
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anomalous target reports that might be used to characterize the anomalies
and even implemented in an algorithm to detect and possibly eliminate the
anomalies.

Target reports may be displayed on the screen in any of three
colors and five symbols. The use of different colors and symbols permits
target reports of interest to be distinguished from other target reports.
For example, if a target report with a specific beacon code must be studied,
the report with that code can be displayed in red while all others are
displayed in green. Many of the features in the display program are
algorithms that detect certain characteristics of the target reports (such
as the beacon code) and then cause the reports having those characteristics
to be displayed in a distinguishing color and/or symbol. Two of the more
important algorithms, TRAAP and MISAL , which detect target report ambiguities
and radar beacon misalignment are included in the display program. Target
reports which are ambiguous may be detected and radar—beacon misalignment
pair may be indicated . These two algorithms were used to produce statistical
results also , and are described in more detail in Section 8.3.4. The target
report display system was used extensively for the analysis of beacon
performance.

8.3.3.2 Reply Display

A display system, very similar to the one designed for the display
of target reports, was created to present beacon replies and target
reports as recorded on Al Mode 2 tapes. Figure 8.12 is a typical display
of Modd 2 tape data. Mode 3/A replies are displayed in red , Mode C in blue,
and target reports in green. The range rings interval is 75 nmi. Only one
scan of data is presented in this display. The target replies and target
reports are both displayed in PPI fashion. Target reports and replies can be
distinguished with colors or symbols. In addition, the mode of each reply may
be indicated with a designated symbol or color. The display can be offset

-: 
- 

and blown up just as it can with the target report display.

The reply display system also has a ball tab positioned hook, which
can be used to hook a target report or beacon reply of interest and present
the associated information alphanumerically on the small screens. The hook
capability was expanded for this display however. Once a target report and
associated replies of interest have been identified , that region of the screen
is offset and expanded. Normally, twenty or so replies will be associated
with the report. A box may be positioned around all the replies associated
with the report thereby “hooking” all the replies. The reply data for all
the replies in the box will then be listed in azimuth order on the line
printer. This allows the analyst to rapidly document a target report of
interest and its corresponding replies.
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FI CURE 8.12 ONE SCAN OF AT N OD E 2 DATA

Color  Code :

Red — Mode 3/A Replies

- Blue — Mode C Replies

Green — Target ReT’orts

Range  R i n g  In t e r v a l :  75 nmi
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A number of anomalous reports and replies were discovered and
documented using the reply display system. The results are presented in
Section 8.5.

8.3.3.3 VQR Display

The VQR display system reads the digitized beacon video from the
VQR tape and displays the video intensity as a function of range and azimuth
on the color CRT. A display oT typical VQR data is shown by Figure 8.13.
The origin of the display graph is the upper left corner of the display
where the range (RNG) and bearing (BRO) axis are indicated . The VQR tape
number, given at the bottom of the display, was arbitrarily inserted . The
display was actually made from scan 16 of window H on VQR 2/24/76 #2 (see
Table 8.7). The start range and stop range, relative to the hardware inserted
offset, are given on the display. For example, the hardware offset for this
window is 32 nmi, so that the range of the upper right hand corner of the
display is 27.3 + 32 or 59.3 nmi. The stop range is also given, but is not
correct on the display due to a software problem which was later corrected .
The start and stop azimuth are also given. The video intensity is indicated
by color. Four thresholds can be specified interactively by the operator
for the display and a color will be associated with each threshold . To the
left of the graph, the four thresholds are listed , each in the associated
color. The intensity of each video sample is indicated by displaying that
sample in the color associated with the highest threshold that is exceeded
by the video sample. In the figure, the thresholds and colors are blue—lO ,
red—20, green—30, white (red, green and blue)—40.

A smaller segment of the disp lay may be selected and expanded for
a more detailed examination of a particular range azimuth region.

The VQR display can also display the data in another format . This
is done by selecting a given azimuth on the original display. The video
intensity along this azimuth will then be plotted as a function of range on one
of the small screen displays. Similarly, a range may be chosen and the
intensity of the video as a function of azimuth will be plotted . The graph
of intensity as a function of range is particularly useful because it presents
a picture of the actual beacon reply pulses. For the display of Figure 8.13,
an azimuth containing a Mode 3/A reply was selected and plotted and also one
with a Mode C reply. The resulting plots are shown in Figures 8.l4a and
8.14b. Thus, the pulse width, shape, and amplitude may be carefully studied . 

- -

This display was used to examine the received VQR tapes. Although
the requested windows of interest were not received , some of the windows did
contain some beacon reply video. Because the replies occurring in the VQR
windows were not the selected replies, they are not necessarily representative
of any anomalies. Nonetheless, the display system was used to document the

3 replies and extract some very useful information concerning beacon video
characteristics.
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b. Mode C Reply

FI1~URE 8.14 PLOTS OF VIDEO AMPLITUDE VS. RANGE

Tape : VQR 2/24/76 #2

~ 
Window : H

- 
Scan : 16
Vertical Axis : Amplitude — 5 per tic

Horizontal Axis: Range — 5 samples  ~rh- nuti per sample) per
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8.3.4 Software Package

Three major software programs were developed for the statistical
quantification of beacon target report anomalies. The Target Report
Ambiguity Analysis Package (TRAAP) was developed to detect target report
ambiguities and accumulate statistical data concerning the characteristics
of the ambiguities. The Radar—Beacon Misalignment Detection (MISAL)
Program detects the fa i lure of the CD to correlate radar reports with the
corresponding beacon reports and accumulate statistical data characterizing
the misalignment problem. The Target Report Quality Analysis Program (TRQA)
is used to analyze tracked target reports. (Also described in Section 7 .2) .
Such problems as jagged tracks and incorrectly reported beacon codes can be
studied using this program. These three programs are discussed in more
detail below.

8.3.4.1 TRAAP

The TRAAP program was designed to detect target report ambiguities
and accumulate statistical data concerning them. A target report ambiguity
occurs whenever two or more target reports corresponding to a single aircraft
are produced by the CD in the same scan . Same types of ambiguities, such
as range splits and azimuth splits, have the target reports very close
together in range and azimuth and this feature can be incorporated in an
algorithm to detect them. Other types of ambiguities, such as reflection ,
may be very widely spaced. For these, another method , such as the occurrence
of duplicate discrete codes, must be used to detect the ambiguities.

The function âf TRAAP can be broken into two steps: 1) det-action
of ambiguities and 2) the accumulation of statistical data . Detection will
be discussed first.

The purpose of the ambiguity detection algorithm was originally to
detect range and azimuth splits by searching the target reports for two or
more closely spaced beacon target reports occurring in the same antenna scan.
This is done by searching for two or more beacon target reports which occur
within a specified range and azimuth separation interval of each other. Since

C real aircraft do not normally fly close together , these reports are likely
to be target splits. There is the possibility that some aircraft will be
flying close enough to each other to be improperly called a split target. A
possible solution to this is to restrict the analysis to discrete beacon code
targets only. Since only one target in a control center ’s area should have
a particular discrete code, the occurrence of duplicate discrete codes would
be the same target reported more than once, or an ambiguity. On occasions,
it is noted that two actual targets have been assigned the same discrete code.
These duplicate code targets are generally not flying close together , however.
In addition , it has been observed that some target ambiguities involve a
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change in or garbling of the code reported by the CD. Thus the duplicate
code technique is not perfect either. In order to detect such ambiguities
as reflection, the specific range and azimuth separation interval must be
made very large, so that essentially any reports with the same discrete
code will be flagged as an ambiguity.

The algorithm was designed to be implemented by computer and
use target report data from CD Record tapes. A table into which CD Record
data blocks may be read is established . Part 1 of the search is to find a
reference report. Each message is checked to see if it is a beacon report
which has not been previously called an ambiguity. When a beacon report is
found which has not been called an ambiguity previously the target is
referred to as a reference target , and its range and azimuth are referred
to as the reference range R and reference azimuth 0r r

Part 2 of the search is to find beacon target reports that are
within a given range and azimuth of the reference range and reference azimuth.
This is accomplished by a search through the table starting at the first
message after the reference message. Upon finding a target report message ,
this report is named a candidate. Its range and azimuth are referred to as
the candidate range R and candidate azimuth 0 . The azimuth separation of
the candidate from reference target is first e~amined to see if

10 — o I < ~e
c r — max

where 
~
0ma is an adjustable input parameter. The absolute value signs are

used to account for the possibility that targets are not perfectly azimuth
ordered . If the candidate does not meet the maximum azimuth separation
criteria, it is rejected at this point.

Once a candidate has satisfied the maximum azimuth separation
criteria, it must meet several other criteria before being flagged as an
ambiguity. If it is rejected during any of the following checks, the candidate
search continues with the next message in the same way. The candidate is
examined to see if

10 — 0 I —

c r --

where 
~
0mjn is an input parameter. If the azimuth criteria is met ,

the target report is checked to see if it is a beacon report .  Next , the
candidate is checked to see that it is not already an ambiguity split from
a previous search and rejected if it is. Last, the candidate must satisfy
the range separation criteria. The candidate range is checked to see if

IR - R L~R and R - R >
c r max c r — mm
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where AR and AR are input parameters. If the candidate meets these
criteriamg~th the ~a~ididate and the reference reports are flagged as anamb iguity. Otherwise a new candida te is searched for.

The algorithm described finds two or more beacon repor ts ~:nich
are within the specified range and azimuth separation of each other and
calls these ambiguities. As previously stated , an add itional cri teria
may be applied if one restricts the analysis to discrete beacon codes.
This shall be called the dup lica te discrete code res tric tion method and is
included in the comp u ter imp lementation of the al gor ithm in the fo rm of two
selectable options. One may choose to restrict the analysis to duplicate
codes only and/or to discrete codes only. When the analysis is restricted
to discrete codes , both the reference report and the candidate report must
meet the-additional criteria that the report be a discrete code beacon report.
When the duplicate code option is selected , the candidate report must meet
the additional criteria that its code is the same as the code of the
reference report. By selecting both options the analysis is restricted to
duplicate discrete codes only.

The following are required as inputs to the split detection algorithm.

1. A0 and A0 , accura te to a degreemm max

2. AR and AR , accurate to 1/8 nmi .mm max

3. The option for duplicate codes only may be selected .

4. The option for discrete codes only may be selected .

The ambiguity detection portion of the TRAAP program is used
in conjunction with the CD Record target report display program and the
Mode 2 tape target report display to detect the ambiguities in the target
reports and flag them on the display in a distinguishing color or symbol. In
addition , once the ambiguities are detected , the remaining portion of the
TRAAP program collects statistical data on them. This portion of TRAAP,
called the ambiguity statistics algorithm , is described next .

This ambiguity statistics algorithm was written in such a way
that it could be used in conjunction with the ambiguity detection algorithm.
Together these two routines form a package (TRAAP) that can detect beacon
target ambiguities in the reports recorded on CD Record tapes and accumulate
statistical data. There are input parameters to the split statistics algorithm:
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1. Star t  time ,

2. End time , TE
3. Lower Range Bound , R

mm
4. Upper Range Bound , R , and

5. Minimum Altitude

6. Maximum Altitude

Each target report message has a time recorded in tenths  of seconds tha t
is the time of day that the message was transmitted by the CD over MODEM
lines. The statistics package keys off this time , and accumulates
statistics only for those reports and splits that occur in the time interval
[Ts, TEl. Also , only splits for which the reference target range Rr satisfies

R
mi ~ 

R 
~ 
Rma are processed . The minimum and maximum altitude specifies the

limits of data collected for the altitude distribution plots , but does not
result in reports outside of the altitude limits being rejected as potential
ambiguities. The algorithm consists of three major routines: 

C

1. Count Total Targets

2. Coun t Current Sp lits
3. Accumulate Data

These routines are called separately by the amb iguity detection algorithm
as the required information for each routine becomes available. Figure 8.15
is a simplified version of the ambiguity detection algorithm with the
addition of the ambiguity statistics routines. The functions performed by
the ambiguity statistics routine are denoted by a shadowed box , rather than
a plain box.

Recall that the ambiguity detection algorithm first finds a beacon
reference report, then searches for all reports which form an ambiguity with
the reference. The reports examined are called candidate reports , and if
they are found to form an ambiguity with the reference report the reference
and any candidates that form the ambiguity with it are called an ambiguity .
The group size is the number of reports in the ambiguity. This number has
no limit but is usually observed to be less than five. If a candidate is
found to form an ambiguity with the reference report both it and the reference
report are stored by the box labeled Count Current Splits. If other candidates
are found that also form an ambiguity with the same reference these are also
stored . When the ambiguity de tection algorithm determines that no other
candidates exist the ambiguity group is considered complete. The data for
characteristics are extracted by the box labeled Accumulate Data from the
report data stored by Count Current Splits. The stored report data is then
dumped and new data stored is made ready for the next reference report.
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When all the data has been accumulated , the Count Total
Targets routine calls up the output routine. The routine organizes
the data, makes various computations and prints out the data . The data
is presented in three forms: 1) lists, 2) tables and 3) histograms.

The split statistics package was implemented in the computer
facility and used to analyze large amounts of data with very useful results.

8.3.4.2 MISAL

The Radar—Beacon Misalignment Detection Algorithm simply searches
the target report data for a beacon report that is not radar reinforced. It
then searches the target report data for the occurrence of a search radar
target report which occurs within a specified range and azimuth window
around the beacon report. If one is found , a radar—beacon misalignment
is said to occur . If two or more radar reports occur in the window, the
one closest in actual distance to the beacon report is chosen as the radar
report that corresponds to the beacon report. Inputs to the detection
algorithm specifying the window around the beacon report are the following:

1. AR~~ — minimum range separation required

2. AR — maximum range separation allowedmax
3. A0 — maximum azimuth separation allowedmax

The misalignment detection program is included in the CD Record
target report display package. It is used to detect the misalignments so
that they can be indicated on the display via the insertion of a special
color or symbol.

In addition , a misalignment statistics program was designed for
use with the detection package. Together , they form the MISAL program being
discussed . Four inputs are required by the statistics package.

1. Ts 
— start time of the analysis

2. TE 
— end time of the analysis

3. R — maximum range for acceptance of beacon reports
r max

4~ R i 
— minimum range for acceptance of beacon reports

The pr imary form of presentation for the misalignment statistics is a list
of collected statistics and histograms. The MISAL program was used in the
Laboratory computer facility to characterize the misalignment problem.

8.3.4.3 TRQA

The TRQA program is discussed in Section 7.2.
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8.4 ANALYSIS OF BEACON TARGET REPORTS

8.4.1 Introduction

This section describes the analysis of the beacon target report
data as recorded on the CD—record digita l magnetic computer tapes. The
purpose of the analysis was to identify problems in the target report data
which indicate a deficiency in the beacon processing of the CD. The first
phase of the analysis of target reports was to display the target reports
us ing the CD—record target display system described in Section 8.3. The
displays produced were analyzed visually and several possible areas of
difficulty in the beacon processing were identified. Additional display
capabilities were added and computer programs were designed to show the
problems more explicitly and indicate the frequency and severity of the
problems.

The following problems were identified for further consideration
at the reply and video analysis levels.

1. Target Report Ambiguities
2. Radar—Beacon Misalignment
3. Missing Reports
4. Jagged Tracks
5. Incorrect Reported Code

Figure 8.16 illustrates several scans of target report information
for an aircraft. The display was offset and “blown up” to clearly illustrate
the aircraft flight path. Ambiguous target reports are in red while the
others are green. Some of the above mentioned problems are illustrated
by this photograph.

A target report ambiguity occurs when, on a single scan, two
or more reports corresponding to a single aircraft are output by the CD.
Four pairs of closely spaced ambiguities are shown in Figure 8.16 in red.
These additional reports result in unnecessary information being transmitted
across the modem lines and create an additional burden on the 9020 computer
system at the ARTCC. Further, the display of these ambiguous reports to
the controller creates an additional problem for him , thus reducing his
capacity for carrying out his primary purpose of directing air traffic.
The existence of ambiguous target reports will also result in problems
to future automation of NAS . One of the proposed capabilities to be added
for additional automation of the system is that of automatic detection

C 
of aircraft which are on a potential collisimn course. Should an aircraft
result in an ambiguity where two very closely spaced reports are generated,
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such as a range split, the collision detection software might falsely signal
that a collision was imminent. Target amb iguities , since they add to the
system load, affect controller efficiency , and potentially affect future
automation plans, are considered a problem serious enough to merit further
investigation. Software to detect, characterize, and classify ambiguities
was developed and used to quantify the target ambiguity problem. The software
package, called the Target Report Ambiguity Analysis Package (TRAAP), was
designed to 1) detect ambiguities so that they can be distinguished by
the use of color and/or symbols on the display and 2) extract target report
statistics and statistics characterizing the frequency and nature of the
ambiguities. The software package is described in more detail in Section 8.3.
The results are presented in the form of photographs, tables and plots.

Radar—beacon misalignment refers to the failure of the CD to
correlate a beacon report with its corresponding radar report. When functioning
as designed , the CD will recognize that incoming radar h its correspond
to incoming beacon replies from the same target and will produce a single
beacon report that is flagged as being radar reinforced. When the CD fails
to do this, two reports, a radar report and a beacon report , will be transmitted
to the ARTCC. While it appears that controllers are not overly concerned
about the display of this extra report , its existence on the display must
still be given consideration by the controller, at least to the extent
that he observes it and decides to ignore it. As controller workloads
are often extremely heavy, it would be best to eliminate the display of
all unnecessary reports . The extra radar report also placed an extra burden
on the modem lines and the 9020 computer system. It was therefore considered
worthwhile to include this problem for additional study. A program to
detect and quantify the radar—beacon misalignments was designed. Basically ,
the program searches a small window around each non—radar—reinforced beacon
report for the occurrences of a radar report. If one is found, the pair
is flagged as a radar—beacon misalignment and the range and azimuth displace-
ment of the radar report from the beacon report are extracted for use in
histograms. The results of the analysis of this problem are presented and
discussed.

The next problem is missing reports. When the target report
-
~~ 

- data for several scans is displayed simultaneously , aircraft flight paths
become apparent. By visual inspection, it can be seen that aircraft tracks
exist. In Figure 8.16, it can be clearly seen that the successive scans
of report data are forming an aircraft track. Ideally , on each scan, a
beacon report will occur for each existing track. Sometimes, however ,
a report will not occur on the track, though one did occur on a previous
scan and subsequent scans. Such an event is called a missing report.
A missing report is pointed out in Figure 8.16. The target report data
being displayed to the controller is tracked by the 9020 system before
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being displayed. A missing report into the 9020 system , occurring on
a track already established by the 9020 tracker, will result In a report
being displayed to the controller which is developed by use of predicted
position based on past information. This, of course, has a direct affect
on track accuracy . The frequency of occurrence of missing reports is
measured by use of blip—scan , the ratio of hits on a track to the number
of scans for which the track existed. In order to develop this quantity,
tracked target report data must be used . A program , called the Target
Report Quality Analysis package described in Section 7.2, was developed
to analyze tracked target report data and extract blip—scan. The tracked
target report data was produced using an APL developed t r acke r .  The TRQA pro-
gram was developed to complete the analy sis of Section 7.2 .  This program was
applied only on a very limited basis before the termination of work on
the en route contract and the results are presented.

Jagged tracks refer to the occurrence of tracks for which a smooth
flight path cannot be drawn through the reports on the track. The track
of Figure 8.16 appears to be a jagged track. It is assumed that the aircraft
which generated the target reports in Figure 8.16 prescribed a smooth flight
path in the air. If a smooth line were drawn on Figure 8.16 to approximate
the aircraft flight path, it would be evident that the target reports were
deviat ing from the line . As en route aircraft are not likely to follow
a path such as that indicated by the target reports, it is assumed that
a centroiding problem or ranging problem has resulted in the pattern of
target reports illustrated. Such tracks were frequently observed using
the display program. Improper centroiding and ranging can present significant
problems to the system at the ARTCC. For one thing, trackers normally
assume a smooth flight path, and look for a target report to occur at a
position predicted on the basis of a smooth prediction using past track
parameters. When a target report does not occur at its predicted position,
the tracker must either coast (produce a predicted report), or go through
some additional logic to find the misplaced report. In either case, tracker
load is increased. Furthermore, the accuracy with which the target position
is known is reduced because of the incorrect determination of target report
position. The CD output analysis program contains logic to measure track
smoothness and presents statistical results of this. The program was applied
on a limited basis.

An incorrectly reported code occurs when a target report on a
track has a code that is different from those reports occurring prior to
or subsequent to it on the same track. As the frequency of occurrence
of incorrectly repor ted codes cannot be easily determined from the display
of target reports, algorithms to extract code change data from tracked
target reports are included in the TRQA package which was applied on a
limited basis. Beacon code is used by the controller to identify aircraft
which he is controlling and also by the tracker in the 9020, so the occurrence
of incorrectly reported codes is potentially a problem and will become
more so with increased automation.
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Section 8.4.2 through 8.4.5 present the results of the analysis
of target reports. Section 8.4.2 presents the beacon target report
characteristics . The information presented in this section characterizes
the target report data in general. Statistical data presented in the section ,
such as the distribution of target reports in range, azimuth, and altitude
was derived during the analysis of ambiguities by the TRAAP çrogram .

It was discovered during the analysis of target reports that
the report data collected using real time beacon video was not the same
as report data generated from an FR—950 analog recording of the same video.
Photographs of target report data to illustrate this problem are presented
in Section 8.4.2.

As indicated by Section 8.2, two trips were made by APL personnel
to the Elwood facility for data collection. On the first trip , some FR—950
tapes for further study were selected, and used to produce CD records.
On the second trip, some of these same FR—950s were used to produce another
set of CD records. It was discovered during analysis of the second set
of CD records that results obtained were not necessarily the same even
though the same FR—950 video was used to make the CD record. Also , as
noted in Section 8.2, dur ing the second data collection rum , beacon processing
was apparently blanked above and below certain ranges, so that while the
first set of data collected from the FR—950s covered the full 256 nmi ,
the second set of data collected covered a smaller area. To do a proper
comparison on the first set of data with the second set, it was necessary
to limit the analysis to-ranges for which beacon data was processed during
both collections. For example, consider an FR—950 which is played through
the CD once with the full 256 nmi of video processed. Then the FR—950
is played through again, this time only the video between 10 nmi and 188
nmi is processed . Only the results obtained by analyzing both tapes between
10 nmi and 188 nmi are comparable. In the data presented , it will be noticed
that the range limits of the analysis performed was frequently restricted.
Furthermore, the analysis start and stop times are adjusted so that only
CD—Record data covering exactly the same segment of the FR—950 tape is
compared.

Section 8.4.3 discussed the analysis of the target report ambiguities.
Target report ambiguities are broken into five classes based upon the range
and azimuth separations of the ambiguities. The collected CD record tapes
were then analyzed , using the TRAAP program, and the number of ambiguities
fitting into each category were determined for the data. Distributions
of the ambiguities in range, azimuth and altitude are shown, as well as
the distribution of the range and azimuth separation of target reports
forming the ambiguities. It was discovered that the difference in the
target report data caused by use of the FR—950 video as opposed to real
time video also affects the ambiguity rate. This phenomena is discussed
in 8.4.3 also.
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Section 8 .4 .4  addresses the analysis of radar—beacon misalignments .
The MISAL program was used to extract the misalignment rates from the target
report data. The range separation distribution and azimuth separation
distribution of the beacon and associated radar report are given. In cases
where an offset was known to exist , the misalignment rates are naturally
large. However, the radar reinforcement rate which would exist with proper
alignment can be estimated from the collected data.

