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PREFACE
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Mr. Hal Greenlief (Deputy Chief) of the Salt Lake City Air Route
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1. INTRODUCTION

In 1968, the Beacon Syster Interference Subgroup initiated i
an ATCRBS performance survey to determine the type of problems
encountered by the contrcllers.1 This nation-wide survey vas con-
ducted for a period of one month beginning on 17, June 1968. The
acquired data revealed that the most common deficiencies were
false targets, ring around and broken slashes (Taole 5-2). As 2
result of these findings, a program of improvements was initiated
which included installation of sidelobe suppression, improved

sidelobe suppression and interrogation power reduction.

in 1971 a second s.arvey was undertaken to determine the im-
pact on system performance of the above modifications. This test
began on 27, November 1971 and lasted for two weeks. Participa-

IR GRSV Y RINONE SN SRR N b e g

tion in the survey was limited to 36 facilities which were con-
sidered representative of the entire system. Criteria for site
selection included "identification of the area by flight check
reports as having had problems, high saturation of radar systems,

ik

and whether or not improved sidelobe suppression has been in-
stalied",? Controllers at the selected facilities were re-
quested to document instances of system degradation by noting on
a questionnaire (Fig. 1-1) the nature of the malfunction.

S S OGN

In addition, each facility supplied information on the nature
of its beacon equipment (Fig. 1-2). This included specification
of the antenna and interrogator type, the operational power out-
put, STC characteristics and sidelobe suppression status. Copies
of these materials were delivered to TSC at the end of January
1972,

1.1 PARTICIPATION IN THE SURVEY
In response to the survey, a total of 2426 descrepancy re-

ports were filed; of these, 1772 replies were from centers and
civilian towers while the remainder (654) represent military
installations. A breakdown of the returns by facility is given
in Table 1-1.
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N6360.13 2 Nov 71
Attachment 1 KIS: AT 6360-0T

ATCRBS SURVEY
RADAR BEACON DISCREPANCY

1} FACILITY NAME 2) TRAFFIC COUNT

3) RADAR SYSTEM

4) RANGE/AZIMUTH 5) DATE/GMT
6) A/C ID 7) A/C TYPE
8) DISCREPANCY CODE: (CIRCLE) Tgt. lost long time:
1 Ring around/ghosts/side 7.1 straight and level
lobes/reflections/
false tgts. 7.2 turning
‘ 2 Fruit 7.3 climb or descent
3 Tgt. too wide 8 Tgt. broken/intermittent/

chopped
4 Tgt. too narrow
9 Mode A/3 Code incorrect
5 Tgt. never acquired
10 Alt readout incorrect
Tgt. lost short time:

6.1 straight and level

11 IDENT malfunction

6.2 turning 12 Other - describe

6.3 climb or descent

9) COMMENTS:

FAA Form 6360-1 OT (11-71)(Use Expires 12/31/71) Local Reproduction
Auth.

Figure 1-1. ATCRBS Survey Beacon Discrepancy Report Form
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ATCRBS SURVEY
RADAR SYSTEM DATA

1) RADAR SITE LCCATION NAME

2) TYPE BEACON EQUIPMENT
a) INTERROGATOR- ATCBI- UPX OTHER
b) DEFRUITER TYPE

c) DECODER- ATCBI- GPX UPA OTHER

3) ANTENNA (DIRECTIONAL)
a) TYPE NO.

b) DATE INSTALLED CR REPLACED

4) SIDE LOBE SUPPRESSION OPERATION
a) SLS- YES NO

b) FAA IMPROVED SLS- YES NO

5) OPERATIONAL POWER OUTPUT* 3
a) CHANNEL 1 |

b) CHANNEL 2 /

6) STC CURVE (INITIAL DEPTH)

*If power output is different, then dates and time of operation
for each channel during the test period must be included

FAA Form 6360-2 OT (11-71)(Use Expires 12/31/71) Local Reproduction
Auth.

Figure 1-2. ATCRBS Survey Radar System Data Report Form
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TABLE 1-1. PARTICIPATION IN THE 1971 ATCRBS FAULT SURVEY

Facility

Number of Returns

Faciiity

EASTERN REGION

Albany Tower
Atlantic City Tower
Binghamton CS/T

Nex York ARTCC 158

New York CIFRR 31

Philadelphia Tower 7

Wilkes Barre Tower 0

White Plains Tower 93
(Military)

Griffis AT 24

(%]

McGuire AFB

SOUTHERN REGION (Cont.)

Number of Retrurns

NEW ENGLAND REGICN

Bradley Tower 84
(Military)
Quonset Point NAS 0

ROCKY MOUNTAIN REGION

Salt Lake City ARTCC 468
Military)

Mt. Home Rapcon 3

e TN T A vty xamkh om b e

SOUTHERN REGION

Miami ARTCC 158

Tampa Tower 44

Orlando Tower 36
(Military)

Eglin AFB 15

Myrtle Beach AFB 3
Patrick AFB 9
Tyndall AFB 31
SOUTHWEST REGION
Albuquerque ARTCC 79
Albuquerque Tower 26
El Paso Tower 13
(Military)

Hollman AFE 14
Laredo AFB 277
Randolf AFB 79
WESTERN REGION

Burbank Tower 27
Long Beach Tower 3
Los Angeles ARTCC 456
Los Angeles TRACON 8

(Military)

Castle AFB 11
Hamilton AFB 45
Lemoore RATCC 76
March RAPCON 41
Travis AFB 2
Vandenberg AFB 21
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The largest number of replies were from the Salt Lake Center
{(468), follo.ed by the Los Angeles ARTCC (456), Laredo AFB (277),
New York ARTCC (158) and Miami Center (158). Participation in the
survey <showed little correlation between traific count and the
number of deficiencies reported. For example, the Los Angeles
Tower, which experiences many of the same problems as the Los
Angeles Center, noted only 8 cases of system degradatiorn. Since
the respective traffic counts at these facilities are on the order
of three-to-one, about 150 returns would normally be expected
from the Los Angeles Tower.