Section 7.2 discusses the characteristics of jagged track, missing
reports (blip—scan) and beacon code changes. All of this data was extracted
by the TRQA program which uses tracked target report data. The TRQA program
was completed only recently and was applied on a limited amount of data.
Nonetheless, some interesting information was produced , and is presented
in this section.

I
I
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R .4.2 Target Report Characteristics

This sect-i on presents data which characterize the nature of beacon
target reports. Most of the data presented herein was collected during the
anal ysis  of beacon target report ambiguities using the TRAAP program .
Rhile it was not the expressed purpose of the analysis of target report
ambiguities to collect this data , i t  was necessary to do it as par t  of
the s tud y of the  ambigu i ty  problem.  For example , in the analysis of target
repor t  ambigu i t i e s , the d i s t r i b u t i o n  of the amb igui t ies  in range , azimuth
and altitude are studied. Such information is not useful , though , unless
the corresponding d i s t r i b u t i o n s  of t a rge t  repor ts  are also known . A l t h o u g h
the distributions and other statistical information collected are used
p r i m a ri l y, for  the analysis of beacon processing problems , they are also
interesting in their own right and therefore this section , presenting the
target report characteristics , is included . Photographs il lus tra ting the
difference between beacon target report data obtained using real time beacon
video and that obtained using FR—950 beacon video (made from the corresponding
real time video) are included . Because of the fact that the analysis that
produced this data  was done to study the amb~ guity problem , the input para-
meters to the TRAAP program were adjusted for this purpose. Consequently,
the settings are not always ideal for characterization of target reports.
The impa ct of this will be no ted as necessary during the following
discussion .

During the da ta collection at Elwood , certain steps were taken
to demonstrate the quality and reliability of the FR—950 analog recording
process. For example , on the first Laboratory tri p to NAFEC , real time radar
and beacon video were played through the CD to produce a CD—Record tape
called RUN 04A. An FR—950 recording was made of the real time video and then
p layed back thro ugh the CD two more times to produce CD—Records RUN 04B and
RUN 04C. Comparison of tape RUN 04A (real time) with either RUN 04B (FR—950)
or RUN 04C (FR—950) can be done to see how well the resul ts ob tained using
FR—950 video match the results obtained with the corresponding real time
video.  Comparison of RUN 04B wi th  RUN 04C is done to check the repea tab i l i ty
of resul ts  obtained using an FR—950 tape. Similarly, on the second APL trip
to NAFE C , CD—Records were made using the same FR—950 ’s selected on the first
APL t r i p. Comparison of CD—Records made on the first trip with CD—Records

• made on the second t r i p prom the same video was done to determine the
r epea tab i l i ty  of resul ts  obtained with an FR— 950 tape after a longer time .
Table 8.8 lists , in groups , the CD—Record tapes that cen be compared. The
distinguishing feature (i.e., video source and first or second trip) are
ind ica ted by Table 8.8.
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TABLE 8.8

CD—Record Tapes That Can Be Compared

1. RUN 001 (FR—950 , first trip) , CDR—804 (FR—950 , second trip)

*2. RUN 002 (FR—Q50 , First trip), CDR—805 (FR—950 , second trip)

3. RUN 04A (real time , first trip), RUN 04B (FR—950 , first trip),
RUN 04C (FR—95 0, first trip) , CDR—807 (FR—950 , second trip)

4. RUN 005 (FR— 950 , f i r s t  t r ip ) , CDR— 803 (FR—950 , second trip)

5. CDR—8 09 (real t ime , second t r ip) , CDR— 8 12 (FR—9 5 0 second t r i p )

In order to do a proper comparison of these tapes , the anal ysis
must he performed over segments of the tapes which were made from exactly
the same video so t hat  the  corresponding t imes on CD—Record tapes must be
determined. In add i t ion , a l though it was not requ .~sted by APL , apparen t ly
the beacon processing was blanked above and below some range on the second
APL t r i p . Blanking was not used on the data taken dur ing  the f i r s t  APL
t r i p ,  so tha t  some target  reports  occurr ing on the CD—Records made from the
f i r s t  APL t r i p are not on the tapas made from the second APL t r i p .  To
properly compare the tapes then , the analysis must also be performed over
regions for which neither tape is blanked . Table 8.9 lists all the CD—Records
used and the corresponding s ta r t  and stop times and minimum and maximum ranges
over which the analyses must be done for  comparison of the CD—Record tapes.

Note in Table 8.8 tha t  RUN 002 and CDR— 805 can be compared . These
two CD—Records were supposed to have been made from the same FR— 950 tape
(Elwood d18 , 1/30/74) . However , both tapes were displayed and it was
determined that  the target report data was entirely different. The problem
was investigated further by having the FR—l800 tapes used to make each
CD—Record located and us—ed to make tvo more CD—Records. These were compared
and found to be d i f fe r e n t  also , e l imina t ing  the poss ib i l i t y  tha t  the  wrong
FR—l800 was used and indicating that either the wrong FR—950 tape was used
the second time , or that the FR—950 tape used was rerecorded hut not re l abe led .
In any event , the actual FR—950 used to make CDR—805 is not known . Although a
conclusion based on data from CDR— 805 cannot be made since it was made under
unknown condi tions , the data from it is presented anyway .

* It was later discovered that CDR—805 was not made from the FR—950 used
to make RUN 002 , so these two cannot , in fact , be compared.
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TABLE 8.9

Analysis Limits for Comparison of Data

Times Range (nmi )
Tape Star t  Stop Mm Max

RUN 001 9:51:01 — 10:11:0° 11 188

RUN 002 10:58:01 - 11:16:01 0 256

RUN 003 13:08:00 — 13:28:00 0 256

RUN 04A 13:34:00 — 14:47:21 F 188

RUN 04B 15:18 :56 — 15:32:17 11 188

R~N 04C 15:42:39 — 15:56:00 11 188

RUN 005 10:12:24 — 10:26:24  11 245

RUN 006 11:18:00 — 11:39:00 0 256

CDR—803 13:34:39 — 13:48:39 11 245

CDR—804 14:33:21 — 14:53:21 11 188

CDR— 805 15:06:57 - 15:24:57 0 256

CDR—807 9:41:21 — 9 : 5 4 : 4 2  11 188

CDR—809 10:54:00 — 11:14:00 11 210

CDR— 8l0 11:23:00 - 11:43 :00 11 210

CDR-8l 1 13:00:00 — 13:l5:0 ~~) 11 210

CDR-8l2 13:30:50 — 13:50:50 11 210
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The st a t i s t i c s  c o l l e c t e d  ~il l ow  a d e t e r m i n a ti o n  of the  average
number  of beacon repor t s  per scan , and permit  a breakdown in to  r epor t s  wi th
discrete and non—discrete beacon codes. Table 8.10 tabulates this informa-
tion. The anal ysis times and ranges were not adjusted for comparison of
corresponding CD—Record in this table. Tapes for which the information was
; t v a i l a h l e  nr~- l i s t ed , along wi th  the s t a r t  and stop t imes of the  anal ysis ,
scan r a t e  of the beacon antenna , total scans analyzed , total number of
beacon targets , average number of targets per scan , total discrete beacons
average number of discrete beacon code targets per scan , and the percent of
discrete and non—discrete beacon codes that occurred. The average number
of beacon target reports per scan varied between about 100 and 230. All the
tapes in the table with the exception of RUN 005 and RUN 006 were made using
video obtained at Elwood. RUN 005 was made from Paso Robles FR—950 video

• and RUN 006 was made from St .  l ouis FR— 95 0 video.  The var iab i l i ty  in the
average number of targets per scan from tape to tape is readily seen from
this table and shows how variable the a i r c r a f t  t r a f f i c  is from time to time
at Elwood . The average number of d iscre te  beacon codes per scan is also
q u i t e  var iab le .  The percentage of d i sc re te  beacon codes per scan varies
from about 25 to 70.

Although the analysis times are not exactly aligned for an exact
comparison of RUN 04A , RUN 04B and RUN 04C , they are close enough that the
average data co l lec ted  may be compared .  I n t e r e s t i ng ly ,  the averag e number
of targets per scan for RUN 04B or RUN 04C made with the FR—950 video is
more than that for RIN 04A made w i t h  real  time video , a l though the pe rcen t age
of discrete and non—discrete are about the same for all three tapes (t 0% dis—

— crete , 40% n o n — d i s c r e t e ) .  The reason why the number of targets differs
between the real time video results and FR—950 video results has not been
determined. It is suspected , however , that the video amplitude from the
receiver itself may be different from the video amplitude that results when
the FR—950 tape is played back . Another parameter that could cause the
difference is the bandwidth of the video signals. Making an analog recording
of the video and p lay ing it back can surely only cause the bandwidth and the
signal to he reduced , thereby spreading out the beacon video pulses. It is
strongly recommended that the problem he resolved so that is impact on future
investigations of the system using FR—950 tapes can he accurately assessed.

&
In a group , the same FR—950 was used for  a l l  tapes made from an

FR—95 0 .  Besides the FR— 950 / rea l  t ime problem alluded to here , the  major
= conc lus ion  to he drawn from Table  8.10 is the extreme va r i ab i l i t y  of the

target density and target mix (discrete and non—discrete) that is observed
from tiire to time.

I
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Another set of  data was analyzed using times and ranges that were
aligned for comparison of corresponding CD—Record tapes. This data came
from an amb i guity analysis which was being r e st r i c t e d  to d u p l i c a t e  d i sc re t e
code targets only . Therefore only discrete code beacon target reports were
counted . Table 8.11 lists the results of the analysis for those tapes which
can he compared. Four groups of CD—Records for inter—comparisons of results
ex i s t  an~ the table is listed with each group together for convenience in
compar ing  the r e s u l t s .  The APL trip on ~-hich each tape was made and the
video source are ind ica ted  in Table 8 .S . In cases where a group has both an
FR— 9 50 ~ource and a real time source , the FR—95 0 was made from the
corresponding real time source . The pr imary column of interest  in Table R .ll
is the average number of discrete beacon codes per scan. Considering first
lust  those tapes made from FR— 95 0 ’s , it can he seen in groups 1, 2 and 3
that the (:1)—Record made on the second tri p to Elwood have a lower average
n umber of t a rge t  r epor t s  per scan than corresponding CD—Records made on the
f i r s t  trip to E lwood.  Yet when the same FR— 95 0 was played through the
CD twice in succession (both on the first trip) to make tapes RUN 04B and
RUN 04C , the average number of targets per scan was the same. This tends to
indicate the possibility that some parameter , such as video gain , was set
d i f f e r ent ly for the two d i f f e r e n t  APL t r ips to Elwood.

D i f f erences be tween results ob tained wi th real time video and th ose
obtained with FR—950 video are also noted . In group 4, CDR—809 was made from
real time video while CDR—8l2 was made from an FR—950 tape of the same video.
In this case , using the FR—950 resulted in a lower average number of targets
per scan than the real time video . In group 2, tapes RUN 04B and RUN 04C ,
which were made on the same day (first trip) as RUN 04A us ing  an FR— 950 of
the real time video used to make RUN 04A , have a higher  value than the RUN 04A ,
while the tape made on the second t r i p (CD R— 807) has a lower value than R I N  04A.

The conclusion t ha t  can he hypo thes ized  from al l  of t h i s  is t h a t
some pa ramete r ( s )  r e l a t ing  to the use of the FR— 95 0 video was set to a value
on the f i r s t  APL trip to Elvood which resulted in the FR—950 video producing
more beacon targets  per scan than the real time video while on the second
APL t r ip,  they were at a value which caused fewer targets per scan than real
time video when FR— 95 0 video was used .  This is simply a suggested cause.  As
previousl y noted , it is recommended that  the FR— 950 video and real time video
he thoroughly studied to determine the actual cause.

8.4.2.1 Target Report Distribution

In addition to these statistics collected , for each ambiguity
anal ysis that  was run , t he  distributions of target reports in range , azimuth ,
and a l t i t ude  were p l o t t e d .  One would expect that if aircraft were uniformly
d i s t r i b u t e d  tn the airspace , a plot of the range d i s t r i bu t ion  of target  repor ts
would show relatively more reports at longer ranges because a larger area of
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airspace is covered at the longer ranges. In fact , target distribution in
the sky is far from uniform , and several different distributions as a
funct ion  of range are observed. Figure 8.17 is a p lot of f requency
(normalized to one) of target  repor ts  versus range for CD—Record RUN 001.
At long ranges relatively fewer targets occur , w h i l e  at close range s the
number of target reports becomes large , until about 40 nmi . Below 40 nmi
the number of targets decrease as range decreases. The shape of this
dis tribution is exp lained by the fact that nearby airport activity creates
a higher density condition at short ranges and few aircraft are flying over
the ocean at the longer ranges. This general shape is rather typical but
other types of shapes were also observed . Figure 8.19 is the range
distr ibution fo r RUN 003. Strangely no repo rts occurred beyond about 150
nmi. The reason for this is not known but may have b een a resu l t of wea ther
conditions causing aircraft traffic patterns to be changed. The range
distribution for RUN 005 shown in Figure 8.19 was closer to uniform in range
than for the other runs although the tendency to increase with decreasing
range is evident. The video for this tape was made at Paso Fobles , which
naturally has a different aircraft traffic situation than Elwood . Figure 8 .20
is the range dis tribution for RUN 006 , made from St. Louis video , and also has
a distinctive shape. The little ”bunM~

’hetueen 114 nmi and 178 miii is probably
a result of activity at a nearby airpor t. The distribution for CDR—809 is
shown in Figure 8.21. This tape was made from Elwood video. Note that the
shape is about the same as that of Figure 8.17, also from Elwood , except that
in this case the number of targets increases with decrossing range all the
way in as opposed to the d is t r ibut ion  shown in Figure 8.~~ which begins  to
decrease with decreasing range below 40 nmi .

Generally , it can be concluded that the range distribution will
vary depending on the ex i s t ing  t r a f f i c  cond i t ions  and t ha t  a typ ica l”
distribution does not reall y exist .

Figure 8.22 is a plot of frequency versus azimuth for target
reports from RUN 001. The azimuth of each bin is determined by mul t i p ly ing
the number given in the column labeled AZMUTFI corresponding to the bin by
360° . No tice tha t a sector exists in which rela t ively  few t a rge ts  ex i s t .
This dis tribution is very typical of all the data collected . At th e Elwood
site , the direction where few target reports are present corresponds to the
ocean . The dist ribution is not necessari ly  typical of all sites , however ,
even though all the collected data exhibited the shape .

Al t i t ude  d is t r ibu tions were dev~ loped from altitude information
provided b y targets  equi ppA d wi th M ode C t r I n s p o n d e r s .  Thus t h e  a l t i t u d e
dis trib ut ions are only for the Mode C equ i pped aircr ii ft. Several different
characte r i s t i c  d i s t r i bu t ions  were observed.  Figure 8.23 is the  a l t i t u d e
distribution of target reports from CD—Record tape R1’N 001. The a l t i t ude
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I > 4 > 4 ) 4 > 4 ) 4 ) 4 > 4 > 4 > 4 > 4 ) 4 > 4 ) 4 > 6 > 4 > 4  >4 > 6 > 4 > 4 ) 4 > 4 > 6 > 4 1 < 1 <
I > 4 ) 4 ) 4 > 4 >4 > 4 ) 4 > 4 > 4 > 4 ) 4 ) 4 > 4 > 4  > 6 > 4 > 4 1 4 1 < > <>4 >< 1 < > 4 > 4 > 4 > 4
I >4 >4 > 4 > 4 > 4 ) 4 ) 4 ) 4 ) 4 > 4 ) 4 ) 4 ) 4 ) 4 > 4 > 4 ) 4 > 4 > 4 > 6 > 4 > 6 > 4 > 4 > 4 > 4 > 4 > 4

C + > 4 > 4 > 4 > 4 > 4 > 4>4 > 4 > 4 > 4 > 6 ) 4 > 4 > 6 > 4 > 4 > 4 ) 4 1 < > 4~~~~~ 4 ) 4 > 4 > 6 > 4 1 < ) 4 > 4
Z I >4 > 4 ) 4 > 4 ) 4  >4 > 4 > 4 > 4 > 4 ) 4 ) 4 > 6 > 6 > 4 > 4 > 4 > 4 > 6 ) 4 ) 4 ) 4 > 4 > 4 > 6 > 4 > 4 > 4 ) 4

I >< )4 > < > 4 > 4 1 4 > 4 > <>4 1 4 ) 4 1 < > 4 > 4 ) 4 > 4 1 < > 4 > 4 > 6 ) 4 > 4 > 4 > 4 > 4 > 4 > 4  > 4 > 4
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FIGURE 8.22 RI’N 001
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on the p lo ts  are given in hundreds of feet. This distribution tends to
favor the lower altitude. Figure 8.24 is the altitude distribution for
RUN 003 and has an entirely different shape. Figure 8.25 is the altitude
d i s t r i b u t i o n  for  RUN 04A . No particular altitude appears to he strongly
favored in this  data al though a small tendency to favor lower a lt i t u d e  is
observed. The altitude distributions for all the other tapes tend to fit
one of these three characteristic shapes. In general , it can be said tha t  no
typ ica l  a l t i t u d e  d i s t r i b u t i o n  ex i - ~t s .

As expected , no p a r t i c u l a r  d i s t r ib u t i o n  of a i r c r a f t  in range ,
azimuth , or altitude is typ ical . Factors , cuch as time of day and weather
conditions , terrain features , and local traf fic trends at each site affect
these distributions . Ouite often , a typ ical distribution is arbitrarily
assumed for  some analysis r e q u i r i n g  posi t i C n a l  in f o r m a t i o n  on t a r g e t s .  The
data presented here should be carefully considered when one is considering
making such an assumpt ion .

8 . 4 . 2 . 2  FR—950 Oualitv  Check

It was noted previously that steps were taken to compare CD—Records
made from real time video wi th CD—Records made from an FR—950 recording of
the same video , and also to compare CD—Records made from an FR—9 50 played
back at d i f f e r e n t  times. Table 8.11 listed the total target reports and the
average number of target reports per scan determined by analyzing the
CD—Records over comparable ranges and times for each group of tapes that can
he compared. Some differences were noted. A comparison of some of the
CD—Record report data was done visually b y overlapping the report  data f rom
the tapes to b e compared on the color TV dis p lay and distinguishing the
reports from each tape with different colors . The first comparison was made
be tween tap es RUN 04A , RUN 04B and RUN 04C.

Recall that RUN 04A was made by playing real time beacon video
through the Elwood CD on the first trip (February 1975) while an ~R—950
video tape was simultaneously being recorded . Immediately afterward on

-
, this trip, the FR—950 tape of what should be the same video was played back

through the CD twice to produce CD—Record tapes RUN 04B and RUN 04C. Beacon
target reports from tape RUN 04A were displayed over an interval of
13 mInutes, 21 seconds on the color TV console in green dots. Tape RUN 04C
target reports were then displayed on the console over the corresponding
time interval in red dots while the RUN 04A display remained . Figure 8.26
is a photograph of the results. The overlapping of red and green dots produces
white, red appears as orange , and green appears as blue.

8—88

~ ~~~~~~~~ - 
, , 

~
, - ‘~~~~~~C ’  ‘ - C 

- - -~~--- - - ‘~~~~~~~~~~~ -- ---- -- --~~~-~~~~~~~~~~~~.--~ -- - .



FIGURE 8.2-~ Rl’N 003

+
I >4
I >4
I >4
I >4
± >4

I >4

* >4
I >4
I >4
± >4

I >4
I >4
I >4
I 1-4
+ >4
I >4
I >4
I >4
I >4
+ >4

I 1-4
>4

I >4
I >4
± >4

I >4
I 1-4
I >4

+ >4
I >4
I >4
I >4
I >4

>4
o I >4

I >4 1-4 >4
>4 >4 >4

I >4 >4 >4
>4 >4 >4

o I >4 1 4 1- 4  >4
~~ I >4 > 4 1 4  >4

14 > 4 > 4  >4
I >4 > 4 > 6  >6

>4 >4 > 6  >4
F-~ I >4 >4 1 4  >4
F- I >4 1 4 > 4 > 4 > 6 > 4

I > 4 1 4  > 4 1 4 > 4 > 4  >4
I > 4 > 4  > 4 1 4 > 4 1 4 > 4

>4 1 - 4  > 4 > 4 > 6 > 4 > 4
H I 1 4 > 4  > 4 > 4 > 6 > 414
(1, I >4 >4 > 6 >4 >6 > 4 > 4 .
>4 > 4 > 6 1 4 1 4 > 6 >4 1 4 > 4

I > 4 1 4 > 4 1 4 > 4 > 6> 4 > 6  >4
> 6 ±  > 4 1 4 > 4 1 4 1 4 1 4 1 4 1 4  >4
F I >4 >4 >4 >4 >4 1-4 > 4 > 6  >4

1 4 1 4 1 4 > 4 > 4 > 4 > 6 > 4  >4
I > 6 > 4 >4 >6 > 4 1 4 > 6 > 41-4 1- 4 > 6  >4

~~ I > 4 1 4 > 4 1 4 1 4 > 4 > 4 > 4 1 4> 4 1 4 > 4  >4 —

> 4 > 4 1 4 > 41 4 1 4 > 4 > 4 > 4 > 4 > 6 1 4  >4 
4.)

4: p > 4 > 6 > 4 > 4 1 4 1 4 1 4 1 4 > 4 1 4 > 4 1 4  >4 a)
I 1 - 4 > 6 1 4 > 4 > 6 > 4 > 4 > 4 >4 1 4 > 4 1 - 4  >4 a)

‘4-4
- I > 4 > 4 1 4 1 4 > 6 1 4 > 4 1 4 > 6 1 4 > 6 > 6  >4

‘-  I > 6 > 4 > 4 > 4 > 4 > 4 > 4 > 6 1 4 > 4 > 4 1 4  >4
>4 > 4 1 4 > 6 >4 1 4 > 4 > 4 1 4 > 4 > 4 1 4  >4

~4 I 1 4 1 4 1 4 > 4 > 4 1- 4 > 4 1 4 > 6) 4 > 4 1 4  >4 0
H p > 4 > 4 1 4 1 4 >4 1 4 1 4> 4 > 4>4 >4 14 >4 U,

I 1 4 > 4 1 4 1 4 > 4 > 4 > 4 > 4 > 6 1 4 > 6 > 4 1 4  >4
>6 i > 4 > 6  > 4 > 4 > 4 > 4  >4 >4 >4 >4 >4 > 4 > 6  >4 a)
>6 + > 4 1 4 > 4 > 6 > 4 > 4 1 4 > 6> 4 1 4 > 4 > 4 > 4  >4
~~ I 1 4 > 4 > 4 1 4 > 4 1 4 >4 > 6 > 6 > 4 > 4 1 4 1 4 > 414

I >4 >6 > 4 > 4 > 4 > 4 1 4 1 4 1 4 > 4 > 6 > 4 > 4 > 6 1 4
> 4 1 4 1 4 > 4 > 4 > 414 >4 > < > 6 > 4) 4 1 4 1 4) - 4  >4

~~ 
I > 4 1 4 > 6 1 4 > 4 > 4 > 4 > 4 > 6 > 6 > 4 > 4 > 4 1 4 > 6  >6

4 o + > 4 1 4 > 4 > 4 > 4 >4 1 4 > 4 > 6 1 4> 4 1 4 1 4> 4 > 4 > 41 4z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a)
E-~ 0 Il’) zt (‘C 0 C’ C) I”) C”) (‘4 0  C’ rfl ~n C) 4 D m  o_i C) C) 00  C) 0 0 0 0  0 00 0 00 0 0 0 0
Z CD C’ CC C”) *1) C’ N ~~ Ll’l Li’) N (“‘I C”) C”) ~~ C’ 0 0 0 0 CD C) CD C~’ C) CD 0 4.) 0 CD 0 c~~ C) 0 0 ~~
0 0  CD CD “ - 0 0 0  C) C) 00  C) CD C) C) 0 0 0  C) C) C) 0 C) 0 00 0 0  C) C) 00 0 0  C) C) C)

. , . I 
C) 0 C) C) C) 0 00  C) 0 0 0  0 00  C, 0 0  0 CD C) CD 0 00  C) 0 0 CD C..’ 0 0 0 0  00  c’

‘-4

I
>4 C C  (C ~~) C’ (N It’) C> C’ C” N C) C”) C~ (N C> C’ C’ N CD C ’I  ~~ C_i (N U~l ~~ C’ C’ N CC ~~~~~‘0 C’ (N U’) C>

E-~ C ’m l (C~~~~~¼ O N C ’ 0 C ’ ( C C ’ L f l ’ 0 C > C ’ 0 ( N ( C C ’~~,O N C > CC ’ N ( C L 1 ’ ) ’ 0 N C ’ c ) C ’ ( N C ’ I t _ ivC
C’ C’ C’ C’ C’ C’ C’ C’ (N N (N N (N (N (N (N (C (C (C (‘C CC C’) (C C’ C’ C’ C’ C’ C’ —

4:

8—89

I.-

I 

~~- - “  “ ‘1

~ 

~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~ iA



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘~~~~~~ ‘
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The tracks of RUN 04A and RUN 04C largely coincide producing the
mass of white tracks. There are a few green reports indicating some
reports on RUN 04A are not on RUN 04C. More important , however, are the red
reports which appear , indicating that tape RUN 04C has some extra targets
which did not appear on the real time tape RUN 04A. There is a significant
number of these red reports which do not have a corresponding green report .
Figure 8.27 is a similar display of tape RUN 04A and RUN 04B. All tracks of
Figure 8.27 have a green segment, because several scans of reports from
tape RUN 04B which are displayed in red are missing as a result of temporary
CD problems. This problem was a result of a failure in the CD ranging and
was signaled during the data collection run by the range alarm on the CD
(see Section 8.2.4). It probably occurred because the CD missed a trigger
from the FR—950 tape. Interestingly, the extra red reports occur again with
RUN 04B, and are even in the same general locations as RUN 04C indicating
that RUN 04B and RUN 04C are similar to each other . This is reflected by
Table 8.11 which indicates that the average number of targets per scan on
tapes RUN 04B and RUN 04C are the same (133’) while RUN 04A has only 121
reports per scan.

A similar comparison was made between CDR—809 made with real time
video and CDR—812 made with FR—950 video. A photograph of the results is
present in Figure 8.28. CDR—809 reports were displayed in green while
CDR—8l2 reports were displayed in red. It is apparent that more green only
dots appear than red only dots meaning , probably , that CDR—809 has more
reports than CDR—8l2. A check with Table 8.11 shows that this is the case.
In this instance, the missing reports from both CDR—812 and CDR—809 generally
appear to be part of tracks* which are receiving reports from both tapes for
at least part of the track. This feature is not so clearly apparent in the
comparison of RUN 04A with RUN 04B and RUN 04C where it cannot, by inspection
of the photographs , be determined if the extra reports are part of tracks.
The targets can be redisplayed and hooked to determine characteristics but
this was not done in the original analysis.

No particularly enlightening information can be extracted from
these comparisons. It can be noted that the tracks largely coincide , showing
that the target report data comes from essentially the same video. In one
case the. missing or extra reports are on observable tracks, indicating that
perhaps a change in the gain occurred so that weaker replies were missed during
one of the runs. In the other case, the extra reports may , in fact , be noise
but this has not been confirmed.

* The “tracking” is done by the viewer.
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8.4.2.3 Impact of Suspected FR—950 Problem

Although the use of FR—950 video may affect results obtained , it
is not considered a major problem to the overall objective of the beacon
performance analysis , which is to locate deficiencies in beacon processing.
For example, ambiguities are one of the selected problems. The ambiguity
rate for a certain type of ambiguity (range splits) is shown to be
different for FR—950 video than real time video (Section 8.4.3). However ,
in both cases, this type -of ambiguity is occurring in significant quantities.
The fact that the results are different provides the useful information
that the video characteristics affect the rate of occurrence of this type
of ambiguity. Thus the analysis proceeded with due consideration of
observed FR—950 difference given where appropriate. It is, however ,
recommended that the cause of the observed differences be determined
because of its potential impact on future investigations.

I
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8.4.3 Analysis of Target Report Ambiguities

A target report ambiguity occurs when a single aircraft results
in the generation of two or more target reports in the same scan by the CD.
Ambiguities are a significant problem for several reasons. First is the
increased loading of the MODEM lines which carry target report information
from the en route ARSR site to the ARTCC. The ambiguous reports, in addition
to wasting space in the MODEM lines, also add to data that the 9020 computer
system at the ARTCC must process. The display of these ambiguous reports
to the controller is at best confusing. The controller must, as a minimum,
observe that the ambiguous reports are false, and make a decision to ignore
them. The situation is more critical if the controller cannot determine which
of the ambiguous reports is the real aircraft position or if he does not
realize that ambiguous reports are present. For these reasons, target report
ambiguities are considered a problem which warrants further consideration.

As the definition of ambiguities states, an ambiguity is the
occurrence of two or more target reports in the same scan resulting from
a single aircraft. Thus, an ambiguity may consist of two reports or more
than two reports. The target reports shall be called elements of the
ambiguity. Together, the elements comprising an ambiguity shall be called
an ambiguity group. The group size is the number of elements in the group .
Ambiguities with a group size of two can also be called pairs and larger
groups may be called non—pairs.

The ambiguity detection function of TRMP was first used with the
CD record target report display to flag the ambiguous reports for visual
analysis. In general, it was observed that there are five identifiable
categories of ambiguities based on separation existing between the ambiguous
target reports. These classes are:

1. Range Splits
2. Azimuth Splits
3. Sidelobe Ambiguities
4. Reflection Outside the Mainbeani
5. Mainbeam Reflections

For non—pairs, the range separation and azimuth separation used
to classify the ambiguity are the maximums that exist between any two reports
in the group. Absolute values are always used. For pairs, the target report
with the closest range is chbsen as an arbitrary reference, making the range
separation always positive. The azimuth separation is measured from the
reference report and may be positive or negative depending upon the direction
of the displacement. When the separations are discussed numerically,
absolute values are almost always used (i.e., a separation of 3’ simply
implies that the reports are 3’ apart). The only time that the sign of the
separation is used is when the normalized frequency of azimuth separations
is plotted .
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Although the ambiguities are classified according to their range
and azimuth separations, this factor is closely related to the mechanism
that generated them. It is this mechanism that is of primary concern.
In consideration of this, the discussion of the characteristics of the
ambiguities will be closely tied to the mechanisms for generating them.
In some instances the ambiguities separation characteristics were first
observed, then the mechanism for generation was hypothesized . In other
cases, the ambiguities were known to exist and the cause was already known.

Range splits were observed to occur in pairs separated by less than
(usually) 30 in azimuth and 0.125 nmi in range. Less frequently, they
occurred separated by 0.250 nmi.

Range splitting is observed for targets that are part of easily
distinguished tracks. This, coupled with the 30 azimuth separation which
is approximately a beamwidth, indicates that the range split is generated
entirely during the mainbeam. The distribution of azimuth separations
for range splits, presented later in this section, shows that the azimuth
separation most favored is O~. Since two target reports cannot be in the
same range cell at the same azimuth, this is evidence that the range split
elements indeed are generated in adjacent range cells. The range cells
are 1/4 nmi, but target report range in a range cell is reported to the
nearest 1/8 nmi (upper or lower half of a range cell), thus targets separated
by an 1/8 nini can be in adjacent range cells. Although a single aircraft
is generating the replies used to form the report, the replies may fall in
different range cells if the target lies sufficiently close to a range cell
boundary for inherent system range jitter to cause the replies to jump
between range cells. This is assumed to be the basis for range split generation.
The replies from a single target are randomly being placed by the CD in one of
two adjacent range cells in sufficient quantities to declare a target present
in both range cells. The characteristics of range splits are that they
generally occur in pairs, fall in adjacent range cells with an associated
range separation usually of an 1/8 nmi but sometimes 1/4 nmi, and are
generated during a mainbeam interrogation with a corresponding azimuth
separation of usually less than 30~~

The mechanism for generating an azimuth split was assumed to be
a fading of beacon replies and subsequent strengthening again of the replies
while the target is being interrogated in the mainbeam. The fading of
replies must be sufficient to declare a target report complete, then, enough
strong replies must be received to declare a new target report before the
actual aircraft is out of the tnainbeam. In this case all the replies are
assumed to be placed in the same range cell. Thus, azimuth splits will have
the same range and, since they occur during a mainbeam.int~ rr~gation, be-c separated by no more than about 3’. They were observed to occur exclusively
in pairs.
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Sidelobe ambiguities result when target reports are generated by
a single aircraft through interrogation by two or more of the antenna lobes.
This will normally include the mainbeam interrogations and interrogations
through one or more sidelobes. Normally, the reports will be generated at
the same range. However, the time between generation of sidelobe elements
is much greater than that of range or azimuth splits since the antenna has
turned through more than the 30 of mainbeam beaniwidth and, if a target has
a radial velocity to or from the sensor, the range may change slightly
between the generation of successive elements forming a sidelobe ambiguity.
Thus sidelobes occur at azimuth separation larger than a beamwidth and at
almost the same range. Sidelobes usually occur in pairs, but are more likely
than the other ambiguities to occur in larger group sizes, as observed from
the data.

Reflections are generated when an aircraft is interrogated by
the znainbeam via a reflecting surface, and replies through a sidelobe. The
report generated by the reflected interrogations along with the normally
generated target report, form an ambiguity pair . Reflections will be at
different ranges because of the different interrogator/reply path length,
different azimuth because the mainbeain is not pointed at the target at all
during generation of the reflected report, and occur mostly in pairs.

Mainbeam reflections have a large range separation but occur in
the tnainbeam . They are almost always in pairs. The use of the term
“reflection” for this type of ambiguity may he a misnomer because they may
not be caused by a reflection phenomena at all. The term “mainhearn re-
flection” was given to these ambiguities before their cause had been
determined . There is evidence to indicate that they are generated in much
the same way that range splits are generated , though the range cells are
no longer adjacent. An analysis of system range jitter shows that very
large deviations are possible though unlikely. Mainbeam reflections were
quite rare.

The TRAAP program, after detection of an ambiguity group , classifies
the ambiguity into one of these five categories. The algorithm used was
based on the characteristics of the ambiguities which were observed using
the display system and is illustrated by Figure 8.29. The Illustration
depicts the regions of range and azimuth separation from a reference target
report, marked by the X , for each classification. For example, range splits
have an azimuth separation normally less than 30~~ On occasion however ,
the azimuth separation was observed to be greater. In addition , range

— splits must lie in adjacent range cells (by definition) so that they have
a range separation of either an 1/8 umi or a 1/4 ntni. The region designated
range splits in Figure 8.21 illustrates the 50 azimuth separations and the
1/8 to 1/4 nmi range separations. Azimuth splits must have zero range
separation and be less than 50 apart in azimuth. The resolution of the
ranging is 1/8 nail, so that the region for azimuth splits in Figure 8.29
is shown as being less than 1/8 nml from the X and Inside of 5° from it.
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Range and azimuth splits are generated within the time it takes the
mainbeam to sweep a beamwidth (-.3°). Sidelobe ambiguities may be
generated over a longer period of time. Consequently, the target may
cross a range bin during the generation of a sidelobe ambiguity, resulting
in target reports being generated at different ranges. Normally, only a
single range cell boundary will be crossed by an aircraft during the
generation of sidelobe ambiguities in one scan. Thus, the region indicated
for sidelobes is greater than 50 separation in azimuth and up to a 1/4 nnii.
Those ambiguities have a separation of more than 1/4 nmi and greater than 5°
are classified as reflections. This leaves the region of separation within
the mainbeani, or within 5°, but separated by more than 1/4 nmi. These have
been classified mainbeam reflections.

8.4.3.2 Data Tables

The TRAAP program was used to classify the ambiguities on the
collected CD Record tapes. Table 8.12 lists the tapes analyzed, the start
and stop times, and start and stop ranges used for the analysis and the
total number of discrete beacon code target reports that occurred. Ambiguities
were detected by setting the maximum allowable range and azimuth separation
parameters in TRAAP at 256 nmi and 1800 respectively and selecting the duplicate
discrete code option. Thus, any group of reports occurring on the same scan
with the same discrete code was flagged as an ambiguity in the target report
data. The detected ambiguities were then categorized into one of the five
classifications. The results as printed out by TRAAP for each run are
tabulated into categories as shown by Tab le 8,13 for RUN 001. Each entry
in the table is the number of ambiguities that occurred which fit into that
category. All the categories are mutually exclusive. The ambiguity categories
are listed across the top as column headers. Each row designates an additional
breakdown within the ambiguity category. As noted previously, even though two
or more targets should not have the same discrete code within the coverage
of the radar—discrete sensors, they sometimes do. An additional distinguishing
characteristic besides discrete beacon codes is altitude which is present for
those targets which have Mode C transponder equipment. It is not likely
that two aircraft with the same Mode 3/A code will also have the same
altitude. A number of possibilities exist when Mode C altitude data is
collected. Some ambiguities, such as range splits, even though resulting from
aircraft with Mode C equipment, may occur in groups of two or more in which
only one report actually got a Mode C altitude. Also possible is for the
group to have at least two Mode C reports but not all Mode C reports. Finally,
all reports in a group can have a Mode C altitude. Whenever at least two
Mode C reports occur, a check for duplicate altitude can be made. Another

£ feature of ambiguities to consider is the number of reports in a group. The
ambiguities usually occur in groups of two though some, such as sidelobes,
will be more likely to occur in larger groups than others. The ambiguities
are put into categories that reflect these considerations as shown by Table 8.13.
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TABLE 8.12

TAPES ANALYZED - DUPLICATE DISCRETE CODE ANALYSIS OF AMBIGUITIES

ANALYSIS TIME ANALYSIS RANGE NUMBER OF
TAPE DISCRETE

___________ 
START STOP START STOP REPORTS

RUN 001 9:51:01 10:11:01 11 188 12303

RUN 002 10:58:01 11:16:01 0 256 9400

RUN 003 13:08:00 13:28:00 0 256 5471

RUN 04A 13:34:00 14:47:21 11 188 10008

RUN 04B 15:18:56 15:32 :17 11 188 9462

RUN 04C 15:42:39 15:56:00 11 188 11003

RUN 009 10:12:24 10:26:24 11 245 2051 
—

RUN 006 
- 

11:18:00 11:39:00 0 256 3144

CDR—804 14:33:21 14:53:21 11 188 10082

CDR—805 15:06:57 15:24:57 0 256 9347

CDR—807 9:41:21 9:54:42 11 188 7147

CDR—809 10:54:00 11:14:00 11 210 7147

CDR—810 11:23:00 11:43:00 11 210 9127

CDR—8l1 13:00:00 13:15:00 11 210 774].

CDR—8l2 13:30:50 13:50:50 
- 

11 210 13174
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First, all groups having no Mode C reports are broken into pairs and non
pairs. Then, those groups having just one Mode C report are broken into
pairs and non pairs. Groups which have at least two Mode C reports but
at least one non Mode C report , (which must necessarily be non pairs)
are broken into those which have at least one pair of matching altitudes
(duplicate altitude) and those which have no matching altitudes (non duplicate
altitudes). Finally, those groups which are all Mode C are broken into pairs;
duplicate and non duplicate altitude and non pairs; duplicate and non duplicate
altitude . To determine the percentage of splits occurring in each category ,
the number entered in the table is divided by the total number of discrete
reports occurring in the analysis interval given in Table 8.12.

• Certain interesting features about ambiguities are indicated
by Table 8.13. For example, it is evident , under the range split column ,
that the majority of range splits are pairs. Looking across the table, one
sees that range splits are the most frequently occurring ambiguity. Of the
range split pairs which were both Mode C reports (all Mode C, pairs), almost
all had duplicate altitude, giving a high degree of confidence that these are,
in fact, two reports coming from the same target. Also, a large number of
range splits had only one Mode C report in the pair. This was a character-
istic which was first observed from the display; i.e., frequently, when a
Mode C equipped target generates a range split pair one of the reports will
not have a Mode C altitude. The reason for this can be determined by

• considering the beacon reply group processing in the CD. Target reports are
generated by placing the received replies in a sliding window corresponding
to the appropriate range cell. When sufficient Mode 3/A replies are
received in the window , a beacon target report is declared . When suff icient
Mode C replies are received , an altitude is computed for the target. With
normal interlace patterns, such as 3/A, 3/A, C, more 3/A replies are received
f rom a target than Mode C replies . It is suspected tha t range splits result
when jitter in the beacon ranging system (see Section 4.2) causes the replies
from a target to randomly jump between adjacent range cells. Thus a fixed
number of replies are divided (not necessarily equally ) between two range

• cells. Because there are more Mode 3/A replies than Mode C replies, there may
be a sufficient number of them to declare a target report in both range cells
while an insufficient number of Mode C rep lies exist to ;alidate an altitude
in both cells. If the sharing of the replies is unequal, one cell may validate
an altitude while the other does not. Consequently, a large number of range
splits have only one Mode C report.

The mechanism for generating mainbeam reflections has not been
• formulated. The data collected tends to imply that the term , “reflection ” , may

indeed be a misnomer . It should be observed , for example, that all the main—
beam refle ctions had only one Mode C report in Table 8.13. In all the data
anal yses run , mainbeam reflections were found to reflect this trend strongly;

• i.e. , a majority had one Mode C report and one non Mode C report. This suggests
tha t the mechan ism involved resul ts in one of the repor ts losi ng ~“ode C
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information. The sharing of replies between range cells that was described for
range split generation would produce this effect. In range split generation the
replies are adjacent range cells. Perhaps mainbeam reflections are generated by
the same mechanism but with a larger range jitter involved so that the range
cells are not adjacent . The range jitter present in the system is described
statistically in Section 4.2 and it is possible for very large range deviations
to occur, putting replies in range cells that are not adjacent.

A significant contribution to ambiguities is sidelobes. Notice
that for RUN 001, the sidelobes are mostly in pairs. Like the range splits,
the sidelobes which have two or more Mode C reports in the group almost
always have duplicate altitudes which indicates that real ambiguities are
being detected . A large number of them also have only one Mode C reply.
Sidelobes are generated by interrogation and replies occuring through the
sidelobe and are usually at almost the same range, but different azimuths.
Since the sidelobe antenna gain is lower than the inainlobe, it may be
expected that the effective beamwidth over which replies occur , and consequently
the number of replies that occur on a sidelobe, will be less than for the
mainbeam. Thus while enough Mode 3/A replies are received to declare a target
report , there may be insufficient Mode C replies to validate an altitude for
the report that was generated by the sidelobe replies.

A significant number of reflections were also detected . However,
notice that of the 96 reflections that have at least two Mode C reports, 90 of
them do not have a dupl.1ca~~ altitude, indicating that the “reflections” are
actually two aircraft squa Ing the same discrete beacon code but flying at
different altitudes. It is assumed that interrogations arriving at the
transponder and/or replies arriving at the antenna via a reflecting surface
are the cause of the reflections. As for the 33 ambiguities which have one
or no Mode C reports, it cannot be determined that these are or are not true
ambiguities from these statistics. However, because almost all the “reflections”
with more than one Mode C report had non duplicate altitudes indicating two
actual targets, it is probable that most of the 33 “ambiguities” are a result
of two aircraft squawking the same code, but only one equipped with a Mode C
transponder .

The remaining category is azimuth splits. Since azimuth splits are
required to be at the same range and be separated in azimuth by a beaniwidth
or less, a target leading edge , trailing edge, and leading edge must be
declared within the mainbeam interrogation time. It is assumed that this occurs
because of a loss of replies so that a trailing edge is declared during interro—
gations by the mainbeam followed by a subsequent regaining of replies during
the interrogations in sufficient quantity to declare another target leading
edge. Table 8.13 shows the azimuth splits are very rare.

I
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All of the analys4•s runs showed the same general trends in
data that are pointed out for RUN 001. For range splits , sidelobe splits,
and mainbeam reflections, the majority of ambiguities which had at least
two Mode C reports in the group also had duplicate altitudes. The majority
of the ambiguities in these three categories, however, occurred in pairs
having one Mode C report and one report for which Mode C data was missing.
The reason, detailed in the above discussion, is related to the fact that
one of the pair of reports was generated from fewer replies than the other
report . As there are usually more Mode 3/A replies than Mode C replies, due
to the mode interlace normally used , there is often a sufficient number of
replies to declare two reports but not enough to have Mode C data present
for both. In all the tapes made for this analysis , with the exception of
RUN 006, the interlace used had more Mode 3/A interrogation than Mode C
interrogations (see Tables 8.2, 8.3 and 8.4). In RUN 006, the interlace
was (3/A,C) s.o that an equal number of Mode 3/A and Mode C replies should
occur. For this run alone, the majority of the ambiguities occurring in
the range split , mainbeam reflections, and sidelobe categories consist of two
reports, both with Mode C, and duplicate altitude. This is very good evidence
that the theories proposed for generation of these ambiguities and losses
of Mode C information are reasonable. Table 8.14 presents the ambiguity
data collected for RUN 006.

For each of the analyses done , the entrIes in each column were
totaled and divided by the total number of target reports to compute the
detected ambiguity rate. The results are tabulated in Table 8.15. In the
discussion of the results for RUN 001 above , the occurrence of duplicate
altitude for those ambiguities which hac~ at least two Mode C reports was
used as a measure of confidence that “real” ambiguities were being detected ,
rather than just two or more targets with the same duplicate discrete code.

— This measure was quantified where possible by computing the ratio of duplicate
altitude ambiguities of all ambiguities in each category with two or more
Mode C reports. The results are tabulated in Table 8.16. These numbers can
be considered as an estimate of the probability that any detected ambiguity
in the associated category is “real” rather  than two or more targets  with
the same duplicate discrete code . In some cases , no Mode C data occurred ,

1’ so that  the ratio could not be computed. The figures in Table 8.15 can be
though t  of as an es t imate  of the prob abi l i ty  of detect ing an ambiguity
(given in percentage) and the f igures  in 8.16 are the probabi l i t ies  tha t  a
detected ambiguity is a “real” ambiguity.  Therefore the product of these two
numbers is the probability of a real ambiguity. The product was computed in
each case where possible to produce the results  given in Table 8.17 called
adjusted ambiguity rates.