1.2 PROCEDURE EMPLOYED IN PROCESSING DATA

The following steps were employed in processing the returns
from the performance survey: first, each reply was assigned a
case rumber to simplify cross-referencing the data. Then, for
each iunstance of system degradation the following information was
transferred to a computer card.

a) Case number

b) Facility name

¢} Traffic count

d) Radar unit involved

e) Radar sidelobe suppression capability

f) Target range and azimuth

g) Date and time when deficiency occurred

h) Aircraft identification

i) Aircraft type

j) Nature of deficiency

k) Number of aircraft involved

1) Presence of comment on quescionnaire

m) Aircraft classification; air carrier, military or gel.eral
aviation,

Next, all the information was entered into magnetic storage
(via an IBM 7094) so that the "sorts" could be performed using
electronic logic. Employing this approach, the data only need be
read into the computer input file once, and an entire sequence of
correlations can be performed. This procedure is preferable to

LT TOR F Y



the use of a mechanical sorting device (such as the IBM 702
Electronic Accounting Machine) since the latter technique requires
that the data cards be run through the machine many times; at
least once for each character sorted upon. Employing magnetic
core memory simplifies the task of data processing, reduces the
tii.e required to analyze the returns, and permits the generation
of graphical output.

1.3 ERROR CATEGORIES EMPLOYED FOR ANALYSIS OF RETURNS

The error categories empioyed for the performance survey were
defined by the discrepancy report rform. In the course of pro-
cessing the returns it was observed that the controller often
circled a subcategory rather than the maiu error class; for ex-
ample, '"ring around" or "false targets' might be underlined as
opposed tc error category 1. In order to extract this additional
bit of information, each error subcless was denoted by a separate
error code.

Thus, for this study, the first error category was represent-
ed by the following error codes:

Discrepancy Error Code

Ring Around/Ghosts/
Sidelobes/Reflections/

False Targets 010
Ring Around 011
Chosts 012
Sidelobss 013
Reflecticns 914
False targets 015

In tabulating the returns from Salt Lake City, it was
noticed that most of the comments dealt with problems of false
emergency alarms. Therefore, an additional error category was
created for this phenomenon (140), and false alarms no longer
listed as comments.
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The error codes employed for this study, and the beacon pro-
blems they represent are defined in Table 1-2.

TABLE 1-2. ERROR CODES EMPLOYED FOR ANALYSIS OF THE
BEACON FAULT REPORTS

ERROR CATEGORY CODE

Ring Around/Ghosts/Sidelobes/Reflections/
Faise Targets 010

Ring Around 011
Ghosts 012
Sidelobes 012
Reflections 014
False Targets 015

Fruit 020
Target too wide 030
Target too Narrow 040
Target never Acquired 050

TARGET LOST SHORT TIME
Straight and Level 061
Turning 062
Climb or Descent 063

TARGFT LOST LONG TIME
Straight and Level 971
Turning 072
Climb or Descent 073

Target Brokeén/Intermittent/Chopped 080
Target Broken ' 081
Target Intermittent 082
Target Chopped 083

Mode 3/A Code Incorrect 0990
Altitude Readout Incorrect 100
IDENT Malfunction - 110
Other 120
False Emergency Replies 140
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2, ANALYSIS OF RETURNS FROM SALT LAKE CITY ARTCC

The returns from the Salt Lake ARTCC were chosen to be pro-
cessed first since this facility had sent in the largest number of
fault reports. As the initial group, it was considered a vehicle
for experimentation, and a variety of correlations were performed
to determine what information could be extracted from this data.

In establishing this benchmark, several related efforts were under-
taken; these included, first the processing of flight progress
strips to derive air population statistics, and secondly, a visit
to the Salt Lake Center for a firsthand view of the operational
problems related to the data in question.

One unique “eature of Salt Lake's participation in the
survey is that this group had been included by their own request,
The Salt Lake Center was experiencing severe problems with false
emergency alarms and considered the survey a forum for focusing
attention on this matter. Since the false emergency phenomena was
most common at the Rock Springs and Ashton radar sites, only the
performance of these units was monitored.

2,1 ANALYSIS OF FAULT REPORTS (UNNORMALIZED DATA)

The first breakdown of the discrepancy reports was by aircraft
mission. These results reveal (Fig. 2-1) that 71.7% of the com-
plaints involved air carriers, 19.5% military aircraft, and 7.6%
general aviation, The aircraft identification was unknown in the
remaining 1.1% of the replies.

2.2 BREAKDOWN OF FAULT REPORTS BY ERROR CATEGORY

Next, the survey data was analyzed to determine the nature of
the deficiencies encountered at the Salt Lake facility. This out-
put is presented in Table 2-1, where the elemental error codes
have been emploved. However, in proceeding with the analysis of
the returns, 1t seemed natural to group ring arouand and sidelobes
since these are similar phenomena, and to lump together ghosts,
false targets and reflections. Therefore, the first error category
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P oweaas

. . J0LYV 431D oye e
‘L31110B4 ‘uUorSsSsSIl 13eadary {q sjxoday Au:mnmuumﬂamo cmowxwwum .ﬁ-quswﬂm

AR IR LGS S

%'l
% S'6l umouyun

UONDIAY |D4BUIY

Kiopinw

3
i
L
¥
¢
»
K

-t B

B e e

atm g

TR DA

% L1L
4810409 a1y

Rtk

e

e FRATE

L S e R

L A Yy




G R

S Vil ) AT R it - b3 s g el -,

T e Rl s, L b Sl Hins, b Sopd b Yy v SXTRAREET X el pr
*= ot

L SN P

ARGk

¥
7
)

AR

S, ko ok
Nﬁ@ﬁ

v
)
1
Fa#20

TABLE 2-1. DISTRIBUTION OF DISCREPANCY REPORTS BY ELEMENTAL =
ERROR CODES 3

W HiedH

1}
s
N

Facility: Salt Lake ARTCC, November 1971 £
ERRGR CODE* NUMBER OF DEFICIENCIES $
010 23 2.96
011 37 4.76
013 21 2.70
014 z 2.25
015 8 1.02
030 14 1.80
040 16 2.05
050 ' 6 0.77
063 87 11.19 =
062 0 0.00 -
063 i1 1.41 B
071 97 12.48 o
072 ‘ 1 6.1 &
073 15 1.93 L
080 264 33.97 E
081 44 5.66 -
082 15 1.93 b
083 1] 1.41 o
090 1 0.1 L s
120 31 3.98 a
120 13 1.67 P
140 60 7.72 :
*For key to error codes see Table 1-2 , o
}
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on the report form was represented by these two subcategories,
each characterizing a different form of degradation. This was
accomplished by assigning all the members of the general category,
010, to one of these two groups in proportion to their original
count. In an analagous fashion, the remaining basic error codes
were grouped under a general problem heading. These results are
plotted in ligure 2-2.