In ‘Fable 8.15, the detected ambiguity rates are listed. Things
to be noted from this table are that mainbeam reflections and azimuth splits
are almost negligible , while range splits , sidelohes , and reflections occur
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TABLE 8.15

AMBIGUITY RATES

TAPE R MBR SL REF AZ

RUN 001 3.75 .09 .63 1.05 
- 

.03

RUN 0O2 1.43 .05 .10 1.80 0.00

RUN 003 3.34 0.02 0.04 1.79 0.04

RUN 04A 
- 

4.12 
- 

.03 0.45 1.94 .06

RUN 04B 2.89 .13 .86 1.99 .06

RUN 04C 2.86 .08 .85 1.86 .04

RUN 005 1.80 .05 0 .05 0

RUN 006 2.23 .29 .92 .22 0

CDR—804 2.35 .22 .12 .36 .01

CDR—805 1.25 .20 1.35 4.58 .09

CDR—807 1.65 0.10 0.62 1.48 0.01

CDR—809 1.25 0.18 0.91 2.87 0.03

CDR—8l0 .24 .07 .13 2.11 0

CDR—8ll 1.36 .01 1.07 1.73 .21

CDR—8l2 1.18 0.09 0.58 2.05 0.14

t
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TABLE 8.16

RATIOS OF DUPLICATE ALTITUDE AMBIGUITIE S
TO ALL AMBIGUITIE S FOR THOSE GROUPS
WITH TWO OR MORE MODE C REPORTS

TAPE R MBR SL REF AZ

RUN 001 .984 NMC .895 .031 1.0

RUN 002 NMC NMC NMC NMC NMC

RUN 003 .970 0.0 .571 .929 NMC

RUN 04A .995 NMC .750 .106 1.0

RUN 04B .990 NMC .800 .094 1.0

RUN 04C 1.00 NMC .818 .096 1.0

RUN 005 1.00 NMC NMC NMC NMC

RUN 006 .982 .714 1.0 .800 NMC

• CDR—804 .990 .200 1.0 .065 1.0

CDR—805 .923 0.0 .949 .128 NMC

CDR—807 .978 .333 .929 .083 NMC

CDR—809 0.966 0.0 .883 .072 1.0

CDR—8l0 .909 0.0 .857 .008 NMC

CDR 811 NMC NMC NMC NMC NMC

CDR—812 .980 0.0 .737 .101 1.0

NNC — No Mode C Ambiguities Occurred

4.
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TABLE 8.17

ADJUSTED AMBIGUITY RATES

TAPE R MBR SL REF AZ

RUN 001 3.69 — 0.56 .03 0.03

RUN OO2 — — — - 0

RUN 003 3.24 .01 .37 0.15 —

RUN 04A 4.10 — 0.034 0.21 0.06

RUN 04B 2.86 — 0.69 .019 0.06

RUN 04C 2.86 — .70 0.18 0.04

RUN OO5 1.80 — 0 — 0

RUN 006 2.19 0.21 0.92 0.18 0

CDR—8O4 2.33 0.00 .12 0.02 .01

CDR—805 1.15 0.00 1.28 0.59 —

• 
CDR-8O7 1.61 

- 

.03 0.58 0.12 —

CDR—8O9 1.21 0.0 .80 0.21 0.03
• 

CDR—810 0.22 0.0 0.11 0.02 0

• CDR—8l1 — — — — —

• CDR—8l2 1.16 0.0 .43 0.21 0.14
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more frequently. Next consider Table 8.16. A high probability of the
detected ambiguity being real is indicated for range splits and sidelobes,
while a very low probability exists for reflection. This is because for
reflections, as stated before, what is usually being detected are two or
more targets squawking the same discrete beacon code. Finally, consider the
adjusted ambiguity rates shown in Table 8.17. In most cases range splits
are the most significant ambiguity, followed by sidelobes. The other types
of ambiguities are almost negligible. Reflections may still cause some
concern but these, in fact, are best solved by proper radar setting, and not
modification to CD processing. This is because reflections are also site
dependent and the problem may be significant at some sites, but not at the
sites we analyzed .

One ambiguity characteristic is the number of targets that form
an ambiguity group. Table 8.18 tabulates the percentages of ambiguities
in each category that are pairs. Azimuth splits are always pairs. This can
be explained by the fact that they are required to be in the same range cell
and separated by no more than 50 in azimuth. Within this 50 sector, it
is not possible to declare two lead edges, two trail edges and another lead
edge because there simply aren’t enough interrogations. Thus, two is the

• maximum. Range splits and mainbeam reflection are almost all pairs.
Reflections are generally all pairs. This is because most of the detected
reflections are two or more targets with the same discrete code. It is
unlikely that two targets will have the same discrete code and more unlikely
that three targets have the same discrete code. Sidelobes, while still
mostly pairs, have a higher observed rate of non pair ambiguities. This
would be expected because when sidelobe ambiguities are generated , they may

• occur at any point during the full 360° scan of the antenna. An extreme
case of multiple sidelobe reports is ring around , where a single target
produces reports for the full 360° of scan. Generally, the ambiguities
are occurring in pairs as shown by the last column in Table 8.18.
This is significant because even a low ambiguity rate could be a problem
if each ambiguity group consisted of a large number of reports, such as
ring arounds do. An example of a phenomena approaching ring around is presented
later in this section.

8.4.3.3 Intra—Run Comparison of Rates

For the different CD Record tapes made, system configuration
(i.e., FR—950 or real time) and certain parameters were varied . It was observed
that these variations affected the detected ambiguity rates.

The first comparison is made between tape RUN 04A, made with real
time video, and tapes RUN O4B and RUN 04C made with an FR—950 of the real
time video immediately after RUN 04A was made on the same day. The comparison
will be made using values from Table 8.11. Notice that the range split rate
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TABLE 8.18

PERCENT OF AMBIGUIT IES THAT ARE PAIRS

TAPE RANGE MBR SIDELOBES REF AZ TOTAL

RUN 001 99.6 100.0 85.9 94.6 100.0 97.1

RUN 002 99.3 80.0 88.9 99~ 4 * 97 .2

IJN 003 99 .5 100.0 90.9 93.9 100.0 97.1

RUN 04A 99.3 100.0 73.3 87.1 
- 

100.0 93.9

RUN O4B 99.3 83.3 76.5 84.0 100.0 90.5

~UN O4C 98.7 88.9 77 .7  83.4 100.0 90.4

R1JN 005 100.0 100.0 * 100 * 100.0

RUN 006 100.0 88.9 86.2 100 * 95~7

CDR—804 97.0 10~ .0 91.7 94.4 100.0 96.8

CDR—805 100.0 100.0 34.1 87.6 100.0 80.5

CDR-807 98.3 71.4 81.8 90.6 100.0 93.1

CDR—8 09 99.0 100.0 72.2  92.7  100.0 90.0

CDR—8 10 100.0 100.0 91.7 99.5 0 99.1

CDR—811 99.0 100.0 98.8 99. 3 100.0 88.0

CDR—812 100.0 100.0 83.1 91.5 100.0 93.2

I
* No ambiguities of this type occurred for this tape
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for RUN 04A is 4.12 percent while for RUN 04B and RUN 04C the rates are
almost the same at 2.89 and 2.86 percent respectively . This indicates that
the results obtained for the range split rate using the FR—950 tape are
repeatable, at least on a short term basis (i.e., the two were made within
the same hour), but not necessarily representative of the results obtained
from the real time data. The range split rate went down when FR—950 video
was used in this case. This is not easily explained.

For sidelobes, the real time rate was 0.45 while the FR—950
rates were 0.86 and 0.85 percent. Again the repeatability of the FR—950
tape results is confirmed but here the sidelobe rate went up for the
FR—950 results. It was noted in Section 8.4.2 where RUN 04A, RUN 04B and
RUN 04C were analyzed visually, that RUN O4B and RUN O4C had extra target
reports present which did not appear to form tracks but, rather, had the
characteristics of noise hits. A possible explanation for this is that
when the FR—950 video was used the gain was set such that the resulting
video amplitude was higher into the CD than it was for the actual real time
video into the CD. Recalling that sidelobe ambiguities are generated by
receiving replies through the sidelobes of the antenna which have a much
lower gain than the mainbeam, it might be hypothesized that some replies
which were received, though sidelobes, were not detected in the real time

• video but, with the increased video amplitude from the FR—950, these same
replies become detectable, thereby generating more sidelobe ambiguities.

Reflections are about the same in all three tapes. This is important
to note because it was stated before that most of the detected reflections were
simply two or more targets which were squawking the same discrete beacon code.
The parameter affecting the generation of sidelobes and range splits which are
truly false reports would not be expected to affect the generation of real target
reports coming from actual targets. The rates of azimuth splits and mainbeam
reflections are too small to compare reasonably.

• Tape CDR—807 was made on the second APL trip to Elwood, using the
same FR—950 tape that was used to make RUN 04B and RUN 04C on the first APL
trip. The range split rate for CDR—807 is 1.65 percent as compared to about
2.9 percent for the tapes (RUN 04B and RUN 04C) made on the first APL trip.
The sidelobe rate is 0.62 percent compared to 0.85 percent. Reflections are
at 1.48 percent compared to about 1.9 percent. Thus on the second APL trip,
using the same FR—95O , the range split rate and reflections went down while
sidelobes went up. The two tapes made from the same FR—950 on the same day
had about the same res~1ts but CDR—807, made on the second APL trip, had
diffprpn t results, particularly as far as range splits are concerned . In
fact, a look at the range split rates for all the runs shows that generally,
those rates obtained from data on the second trip are lower than the rates
obtained from data taken on the second trip to Elwood. This trend is not so
easily noticed for the other categories of ambiguities.
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On the second APL trip to Elvood, CDR—8O9 was made using real
time video and CDR—8l2 was made from an FR—950 of the same video. The
results obtained for these two tapes are much more in agreement than
RUN 04A is with RUN 04B and RUN 04C, and CDR—807. The parameters causing
the difference that results when FR—950 tapes are used have not been
determined , but they should be.

8.4.3.4 Effect of Mode Interlace

An experiment was done to determine the effect of beacon
interrogator mode interlace on the ambiguity rates. On the second APL
trip ,three runs were made using real time video, each with a different mode
interlace selected. These runs are listed in Table 8.3. A comparison of
the range split rates and sidelobe rates in Table 8.15 for the three tapes
shows that the CDR—8ll , the tape made with the 3/A only interlace, also
had the highest ambiguity rates of the three tapes in range split and sidelobe
categories. Tape CDR—810, made with the lowest 3/A rate (interlace 3/A, C, 2) ,
also had the lowest ambiguity rate in these categories. Tape CDR—8O9, made with
the 3/A, 3/A, C interlace, was between the other two rates. The same trend
is also noted for the mainbeam reflections, but these as well as azimuth
splits are too rare to consider. The results support the theory that the
beacon Mode 3/A replies are being divided among the reports generated. When
more 3/A replies are available it is more likely that an extra, ambiguous
report will be generated. Notice that the data for reflection rates does
not exhibit the same trend , which is because these are not ambiguities being
generated by the sharing of replies, but actually two or more targets each
with its own associated replies. The incorrectly determined ambiguities
are so flagged because they both are squawking the same discrete code.

I
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8 . 4 . 3 . 5  Spatial  Distributions (Range , Azimuth , Alti tude)

For all the tapes analyzed , the ambiguity rat s , normalized to one
so that they may be interpreted as estimates of prob ability , were p lo t ted  as
funct ion of range , azimuth and a l t i tude  to determine if ambiguities tend
to occur in specif ic  areas . Figure 8.30 is the ambiguity r a t e  of tape

• RUN 001 as a function of range. The analysis was done between 11 nmi and
188 nml . The range of the f i r s t  target report out of the CD which formed each
ambiguity to make this plot .  The general trend of the distribution is toward
an increased ambiguity rate at the closer range. The rates were determined
for ambiguities consisting of any number of reports . A similar plot was made
for amb iguities consisting of two reports (pairs) only and was v i r t u a l ly the
same in appearance. Figure 8.31 presents the ambigui ty  rate of RUN 002 as a
function of range for all ambiguity group sizes . This one is presented
because the trend of the p lot is somewhat d i f f e ren t  than RUN 001. Here , the
rate above about 55 nmi increases , with increasing range. Below this  range ,
the rate , which is relatively small at the 57 nmi bin , becomes larger again .
A similar plot was done of RUN 002 for pairs only and is shown in Figure 8.32.
A comparison of Figure 8.31 with 8.32 reveals that  the larger group sizes
(non pairs) are responsible for  the increasing ambiguity ra te  as a func t ion
of range 4n Figure 8.31 beyond 57 nini . When these are removed , the ambiguity
shows a steady trend to decrease with increasing range . Most of the data
analyzed had range p lots resembling that of Figure 8.30 , though a great deal
of variabili ty was present. A number of factors can a f f e ct  the rate at which
ambiguities occur at a given range. For example , sidelobe ambiguities wil l
t~ nd to occur at lower ranges because the reduced antenna gain through
the sidelobes requires that the signal from the target be stronger to achieve
the same output from the receiver . Range sp lits were observed on the display
to be isotropic. Detected reflections , which are usually two targets with
the same discrete beacon code tend to occur at longer ranges.  This is be—
cause the closer two a i rc ra f t  f ly together , the more likely it is that  they
are under control by the same air t r a f f i c  control fac i l i ty. When assigning
discrete beacon codes to aircraft , a facility will only give one aircraft
any particular discrete beacon code . In order that two or more aircraft have
the same discrete beacon code , they must have been under the control of
differen t ATC facilities. Consequently , the detected reflections will tend
to be separated by large distance and therefore  tend to he at the longer
ranges.
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Similar plots of ambiguity rate as a function of azimuth were
developed. Figure 8.33 is a plot of this for RUN (101. The azimuth of each
bin is determined by multi plying the corresponding number ~ri the column
labeled AZMUTH by 360 °. In this plot , there is an azimuth sector of
relatively high rates. It is interesting to look at the actual distribution
of the frequency of occurrence of the ambiguities in azimuth shown in
Figure 8.34. The sector of relatively few ambiguities in Figure 8.34
ac tually has an ambigui ty rate that is higher as shown by Figure 8.33.
Figure 8.22 is the azimuth distribution of the target reports themselves.
The sector of lowest target report density corresponds to the sector of
relatively few ambiguities which can be seen by comparing 8.22 with 8.34,
but Figure 8.33 shows this to be an area of relatively high ambiguity rates.
This phenomena is typical of all the data taken. The reason for this
behavior is not known , but could probably be resolved by additional use of
the display . The azimuth plots for pairs only are virtually the same .

Figure 8.35 is the ambiguity rate as a function of altitude
(given in hundreds of feet) for tape RUN 001. No unusual characteristics
can be observed. The distribution of ambiguities with altitude is judged
to be uniform. The plot of ambiguity rates for pairs only as a function of
altitude for this tape is essentially the same. The altitude characteristic
for the other tapes were not considered significantly different.

In general it was observed that whenever targets were present,
ambiguities occurred. The ambiguity rates are affected by many fac tors ,
and no features in the distributions show that ambiguities were significantly
distributional . Additional study of these types of distributions is not

• considered worthwhile as this will probab ly reveal no new information con-
cerning the causes or remedies for the ambiguities.

• 8.4.3.6 Distribution of Separations — Range and Azimuth

A characteristic of ambiguities is the separations , in range and
azimuth , of the reports comprising each ambiguity . For each analysis listed
in Table 8.12, distributions of the range separation and azimuth separation
of the ambiguities were developed . For non pairs this was done by plotting a
normalized histogram of the maximum range separations and a histogram of
maximum azimuth separation occurring between reports forming each ambiguity .
In the case of the azimuth separations for pairs , the report with the lower
range is chosen ~s the reference and the azimuth separation of the other
report is measured from this reference , leading to both positive and negative
separations . For non pairs , only absolute values of azimuth separation are
plotted. Range separation was always an absolute value .
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Figure 8.36 is the distribution of range separation for the non
pairs of tape RUN 001. The majority of the separations are below 3.5 nmi in
range.  A check with Table 8.18 shows that three percent of the ambiguities
of this tape are non pairs consisting of range splits , sidelohes, and re-
flections. Sidelohes of the non pair type will include ring around problems
if they are present. The range splits and sidelohes which are non pairs will ,
of course , contribute only to this bin (the 0 bin which includes separations
between 0 and 3.5 nmi) because of the requirement that the range separations
in these categories he less than or equal to 1/4 nmi . From Table 8.13 it can
be computed that non pair range sp lits and non pair sidelobes account for 65 -
percent of the 20 non pair ambiguities meaning that one detected reflection
is contributing to this bin which contains , from Figure 8.36, 70 percent of
the non pairs. The remaining 30 percent at the larger range separations are
all detected reflections . All of the range separation distributions for
non p~iirs for the other tapes have the same characteristics , because sidelobes
and range splits have small range separations while mainbeam relfections and
refle ctions have larger separations. There “ere no non pair azimuth splits
pbserved. Figure 8.37 is the range separation for pairs only for RUN 001.
The characteristics of this distribution are similar to those of the non
pair distribution . Most of the ambiguities are separated by small ranges.
This is easily explained by the fact that sidelobes and range splits were
the major ambiguities for this tape . Next were reflections , azimuth splits ,
and mainbeam reflection , the latter two of which were very rare. %‘Jhat is
being observed are the close separation of the sidelobes and range splits in
the first bin , and primarily reflections in the other , larger separation
bins. Similar characteristics are exhibited for the other analyses done as
well. The range separations are reflecting the relative mix of ambiguity
types.

Figure 8.38 is the histogram of azimuth sep’~ration for non pairs
of RUN 001. The bin labeled 5 covers from 2.5 to 7.5° in azimuth and includes
all the non pair range splits , and would also include all the mainbeam re-
flections , had any non pairs occurred for this run . The other classes of
ambiguiti es may occur in this bin as well as larger azimuth separations as
well. Similar logic applies to the non pair azimuth distributions for the
other runs as well. Figure 8.39 is the azimuth separation for the ambiguity
pairs detected on RUN 001. For the pairs , azimuth separation between 0° and
±5° dominate. These are primarily range splits. Between ±5° and ±15° are
where most of the sidelobes occur . The larger separations are mostly re-
flections. Similar results are observed for the other analyses done .

In general , both the range and azimuth separation distributions
reil~ ct the mixture of target report ambiguity types that were detected .
Range splits tend to dominate , followed by side lobes and reflections . The
other types of ambig*iities are quite rare , as observed from Table 8.15.
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8.4.3.7 Range Splits

Range splits were found , in all the analyses done , to be a very
significant contribution to the ambiguity problem. In addition , range
splits and possibly malnbeain reflections are thought to be direct consequence
of CD processing as opposed to sidelobes and reflections which , although they
may be solved by CD processing , are caused by antenna and siting problems .
Range splits were g iven some add itional att ention because their suspected
cause is related directly to CD processing . A duplicate discrete code analysis
was done for each tape over essentially the same intervals given in Table 8.12
with the allowed range separation between .125 and 1.00 nmi and up to 10° in
azimuth . With this window , the detected ambiguities were almost exclusively
range splits. Table 8.19 presents the results. For this analysis , the
ambiguities were not categorized into the five classes. Instead , it was
assumed that range splits were normally very close in range and azimuth
separations. The purpose of the analysis was to determine lust  how close
they usually are. The apprcach was to allow a separation window a little
larger than the expected maximum separations for range splits, then observe
the resulting data. The percent of detected range splits for each run given
in Table 8.19 compares fa’rorably with those given in Table 8.15 where the
overall breakdown of splits was listed. Included in the range split analysis
is the number of detected ambiguities separated by exactly 0.125 nmi in range ,
which is the range separation which is almost always observed for range
splits. The percentages aretabulated in Table 8.19. Also , an adjusted range
split rate based only on those ambiguities separated by 0.125 nmi is listed
in Table 8.14. These values compare even more favorably to the range split
rates given in Table 8.15. The differences are because different sizes were
used and a few of ~he range splits in the second analysis may have been other
types of ambiguities in the first analysis as a result.

Further , Table 8.19 tabulates the percentage of ambiguities that
were pairs , and also other group sizes up to five . Of these pairs , the
azimuth separation for which 95% of the ambiguitries do not exceed was coin—
puted from the azimuth separation distributions for pairs and listed . Notice
that almost all were three degrees or less. Tape RUN 006 exceeded this and
was at 4. 17 ° , but 89% were less than 3.9 ° for  this tape . An unusual  azimuth
separation distribution explains this and will be discussed shortly.

For tape CDR—805 , the minimum azimuth separation including 95% of
the pairs was 9.20 but 81% were within 2°. Recall that CDR—805 , however , was
found to have been made from an unknown video source , and therefore con—
clusions based on this tape should not be made . At any rate , the conclusions
to be made from this table are that most of the detected ambiguities ~-‘ere pairs
separated by 30 or less in azimuth and 0.125 nini in azimuth . These are the
features of range splits.
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Figure 8.40 is the range separation distribution as produced by the
range split analysis for RUN 001. Range in the CD is reported with a re-
solution of 1/8 nmi , so that the bins of this separation histogram correspond
exactly to the increments at which separation can be computed . In this case ,
almost 97 percent were reported by 0.125 , almos t 3° by 0.250, and the
remainder by larger amounts. Practically, all the detected ambiguities were
within 1/4 nmi with most within 1/8 rrnii. Range cells in the CD are 1/4 nmi ,
so that nearly all the range splits detected by this analysis were in adjacen t
range cells (i.e. neither 1/8 nmi or 1/4 nmi separation).

Figure 8.41 is the distribution of azimuth separations for
RUN 001. Obviously, most were less than three degrees. Furthermore , the
closer azimuth separations occur more frequently , with the 0° bin (±.278°)
having the highest probability . These range and azimuth separation plots are
characteristic of the analyses done . The azimuth distribution for RUN 006 had
a peculiar glitch in it that is wor thy of pointing out . Figure 8.42 is the
distribution of azimuth separation for RUN 006. The characteristic distribu-
tion confining itself to less then ±3° is present but to the lef t , and between
about 4 and 5°, another group of ambiguities exist. These may be sidelobe
ambi guities. It was determined that these ambiguities occur uniformly through
the duration of the tape but no additional analysis was done. Figure 8.4.2
is a typical distribution and was observed for RUN 006 only .

This section presented evidence that range splits are separa ted by
less then 3° in azimuth and lie in adjacent range cells usually reported by a
1/8 umi but sometimes by a 1/4 nmi. The azimuth distribution shows that the
most favored separation in azimuth is 0°. Recall that the proposed mechanism
for the generation of range splits is the random jumping of transponder re-
plies from an aircraft between two adjacent cells such that each cell received
a quantity of replies sufficient to declare a target report leading edge .