The most common complaint is target broken/intermittent/
chopped, which accounted for 42.9% of the discrepancies. Other
problems are listed in the order of trequency of occurence, in
Table 2-2. It is interesting to note that false emergency alarms
are documented in 7.7% of t.e reports.

The elements of each error category were further refined on
the basis of aircraft mission. These results are presented in
Table 2-3. Broken target-slash remains the most common problem
for each class of user, while the combined category of lost tar-
gets occupies the second slot. The deficiency of ring around/side-
lobes is listed third for military and general aviation users,
whereas false emergency alarms assume this position for air carriers.

2.3 BREAKDOWN OF DISCREPANCY REPORTS BY AIRCRAFT INVOLVED

After determining the pature of the system malfunctions, the
next logical step was to sort by the type of aircraft involved in
these incidences. These results are contained in Table 2-4, and
illustrated in Figure 2-3 for aircraft involved in 15 or more
discrepancies.

in generating this data, similar aircraft were grouped under
a general name. ror example, variations of the B-707, such as the
B-707-100B, B-707-20n0, B-707-300C, were merged under the generic
heading B-707.

From Table 2-4, it appears that the aircraft most frequently
cited is the B-727 (38.2% of the total complaints). This is

followed by the B-707 (8.4%), DC-8 (8.1%), B-720 (4.4%), and C-141
(4.2%).
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TABLE 2-2. DISTRIBUTION OF DISCREPANCY REPORTS BY ERROR CATEGORY
Facility: Salt Lake City ARTCC

ERROR CATEGORY NO. OF OCCURENCES %

Target Broken/Intermittent/Chopped 334 42,98
Target Lost Long Time 113 14.54
Target Lost Short Time 98 12,61
Ring Around/Sidelobes 7 9.90
False Imergency Replies 60 7.72
IDENT Malfunction 31 3.98
Target too Narrow 16 2.05
Ghosts/ Reflections/False Targets 14 1.80
Target too Wide 14 1.80
Other 13 1.67
Target Never Acquired 6 0.77
Mode 3/A Code Incorrect 1 0.12
Fruit 0 0.00
Altitude Readout Incorrect 0 0.00
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TABLE 2-3. SUBDIVISION OF ERROR CATEGORIES BY AIRCRAFT MISSION
Facility: Salt Lake City ARTCC

NUMBER OF OCCURENCES
GENERAL

ERROR CATEGORY MILITARY JCOMMERCIAL | AVIATION
Target Broken/Intermittent/Chopped 60 248 25
Target Lost Long Time 23 77 11
Target Lost Short Time 10 78 10
Ring Around/Sidelobes 32 38 S
False Emergency Replies 5 54 1
IDENT Malfunction 6 23

Target too Narrow 5 9 2
Ghosts/Reflections/False Targets 5 6 0
Target too Wide 3 9 2
Other Malfunction 1 11 0
Traget Never Acquired 2 3 1
Mode 3/A Code Incorrect 0 1 0
Fruit 0 0 0
Altitude Readout Incorrect 0 0 0

15

WWW—

L O e P




T T AR ST G5

P . m
e
33
P
b
‘A
."
.
i i
.
H 1l L4
3 P RMANOM a0 0O MO0 000000000000O0000O0O00O0000000000RO0oS0oY
<
w
s -4
| £
! mlrr et 0O~ ~00000000C 0000000 NOON00OODO0COOCO COOOCDOOCOC OO} M)
[} -
[
Z ] eMMAN O C OO NROD OO0 COCONOOOR0000000OWOID CO0O0DOOCOOO0D] ~
f ui | "
a
. =
P
-
3 %4 =] ccCc0 00000000 CCR0oORCOUTOOOOOO000ODO P coDoocoocooooo] @
k2o -
5 —t <
54
e -
\
25 = O] 00000 CORCR0C000OODORPO00CONROOO0000OCOO0d COOCCOODIOOOO| ~
¢ B z
Es [ .
4 5 NOOVEONN N ONEVNEMIMO NN NNN AN ANANNNOO Mttt O MNNNOO~~C~OO| <
K Ol MmNMNAm ~ b4
g [ |~ L
K- o
g [~ RS
; ~
ks o O |33 .
2 R = (ZF CONAMOMOmNO~NCOmNOOODOOOCCO000OROO 00000000000 modooOCCcOooe| ©
v ~un -
% sS4 1
o e < [T
Pl | R NN AN NSO MUttt OANNNOO~NNONONOD~NOOOOMO A~ COO~C~OO~DOo
24 I8 B -~ .
S >~ Q ...3 o W .
: (S . |
2 « | = ~ !
& vd |Z]| conmoEomn000000000000EC0RO0CR0OPO~0O0ROCOO0D POCOOOOORIOR| ~ i
o B3 - o !
e IR P 4 i
X ™ | v et N MO MM NN OO OO NOOOO O M MO OO OO0 DoCc OO mooooo| o) 1
O o« [ee]” s 9
w wm = et
- g !
=] 2wl oo~ 0O~ OCOOOOC RO N~ DO0CRO~O00OO~o OO OO~oooacoe| © Q '
.o w
Z [+H] !
= > 0 '
= z
é oped Z] eMOONCOOONOOROOOORONOD 000000 OCOO~NOOR0O00D OO0 oooaCoe]| © 0 '
< -
L] F4 [+
O w Q
a
& -] NO M NOCOCONOODNOOOOORMOOHNOOOOO0OROOQOOORCO doRocCooRone]| » ort
- = - e
< L - o«
I
S| 0000000000000 BoORORCOROOORCOO0LOOOT OGO OoCS| © o
&
. [ >
s B o
' O] MOOmMOCOVNOCOOHMONOOOOOOOOOHOOHOOOOOOO~NODOOO 000D ooS]| o
~ < = 2
[} 0
m s w
ot Z] OCMMOoOVNNOMAMVNE T NOE~NONNOOHOODONOODOOOOOOOCOOODOODODODmm] N
-t ~ ~
[=2] | '3
g aavnv~cwoommw:~nmuoosa«o-aowommmmwvvvvwnnmmnmmmmmnmmmmm.«.—--a.—- o
e - QwQQQmNNN—Q—i—"-4-‘-1-!'-1GOOGOOOOOOOOOOOOOOOQOQQOOQOOOOOOOOOOO (3]
-
- NIA‘I")Qﬂ'ﬂNOOmmﬂﬂHQO\Ql\?\’\OOWQ‘Q#”””F)””NNNNNNNNNNNNNNNN:—G-‘—Q—O—O H
S OO MM A o v o et o
~ ~
[ ~ -
=~ -
w <
a 8
s H q o)
B OOt gV 0 WwB OO O Wikt Omt@msSOMNOmMNNGO MO BN < e
U N ORI N T AN MAMNANINOTNMONNFHO M- ONNOMANE MMOOONMAMNMINOONCM |
-~ l\l\ghﬁat\:-4I\Nﬂlnlﬂ“-ﬁ>|Ql0|"—4""}'#80".<m‘-1"~g-¢m%¢mu~"’~<mmm<—am—i—i‘)—im [=]
<] AR ERC RS UAR AN i ur ke EUACAARLOUALAENN ORI 2RO BAOCM S It | .
™
Lo
<9
«®

R

16

WS

-

e s




T ) B eI
R AR W P

. B S T T AT PR T
TR I P S T R S R T L
SRR SN N - . A . -

Ed

...-4—”-, 'j

The above results can be misleading since they do not take
into account an aircraft's popularity; as its usage increases the
likelihood of involvement in system malfunctions goes up in a
corresponding manner. On the other hand, an aircraft with serious
ATCRBS deficiencies might turn up near the bottom of Table 2-4 if
it were employed for only a limited number of flights. In order
to obtain a more realistic performance picture, the traffic popu-
lation must be utilized to derive normalized discrepancy data,
This step will be carried out toward the end of the chapter.

In addition to listing the number of discrepancies associated
with each aircraft, Table 2-4 includes a breakdown of this infor-
mation by error category. The format employed is that of an error
matrix, with the aircraft-type specified along the vertical axis
and the error categories along the horizontal axis.

As an illustration, consider the B-727; from the disc~epancy
matrix this aircraft was involved in the types of system degrada-
tion summarized by Table 2-5. The above breakdown of the sources of
degradation assists in interpreting the data. For example, pro-
blems of ghosts and false targets indicate a deficiency in the
site location, while lost targets suggest nulls in the elevation
pattern of the interrogator antenna when the loss occurs while the
aircraft is traveling straight and level. On the other hand, air-
frame shadowing of the transponder antenna is the probable cause when
coverage is lost while the aircraft is maneuvering. Focusing on
the phenomena of broken or intermittent target slash, the source of
this problem is overinterrogation, and as such this error category
provides a measure of the interrogation environment.

With regards to the deficiencies of ring around and sidelobes,
it should be pointed out that by the end of 1969 all FAA type
ground interrogators (i.e. ATCBI-3) were equipped with sidelobe
suppression., However, at the present time, there remain some
joint use facilities, such as those with the older UPX-6 equipment,
which lack this capability. 1In addition to supplying the discre-
pancy reports, each facility sent in detailed information on its
radar equipment which included the status of the sidelobe-suppression

17
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TABLE 2-5.

DISTRIBUTION OF FAULT REPORTS INVOLVING THE B-727
Facility: Salc Lake ARTCC

ABBREVIATED
ERROR TITLE PROBLEM NO. REPORTS

RING Ring Around/Sidelobes 20
GHOSTS Ghosts/False Targets/Reflections 3
FRUIT Fruit 0
WIDE Target too Wide 5
NARRW Target too Narrow 4
NEVER Target never Acquired 0
LSTSH ST |Target Lost Short Time, Traveling

Straight § lLevel 38
LSTSH MN |Target Lost Short Time while Maneuvering 6
LSTLN ST Lost Long Time, Traveling Straight

and Level: 31
LSTLN MN |Target Lost Long Time while Maneuvering 6
BROKN Target Broken/Intermittent/Chopped 132
MODE Mode 3/A code Incorrect 1
ALTIT Altitude Readout Incorrect 0
IDENT IDENT Malfunction 14
OTHER Other Malfunction 7
FALSE False Emergency Alarms 30

18
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feature. When processing returns from sites without SLS, the de- Bt
ficiencies of ring around and sidelobes were attributed to the
ground station, and consequently were omitted from any breakdown .
of the data by the air carrier or aircraft. As a result of this ‘ ;i
procedure, any reference to these phenomena in the aircraft dis- o
crepancy matrix involves ARSR radar sites with operational SLS,
and under these circumstances suggests improper functioning of the
transponder circuitry.

2.4 ANALYSIS OF DISCREPANCY REPORTS INVOLVING AIR CARRIERS

Attention was next focused upon the air carriers and the dis-
crepancy reports associated with this group. It was not the in-
tent of the survey to conduct a competitive evaluation of either
ground or airborne equipment. In line with this idea, it has been
deemed apprcpriate to report air carrier data by code to prevent
competitive ise of the report results. Henceforth, all reference
to individual carriers will be made in this manner.

A breakdown of the fault reports by ~carrier and error czte-
gory is preccnted in Table 2-6. From thuse results, the airline
involved In the largest number of discrepancies is identified by
the code AL102. Examination of the reports referencing this
carrier reveals the following error distribution:

PROBLEM S
Target Broken/Intermittent/Chopped 45
Target Lost Short Time 14
Target Lost Long Time 13
False Emergency Alarms 13

Ident Malfunctions
Ring Around/Sidelobes
Ghosts/Reflections/False Targets 1

From the above statistics it appears that a majority of the com-
plaints originated with factors external to the aircraft, with
antenna nulls, site deficiencies, and interrogator environment
playing significant roles.

19
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The results in Tacle 2-6 were further refined on the basis
of the aircraft involved. This information is contained in/?able
2"70

TABLE 2-7. BRFAKDOWN OF FAULT REPORTS INVOLVING AIR CARRIERS
BY AIRCRAFT TYPE
Facility: Salt Lake City ARTCC

ey et A
TR e | AL
JORRS Lo Lt B

CARRIER |TOTAY ¢ *| w707 | 8720 8727 5737 s747 | cvss| cvas] ncs | nco | ncro] raz7| ¥ry

AL101 51 {5.98 | i3 1 9 8

AL102 215 27.67 20 | 139 50 ,,g
AL103 27 |3.47 12 15 R
ALLO4 85 [10.93 | 44 36 5 ]

AL107 1 |o.12 1

AL108 106 J13.64 1 101 4

AL109 o |0.00

AL110 8 {1.02 8

AL111 21 | z2.70 21

AL112 2 |o.25 .