It should be realized that another , reasonable sounding explanation
might be that the target simp ly crossed the range cell boundary during the
mainbeatn scan past it , thereby putting rep lies first in one range cell , then
in the adjacent cell. If this were the case , however , the azimuth separa tion
distribution would favor some n~n zero separation becaus e the antenna mainbeam
would be sweeping through differen t azimuths for the adjacent range cell than
the original range cell. What the observed azimuth separation distribution
says is that both reports tend to be formed from replies simultan.?ously, which
is evidence supporting the range litter theory .
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8.4.3.8 Sidelobes and the NADIF Modification

As indicated befor e, the inital approach to the ambiguity analys is
was to use the disp lay for a visual analysis of the targ -t report data , wi th
the TRAAP program used to detect  the ambiguities. During the analysis of
CDR—809 , it was no ticed that severe sidelobe pr oblems were occurring at
close ranges. Tape CDR—809 was made from real time video on the second APL
trip to Elw ood , while RUN 04A was made in real time on the first APL trip.
RUN 04A was rechecked and found not to exhibit this severe problem.
Figure 8.43 present three minutes of report data from RUN 04A. The
ambiguities are in red and ordinary reports are green . Notice the number
of ambiguities occurring at the center of the display . This display was
expanded as shown in Figure 8.44 about the center for a more detailed
examination . Very few red dots are present. Figure 8.45 presents three
minutes of data from CDR—809. Notice that a cluster of red dots appears at
the center of this display. This display was also expanded for a closer
examination, shown in Figure 8.46. The phenomena clearly appears to be one
of sidelobe returns . Several scans of data are disp layed in Figure 8.46
making it difficult- to tell exactly what is going on. A selected scan from
the three minute interval of Figure 8.46 was displayed and is shown in
Figure 8.47. Each red dot was hooked with ball tab and target report in-
formation was examined. The eight red reports in the western half of the
display were found to be part of the same ambiguity , while the two red
reports to the southeast were a different group . The eight ambiguous targe t
reports are listed in Figure 8.47. One of the eight , at 12.625 nmi and 3060,
was found to have a different code and no altitude. It is actually par t of a
different ambiguity which , by coincidence , turned up at this range so that it
looks like part of the sidelobe problem. One of the important features of
the sidelobe ambiguity group is that the report range changed during the
generation of the ambiguity. The aircraft flight path was later examined ,
where it was verifiec’ that the airplane had an outbound radial velocity,
resulting in the observed increase in range beb~een the rep lies at 286° and
303° in Figure 8.47.

Other aircraf t flying close to the sensor on tape CDR— 809 also
gen erated the severe sidelobe ambiguities , indicating sensor problems rather
than transponder problems . The other tapes made in real time on the second
APL trip also exhibited similar sidelobe problems . The overall sidelobe rate
was not increased significantly because each group counts as cnl y one side—
lobe , regardless of how many reports are forming it. Most of the sidelobes
are occurring at longer range and in pairs. However , the sidelobe problems
such as those ill us trated by Figure 8.45 through 8.47 which are approaching

O ring around , are significant for aircraft close to the sensor . It was
de term ined that the NADIF antenna mod i f ica t3on had been installed af ter the
first APL trip to Elwood and prior to the seco nd trip. The mod ification
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r

disables the so—called hog trough antenna and instead , a feed horn is
mounted on the search radar antenna , which is then used as the beacon
interrogator antenna. Some known problems existed with RF spillover from
the feed horn around the antenna which then reflected off the antenna
pedestal causing severe backlobe problems when the NADIF mod was first
installed at other sites. Baffles have been used to correct this problem
and have apparently reduced the problem at other sites . Evidently , the
NADIF mode at Elwood was in need of further adjustment. Based on this
single instance , it is not reasonable to draw a steadfast- conclusion about
the NADIF mod , which was originally designed as a fix for one particular
site problem and is now being installed at all sites, If , however , the
adjustment to eliminate these severe sidelobe problems is critical , the
NADIF mod may do more harm than good .
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8.4.4 Analysis of Radar—Beacon Misalignments

Radar—beacon misalignment refers to the f~ i1ure of the CD to
correlate corresponding radar and beacon returns from the same target to
produce a single beacon target report which is dist inguished as “radar
reinforced.” A measure of the effectiveness of this correlation is the radar
reinforcemen t rate , which is the fraction of all beacon reports that are
radar reinforced. Section 8.1.2 describes the beacon processing of the
CD and , in par ticular , discusses the use of sliding window integra tion for
target detection and centroiding . A very similar method is used for search
radar data processing, except that the search sliding window length is
different and a few other fac tors exis t that are not signif icant to tbis
discussion . A radar—beacon correlation is effected whenever an in—process
target  report has reached the target  leading edge threshold in both the
search and beacon sliding windows . This leading edge threshold need not
be reached sImultaneously by both windows . It is simply req uired tha t
while the target  report is in process for a given range cell , the leading
edge threshold is reached by both the search and beacon sliding windows
for that range cell. A target report will be in—process when either sliding
window reaches its respective leading edge threshold . Once in process , the
repor t will remain in process until the trailing edge threshold is reached
for each sliding window that declared a leading edge threshold during the
in—process time . Thus , in the case for  a radar only or beacon only report ,
only the respective sliding window must read trailing edge to comp lete
the target report (terminal in—process status). However , if both sliding
windows declare a leading edge during the in—process t ime , both must declare
a trailing edge before the in—process status is terminated . Whenever both
sliding windows declare a target leading edge , the targe t repor t will be
called a beacon report , radar re inforced . The cent ro id ing wil l  be based on
the beacon sliding window .

When the CD receives bo th radar returns and beacon re turns from a
target  hut  fai ls  to correlate them , a radar report and a beacon report both
are outputted.

For analysis of the radar—beacon misalignments , it was assumed that
the fa i lure  to correlate the radar da ta  and beacon da ta  is a resul t  of e i ther
a range or azimuth misalignment between the radar and beacon processing in
the CD. In other words , for a given target the radar returns are com ing in
at a different range and/or azimuth than the beacon returns. If the radar
returns and corresponding beac on re turns end up in different range cells ,
correlation does not take place. Likewise , Jf tile radar and beacon antennas
were misaligned in azimuth, the radar and beacon sliding window would declar e
target report leading edges at suhstant~ allv di~fferen t tincs and correla tion
would he prevented. In fact , no azimuth misalignment of such magnitude
exists. Also , both beacon and radar sliding windows for each sweep are pro-
cessed before the next sweep . Since target detection Is accomplished by
azimu th integra tion over several sweeps , a large azimuth displacement would he
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needed to prevent correlation. The fai lure to correlate radar and beacon
re tu rn  is , therefore , a result  of a range misa l ignment .  S t a t i s t i c s  were
accumula ted by looking at each beacon target report that was not radar
re inforced  and searching a small area around it for  the occurrence of a
radar repor t .  When such a report was found , it was called a misal ignment ,
and histogram data on the range separa tion and azimuth separation of the
radar report from the beacon report was accumulated . In addition , for ea ch
misalignment , radar reinforcement rate and misalignment rate were computed.
In all cases the statistical accumulation was done only over regions where
heavy radar c lut ter  was not present and both radar and beacnn processing
were in e f f e c t .

In much of the data collected , there was an o f f s e t  in range be tween
the radar and beacon processing. For example , certain modifications to the
CD were installed a f t e r  some of the FR—950 video recordings were made . When
the FR—950 tapes were played b ack through the modified CD , there was a constant
o f f s e t  between the radar and beacon processing . In other cases , a constant
o f f s e t  was deliberately inserted. The effect of the offset , naturally , is
to reduce the radar reinforcement rate to a very low value. Whenever bo th
radar returns and beacon returns were received from a target , the o f f s e t
prevented correlation resulting in a radar report and a beacon report  for
that ta rge t .  With both reports present , it was possible to accumulate
histograms data for the range separation accurate to 1/8 nmi and histogram
data for  the azimuth separation . This is not possible for  those targets  tha t
are reinforced. As described before , the correlation takes place any time that
a radar and beacon leading edge are both declared for  an in—process target  in
the same range cell. When this happens a single report is generated and the
centroiding and range are obtained from the beacon data. As a consequence ,
azimuth data for the radar returns is lost. Furthermore , range cells are 1/4
nmi in length but range is reported accurate to 1/8 nmi. This resolution
within the range cell is also lost for  the radar data when a correlation is
made. For purposes of collecting data to describe the range and azimuth
variations between radar and beacon data , it is therefore a decided advantage
to have a constan t o f f s e t  that  prevents radar—beacon correlation . The known
offsets are listed in the data Section 8.2.

8.4.4.1 Results

The radar—beacon misalignment program was used to collect the
statistical data describing the misalignment problem for CD—record tapes RUN 001
through RUN 006. Table 8.20 lists the tapes , the analysis time intervals ,
range intervals, and azimuth sector intervals for each data collection . The
range l imits  and azimuth limits were selected in each case to res t r ic t  the
analysis to the region with low radar clutter where both beacon and radar data
were being processed. Figure 8.48 is the result ing normalized his togram of
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the search target repor t azimuth separa ti on from the correspond ing beac on
report resu l t ing  from the analysis of tape RUN 04A . A 1/2 mi le  o f f s e t
in range was purposely inserted in this data.  The his togram covers az imuth
from —10 ° to +10 ° . For most of the azimuth separat ion b ins , the  f r equency
(normalized to 1) Is .002 or .003. These are attributed to the detection of
misalignments caused by incorrectly associating radar clutter reports with a
beacon report whi ch would otherwise not have a corresponding radar report
(the association being done by the analysis program , not the CD) . In other
words , for these beacon ta rgets , a radar target  was found within the window
about the beacon target that was searched , but the radar report was probably
caused by c lu t te r  or noise and not related to the beacon t a rge t .  Several
bins exceed the average frequency at smaller azimuth separations . The
separation occurring the most (.708) was in the zero bin which extend from
— .278° to +.278° (about +3 to —3 ACPs). The spread in azimuth separations
is very concentrated at small azimuths indicating good azimuth alignment .
The histogram is not entirely symmetric and a sl ight bias to the r ight
(positive azimuths) is evident. This means that search reports are tending
to occur at slightly higher azimuths than the corresponding beacon reports.
This slight azimuth offse t has a negligible , if any effec t on the correlation
of radar and beacon returns because the returns from the radar and beacon
receiver is processed over an azimuth interval exceeding the o f f s e t s .  The
reported azimuth s are merely the results of centroiding the re turns  as
described in Section 8.1.2. The beacon azimuth correction fac to r  may be
slightly misaligned . However , the correction factor can be adjusted only
to a resolution of 1 ACP so that the bias can never be completely removed .
This , of course , is not significant since 1 ACP is negligible. The average
search azimuth disp lacement for misalignments was 0.08° or about 1 ACP .
The azimuth separation histogram of Figure 8.48 is fairly typical of all the
tapes analyzed. The major conclusion to be drawn from the azimuth separation
histogram is that azimuthal misalignment is not sufficiently large to prevent
radar—beacon correlation wh ich is as expected.  Assuming typ ical target  run
length on the order of 30 ACPs , an offset on the order of 3° is required to
prevent correlation . No such offsets were reached with any significant fre—
quency in any of the data.

Figure 8.49 presents the normalized range separation histogram for
the analysis of RUN 04A. With the exception of RUN 006 , discussed later , this
histogram is typ ical of all the tapes anal yzed .  The range biases are at
intervals of 1/8 nmi , the resolution to which the ranges are reported .

It is immediately evident that the offset of —1/2 nini occurs most
frequently. This corresponds to the intentionally inserted offset of 1/2 nmi .
However , differences of —3/8 nmi and —5/8 nmi also occur with a non trivial

4 frequency . It is obvious that if a beacon target idlls in a certain 1/8 nmi
bin, and if the search report is exactly —1/2 nmi away it will fall in the 1/8 nmf
bin that is 1/2 umi below the beacon range cell. On the other hand , ccv,sider
wha t would happen ~f the offset were , say —9/16 nm i.
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The possible results are Illustrated by Figures 8.50a and 8.SOb .
In these figures , range space is divided into 1/8 nmi bins. Positions of
the beacon target XB and the search target X~ , where X~ is 9/16 nml below
X
B 
are illustrated for two positions of XB relative to the 1/8 nmi bin

boundaries, The range for the radar and beacon targets are reported by the
CD accurate to 1/8 nmi determined by which 1/8 nail range bin they fall in.
The absolute value of the range difference that will be computed by
subtracting the beacon range reported by the CD from the corresponding search
range reported by the CD can be determined from Figure 8.50a and 8.50b by
counting the number of 1/8 nmi range bin boundaries between XB and X~ and

multiply the result by 1/8 nml . In Figure 8 .50a , XB occurs close to the lower

boundary of a bin. In this case, there are five boundaries between XB and X~
so the absolute value of the range difference is 5/8. For the histogram of
Figure 8.49 the data was accumulated by subtracting the reported beacon range
from the reported search range. In this case, a point occurs in the —5/8 nmi
histogram bin. Note that for XB close to the upper 1/8 nmi bin boundary, as

show>-> by 8.42b , with the same offset of —9/16 , now a point gets put in the
—1/2 nml histogram bin . Also note that with this constant o f f s e t  only values
of —5 / 8 and —1/2 can be obtained . A difference of —3/8 cannot be computed .
Likewise , a constant value of , say 7/ 16 nmi , would allow difference of — 1/2 nmi
and — 3/ 8  nmj, to be obtained but not —5 / 8 nmi . The fact  that o f f s e t s  of —3/ 8 ,
—4/8 and —5/8 nmi were observed with a non trivial frequency shows that the
offset is not constant, but rather is time varying so that It is sometimes
larger than —1/2 nml and sometimes smaller than —1/2 nmi.

Furthermore, since the histogram is not symmetric around the —1/2 nmi
difference bin , it can be assumed that the o f f s e t ’ s not symmetrically vary ing
around — 1/2 nail , even though this was the value of the constant o f f s e t .  It is
reasoned that the effect ive constant o f f se t  is — 1/ 2 nail plus some small constant
value “I” so that the constant o f f s e t  is given by (—1/2 + 1). The time vary ing
offset most likely has a symmetric distribution about the point (—1/2 + i).

The range separation histogram of Figure 8.49 is typ ical of all the
data taken and the following conclusions can be made.

First , the maximum radar reinforcement rate will be achieved when
the constant offset is zero. Second , even if every beacon report has a
corresponding radar return , 100% radar reinforcement cannot be attained by
removing the constant offset because a time varying offset exists in the
system. Finally, the fact that the radar blip scan is less than one will
also reduce radar reinforcement.
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Using the data collec ted some loose bounds can be put on the
reinforcement rate. The size of the bins in the range separation histograms
collected is 1/8 nail . Radar—beacon correlation takes p lace for re turns  in
the same range cell , which is 1/4 nmi representing two of the histogram range
separation bins . Thus the range o f f s e t  in the CD can be adjusted so that
at least all the misalignments detected with range separations in any two
adjacent bins can be correlated . Natural ly ,  the two adjacent range separa t ions
occurring most f requent ly are selected . From Figure 8. 49 , for  RUN 04A , these
separations are —3/8 nmi and —1/2 nmi with frequencies (normalized to 1 for
the whole h istogram) of 0.618 and 0 .207  respectively so that a total  of at
least 0.825 of the total detected misalignments can be correlated . Therefore ,
of the 13833 detected misalignments, at least (.835) x 13833 11412 radar—
beacon pairs can be correlated . A total of 20370 beacon reports were counted .
Hence the ratio of 11412 to 20370 yields a lower bound ( .560) that by proper
offset adjustment the rate will be larger . An upper bound on the maximum
number of mlsalignments can be obtained by including those histogram bin entries
detected at one of the separations occurring adjacent to the two largest ones
already chosen . For RUN 04A , the largest bin adjacent to either of the chosen
bins , 3/8 and 1/2 nail , is 5/8 nmi with a frequency of .044. Summing all
three gives .044 + .618 + . 2 0 7  = 0.869. Therefore , no more than 0.869 of the
13833 (which is 12021) associated radar—beacon pairs can be correlated . Dividing
this by the 20370 beacon reports gives (12021 -~- (20370) = .590 which is an
upper bound on the maximum obtainable radar reinforcement rate for the data
of RUN 04A, assuming that the constant radar—beacon range offset is completely
removed by ad jus tment ,

Table 8 .21 tabulates , for tapes RUN 001 through RUN 006 , the comput ed
upper and lower bounds , the total  detected misalignments, and the total  beacon
target reports.  In the cases where the range o f f s e t s  present were larger than
1/4 nmi, the radar reinforcement rate was negligible so the bounds were computed
as described . On other tapes , the number of radar reinforcements that occurred
was larger than the number of detected misalignments. In these cases , beacon
reports that were radar reinforced were assumed to occupy two 1/8 nail bins and
were considered a lower bound on the maximum . The upper bound is obtained by
closing the larger of the two bins adjacent  to the zero separation bin and
adding it to the lower bound results .

The bounds are generally between f i f t y  to sixty percent .  This is
obviously a very low f igure . There are several factors which may contribute
to this low rate. First Is the fact that the blip—scan ratio for the radar is
less than the ratio for beacon (see Section 7) so some valid beacon reports
exist that simply had no associated radar report. Next , the total measured
beacon report ambiguity rate was, in some cases, close to four or five percent.
This means that approximately four or five percent of th~ total beacon targets
have one or more reports associated with them which do not have as associated
radar report. Finally, the observed time varying offset prevents 100%
correlation even when the average offset is zero for all beacon reports that
have an associated radar report.
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8 . 4 . 4 . 2  Discussion of Range and Azimuth Separation Characteristics
for RUN 006

For tapes RUN 001 through RUN 005, the search target range separation
histograms were similar. That is, the separations occurring with largest
frequencies were confined to two or three adjacent 1/8 nmi bins. The results
for  RUN 006 , shown by Figure 8.51, are somewhat different. As the figure
shows, there is the characteristic concentration in several adjacent bins,
the largest two being at —1/2 nmi and —3/8 miii. However, separations
clustering around a mile are also occurring with non trivial frequencies.

— Further consideration is required to explain this phenomena.

Due to time limitations, this anomaly will not be fully investigated ;
however, It should be noted that during the analysis of range split azimuth
separation characteristics, it was indicated that most of the results showed
azimuth separation usually less than ±30 . Yet, as Table 8.19 shows, RUN 006
had a significant number of these range split type ambiguities occurring with
azimuth separations larger than 30 • The two beacon reports in these ambiguities
may be generated by some mechanism not related to the usual range split
generation . Perhaps they are a result of a reflection problem. The occurrence
of the unusual search range displacement for tape RUN 006 may be somehow tied
in to what is shown in Table 8.19. This was not considered further due to
limited time.

8.4.5 Missing Reports, Jagged Tracks, Code Changes

8.4.5.1 Introduction

Missing reports, jagged tracks, and code changes all involve
comparison of corresponding report data from successive scans. In order to
study these anomalies at the target report level, the data must be tracked .
To study missing reports, the data must be tracked to determine that a track
exists and that on a particular scan a report did not occur on the track.
In the case of jagged track analysis, the reports must be tracked to produce
a smooth flight path so that the deviation of the reports from that smooth
path can be considered . For code change study, the data must be tracked so
that a track code can be established. In this way, deviations from the tracked
code can be observed.

A single computer program, the TRQA program described in Section 7.0,
was developed to collect statistical data on these problems for the use in
analysis of them. The program was not entirely completed before funding for
this analysis was exhausted and , as a consequence, only limited analysis was
done. The only results available are those obtained during testing and
debugging of the TRQA program. All of the data presented here, with the
exception of jagged track data , was collected from the Los Angeles ARSR, which
is an operational site. Consequently, it represents a site actually in the field .
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8.4.5.2 Missing Repor ts

A measure of the frequency of missing report8 is the ratio of
missing reports to the total number of scans. The number of beacon fades
on beacon tracks is equivalent to the number of missing reports , and is
given by Table 7 .21 as 3225 . The tota l number of scan s or beacon tracks ,
given by Table 7 .19 is 24191. The ratio times 100 per cent is given in
Table 7.21 as the percent of scans where beacon fades occurred in a beacon
track and is 13.33 percent.

At the report level , there is very l i t t le that can be extracted
from the data as to the cause of the missing reports. The next few paragraphs
will consider some additional data to say what little can be extracted as
to the nature of the cause of missing reports. Another quanti ty measured was
the number of beacon fades, or missing reports, on beacon tracks that were
backed up; i.e., filled in, by radar reports. In cases where a radar report
cor responding to a missing beacon repo r t was generat ed , terrain shielding
of the target can be ruled out as the cause of the missing report , since
terr ain shielding would prevent both the radar and beacon from seeing the
target. The other case for beacon fades occur when both a radar and beacon
report are both not present. As Figure 7.19 shows , when the beacon repor ts
are missing only 34.8 percent (pe r cent beacon fades within beacon t racks
backed up wi th rada r repor ts , Figure 7.21) are seen by the radar .

Stated another way , there are about 13.3 percent missing beacon
reports.  For these beacon targets not seen by the beacon sensor , the radar
sees 34.8 percent. Therefore , at least 34.8 percent of the missing beacon
reports were not caused by terrain shielding of the target , or any other type
of shielding that would cause both the radar and beacon sensor to both lose
the ta rget.

8.4 .5 .3 Jagged Tracks

The jagged ness of t racks was determined by f i rs t  tracking the reports .
A smoot h f light path was then estima ted by f i t t ing a second order pol ynomial
to the report position in each track. Histogram data range deviation and
azimuth deviations from scan—scan report position predicted along the smooth
track was then collected .

Fi gure 7.14 presents the range deviations of beacon reports
from moving tracks. Figure 7.17 present the azimuth deviations of heacnn
reports from moving tracks . These were developed from data taken at \A1’FC .

As Figure 7.14 shows , the absolute value of the scan—to—s c-an
deviat ions in range from the predicted pos iti on was never more than 0.13 miii .
The range bin of Figure 7.14, although labeled to two decima l places , ars
ac tually 1/8 nmi bins , thus the deviation was really never more than
±1/8 nmi , which is the resolution to which the data is reported . With t ia-
present resolution of the system , no improvemen t can be made upon this
result. Tt may he noticed that the range deviation is not symmetric a~’ ’Ilt
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zero , but rather the ±1/8 nmi bin has a higher frequency than the -1/8 nmi
bin. This is explained by realizing that the deviations are from a smoothed
track position , which was developed from both radar and beacon reports. The
radar reports , it turns out , are sligh tly biased towards the negative range
displacements (see Figure 7.13) .

Thus tha smoothed t rack is a result of a weighted average of both
radar and beacon reports. The fac t  that the beacon range is skewed to the
ri gh t , and the radar range is skewed to the le f t  is a result  of an aver age

— range offset between the beacon and radar reports.

Thus , the conclusion is that the range deviations from the smoothed
track for beacon reports is as good as can be expected for the data taken.

The azimuth data deviation histogram for beacon reports is
similarly skewed to the right (Figure 7.17) while the azimuth deviation
data for radar is skewed to the left. Notice that the azimuth deviation
data for the beacon report is between —0.6 degrees and +0.8 degrees. If
it is assumed that the deviations are indeed symmetric about ±0.7 degrees ,
This is about ±9 ACPs deviation from a smoothed track . At a range of 150 nmi ,
this can be a deviation of almost 2 nmi tangentially arid may be significant
to the air traffic controller. Thus , azimuth deviations may be the primary
cause of track jaggedness that was observed using the display . It is possible
that an improved centroiding algorithm could improve the situation .

The results are only preliminary . However , summarizin g for the
preliminary results , jagged tracks are caused by azimuth deviations. At
150 nmi , the observed target posftion can deviate almost ±2 nmi tangentially
on a disp lay .

8.4.5.4 Code Change Statistics

Code change statistics , collec ted from Los Angeles da ta , ar e given
by Table 7.21. The ratio of beacon reports with a code not consistent with
the track code to the  number of beacon repor t s  on beacon t racks (given by
CODE DTFFERENCFS/NrMBER OF BEACON REPORTS ON BEACON TRACKS , Table 7.21) was
0.047 or 4.7 percent . Over half these , 51.6 percent given by PERCENT OF CODE
DIFFERENCES WHICH ARE ZERO , Figure 7.21) , have a code of 0000. This is the
code outputted by the CD when the received beacon video was sufficiently
garbled to prevent decoding of the data. The other half were reported
incorrectly as some non zero code. These were probably a result of garbl ing,
but not recognizable garbling to the CD . Thus , about 2 .3 pe rcen t of the
reported codes were ga rbled an d incorr ect , but not recogn i zed as such by the CD .
The beacon codes are composed of 12 binary bits. Hamming distance is the
number of bit positions in which the incorrect code differs from the correct
code and can take on values between one and twelve incl--sI’;e]v . The his togram
of the frequency of each hamming d istance between one and twelve shows that the
most frequent distance was one. Thuq most of the codes were wrongly reported
by onl y one bit position . Distance values between two and seven occurred with
about the same frequency. Very few of the code changes had distances above
seven.
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zero , hu t  r a the r  the ~1/8 naf bin has a h igher  f requency than the — 1/8  nmi
bin. This is explained by realizing that the deviations are from a smoothed
track position , which was developed from both radar and beacon reports. The
radar  reports , it turns out , are sligh t l y  biased towards the negat ive range
d isplacements (see Figure 7.13).

Thus the smoothed track is a result  of a weighted average of both
radar and beacon reports. The fact that the beacon range is skewed to the
r igh t , and the radar range is skewed to the l e f t  is a resul t  of an average
range offset between the beacon and radar reports.

Thus , the conclusion is that the range deviations from the smoothed
track for beacon reports is as good as can be expected for the data taken.

The azimuth data deviation histogram for  beacon reports is
simi larly skewed to the right (Figure 7.17) while the azimuth deviation
data for radar is skewed to the left. Notice that the azimuth deviation
data for the beacon report is between —0.6 degrees and +0.8 degrees. If
it is assumed that the deviations are indeed symmetric about ±0.7 degrees ,
This is about ±9 ACPs deviation from a smoothed track . At a range of 150 nmi ,
this  can be a deviation of almost 2 nmi tangential ly and may be s ign i f i can t
to the air traffic controller . Thus , azimuth deviations may be the primary
cause of track jaggedness that was observed using the display . I t is possible
that an improved centroiding algorithm could improve the situation .

The results  are onl y preliminary . However , summarizing for the
preliminary results , jagged tracks are caused by azimuth deviations. At
150 nmi , the observed target  pos~tt ion  can deviate almost ±2 nmi t angen t i a l ly
on a display .

8. 4.5.4 Code Change Statistics

Code ch ange statistics , collected from Los Angeles data , ar e given
4 by Table 7.21. The ratio of beacon reports with a code not consistent with

the track code to the number of beacon reports on beacon tracks (given by
CODE DIFFERENCES/NUMBER OF BEACON REPORTS ON BEACON TRACKS , Table 7.21) was
0.047 or 4.7 percent. Over half these , 51.6 percent given by PERCENT OF CODE
DIFFERENCES WHICH ARE ZERO, Figure 7.21), have a code of 0000. This is the
code outputted by the CD when the received beacon video was sufficiently

• garbled to prevent decoding of the data. The other half were reported
incorrectly as some non zero code. These were probably a result of garbling,

but not recognizable garbling to the CD. Thus, about 2.3 percent of the
reported codes were garbled and incorrect , but not recognized as such by the CD.
The beacon codes are composed of 12 binary bits. Hamming distance is the

4 number of bit positions in which the incorrect code differs from the correct
code and can take on values between one and twelve inc~ ’~sive1y. The histogram
of the frequency of each hamming distance between one and twelve shows that the
most frequent distance was one. Thus most of the codes were wrongly reported
by only one bit position . Distance values between two and seven occurred with
about the same frequency . Very few of the code changes had distances above
seven.
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8.5 ANALYSIS OF BEACON REPLIES

8.5.1 Introduction

The analysis of beacon replies is the second phase of the beacon
performance analysis as described in Section 8.1. Corresponding to each
of the selected target report anomalies, a group of target reports were
to have been selected and an analysis of the associated replies performed
for this portion of the beacon performance analysis. Problems with the
recording of the Mode 2 tapes containing the reply data prevented the analysis
from being started unfortunately, until shortly before suspension of the
investigation efforts. Some tapes were finally obtained and a preliminary
analysis was completed , though, using the Mode 2 tape display system, and
some very interesting anomalies were documented . These anomalies generally
raise more questions than they answer, but are nonetheless invaluable as
far as indicating what steps must be taken before the reply data can be
intelligently utilized to its maximum potential.

In discussion of the documented examples , the actual CD processing
is considered in detail and the way in which the examples show anomalous
CD behavior is indicated. It must be understood , however , that the reply
data is extracted by the Al, which may be introducing its own problems
to the situation. This fact will be pointed out where it applies.

8.5.2 Mode 2 Tape Data

Information on both reports and replies are recorded on the Mode 2
tapes. The report and reply data contain information pertaining to the
CD processing that occurred , such as validation, run length, etc. It may ,
therefore, be prudent for the reader to review the CD processing of beacon
video presented in Section 8.1.2 so that the meaning of the data discussed here
will be more easily understood .

Table 8.22 presents a typical report message and typical reply
message as they are printed out by the Mode 2 Reply Display Analysis Program
from a Mode 2 tape. The data on the tape are written in records alternately
containing report information and reply information . For the record containing
reports , each report is called a report message. The report shown in Table 8.22
was message 15 (under column MSG messages start from number 1 on each report
record) on record 3 (under column REC) of the Mode 2 tape being read .

8-154 

—~~~~~~~~i~~~~ : :: .~~~~~ 

- - - - - ., 



E- 0
0 4 -I c~•4El

~~ 0

<0c no  cn 0

0 <  ‘-I
4-I
~ 4 0

0

z
00

~~-< 0
0 0
1~ 0
El 0

0z  .-I r4 0
~~ 0

0
El El 0

‘-4 0 0
< 0

C—I ~~

cc
El

r.
C--I F~~~E-l 0

El 0 0~~~ N.

0
E-’ 0

z -~~s-;1 cn 0 cn

~~ -~~cc
trl z

~~ N.
r~ CO ~~ 0

~ 0
-

C--’
a) ~~ 0

a) .
• CC bO ~~ ‘-4

cC
S
a.’ Sx ~~ z a.’