AL114 0 {c.00 .
ALI16 13 | 1.67 2 7 a .
AL118 5 |0.64 1 4 -
AL121 o |o0.00

AL124 3 |0.38 3

Totals | 518 [66.7 6t | 33 202 15| 22| 21 8| s8] a 0 6| 3

*Expressed as a percentage of total faults reported.

2.5 LOCATIONS ASSOCIATED WITH BEACON DISCREPANCIES

The deficiency reports from Salt Lake were examined to deter-
mine if they followed any geographical pattern. For this purpose,
computer plots were generated showing aircraft locations where bea-
con discrepancies arose. Through this procedure the data were
analyzed to identify areas where target loss was common, and locate
"hot spots'" where incidence of broken targets was concentrated.

The first of these graphs is presented in Figure 2-4, and add-
resses the problem of ring around and sidelobes at the Rock Springs
ARSR radar. In examining this plot, it became apparent that know-
ledge of the traffic patterns in the vicinity of the radar site
was desirable for interpreting the data. Therefore the graph was

modified by superimposing the air traffic flow upon the discrepancy
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locations (Fig. 2-5). 1In carrying out this alteration, only the
main high altitude routes were considered since these characterize
a majority of the flights; the number of low altitude missions
being limited by the mountainous terrain. Similar air route in-
formation is contained on the graphs which follow in this section,

Locations where ghosts, reflections, and false targets arose
are shown in Figure 2-6; this form of degradation does not appear
to be too common at the RKS site, judging from the number of :lo-
cumented cases, Problems of lost targets are treated next. with
reports of short duration losses handled in Figure 2-7, and long
duration loss times addressed in Figure 2-8. These plots are
limited to discrepancies where target loss occured while an air-
craft was traveling straight and level; cases of beacon loss
associated with maneuvering aircraft were not included, since
they could be attributed to airframe shielding of the transponder
antenna.

An examination of these two graphs reveals that many of the
instances of target loss occurred within 30 miles of the radar
site. This can be traced to the "cone of silence" surrounding
the interrogator antenna, a deficiency which has been aggravated
by locating the radar facility within ten miles of the RKS VORTAC.
As a result, coverage is lost as aircraft approach the fix, and
controllers are often unable to provide radar separation at this
point.

On a visit to the Salt Lake Center, the phenomena of target
loss was frequently observed. As aircraft moved closer to the
VORTAC the target slash would shrink, often disappearing entirely
within ten or twenty miles of the "main bang". Then, after
passing beyond this point, the target would slowly re-emerge.

The next series of plots deals with broken, intermittent or
chopped targets. These graphs show separately the occurence of
" this fault for commercial aircraft, (Fig. 2-9), general aviation,
(Fig. 2-10), and military aircraft (Fig. 2-11). The data were
separated in this manner since chopped targets can originate from
the Top/Bottom antenna switching, unique to military aircraft, and
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it was considered desirable to isolate this type of degradation.

From Figure 2-9, it appears that the locations of broken tar-
gets are closely correlated with the general pattern of comwmcicial
traffic, occuring more frequently where traffic is dense. This
suggests that broken targets are equally likely *to occur at any

point on the scope and that the documented discr:pancies reflect
the flow of traffic.

While at the Salt Lake facility, this picture was reinforced.
There target breakup was observed, occuring with extreme regula-
rity, at all sectors of the scope. In response to a question
concerning other interrogators operating in the region of the
Rock Springs site, it was stated that there were no (known) such
installations. This fact, ccupled with the erratic pattern of
the target breakup, suggests that the signal processing and display
units may play a role in this deficiency. At the present time, the
i center is equipped with the older type RBDE-4 scan converter and
display system. This model was introduced in the early fifties
and the FAA is considering plans for its replacement. Looking
further ahead, within three to five years the facilfty will receive
new equipment as part of the conversion to automated NAS operation.

The final graph in this series depicts the locations associated
with false emergency alarms (Fig. 2-12). As was the case with

broken targets, this curve seems to follow the general traffic
pattern.

The phenomena of false alarms is caused by the interleaving
of reply pulse trains. For example, codes 2300 and 2100 can com-
bine to form the emergency code 7700. At the time of the survey,
‘ code 2100 was in general usage at the Salt Lake Center and code
2300 was employed at the neighboring Denver, Seattle and Great
; Falls centers. Plans are underway to alleviate this situation by
i changing the controllers handbook to replace 2300 with another %
- code for flights above 35,000 feet.* It is felt that this type of %

discrepancy is a temporary problem, and shculd be alleviated by the

30,

%
*Effective 1 August 1972, the ATC procedures handhooks specify

code 2400 as the replacement,
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introduction of discrete codes under NAS.

The data from the Ashton radar has been processed in the same
manner as that from Rock Springs and is presented in Figures 2-13
through 2-20. The problem of sidelobes/ring around s addressed
in Figure 2-13, reflections/false targets in Figure 2-14, lost
targets in Figures 2-15 and 2-16, broken targets in Figures 2-17
to 2-19 and false emergency alarms in Figure 2-20.

2.6 AIR-TRAFFIC-POPULATION STATISTICS DERIVED FROM FLIGHT STRIPS

As was pointed out previously while discussing the breakdown
of error reports by aircraft type, knowlecge of the air traffic
population is essential for interpreting tire discrepancy data.
Since such information is not available direcily, these statistics
were derived from flight progress strips.

The flight strips posted for the interval the beacon survey was
cond.icted were not available at the time of this study, since they
had been destroyed after 15 days, as is standard practice. There- ’
fore, other progress strips were requested from the Salt Lake Center }
covering one week of operation; this was considered the minimum |
period required to monitor flights by air carriers in view of their
periodic nature,

A delay was encountered in obtaining this information since
these forms were already being set aside on certain days to satisfy
the requirements of the center for data covering peak traffic, and
the thirty-seventh busiest day. Rather than wait until 7 consecutive
days of activity became available, it was decided to synthesize a
full week's activity by substituting data from a different week
for the missing strips.

A picture of the air traffic population was derived using the
following days' activity: Monday, March ¢; Tuesday, March 7; Wed- %

nesday, March 8; Thursday, March 16; Friday, April 7; Saturday,
March 4; Sunday, March 5 (all in 1972).