~~ 0 Z 0
• ~~ >.1 0 ~~ C-,

4.1 El ~~0 ‘-4
C 0
a) a)

~~4 x ~~-4

CC (C
U U
.,.-I
~ 0 0 0

I

8—155

I

-- I I  
_ _ _ _



- - --——— —. 
~~~~~~~~~~~~~~~~~~~~~~~ 

—.- -~~ — . ----- — -~~~~~~ —-••,-~~ -- •—‘uuI~~

TYPE indicates either a radar report (RAD) or beacon report (BCON).
Next, the range and azimuth of the report are given. This range and azimuth
correspond exactly with the target report data put out by the CD for this
report.

The number under the RUN LNG is the target run length which is
computed as follows:

RUN LENGTH = (UNCORRECTED CENTER AZIMUTH-AZ START) (8-i)
where UNCORRECTED CENTER AZIMUTH and AZ START

are as derined in Section 8.12. The run length for this target report
was 34.

The MOTE flag is listed in the MOTE column. This flagging occurs
for certain target reports when MOTE processing is enabled , which it was
not for any of the data taken.

The FAA bit  is “one” indicating the target report is of concern
to the FAA . The P,F bit is set indicating that the report is of concern
to military facilities as well.

The column labeled SRCH RINP lists the search reinforced flag.
For beacon target reports , this will be “one” whenever radar returns were
associated with the beacon replies generating this report. When it is
set, it usually means that the search radar, as well as the beacon, detected
the target. The only time that this is not the case is when radar hits not
coming from the beacon target are incorrectly associated with the target.
The decoded information for each mode which was interrogated and validated
is listed next for Modes 2, 3/A, and C. For each mode, the validation
bit will be “one” in the VAL column when the information was validated
as described in Section 8.1.2 and the corresponding information will be
outputted .

Next, a typical reply message is listed. In each record containing
reply data, the replies are organized in sweeps. Thus, for each interrogation ,
a sweep message occurs, followed by all the replies received during that
sweep. The reply listed in Table 8.22 occurred on sweep 105 (under column
SWP , sweeps numbered from one on each new reply record) of record four
(column REC) of the Mode 2 tape being read. Here, the message number 2
under MSG, designates that this reply was the second reply received during

• sweep 105. The bearing is listed in both degrees and ACP’s, and range
is given in nautical miles. The bearing is determined from the sweep
message , which was transmitted to the Al from the CD at the beginning of
the sweep and is the antenna position in ACP’s when the interrogation was
transmitted. The actual bearing of the received reply may be slightly
greater than this as the antenna is constantly rotating during the sweep.
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The range, given in nautical miles, is determined from a range counter
other than the ARTG range counter in the CD but which is counting at the
same rate as the ARTG counter. The range indicated by the counter is
trapped out immediately up on the occurrence of the reply framing pulses
as detected by the CD.

Next, the mode of the reply is given (under MODE) along with
associated informa t ion under CODE (ALT). The mode is determined when
the sweep message is generated and is the mode which was interrogated.
All replies within the same sweep will have the same mode .

The next column presents the bracket detection data. This is
developed as described below. At the occurrence of a beacon reply , the
first bit or second bit of a 15—b it bracket shift register is set. If
a potentially garbled code occurs and if the bracket occurrence is 200
nsec late from the nominal sample time (F2 position with respect to F1)

the second bit in the 15—bit shift register is set. Otherwise the first
bit is set.

The bracket- shift register shifts one positimn each BRG code
sample interval (1.455 ~sec). Once initiated, the shift register will
operate for 15 code sample intervals and will load bracket occurrence during
any of these intervals. The contents of tiF’s register after fifteen
intervals is used to form the number in this comumn and provides a record
of any brackets which may occur due either to overlapped , interleaved or
closely spaced replies .

For beacon targets detected in the clear the right half of the
first beacon data word is 100 0000 0000 0000. The “one” in the leftmost
bit position is called “own bit” since it represents the bracket detections
for the reply message at hand. For targets which are interleaved or overlapped
the first target report will contain a “one” as shown above and a second
“one” in at least one of the other bit positions of the word except in the
special case noted where the second bit of the shift register is loaded instead
of the first bit. In this case “own bit” will be missing entirely.

The value in the SPI columns is set to “one” whenever a pulse
was detected in the SF1 bit position of a reply . This indicates, normally ,
that the pilot has activated the “ident” feature of the transponder.
The garble bit is set in the GARBLE column whenever the BRG detects a garbled
condition for a reply.
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Figure 8.52 is a display of a sector of report data and reply
data from a sample Mode 2 tape of Elwood data received by the Laboratory.
All the data are plotted in FF1 fashion on the display. Target reports
are shown in green, target report ambiguities are green X, Mode 3/~ replies
are red and Mode C replies are blue. The blocks of data do not .~oincide
exactly , so that the first part of the sector of replies (azimuth measured
clockwise from north) has no corresponding report data displayed, and the
last part of the sector of report data has no corresponding replies displayed.
Notice the h igh density of replies as compared to the reports generated.
Many of these replies are coming from transponders replying to interrogations
by other sites and are called fruit.

About 29 replies are transmitted when an interrogator antenna
ma inbeam scans past a target. The Elwood CD must process all these replies
and determine which replies are coming from a transponder interrogated
by the ATCBI at its site, and which are not. This is done by azimuth
integration of replies at the same range by use of a slid ing window.
Since the PRF of interrogators at other sites is slightly different from
the Elwood site, successive replies received from a transponder interrogated
by another site will not appear at the same range. Those coming from
a transponder interrogated by the Elwood ATCBI will be at the same range,
and azimuth integration will produce a target report. The Elwood CD must
process all the replies and determine the range, azimuth, beacon code and
altitude of the transponder equipped targets within its range (256 nmi).

8.5.3 Example of Centroiding Analysis

In several of the documented anomalies that follow, an analysis
of the CD detection and centroiding is done at the sliding window level,
us ing the reply data supplied by Al as the data base. The approach is
to select a target report of interest and list the corresponding replies.
Using these replies, the contents of the sliding window associated with
the generation of the report is written for each sweep of interest.

Since TT and T
L 

are known , the centroiding of the target report

may be verified. An example of this type of analysis is presented here
for a report not exhibiting any problems.

Table 8.23 lists the beacon target report and corresponding replies
being considered . This data was obtained using the Mode 2 tape display—
analysis system. The report and corresponding replies were displayed
and the data was extracted using the ball tab hook feature of the display .
Figure 8.53 is the display of the data at hand.
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In addition to the listing given in Table 8 . 2 3 , a complete list ing
of the reply record containing the replies was obtained. This is necessary
to determine the azimuth in ACP’s for sweeps other than those listed in
Table 8.23 because a one—to—one correspondence between sweeps and ACP increments
does not exist. There are 4096 ACP’s per scan but at a PRF of 360/sec
and a scan ra te of 9.6 sec/scan there are only 3456 sweeps per scan.
Consequently, for some pairs of successive sweeps, the azimuth will increment
by two ACP’s instead of one.

There is usually a sufficient amount of replies on fruit present
so that at least one reply will be obtained on every sweep and by listing
the complete record of replies the corresponding azimuth on every sweep
may be determined.

The analys is proceeds by first verif ying that the sliding window
of interest was initially all zero before the occurrence of the f irst Mode 3/A
reply listed in Table 8.23. This is done by examining the complete list
of replies for the eleven Mode 3/A sweeps prior to the first Mode 3/A
sweep in Table 8.23 which is sweep number 34. The sliding window of interest
will be empty if no Mode 3/A replies occur within a 1/4 nmi of any of the
Mode 3/A replies listed in Table 8.16 for the eleven Mode 3/A sweeps previous
to sweep 34. This procedure was followed and the sliding window was found
to be empty .

Next, a table is set up to list the sliding window contents after
each sweep. This table is shown as Table 8.24. The table lists the
eleven bits of the sliding window, the sweep number, the azimuth in ACP ’ s
and mode of the interrogation for that sweep. In th is example, the sliding
window word shown in Table 8.24,is shifted to the left after each Mode 3/A
sweep and the hits and misses are shifted into the word from the right.
The window is shown in Table 8.24 as containing no hits (eleven zeroes)
on sweep 33. As Table 8.16 shows, sweep 34 is a Mode 3/A sweep and contains
a hit (Mode 3/A reply). This is indicated by entering a one into the rightmost
bit position of the sliding window. Sweep 35 is a Mode C sweep and does
not affect the sliding window contents. Sweep 36 is a Mode 3/A sweep
and a reply was received. The sliding window is shifted left by one bit ,
moving the first one into the bit position second from the rightmost bit

C position. The received reply is recorded by entering another one into
the window in the rightmost bit position. This procedure is continued
until sufficient misses occur to enter all zeroes back in the sliding window.
A miss, for example, occurred on sweep 49, which was a Mode 3/A sweep.
In this case, the contents of the word were shifted left, and a zero was
entered in the rightmost position.

I
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TABLE 8.24

SLIDING WINDOW ANALYSIS FOR DATA OF TABLE 8.23

WINDOW SWEEP ACP MODE

0 0 0 0 0 0 0 0 0 0 0  33 2789 A
0 0 0 0 0 0 0 0 0 0 1  34 2790 A
0 0 0 0 0 0 0 0 0 0 1  35 2791 C
0 0 0 0 0 0 0 0 0 1 1  36 2792 A
0 0 0 0 0 0 0 0 1 1 1  37 2794 A
0 0 0 0 0 0 0 0 1 1 1  38 2795 C
0 0 0 0 0 0 0 1 1 1 1  39 2796 A
0 0 0 0 0 0 1 1 1 1 1  40 2797 A
0 0 0 0 0 0 1 1 1 1 1  41 2798 C
0 0 0 0 0 1 1 1 1 1 1  42 2799 A
0 0 0 0 1 1 1 1 1 1 1  43 2801 A
0 0 0 0 1 1 1 1 1 1 1  44 2802 C
0 0 0 1 1 1 1 1 1 1 1  45 2803 A
0 0 1 1 1 1 1 1 1 1 1  46 2804 A
0 0 1 1 1 1 1 1 1 1 1  47 2805 C
0 1 1 1 1 1 1 1 1 1] .  48 2806 A
1 1 1 1 1 1 1 1 1 1 0  49 2808 A
1 1 1 1 1 1 1 1 1 1 0  50 2809 C
1 1 1 1 1 1 1 1 1 0 1  51 2810 A
1 1 1 1 1 1 1 1 0 1 0  52 2811 A
1 1 1 1 1 1 1 1 0 1 0  53 2812 C
1 1 1 1 1 1 1 0 1 0 0  54 2814 A
1 1 1 1 1 1 0 1 0 0 0  55 2815 A

• 1 1 1 1 1 1 0 1 0 0 0  56 2816 C
1 1 1 1 1 0 1 0 0 0 0  57 2817 A
1 1 1 1 0 1 0 0 0 0 0  58 2818 A
1 1 1 1 0 1 0 0 0 0 0  59 2820 C
1 1 1 0 1 0 0 0 0 0 0  60 2821 A

• 1 1 0 1 0 0 0 0 0 0 0  61 2822 A
1 1 0 1 0 0 0 0 0 0 0  62 2823 C
1 0 1 0 0 0 0 0 0 0 0  63 2824 A
0 1 0 0 0 0 0 0 0 0 0  64 2826 A
0 1 0 0 0 0 0 0 0 0 0  65 2827 C
1 0 0 0 0 0 0 0 0 0 0  66 2828 A
0 0 0 0 0 0 0 0 0 0 0  67 2829 A

1
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8.5.3.1 Centroid Verification

The next step is to verify the centroiding done by the CD.
The corrected azimuth listed in the report record (Table 8.23) is 246.9790.
This is converted to ACP’s using the following equation:

AZ(DEG ) x ~~~~~~~~~ = AZ (ACP ’s) (8-~2)

The result for this example is 2808 ACP ’s. The azimuth correction factor
used by the Elwood CD is —3 ACP’s. This correction is added to the uncorrected
azimuth to obtain the corrected value 2808 ACP’s. Therefore, the uncorrected
azimuth was 2811 ACP ’s. The run length is 24 , wh ich was computed from
Equation (8—1). Rearranging Equation (8—1) to exress the azimuth start in
terms of run length and uncorrected az imuth gives

AZ START UNCORRECTED CENTER AZIMU TH - RUN LENGTH 
(8 3)

The computed azimuth start for th is example is 2799 ACP’s. As described
in Section 8.1.2 , the uncorrected azimuth is determined by addin g the stop
az imuth to the start azimuth and div id ing the sum by two , truncating the
fraction of 1/2 ACP if it exists. This is given by Equation (8—4).

UNCORRECTED CENTER AZIMUTR AZ START + AZ STOP (8-4)

where the remainder of 1/2 , if present, shall be truncated. This equation
is rearranged to express the stop azimuth in terms of the other quantities
as shown.

AZ STOP — (2 X UNCORRECTED CENTER AZIMUTH) — AZ START (8-5)

Taking into account the possible truncation of the fraction of 1/2 ACP ,
the value of AZ STOP that occurred in the CD could be the value obtained
from Equation (8—5) or one ACP more. For the example at hand , this could be
either 2823 or 2824 ACP’ s.

The data obtained or computed from the target report message
is summarized below.

AZIMU Th START 2799 ACP ’s
AZIMUTH STOP : 2823 ACP ’s, or

2824 ACP’s

t UNCORRECTED CENTER AZIMUTH : 2811 ACP ‘s
CORRECTED AZIMUTH : 2808 ACP’s

I
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The final step is to compare the results obtained from the target
report message with the expected results determined from listing the sliding
window contents in Table 8.24. The starting azimuth , 2799 ACP ’s, should
correspond to the azimuth at which the sliding window first reaches the
tar get leading edge thre shold TL which is six (out of eleven) for Elwood.

The sliding window of Table 8.24 reached this threshold on sweep 42. The
azimuth of sweep 42, 2799 ACP’s, agrees with the computed starting azimuth
of 2799.

Tie azimuth given by each initial sweep message in the Al Mode 2
data is the azimuth , in ACP ’s, of the antenna at the beginning of the sweep .
The azimuths used in  the CD for computation of t h e  center azimuth (i.e., the
start and stop azimuths) are the antenna azimuths that existed when T

L 
and TT

were declared. These azimuths may be greater than or equal to the azimuths
that  existed when the sweep messages were issued because the antenna is con-
stantly rotating in the direction of increasing azimuth. Thus , when a table of
sliding window contents such as that of 8.24 is used to determine actual starting
and ending azimuths or compared with data computed from a report message , this
difference must be considered. For examp le , consider sweep 42 in Table 8.24 whe
where the leading edge threshold is first reached. The ‘zimuth of this sweep
is 2899. The azimuth of the next sweep , 43 , is 2801. Therefore , using the
information from Table 8.24 alone , the leading edge threshold could have
occurred at any azimuth from 2799 ACP ’s to 280 1 ACP ’s. In this case , the
target report message shows that the azimuth was actually 2799 ACP ’s.

The trailing edge threshold at Elwood is two. The azimuth stop
of the target should correspond to the azimuth at which the sliding window
fa l ls  to this level af ter reach!n g the leading ed ge threshold . This occurs
on sweep 63 at an az imuth of 2824 ACP ’s which agrees with the azimuth computed
from the target :eport message .

The conclusion in this case is tha t the CD properly processed
the group of rep lies listed in Table 8.23 to produce a target report. The
range of the replies varied between 133.125 to 133.156 nmi which is a 1/32 nmi
di f fe rence , the minimum resolution of the range counter. ~oth of these ranges

• are apparently within the same 1/4 nmi range cell in the CD processing ,  which
resulted in a report range of 133.125 nmi .

4 In Figure 8.53, it can be seen tha t the posi t ion of the targe t
report appears displaced from the eyeballed center of the group of replies.
As the previous analysis j ust showed , however , the centroiding was properly
done. For properly rep lying transponders , this displacemen t will be consis ten t
and can be computed. The azimuth start occurs five Mode 3/A sweeps after
the first repl y f r om the tr ansponder , assuming no missing Mode 3/A rep lies .
Taking into account the node interlace of 3/A , 3/A , C this works out to
an average of 7.5 sweeps after the first reply. If the transponder trans-
mits an unbroken string of replies until the antenna mainheam is past ,
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(i.e. no missing replies), the trailing edge of stop azimuth will be declared
9 ‘lode 3/A sweeps after the last reply, or 13.5 sweeps late. Converting
sweeps to ACP ’s, the starting azimuth is , on the average , 8.89 ACP ’s after
th e f irs t reply and the stop az imuth is 16 ACP ’s after the last reply.
Equation (8—4) may be rewritten

UNCORREC TED CENTER AZIMUTH - 
(,~~~ ER + 8.89) ± (AZ .LR + 16) 

(8-6)

~ihere AZ,FR — Azimuth of the f irst reply (ACP’o)
AZ ,LR — Azimuth of the last reply (ACP’s).

Thus the displacement in the uncorrected azimuth is

8.89 + 16 
— 12 ACP’s.

When the correction factor of —3 ACP’s is added , the displacement in the
corrected azimuth is 9 ACP’s or 0.79°.

Therefore, on the average , for properly replying transponders ,
the displacement of the target report from exactly half way between the
first and last replies compris ing that report will, be 9 ACP’s or Ø~~790~
This displacement is no cause for concern. It is more important that the
displacement be consistent for all other computed reports so that the controller
can maintain proper aircraft separation based on the data presented to
him .

• In the other documented examples, a similar azimuth displacement
will be evident , and since it has been shown that this displacement represents
normal centroiding, the normal displacement should not be allowed to distract
from the other points to be made for each documented anomaly.
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8.5 .4 Range  :-~p 1 i t  Examp l e

Fil ure  8.52 presented r i -p o r t s  and associa ted r e p l i e s  d i sp layed  IrlIn-
a Mode 2 tape  wi th  t a r g e t  r epor t  a mb i g u i t i e s  d i sp layed by a green X .  The
amb i g u i ty  in the d i sp l ay  at 132 nmi and 205 ° was offset to the cen t e r  of the
disp lay  fo r  a more detailed examination . The expanded disp lay  of t h e  t e n
r~~~or ts  and associated r e p l i e s  is shown in F igure  8 .54 a l o n g  with the r epor t
d a t a .  Also on the disp lay  is a small green box w h i c h  is t i l e  ba l l  tab
“hook ” used to ex t r ac t  repor t  and r ep ly  d a t a .  The r epor t  d a t a  is i n c l u d e d
with  F i g u r e  8.54 and the assoc ia ted  rep l y data is l~~s ted  in T a b l e  8 .25 .

The repor t  da ta  is considered f i r s t .  The range of reports I and II
are 131.875 and 132 .000 r e spec t ive ly ,  for  a s e p a r a t i o n  of 0 .125 .  The a z i m u t h
sepa ra t ion  is about 0 .4° . These separat ions  together are characteristics
of what  has been cal led a range sp l i t , ass’aming th -~t the  reports  were
g e n e r a t e d  in adjacent range cells. Considering that Table 8 .25 show s no
mis s ing  Mode 3/A repl ies , there  is rio reason why two reports would be
genera ted  in the same range cell .  The beacon codes for  each repor t  are
iden t i ca l , hu t  in one case a l t i t u d e  data was not validated. Presumably , the
replies r e tu rn ing  from a s ingle airborne transponder are be ing  randoml y
assigned between two ad j acen t  range ce l l s  wi th  s u f f i c i e n t  q u a n t i t i e s  in each
to declare a target leading edge .

Consider next the range of the replies given in Table 8.25. \~ith
the exception of the last Mode 3/A rep ly, all  the Mode 3/A replies wer e
rep or ted as being at the sam e range by the Al . This would tend to imply that
a serious problem exists with the CD processing, but this conclusion should
not he hastily made. A possible explanation for this difference is as
foll ows. First , as previously exp lained , the range of the replies as determined
by the AT is obtained from a range counter that is separate from the range
counter of the ARTC in the CD and is allowed to count at the ARTC clock rate.
Fur thermore, the range is “trapped ” by the Al from this range counter
immed iately upon occurrence of the beacon F1—F2 bracket detection . On the

other hand , the CD is de termin ing the range by using the ARTG counter as an
“address regis ter ” which assigns th e replies to a core address a t wh ich the
sliding window associated with the current range count is located. This
assignmen t is done by th e Memory Control Group (MCC) in the CD and is con-
strained to operate within fixed read—write cycles. The extra processing and
t i m i n g  in the CD may be in troduc ing an add it ional uncer tain ty in to the system
so tha t while a l l  the repl ies ar e ac tually seen at the same range by the Al ,
they may, in f ac t , he ge tt ing ass igned randomly between adjacent range cells
in the CD. Further investigation would be required to verif y that this
h y p o t h e s i s  is t r u e .
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Some other problems are also apparent in the reply da ta of
Table 8.25. Both the beacon code and altitude , f or exampl e, are not bei n g
cons isten tly reported the same . In one case a Mode C reply was completely
missing.

The major point of this example is the fact that two target reports
were generated from a group of replies , in a range sp lit configuration , even
though the rep lies as listed by the AT could not produce two reports in the
CD . Pres umabl y ,  timing differences in between the AT and the CD permit the
AT to list the replies at the same range while the CD is assigning the
replies between adjacent range cells.

8.5.5 Two Rep lies in Same Range Cell on Same Sweep

Figure 8.55 is a display of another interesting target report and
associated replies. The tape from which the data was made is listed in
Figure 8.55 along with a label of the photo and the associated report data.
The report message was message 15 in record 3 of the indicated tape. Notice
that none of the beacon data validated .

The rep lies that produced this report are listed in Table 8.26.
Look at the sweeps listed for th is group of rep lies under the SWP column ;
it can be seen tha t a Mode 3/A reply is missing between sweeps three and
five , and two Node 3/A replies are missing between sweeps f ive and eight.
More interes ting is tha t two replies are listed for  sweep thir teen , both of
which are Mode 3/A and at the same range . In theory , this cannot happen
because the CD can only proc ess one h it or one m iss for each rang e cell per
Mode 3/A sweep . Next , consider the ranges of all of the rep lies. The Al
is indicating replies at 56.469 nmi and 56.500 which are different by
1/32 nm i , the minimum increment of the range counter used to determine the
repl y ranges. An analysis of range jitter in ATCRBS is done in Section 4.2
and it is shown that the normal amount of jitter can cause the replies to vary
in range from reply to reply even before  they en ter CD processing so th at the
jitter of 1/32 nmi is not considered to be unusual. The reply on sweep nine
was reported at 56.000 nmi by the AT. As this is more than 0.250 nmi from
the oth er rep lies it should he in a different range cell. However , as the
sl id ing window analysis will show , th is rep ly is apparen tly necessary to
reach the lead ing edge threshold. The correct beacon code and altitude
cannot be determined from the information given under the CODE (ALT) column .

4 Several repli es are ind i ca ted as garbled , though the bracket detection word
never shows the presence of a potentially Interfering reply .
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An anal ysis of the s l i d ing  window con ten t s  using the rep lies l is ted
in Table 8 .26  was done f o l l o w i n g  the  procedure of Section 8 .5 . 3  and the
resul ts  are given in Table 8 . 2 7 .  In add i t ion  to  “ones ” to i n d i c a t e  normal h it s ,
some ether sym bols were used when the sliding window contents were listed for
the purpose of indicating the nature of the replies. A special symbol was used
for  each of the fo l lowing rep ly condi t ions : 1) Garbled rep lies , 2) Two replies
at  same range oh same sweep and garbled , 3) A rep ly which sould not be in the
range cell of i n t e r e s t .  The key of Table 8 .27 l is ts  the cond i t ions  and the
corresponding symbols.  Also , the az imuth  s tar t  and s top as computed f rom the
targe t report da ta  by the procedure  in Section 8 . 5 . 3  are shown by Table 8.27.
In some cases , no az imuth  (under ACP column) is given for  a sweep because no
renlies occurred on that sweep and , as a result , the azimuths of these sweeps
were not listed by the Mode 2 tape d i s p l a y — a n a l y s i s  program data pr i n t o u t .
Two po ten t ia l  azimuth ends are shown because of the uncer ta in ty  in p inpoin t ing
the exact azimuth end for reasons given in Section 8.5.3.

The start azimuth was computed from the report data as 244 ACP’s.
Since the start azimuth must occur on a Mode 3/A sweep , the only possible sweep
is sweep thirteen which had an azimuth of 243 ACP ’s at the start of the sweep.
The next highest  Mode 3/A sweep , sweep f i f t e e n , has an azimuth of 246 ACP ’ s at
the s t a r t  and t he r e fo re  cannot be s e l e c t e d . The CD , there fore , must have found
six h i t s  out of eleven in the s l iding window on sweep t h i r t e en .  This is the
sweep on which the two rep lies were both l isted at the sam e range.  The
occurrence of this is ind ica ted  as a single b i t  pos i t ion  in the s l id ing window
(because the window s~iould  on ly  he s h i f t e d  once each sweep) which is occupied
by “++“ . Two pluses together  are used to symbol ize  tha t  two garbled h i t s  have
occurred at  the same range ~n the same sweep. In add i t ion  to th is  anomalous
event , the window also con ta ins  two normal h i t s , one garbled hit , and one hit
which , because of i ts range , should not  really be in this  window . Since this
was computed f rom the CD t a r g e t  r epor t  data  as being the s t a r t ing  azimuth ,
there should be six h i t s  in the s l i d i n g  window . The only way tha t  six h i t s
can be counted in  the s l i d i n g  window of sweep t h i r t een  is if , in add i t ion  to
the two normal hits and o n - garbl e- hit which would ordinarily he counted , the
rep ly wh i ch r ea l ly  b e longs  in  ano ther  range cell i s  counted and the bit
position occup ied by -H- to m d ’  -‘ate two rep lies at the range on the same sweep
is counted as two bit positions , each with a hit. These anomalies are quite
unexplainable within the con-~traints or normal CD operation . The reply at
56.000 nmi is separatec~ from the closest of the other replies in Table 8.27 by
0.469 nmi or fifteen 1/32 nmi i n c r e m e n t s .  As indica ted  be fo re , the Al is
trapping the range of the r ceived replies accurate to 1/32 nmi as they are
de tec ted  by the BRG in tlu CD. The c loses t  t h a t  wayward rep l.y could  be to the
rep lies at 56 .469  is approach ing  f o u r t e e n  1/32 omi increments  or 0 .438 omi .
This is wel l  over a 1/4 nmi separation and the CD should have d e f i n i t e ly
assigned the reply to an altogether different range cell. There is no known
litter for normal CD operation between the BRG in the CD and the A~TG range
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counter which could add a sufficient deviation to cause this rep ly to em.
up in a range cell wi th the other replies of Table 8.27. A logical question
then , is “did it really get counted in this sliding window or not?” An
answer cannot be given with the available data , and further investigation
is required. I t  is suspected , however , that either an intermittent CD
failure occurred or , possibl y, a failure in the Al occurred.

The pair of replies listed at the same range for the sane sweep
can only be partially explained . As indicated before , the difference between
CD timing might be such that even though the AT indica tes rep lies at the same
range , the CD can assign them to different range cells. Thus , it is
potentiall y possible to have two replies reported at the same range on the
same sweep by the AT. The CD cannot put more than one hit in a particular
range cell sliding window per sweep when functioning normally. However , as
noted be fo re , both of these hits are needed to reach the leading edge
threshold  of six hits. It migh t be suggested tha t a t iming error in the CD
caused i t  to process the same sliding window twice on the same sweep or the
fa i lu re  may he in the extract ion of the repl y da ta b y the AT . In any event ,
the causes for  the anomalies indicated here  should be invest ig a t e d .

This example has i l l u s t r a t e d  the fo l lowing  two anomalies:  Fi rs t , a
reply which the AT indicates  is separated f rom a gr oup of rep lies by at
least 0.469 nmi (which is well over the .250 nmi range cell interval) is
apparently processed in the same range cell as that group of replies and used
to declare a target leading edge. Second , two replies reported at the same
range and the same sweep are included in that group of replies and are
apparently both processed into the associated range cell sliding window .
This is unusual since the CD is designed to only process and en ter one hit per
range cell on each sweep.

8.5. 6 Improper Centroiding of a Repor t

Figure 8.56 i l lus t ra tes  photo 1/28/76 IID of a disp lay of a report and
associa ted repl ies. The anomaly to be illustrated by this  example is the
apparent failure of the CD to properly perform the centroiding algorithm. The
report  data  ex t rac ted  from the Mode 2 tape is listed in Figure 8.56 as well.
No tice tha t the Mode C al titude information was no t validated .

Table 8.28 lists the replies associated with the report of Figure 8.56.
Using the data of Table 8.28, a s l id ing  window analysis was done to produce
Table 8.29. An anal ysis of the t a rge t  report  data  y ielded the ind ica ted
azimuth start and azimuth end shown on Table 8.29. All of the Mode 3/A rep lies
used to determine the sliding window contents were reported at the same range
by the AT (100.688 nmi) with the exception of the reply on sweep 228 which was
reported at 100.719 nmi . For purposes of the sliding window analysis it was
assumed that this reply may potentially be in a different range cell from the

4 others and it is so indicated (see key for Table 8.29). —
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It is readily apparent from Table 8.29 that azimuth start declared
by the CD for generation of the target report (computed from the target
report data) occurs well past the point where the sliding window should have
reached the leading edge threshold of six. This point occurred at either
sweep 238 or 240 de pend ing on wh at range cell the rep ly from sweep 228 went
into. The trailing edge threshold computed from the report data agrees with
the point where the sliding window fails to two hits; i.e., sweep 264.

In both of the previous anomalies illustrated , the different
ranging techniques between the Al and CD were indicated as potential con-
tributors to the occurrence of the observed anomalies. This anomaly can
also he related to the ranging differences. It will be assumed that this
is the case and it will be shown that the data is at least not inconsistent
with the hypotnesis. The compu ted leading edge thresh old f r om the tar get
report data was sweep 243 as shown on Table 8.29. Assume that the oldest
three replies (i.e., the hits to the far left of the window for sweep 243)
were not included in this sliding window (i.e., they went into an adjacent
window). The sliding window , under this assumption , first reaches the
threshold of six hits on sweep 243. The validation threshold was reached on
the prior Mode 3/A sweep , 241. It will be assumed that all the remaining
replies wen t corre ctly into this sliding window. The validation of beacon code
and altitude are not considered.

After the validation threshold is reached , two ungarbied replies
with agreeing information pulses must be processed to validate each mode ,
respectively. The first Mode C reply after the validation threshold is
reached occurs on sweep 242 and is ungarbled. Two more ungarbled Mode C
repl ies  occurred on sweeps 245 and 248 , yet  the a l t i tude  did not va l ida te .
Perhaps these were associated with a range cell other than the range call of
in teres t  and were not used at all in the val idat ion . There are four  ungarbied
Mode 3/A replies after sweep 241 and any two of these would cause validation
of Mode 3/A wi th a code of 2732 which is what occur red .

Final ly , the cor’puted trai l ing edge threshold  from the report  da ta
-
‘ ‘ corresponds wi th the point  ,.‘here the s l iding window reaches a level of two

C h i t s .

This example has prcsented an apparent  f a i l u r e  of the CD to proper ly
centroid a group of repl ies  to produce a target  r epor t .  It is theor ized  tha t
the f a i l u r e  nay have been caused by t iming d i f f e r e n c e s  between the AT and
CD wh i ch a f f e c t  r a n g i n g .  Some of the  rep l ies  which are indicated by the Al
as being iden t i ca l  in range may actually have been put in an adjacent range
cell  b y the CD caus ing  the  centroiding computed in the CD to differ from the
centroiding that would he predic ted  from Table 8 .29 .
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8.5.7 Single Hits Being Used in Adjacent Range Cells

The example to be presented here is one of the more interesting
anomalies that was documented. Figure 8.57 is a disp lay of the repor ts
and the assoc ia ted rep lies. The data of interest are the two reports and
grou p of replies runn ing diag onally through the center of the disp lay . The
other report and replies at the lower lef t of the disp lay are not being dis-
cussed. It is assumed that both of the reports nf interest were generated
from the group of replies in the center of the picture . The report data for
these two reports is listed with Figure 8.57.

Repor t A occurs at 102.375 nmi with no validated beacon data.
Report B occurs at 102.625 with validated beacon code and altitude. The range
separation is 0.250 which definitely establishes the reports as being
generated in adjacent range cells.

The replies are listed in Table 8.30. All the Mode 3/A replies
are at 102.563 nmi with the exceptions of sweep 249 , 250 , and 252 wh ich are
at 102 .594 nmi , 102.406 nmi , and 102.594 nmi , respectively. Noting that most
of the replies are at 102.563 nmi , it is assumed that this group (at 102.563
nmi) generated at least one of the target reports. Since the separation
between the reports was 0.250 nmi , the replies genera ting the two repor ts would
have to be a minimum of 0.125 nini apart. Only one reply, the one at 102.406
nmi on sweep 250, is separa ted by more than 0.125 nmi from 102.563 nini. While
range differences between the CD and the AT on the order of magnitude
sufficient to throw replies into different range cells in the CD (which means
a 1/32 nmi difference) may b e reas onable , a difference on the order at least
0.125 nmi between CD ranging and AT ranging is quite a different story . In
Section 4.2, an analysis of range jitter in the ACRBS including the CD was
done and it was shown that large litter can occur in the system . The Al
interpreter is extracting replies at the BRG output so that the effect of all
the jitters in the system including CD jitters up to this point would be
reflected in the reply data. The additional jitter , which may exist but
which was not accounted for in the range jitter analysis , would be introduced
by the CD as a result of CD memory timing constraints. It is not actually
known if such uncertainties are introduced by the CD , but some of the data
presen ted th us f ar can be explained by the existence of such jitter. This
jitter , if generated by CD memory , would not he expected to be nearly enough
to introduce more than a 0.125 nmi uncertainty. Assuming that Report B at
102.625 nm i with validated beacon data is the correct report , an explanation
for the erroneous report at 102.375 nmi has not been offered yet. An analysis
of the sliding window contents is performed next.
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Table 8.31 is the result of the sliding window analysis per formed
on the rep ly data of Table 8.30. The start and stop azimuth for both reports
were computed from the report data and are pointed out in Table 8.31. The
replies at different ranges on sweeps 249 , 250 , and 252 were included as hits
for purposes of the analysis. The ir incl usion or exclusion will no t a f f ect
the lead ing ed ge declarat ion of either targe t repor t since leading edges
occur before sweep 249 , according to the target data.

Report B was found to have its azimuth start at sweep 243.
Examination of sweep 243 in Table 8.30 shows that if all the replies coming
in up to that point are in the same range cell , which was assumed when the
sliding w-indow data was developed , then six hits appear for the first time on
sweep 243. This verifies the leading edge threshold data for Report B.
Likewise , the trailing edge for Repor t B , computed to be at sweep 271 , occurs
when the sliding window first fall to two hits. Thus , ignoring Report A all
together , the CD appears to have taken the replies of Table 8.31) and prop erly
centroided them to produce Report B.

The generation of Report A remains a mystery . The leading edge was
computed from Report A data to fall on sweep 244. However , the previous six
replies were used to declare Repor t B which is in a d i f fe ren t range cell f rom
Report A. On sweep 244 , one more rep ly is shifted into the sliding window .
Even if this rep ly were incorrectly ranged by the CD, so that it went into
ano ther range cell , it is no t s u f f i cient to declare a leading ed ge f or
target Report A. Unless single replies are gett ing processed by the CD in to
two range cells on the same sweep , the genera tion of Repor t A is unexp lainab le.

One other possibili ty exis ts and in view of the impossib ility of
Report A , may be likely. This is that the Al erroneously wrote a report
message on the Mode 2 tape . At any rate , problems such as th is should be
investiga ted to de termine the source of the anomaly.

8.5.8 Azimuth Split

Azimuth splits were one of the five ambiguity types tha t were
iden tified in the analysis of target reports discussed in Section 8.4. The
charac teristics are a group of two repor ts separ ated by less than a beamwid th
in azimuth (order of 30) and occurring at the same range . In the analysis
of Section 8.4, the repor ts were also req uired to have the same discre te
beacon code . This was done for ease in identifying the amb iguity and is not
a fundamental property of azimuth splits. An example of a pair of target
repor ts mee ting the separa tion cri teria was found in the rep ly da ta and
documented. Figure 8.58 is a display of this example.
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I t  is ev i d e n t  that the p a i r  of  r e p o r t s  W 7 5  g e n e r l t e 1 l s v a fading
of r ep i is- -s l o l l o C ’ s --ed by a s u b s e q uen t  r e appea rance  of ro l l ( 5 .  1 h ( -  t I Y : . 1 s - - t

r epor t  da ta  and r ep ly  d a t - i  a re  b o t h  l i s t e d  in T a b l e  8 . 3 2 .  ‘li e r an g e  of each
r s-- t ’ ’ r t i s  A 2 , 87~ nmi . I l l s -  C iZui iu t l i  5 (1) 711- l it  ion  be t ’ s - - n t he m is 4 ,2 2 ° , One o f
the  r e p o r t s  had ii v a l i d a t e d  P s - - C  -o C ) s i  do and a l ti  t u d e  o h  i i  e th e  o iLs - - r l a d
( Is - I t I C s - i -

B e c au ss - -  of t he  se p a r a t - l on  of the ro : ’l ie s  ifl C L Z ) I I U t C C  , afld the
u n u s u a l ly  long r~ is ly  s t ri  op , t he  event may be c o n s id e r s -  C a s L d s -  lob s -  p l .000rr:e n a
-ins t ead of an azimuth spilt. r ’s - t  such separ;itions , i t  is difficu lt to
d i s t i n g u i s h  the too t vn e s ,  This  Ons -’ was a r b i t r a r i ly  flCiC ( -s orn a z i m u t h  s p i  i t
hs -- c ~~ ’. s - s s - -  u s -- TRA ~\t’ i - r o g r a m u sed  for  t a rge t  repor t  anal ’- ’si \s-’O ) A l  d c~ a- s i t s -
as such .

In:i t~i On o f  t h i s - -  code or a lt  i tude  for  each rei’lv shows t P It t i l e
e n t i r e  s t r i n g  was o e r n - r C ted by the same a i r c r a f t  (since tile’7 os-re t h e  sos-nc- cods-
and sos -me a l t-i  m d c  for  the s- - ihole  l eng th  of t C i s -  r ep ly  t r a l r )  . The break in t1~s--
r ep l i e s  occurs  from sweep 3~~7 to  404 i n c l u siv e  for  a t o t a l  of 18 m i s s i n g
r en~~1s - ’ s , 12 C” ocle 3/A ’s and  6 N ode- ( ‘ s. Suc h a less  i s  s u f f i c i e n t to
d e c l a r e  a t r a i l i n g  edge . Si x  ‘-- T ede i/A  r e n l  f es anpear  b e f o r e  the

• i roa k s- s-’h i ch is i n s u f f i c i e n t  to v a l i d i t e  e i t h e r  N o d e  3/A or Mod e C P i t a .
A f t e r  the  t r o a k  , su f f i c i e n t d a t a  is  ‘r e s en t  to  d e t e c t  and val  i d a t ~~ b o th  “ode 3 ‘A
and  Nod s -- C. A si id ing  v i  ndo ’-o a n a ly s i s  was not  do~ e f or t h i s example,
beca use i t  was not  necessa ry  in order  to see how t h e  a m b igu i ty  was g en e r a t e d .
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8.5.9 Analysis of Range .Jitter in Replies

In Section 8.4, the analysis of target reports, two of the problems
considered were Range Splits and Mainbeam Reflectfons, both of which are

• target report ambiguities. It is suspected that the range splits are caused
by jitter in the ranging of replies by the CD such that successive replies
from a target will be randomly placed in one of two adjacent range cells. When
a sufficient number of replies are placed in each of the adjacent cells
(minimum of six each), a target report will be declared in both cells. The
pair of targets generated will have an azimuth separation (usually) of less
than 30 and a range separation that puts them in adjacent range cells (either

• 1/8 or 1/4 nmi).

• Also in Section 8.4, it was suggested that inainbeain reflections*,
• which were observed exclusively in pairs with similar azimuth separation

characteristics but larger range separations, were also caused by range
jitter. In this case, replies are being placed in non adjacent range cells.

• An analysis of the range jitter sources present in the system,
• from radar pretrigger to detection of the replies by the BRG in the CD was

• done. The results of this analysis are presented in Section 4.2. Based on
this analysis, there is a reasonable probability that a range split will be
generated from the range jitters present in the system . Further-more, main—
beam reflections can be generated by this mechanism, but larger deviations,
which occur with lower probabilities, are required. This lower probability

‘ 
is consistent with the observed rarity of mainbeain reflections.

The sources of range jitter in the system include the ATCBI and
the transponder itself as well as the CD. The purpose of this section is to
suimnarize those results of the jitter analysis in Section 4.2 that are appli-
cable to the CD itself. Two sources of jitter in the CD were considered ; the
ARTG and the BRG. The ARTG was found to produce up to a 55.2 nsec jitter
and the ERG was found to produce up to 103.6 nsec jitter, each with a uniform
probability distribution (see analysis of Section 4.2 for clarification if

• necessary). The maximum difference between the ranges of any two successive
replies from a transponder at fixed range that can be introduced by the CD
is about 159 nsec or about .013 nmi. This variation is significant for
targets which are close to a CD range cell boundary in actual range because the
jitter then has the potential to cause successive replies to jump across the
boundary into the adjacent cell. As indicated earlier in this section, there
may be other sources of range uncertainty in the CD stemming from the memory
processing constraints which affect the assigning of the replies to range cells.

* Recall that the use of the word “reflection” may be a misnomer here.

8—189



While total system jitter is evaluated in Section 4.2, it is not
related directly to the range split rates theoretically produced by the jitter
models used. To perform such an analysis analytically involves a tedious
mathematical procedure to develop the probability density function of the
total system litter which can then be used to predict range split rates.
A simpler method is to perform a computer simulation. It is recommended
that such a simulation be done, using the jitter model developed in
Section 4.2, with additional modeling as necessary to evaluate the range
split rates. Such an analysis would require only a small effort. The
results could then be compared to observe range split rates whereupon the
reasonableness of the range jitter theory would be established. If the
predicted range split rate was substantially different from observed rates,
the difference might be attributed to a malfunction in the CD processing ,
or a new theory might have to be developed. Such an analysis would be
strongly aided by a concurrent analysis of replies from Mode 2 tapes , provided
that the ranging problems (i.e., the apparent difference in Al range and CD
range) can be resolved. Before the range split problem can be understood
fully, it will be necessary to know if the CD is in fact placing replies from
the same transponder randomly in adjacent cells. Several range splits and
associated replies have been observed from Mode 2 data and all have the
characteristics of the example given by Section 8.5.4, wherein the jitter
was not evident from the AT data. Thus the proposed range jitter theory
has not been directly verified , though much of the data collected is
consistent with the range jitter theory.
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8.6 ANALYSIS OF BEACON VIDEO

816 • 1. Introduction

The beacon video input to the CD is the third point in the processing
chain where data is collected for analysis. The purpose of this step is to
study the relationship between the beacon video and the resulting beacon
replies which would indicate possible differences in the generation of replies
from the beacon video.

First, several groups of replies of interest were selected for
further analysis. Segments of the associated FR—950 tape of analog video were
then defined as described in Section 8.2 such that the video which generated
the replies of interest would be contained in them. The specification consisted
of range and azimuth limits defining a “window” and a start time and end time
for collecting the data. These parameters were used to operate the VQR machine
which then quantized the designated regions and produced VQR tapes containing
the beacon video information in quantized form for computer display and analysis.

The VQR machine is limited in that it can quantize only a certain
amount of data per scan. The maximum size of the quantized region depends on
the sampling rate. The range azimuth limit8 (dimensions of the window) may be
varied to fill the memory buffer to capacity. A typical window size defined
by the Laboratory in requests for VQR tapeswas 8 nmi by 147 ACP’s (-12°). The
start and stop times for data collection were typically specified such that
about twenty scans of data were quantized with the scan of interest falling
approximately half way between the start time and stop time. The recording
was made in this manner in order to avoid losing the scan of interest because
of time inaccuracies that may exist.

Unfortunately, the range—azimuth window that was quantized in each
case was displaced in azimuth from the desired region and did not contain the
video corresponding to the selected replies. In several cases nothing but
noise was quantized. This error, which will be discussed in more detail later,
Is thought to be a result of an azimuth offset somewhere in the process. For-
tunately, a few of the windows quantized contained some actual transponder
replies, though none were related to the originally selected group of beacon
replies.

Some of the VQR windows containing transponder replies were documented
using the VQR display analysis program. This section presents an illus—
tration of VQR recorded transponder reply video and addresses how the inforina—
tion can be used. Beacon code and altitude are extracted from the video data
and correlated with the associated reply data on Al Mode 2 reply tapes.
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Because the windows actually obtained were not those requested ,
the occurrence of beacon replies within them was strictly a matter of chance.
Thus the example presented herein is not associated with any of the previously
identified anomalies. The purpose for presenting this data is to provide some
Insight into the usefulness of an analysis of VQR beacon video.

A brief explanation of the VQR data appears in Section 8.2.4. It may
be to the reader’s benefit to review this section before proceeding.

8.6.2 VQR Example

• Figure 8.59 is a display of an expanded portion of window C, scan 11,
made from VQR tape 2/24/76 #2. To obtain this display, window C, scan 11 from
the tape was first displayed in its entirety (i.e., the entire 8 nmi x 147 ACP’s
was displayed). A ball tab controlled box was positioned around a smaller

• section of the display containing transponder reply video which was then expanded
to produce the display of Figure 8.59 for a more detailed examination.

The figure depicts beacon video intensity as a function of range
and azimuth. All of the data is displayed within the box defined by the white
borders. ‘The origin is located at the upper left corner of the box with the
range increasing to the right along the horizontal axis and the azimuth
increasing downward along the vertical axis. The video sampling rate used
to generate the VQR tape from which this data was displayed was 96.57 nsec
(this is 1/128 nmi for a two way transit of a signal in free space). The video
received within the range bounds of the window was quantized once each sweep
or about every 1.19 ACP ’s (.09°). Each video sample, therefore, is depicted
by rectangular symbol on the display that is 1/128 nnii long (96.57 nsec) and
0.09° (1.19 ACP’s) wide. The video intensity for each sample is revealed by
the color of the symbol. Four thresholds are defined for this purpose and,
as shown in the figure, the thresholds for this display were 10, 15, 20 and 50.
Each number appears on the display In an associated color; i.e., blue, red ,
green, and white respectively. The video intensity of each sample is recorded
on the VQR tape as a six bit binary word and the magnitude of this word is

• compared to the predefined threshold. The color in which each sample is displayed
is that color associated with the highest threshold that the sample intensity
equalled or exceeded. The absolute values of voltage or power are not available
though it is known that the VQR input gain was adjusted to handle the dynamic
range of the incoming video.

The range and azimuth of the origin, compttted from references written
on the VQR tape for each window quantized, are given below the display. The
range of the origin is given as 3.57 nmi. The hardware range offset for this
display, listed in Table 8.6 for window C is 96 cmi, putting the total range
at the origin as determined from the VQR tape data at 49.57 cmi. There are
256 samples displayed along the range direction or a f~~tal of 2 nmi. The stop
range is, therefore, 101.57 nail at the right boraer of the display box. The
atop range indicated on the display is 5.57 nmi , whIch , when added to the
9~ mini hardware offset , give 101.57 nini . The azimuth axis spans 2.4° from
42.08° to 44.48°.
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Each beacon reply, of course, occupies one sweep. The elapsed time
from the F1 leading edge to the F2 leading edge is 20.3 iisec. At the 96.57 nsec
sampling rate this is about 210 samples or an indicated 1.64 nmi on the display.
Thus each reply will occupy a sweep in azimuth (about .09°) and extend about
1.64 cmi in range on the display. tn the figure, an example of the sample dot
size is shown next to each of the thresholds and appears as a small line next
to each threshold number. The sample dot is oriented exactly as it is plotted
so that its width is 1/128 nail or 96.57 nsec and its length is 1.19 ACP ’s
or 0.090. The pulse width for each pulse in the beacon reply is normally
0.45 psec and, as a result, each video pulse will normally consist of about
five sample dots side by side (in range).

In Figure 8.59, the thresholds have been adjusted so that the pulses
associated with each of the replies are visible. At the top left of the display,
the F, pulse of the first reply is visible as the first cluster of five sample
dots In white. The F2 pulse at the upper right is also evi4ent as are the sixnon zero information pulses between them. Looking down the display (increasing
azimuth) it is evident that another pattern of information pulses is also
present, this one with only five non zero pulses between the F1F., pair. What
is being shown by this is the transponder’s replies to interrogations of
different modes. The first pattern appears in two successive sweeps followed
by the one reply of the second pattern , over and over. It can be deduced from

• this that the interlace is 3/A, 3/A, C which, of course, may be verified by
looking in the data section (8.2.4).

Nearer the bottom of the display, a reply occurs which does not fit
either of the two repeated patterns. This strange pattern has been created

• as a result of a reply from another transponder overlapping the reply of
interest, probably causing a garble condition to occur. The spurious reply
is called fruit, and came from a transponder being interrogated by a site other
than Elwood. The first two replies at the top of the display are the same and
are Mode 3/A replies, followed by a Mode C reply. Tracing this pattern throueh
the successive sweeps, it is determined that the overlapped reply is a Mode 3/A
reply. Numbering the replies in order from the top starting with one, the
garbled reply is the nineteenth reply from the transponder of interest (the
spurious reply which overlaps reply nineteen is not numbered).

8.6.2.1 Range Variations

Another interesting feature can be extracted from this display. The
ranging is set up such that the actual range of the target producing the
replies corresponds to the range of the leading edge of the F2 pulse. The
range of this pulse, and in fact the entire reply pulse group, varies from
sweep to sweep. In particular, the Mode C replies appear to be closer In range
by up to four sample widths or 1/32 nmi than adjacent Mode 3/A replies. In
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terms of time this is a difference of about 386 nsec. Because the offset
is somewhat consistent for the Mode C replies, the cause of the phenomena
is attributed to a transponder problem (maximum allowable difference between
replies to different modes is 200 nsec at the transponder output). Variations
in range between Mode 3/A replies are also present, though not as large.
These variations are on the order of one to two samples or about 200 nsec.

While the variation between Mode 3/A replies and Mode C replies
appears to be the result of a constant offset attributable to a transponder
misadjuatment, the variation between Mode 3/A replies appears to be the result
of range jitter in the system. The actual variation in the range of the Mode 3/A
replies at the video level before being processed by the CD is at least 100 nsec
(i.e., a difference of 100 nsec could cause the observed jump of 2 sample dot
widths. If such variations in the range of the replies inputted to the CD are
commonplace, it would make little sense to attempt to detect the time of
occurrence of these replies in the CD to within a few nanoseconds as has been
proposed several times. It is recommended that the effects of the range jitter
sources in the complete system be fully understood before attempts to reduce
range jitter through CD modifications are undertaken. Understanding system
jitters is not a particularly difficult problem. A theoretical analysis of
system jitter appears in Section 4.2 and gives some insight into the problem.
However, it is~strongly recommended that total system range jitter at the input
to the CD be physically measured and statistically described . Armed with this
information, one could determine with confidence the effect of various proposed
modifications to the CD to reduce range jitter problems.

8.6.2.2 Single Sweep Analysis

Another feature of the VQR display program is the ability to select
a sweep and plot the video amplitude on a rectangular coordinate axis as a
function of range. One Mode 3/A sweep and one Mode C sweep were selected

• from Figure 8.59 and plotted in this way to produce Figure 8.60a and b. On
the plots, the vertical axis is amplitude and the horizontal axis is range.
Each tic interval on the horizontal axis represents five sample widths of
482.85 nsec (0.038 nmi). Each tic interval on the vertical axis is five
units video amplitude. Figure 8.60c illustrates the pulse positions to the
scale of Figures 8.60a and b.

Consider first the Mode 3/A reply, Figure 8.60a. The “U. S. National
Standard for the 1FF Mark X($IF)/Air Traffic Control Radar Beacon System
Characteristics” specifies the nominal pulse slope and allowable tolerances
tor each pulse in the transponder reply pulse train. This information is
illustrated by Figure 8.61. As the figure shows, the pulse duration or
pulse width, pulse rise time and pulse decay time are defined in terms of peak
amplitude A. The pulse width of the individual pulses shown by Figure 8.60a
may be compared to this standard. Pulse widths, measured from Figure S.6Oa,
are at least seven sample intervals (0.68 psec), even allowing for the
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FIGUR E 8.60

VID EO AMPLITUDE VS RANG E (TIME)

TAPE VQR 2/24/76 #2
WINDOW G
SCAN 11
VERTICAL AXIS AMPLITU DE — 5 PER TIC
HORIZONTAL AXIS RANGE (TIME) — 5 SAMPLES/TIC

EA. SAMPLE 7/ 128 NMI
(96.57 NSEC)
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Pulse Amplitude (A): The peak voltage amplitude of the pulse.

Pulse Duration: The time interval between 0.5A on leading and trailing
edge of the pulse.
[Nominal 0.45 ± 0.10 psec]

Pulse Rise Time: The time interval between 0.1A and 0.9A on the leading
• edge of the pulse.

[Between 0.05 and 0.10 psec]

Pulse Decay Time: The time interval between 0.9A and 0.lA on the trailing
edge of the pulse.
[Between 0.05 and 0.20 psec]

FIGURE 8. 61

TRANSPONDER REPLY PUL SE SHAPE SPECIFICATIONSc AFTER DOT/FAA ORDER l0l0.5lA (8 Mar 197l)*

*Fpference 21
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uncertainty introduced by the sampling. Likewise rise times and decay
• times are both at least two sample intervals (0.19 psec) . Decay times

are more often at least three sample intervals (0.29 psec). From Figure 8.61
the maximum allowable pulse duration is 0 .55 psec as compared to the minimum
measured duration from Figure 8 .60a of 0.68 psec . Maximum allowable rise
time is 0.10 psec compared to the measured value of at least 0.19 psec.
Maximum allowable decay time is 0.20 psec compared to the minimum measured
decay time of 0.19 psec and the more frequently measured value of at least
0.29 psec.

The net result of all of this is that the pulses being observed
are spread out in time relative to the pulse shapes specified by the ATCRBS
standard. However, the standard specifies the pulse shape at the transponder
output, and not the received pulses, which may be subject to time spreading
due to the frequency response loss of receiving equipment or in the trans-
mission medium. The observed time spreading of pulses is not considered a
problem at this time. Nonetheless, it is recommended that, if future analyses
of beacon video using VQR tapes are planned , wherein the pulse characteris-
tics may be studied , the source(s) of the time spreading (frequency response
loss) should be determined . The recommendation is made primarily because the
FR—950 recorder and VQR machines are both potential sources of this loss.
Since neither of these pieces of equipment are in operational systems , modif i—
cations made to the CD based on observed pulse characteristics which reflect
losses introduced by them would be of doubtful value.

8.6.2.3 Beacon Code

Next, the pulse spacing and beacon code may be extracted from
Figure 8.60a. The spacing between the pulses prescribed by the ATCRBS
standar d is 1.45 psec. A plot was made to the scale of photographs shown
in Figure 8.60 with lines spaced at 1.45 psec intervals to indicate pulse

• positions . This plot or grid is shown in Figure 8. 60c. The grid was lined
up with the reply pulse train of Figure 8.60a for comparison. It was f i rs t

• verified that the pulse interval is 1.45 psec. Some minor deviations were
measurable but these are caused by distortions introduced by the CRT. Next,
the information pulses were extracted . This is shown in Table 8.33a , b , and c.
Under 8.33a , “Extracted Pulse Data”, the pulse positions are listed in
the order in which they appear in Figure 8.60a . The information is rearranged
as prescribed by the ATCRBS standard to form the beacon code word in
Table 8.33b- and finally the octal equivalen t , the beacon code , is given in
8.33c and is 3710.

8.6 .2 .4 Mode C Reply

Consider the Mode C reply of Figure 8.6Ob . The pulse shapes
and pulse spacing are about the same as those for Figure 8.60a so extraction
of the encoded altitude is the primary task here . The steps are listed in

I
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• TABLE 8.33

• MODE 3/A CODE EXTRACTION

a. Extracted Pulse Data*

Pulse Position F
1 C

1 A1 C2 A
2 

C
4 A

4 X B
1 

D1 ~2 
D2 B4 D4

Contents 1 1 1  0 1 0 0 0 1  0 1  0 1 0  l j

b. Mode 3/A Code

Pulse Position A
4~~~; A

1 
B
4 

B
2 

B
1 C

4 
C
2 C

1 
D
4 D2 

D
1

Contents o h  1 1 1  1 0 0 1  0 0  0

c. Extracted Beacon Code: 3710

*The Y hit is not used in ATCRBS . If it were nonzero , the reply of

4 Fig ure 8.60a would be auestionahle.
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Table 8.34 a through d. The bit values are first listed exactly in the order
in which they appear in Figure 8.60b as shown by Table 8.34. The bits are
rea rranged ac shown in Table 8.34 . The bits D 2 through B4 in Table 8.34
are a grey code representing the altitude to an accuracy of 500 feet.  Bits C1
through C4 represent a correction term to be added to the al t i tude encoded
in the grey code. Bit D1 is not used. Tab le 8.35 is used to decode the a l t i tude.

First the grey code is decoded using Table 8.35a , which gives the
number of 500 foot increments from —1000 feet being represented by the grey
code . The numbe r determined for the sample at hand is eighteen which gives
8000 feet.  The C bits are decoded using 8.35b . The grey code bits , D2 through
B4 are added for a total of four which is even. In the even column of 8.33b
next to C1, C2 ,  C4 = 1, 0, 0 , the numb er “ two ” is read . Thus 200 feet is

• added to ~O OO feet to get the result shown in Table 8.34d , 8200 feet .

• 8.6.2.5 Compar ison with Co rr esponding Al Mode 2 Data

Window C, as requested by the Laboratory, was to have a start range
• of 99 nmi and a start azimuth of 447 ACP ’s. As noted however , the specified

windows did not contain the desired video signals indicating that the VQR
windows were displaced from the desired location. The first problem in
comparing the VQR video data with Al Mode 2 reply data was, therefore, location
of the correct group of replies.

Since the specified VQR start and stop times contained the scan
of interest for a selected group of replies , the approximate location on the
Mode 2 tape was known . Several scans of report data around the scan of interest
for the selected replies were therefore displayed from the Al Mode 2 tape.

Next , the extracted beacon code , 3710 , and altitude of 8200 feet
were used to pinpoint the group of replies corresponding to the video actually
quantized in window G. This was done by f i rs t  searching the displayed report
data for a beacon report with the proper code and altitude. Finally, the
associated Al Mode 2 tape reply data was displayed and compared to the VQR
data for confirmation . Figure 8.62 is the display of the report and associated
replies that correspond to the VQR video. Table 8.36 lists the report and
reply displayed in the figure . As the table shows , the report, which is at
101.875 nmi and 32.871°, has a beacon code of 3710 and an altitude of 8200.
The reply data can be directly compared with the video, as displayed in Figure 8.59.
The number of replies is the same and the modes listed in Table 8.36 agree with
the mode interlace pattern determined for Figure 8.59. It was pointed out in
Figure 8.59 that one of the replies was either overlapped or interleaved with
a reply from another transponder so that a potential garble situation exists. As
Figure 8.62 shows, there were two replies decoded for this sweep, one at about
the same range (almost at the position of the green report dot) and the other
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TABLE 8.34

MODE C ALTITUD E EXTRACTION

a. Extracted Pulse Data*

Pulse Position F1 C1 A1 C2 A~ C
4 

A4 X B
1 D1 B2 D2 B4 D4 F2

Contents 1Jl 0 0 1 0 1 0 0 0 1 0 1 0

b. Hybrid Grey Code Format

Pulse Position D
1 D2 D

4 A1 A2 A4 B
1 B2 B

4 C1 C2 C
4

Contents 0 0 0 0 1 1 0 1 1 1 0 0

c. (500 x 18) — 1000 = 8000

d. Correction Factor 200 feet

Altitude = 8200 feet

*The X hit and D1 bit are not used. If either of these had been nonzero
• in Figure 8.60h , the reply would he auestionable.
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reply at a slightly closer range. Table 8.36 shows that these two replies
were received on sweep number 123. The reply from the transponder of
interest is at range 101.844 and is indicated as garbled in the garble~bit
column. Notice that the Mode 3/A code was incorrectly reported as 3000
because of the garbling. The interfering reply is at 101.594 nmi.

Another identifying feature of the VQR video in Figure 8.59 is
the difference in range between the Mode 3/A replies and Mode C replies.
The Mode C replies are consistently closer. This is also observable in the
Al Mode 2 reply data of Table 8.36; i.e., Mode 3/A replies are at 101.844 nmi
while Mode C replies are at 101.813.

8.6.2.6 Determination of VQR Window Offset

• Since the VQR data and Al Mode 2 reply data agree in beacon code,
altitude, number of replies, mode interlace pattern, range difference pattern,
and on the garbled reply position, the two are clearly corresponding sets of
data. Having concluded this, the offset of the VQR window can be ascertained.
The range of the first reply is measured from Figure 8.59. This is done by
measuring the range of the F2 bracket pulse of the first reply from the origin
of the plot which yields approxlma~ely 101.45 nmi. The Al Mode 2 data indicates
this reply at 101.844 from Table 8.36. The VQR window indicates ranges at
about 0.4 nmi less than the reply da ta, a negligible difference. The azimuth
of the first reply is determined by f i rst  observing that it is the second sweep
from the top. The first sweep is at 42.080 or 479 ACP’s. The number of ACP’s
per sweep is computed as follows:

4096 ACP’s 1 Scan SecX X 1.19 ACP/s SweepScan 9.6 Sec 360 Sweeps

¶ Thus the reply is at about 480 ACP’s on the VQR data. This same reply is
127 ACP ’s behind or 353 ACP ’s in the Al Mode 2 data, which is not a negligible
difference. The VQR start azimuth for window C was to have corresponded to
447 ACP’s in the Al Mode 2 reply data. With the 127 ACP difference, the actual
start azimuth obtained in terms of Al Mode 2 data was 320 ACP’g. Since the
centroiding of the replies was verified using the Al Mode 2 data, and shown
to correctly produce the azimuth which is outputted by the CD under normal
conditions, the problem must be in the VQR process.

The problem could possibly be related to the azimuth preset used
in the CD. Once each scan , an azimuth reference pulse from the antenna pedestal
is sent to the CD. When this signal occurs, the azimuth counter in the CD at
Elwood is supposed to be 127 ACP’s prior to zero or (4096 — 127) 3969 ACP ’ s.
It is possible that when the VQR parameters were established , the azimuth was
counted from 0 ACP’s at the azimuth reference pulse instead of —127 ACP’a
causing the window to start 127 ACP’s prior to the desired point. This
explanation has not yet been proved or disproved.
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