- n e 3.55

In glancing through the flight strips it was observed that
there might be as many as seven entries covering a given flight.
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The number of strips posted per flight varied with the number of
sectors intercepted, and within a given sector a progress strip
would be entered at each fix along the route. Fortunately, in
carrying out the task of extracting the population information,
the amount of duplication could be minimized through knowledge of
the sectorization.

The low and high altitude sectors are described in Figures
2-Z1 and 2-22 respectively. Since the Salt Lake ARTCC discrepancy
reports referenced the Rock Springs and Ashton radar sites, only
; the progress strips associated with these locations were processed.
% This involved handling sectors 39 and 40 in the case of Rock
Springs, and sectors 4 and 5 for Ashton.

PRGNS

From an analysis of the flight stripc, tne Ifullowing picture
emerged of the air traffic population (Tablc 2-£2j. The most
commonly encountered aircraft is the B-727, of which there were
465 flights. Next in popularity is the B-707 (210 flights), followed
by the DC-8 (159 flights), B-737 (102 flightsj), C135 (94 flights),
and CV58 (94 flights). It must be emphasized that these statistics
are based upon seven days of activity at just the Rock Springs and

St S

4
=

Ashton radar sites,

Data on the activity of the various air carriers was also ex-
tracted from the flight strips. These results are found in Table
2-9,

The above information was refined by subdividing the activity
of each carrier on the basis of the aircraft involved. This data
is presented in Table 2-10.

Finally, the flight strips were used to obtair information on
the traffic flow as a function of time. This data is presented in
Figure 2-23. For the purpose of comparison, the fault occurence
1ate is illustrated in the following graph, Figure 2-24,

The traffic flow exhibits a broad peak in the morning, extending
from 10 AM to 12 AM. A smaller peak occurs in the early afternoon
and runs from 2 PM to 4 PM. This is followed by a gradual slack-
ening in traffic, so that between 9 PM anac 8 AM very light traffic
is experienced.
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TABLE 2-8. AIR TRAFFIC POPULATION STATISTICS DERIVED FROM
FLIGHT STRIPS

Facility: Salt Lake ARTCC

A/C TYPE NO. FLICGHTS A/C TYPE NO. FLIGHTS

A3 3 DC86 26
A4 1 DH5 1 i
A6 3 F4 4 ;
AC21 5 F8 1 j
ACS0 14 F9 1 ;
AC68 4 F101 5 g
B52 56 F102 2 ‘
B57 16 F104 1
B707 210 F105 1
B720 73 F106 12

B727 465 F111 20

bt B737 102 FA27 8

B747 58 FFJ 8

4 BE33 1 G2 10

BE3S 7 G159 2

BESS 5 H60 1

& BE60 3 HS25 5

It BESO 1 L18 2

BE90 11 1188 10

v C1 1 1326 0

oy cY 3 L329 7

C54 6 LR23 1

3 €117 1 LR24 6

L C118 10 LR25 13

i €119 2 M152 1

- €121 5 M021 2

b C124 14 MU2 1

b €130 8 N265 9

€131 3 E3 3

€135 94 PA23 2

A €141 33 PA24 3

o 1 C172 1 PA28 4

C182 1 PA30 5

€206 2 PA31 10

€210 2 PA34 1

5 €319 3 PAZT 7

£ €320 7 Q21 1

€337 2 SR71 5

3 g c411 3 T2 1

& : C414 1 T28 1

L j c421 4 T29 10

CF4 1 T33 24

Cvs8 90 T38 4

Cvss 7 T39 9

: DC3 1 TA4 1

e ; DC8 159 TS60 2

b DCY 11

e DC10 2

b ] DC85 5

b
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TABLE 2-9. AIR CARRIER ACTIVITY WITHIN THE ROCK SPRINGS AND
ASHTON SECTORS OVER A 7-DAY PERIOD.

CARRIER

NO. FLIGHTS

AL101
AL102
AL103
AL104
AL107
AL108
AL109
AL110
AL111
AL112
AL114
AL116
AL118
. AL121
“ AL123
3 AL124

77
456
143
160
4
98
0
23

91

104
12
13
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The discrepancy rate in the morning rollows the same general
pattern as the traffic load. However, its peak is fairly sharp
and lasts only from 10 AM to 11 AM. After this t{ime, the number
of discrepancies drops off quite rapidly, and remains low except
;; ‘ for some secondary spikes in the vicinity of 5 PM.

% 2.7 NORMALIZED DISCREPANCY DATA BY AIRCRAFT TYPE AND CARRIER

INVOLVED

g; : In this section the population statistics are employed to
éi( normalize the discrepancy reports. The objective is to compute
é% the discrepancy rate per flight, a system performance parameter
i?' which allows comparison between various air carriers and among
;f aircraft.

 §§ The normalized discrepancy rate characterizing selected

g aircraft is listed in Table 2-11. These results are limited to
4 the five commercial aircraft most common in the region, as indi-
g: cated by the flight strip information., Since the traffic data

were collected over a seven day period while the discrepancy re-
ports reference a two week interval, a factor of two enters these

calculations. It is interesting to note the large performance
variation revealed by this chart, )

A

ASHON)
A

e

x
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s

Next, the discrepancy rate associated with the various air
; carriers was determined. This data is presented in Table 2-12,

for airlines with 75 or more flights through this region in a 7-
day period.

) AR P

(b BT
AN SR e

For a given type of aircraft, a variation in performance can
arise among different carriers. This deviation could be introduced
by such variables as the use of different transponder equipment
and varying maintenance procedures. In order to examine this phe-
nomena, the performance of aircraft listed in Table 2-1: was derived

4

oot A,
LR

-
LRk

Ei . . . . R .

% as a function of air carrier. The results are contained in Table

?? 2-13; computations were performed for those aircraft-carrier com-

ﬁ binations exceeding 20 flights per week as indicated by Table 2-10.

}, It is interesting to note the large variation in performance

% : suggested by Table 2-13. Among all aircraft, the hiyhest discrepancy
g é 50
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TABLE 2-11. BEACON DISCREPANCY RATE ASSOCIATED WITH SELECTED
AIRCRAFT
Facility: Salt Lake ARTCC

NUMBER OF
AIRCRAFT | DISCREPANCIES FLIGHTS*/2 | DISCREPANCY/FLIGHT
B-707 65 210 .154
B-720 34 73 .232
B-727 297 465 .318
B-737 15 102 .073
CV-580 23 90 .127
DC-8** 63 190 .165

* Flight information references a 7-day period while dis-
crepancy data covers two weeks

**Includes the DC-85 and DC-86

TABLE 2-12. NORMALIZED DISCREPANCY RATE OF SELECTED AIR CARRIERS
Facility: Sa.t Lake ARTCC

% NUMBER OF
CARRIER NO. FLIGHTS*/2 DISCREPANCIES DISCREPANCY/FLIGHT
AL101 77 35 .227

: AL102 456 223 .244 1
AL103 143 27 .094

g AL104 160 85 . 265

. AL108 98 106 .540

; AL111 91 21 115

i AL116 104 13 .062

f *Flight information references a 7-day period while discrepancy
data covers two weeks
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TABLE 2-13. NORMALIZED DISCREPANCY RATE BY CARRIER AND AIRCRAFT - :3
Facility: Salt Lake ARTCC ' -

CARRIER B-707 B-720 B-727 B-737 Cvs8o DC-8 - ;

AL101 .125 S

&

R
B ;
o
. . ool ;
[YTEINIRPNS ST R

LR N
o AL102 .322 .290 .161
AL103 .157 .078 ;

1 AL104 .191 .545 $
; i
4 AL108 .520 : E
“ AL110 .181
§ AL111 117 : -
¢ AL116 .083 .054 :

rate is associated with B727's operated by the carriers designated
AL104 and AL108. Strangely enough, the lowest discrepancy rate
involves another fleet of the B727; in this case, under the com-
mand of AL116. It would be useful to explore the differences be-
tween these aircraft in order to account for this performance

[

variation.
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3. ANALYSIS OF SURVEY RETURNS FROM LOS ANGELES ARTCC

The Los Angeles center handles an area which stretches from
the Pacific Gcean to as far east as Escalante, Utah; and is

bounded on the north by Tonopah, Nevada, and on the south by the
Mexican border (Fig. 3-1).

Within this region, beacon coverage ‘

is provided by six radar units. These are located ats; 1) San Pedro,

California, 2) Boron, California, 3) Las Vegas, Nevada, 4) Mt. Laguna,
California, 5) Paso Robles, California, 6) Cedar City, Utah.

In response to the survey, the Los Angeles Center sent in 456

reports. This group of replies was of particular interest due to

the high density of military aircraft in the region and the unique
problems caused by this situation.

3.1 ANALYSIS OF FAULT REPORTS (UNNORMALIZED DATA)

The discrepancy reports were first sorted on the basis of
aircraft mission. This analysis revealed (Fig. 3-2) that 36.5%

of the deficiencies invclved military aircraft, 57.7% commercial
carriers and 3.3% general aviation.

Next, the fault reports were grouped as a function of the

time of occurrencz. According to these results, (Fig. 3-3) th:

most severe problems arose in the morning, between 9:30 and
10:30 AM.

During this period, which coincides with the morning

rush hour, the discrepancy rate rzached a peak of 18 deficiencies
per hour.

After this time the fault rate steadily declined,
although a small peak (6.2 per hour) was experienced in the after-
noon. Between the hours of 7 PM and 7 AM, the number of faults
reported was negligible, undoubtedly reflecting the light air

§
f
g
%
K
L
¥
!

:

traffic during this interval. %
S
One surprising feature, assuming the traffic load were the 3

. - - - K]

; same, is that the fault rate recorded during evening rush hours (%
is a fractien of the peak during the morning. This could be ‘g
due to the’ fact that a different group of controllers were on §

4
3
3
%
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duty: and underscores the subjective nature of the manner in which
the data was obtained.

3.2 ANALYSIS OF FAULT REPORTS BY ERROR CATEGORY

An examination of the type of system degradation experienced
by the Los Angeles ARTCC was carried out and revealed that the
most frequent complaint was ring around/sidelobes (Fig 3-4). This
phenomenon was cited in 27.64% of the reports. Other problens,
in order of severity, are listed below:

TABLE 3-1 LOS ANGELES DISCREPANCY REPORTS BROKEN DOWN BY ERROR

CATEGORY
COMPLAINT %
Ring Around/Sidelobes 27.64
Target Broken/Intermittent/Chopped | 23.25
Target Lost Short Time 23.00
Ghosts/Reflections/False Targets 10.97
Target Lost Long Time 8.37
Target Too Wide 2.11
Other 1.46
Target Too Narrow 1.05
Target Never Acquired 0.89
Fruit 0.73
False Emergency Replies 0.32
Mode 3/A Code Incorrect 0.08
IDENT Malfunction 0.08
Altitude Readout Incorrect 0.00

59

SRR TR I, SEX YT

v o . AR AR T

ot et ot Y e e o oty oy R T R LSS £ o e b e T o eees o seses 2 e i e et e a0 ¥



R e e e 7

2014y so198uy soT ‘A108s93e) a0xxg £q sixodsy Adouedsadsig 30 UOIINQIIISIg ¢tp-¢ 21nd1g

sad Ay 4194340
suiil
Buon 6
siubin]
so
.o 1 asib4
19bJioL ‘suoijoefjay
%.LE°8 /sisoyo
% L6°01

swiy paddoy)
440U4S 1/ uowaagu)
is07 ‘uaroig
4abip )
jabiny
s8qojapisS
/
% 00 'S 2 . punouy buty
%S2'e?
Jojue) satabuy so :&§t1o04d %t9L2

60




5 mapy o

‘
i
¢

Comparing the above breakdown with the results from the Salt
Lake ARTCC, points up the large variation in operational problems
among facilities. For example, target broken/intermittent/chopped
was the most frequent problem at Salt Lake, accounting for 43% of
the complaints, whereas here it is down to 23.2%. In addition,
ring around/sidelobes has risen from 9.9%, the number four problem,
to become the most commcn form of system degradatior. (27.6%).
Finally, consider the situation with false emergency replies; this
phenomena constituted a serious problem in Salt Lake (7.7%) yet
the number of cases documented in Los Angeles is negligible (0.32%).

The error categories in Table 3-1 were subdivided on the
basis of aircraft mission (Table 3-2). It appears that for military
aircraft the most common deficiency is target broken/intermittent/
chopped. This is followed by target lost short time and ring
around/sidelobes. The distribution of complaints involving com-
mercial aircraft is quite different; listed first is ring around/
sidelobes, followed by target lost short time, and target broken/
intermittent/chopped.

3.3 ANALYSIS OF FAULT REPORTS BY ATRCRAFT INVOLVED

After ascertaining the nature of the ATCRBS problems ex-
perienced in Los Angeles, the next step was to determine the type
of aircraft involved in these reports. The results are plotted
in Figure 3-5 for the 10 aircraft most frequently cited. A B727
was involved in 19.2% of the complaints. This was followed by
the A-4 (14.5%), B707 (12.0%), DC-9 (8.1%) and DC-8 (4.5%).

Additional data is listed in Table 3-3. These results are
presented in the form of an aircraft fault report matrix, the use
of which was introduced in the previous chapter (Table 2-4). As
an illustration, the discrepancies associated with the DC-9 are
detailed in Table 3.4.

This 1list reveals that a high proportion of the reports involve
the phenomena of sidelobes or ~ing around. Since the ground inter-
rogators involved are equipped with sidelobe suppression, assuming
this feature is working properly, it appears likely the deficiency
originates with the aircraft transponder.
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FACILITY: LOS ANGELES ARTCC

>

TABLE 3-3 AIRCRAFT DISCREPANCY REPORT MATRIX
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3.4 SYSTEM DISCREPANCIES INVOLVING AIR CARRIERS

Attention was next restricted to the air carriers; these re-
sults are presented in Table 3-5. It should be noted, that for any
particular airline, the elements of the discrepancy array are
expressed on a percent basis. For example, AL108 was involved in
118 instances of system degradation. The deficiencies experienced
were distributed in the followine manner:

Ring Around/Sidelobes 37%
Ghcsts/Reflections/False Targets 14%
Target Lost Short Time 24%
Target Lost Long Time 7%
Target Brok~n/Intermittent/Chopped 18%

For each airline, the fault reports were further refined
in terms of the type of aircraft involved (Table 3-6). As an
illustration, the 193 malfunctions associated with AL104 refer
to a B-707 in 110 cases, a B-720 in 2 cases, B-727 in 64 instances,
and B-747 in 17 cases,

3.5 USE OF DEPARTURE INFORMATION TO NORMALIZE FAULT DATA

The above results can lead to misinterpretation since they
neglect the air traffic population. In orde. to take this variablz
into account and derive performance measures independent of the
traffic, it is necessary to employ population statistics to
normalize the data.

Un‘ortunately, air traffic population data is not available
directly. However, comprehensive records are maintained on de-
partures by air carriers? and it is possible to construct a
picture of the traffic in the Los Angeles region “rom this informa-
tion. It should be realized that this synthesis procedure is not
exact, since it does not take into account overflights. However,,
in 1971 overflights amounted to only 5% of the air carrier activity
handled by the Los Angeles ARTCCS, and the traffic picture derived
in this manner yields a good first order approximation to the
actual condition.
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Table 3-7 summarizes the departure information; the number
of flights is presented by airport and by air carrier. From this
data, it appears United Airlines (UA) has the largest number of

flights in this region, followed by Western Airlines (WA) and
Hughes Air West (RW).

By dividing the number of discrepancies involving the various
air carriers, by the number of flights during the period the

study was conducted, the number of faults per flight can be computed.

1n carrying out this calculation, the departure information listed

in Table 3-7 was multiplied by two to obtain the total flights

per year, and then divided by twenty-six to derive the number of
flights conducted within a two week interval (corresponding to the
duration of the survey). These results are shown in Table 3-8,
for airlines with 5,000 or more departures within the LA region.

It is interesting to note the large performance variation among
the carriers,

The airport activity information is broken down in terms of
aircraft type in Table 3-9; this data is derived from Reference 6,
Part 11, Table 4. Using these statistics, the system fault oc-
currence rate associated with various aircraft can be determined.

The results are contained in Table 3-10 for the most popular
aircraft.

Since a variation in performance can arise among similar air-

craft operated by different airlines, this phenomena was investigated
next.

Table 3-11 gives the discrepancy rate per flight as a function
of aircraft type and carrier. These results reveal a large varia-

tion in system performance for a given varicty of aircraft, where

the variable involved is the carrier. Foccusing, for example, upon

the DC-9, those aircraft operated by carrier AL108 are involved

in a high rate of discrepaacies, while similar aircraft operated
by AL121 are cited for relatively few beacon problems. The data
pertaining to the B727 reveals a similar situation, with the dis-
crepancy rate per flight extending over a range from .084 to .004.
This variation seems to suggest that the transponder equipment

and its maintenance are iamportant parameters in ATCRBS performance.
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TABLE 3-8 NORMALIZED DISCREPANCY RATE FOR SELECTED CARRIERS

Facility: Los Angeles ARTCC

CARRIER DISCREPANCY/FLIGHT
AL101 .028
AL102 .018
AL103 .007
AL104 .079
AL108 .083
AL109 .047
AL114 .045
AL121 .018

: TABLE 3-9  AIR CARRIER ACTIVITY WITHIN THE LOS ANGELES REGION IN
' 1971; BY AIRCRAFT TYPE

CARRIER B-707 B-720 B-727 B-737 B-747 bpC-8 DC-9 OTHER | TOTAL
AA 18,191 1,752 9,972 2,136 32,051
co 2,753 | 4,329 6,904 1,158 3,264 18,408
DL 469 7,572 L-100/
S88;
Ccvsso/2y 8,611
NA 2,318 232 4,518 7,068
RW 26,180 |F-27: 37,026
10,84¢
™ 17,641 7,209 1,330 Cv-880:| 28,848
2,668
UA 4,921 21,507 3,604 982 19,856 50,879
WA 1,601 |12,017 5,287 | 30,852 49,797
Total
Depariures 40,186 |23,019 ) 53,197 | 34,496} 6,307 { 31,952 | 29,444
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TABLE 3-10 OCCURRENCE RATE OF BEACON DISCREPANCIES FOR SELECTED
COMMERCTAL AIRCRAFT

Facility: Los Angeles ARTCC

NUMBER 0OF
AIRCRAFT | DISCREPANCIES TOTAL DEPARTURES |DISCREPANCY/FLIGHT
B-707 148 40,186 .047
B-720 37 23,019 .020
B-727 236 53,197 .057
B-737 26 34,496 .009
DC-8 €8 31,952 .027
DC-9 100 29,444 .044

TABLE 3-11 AIRCRAFT DISCREPANCY RATE PER FLIGHT;BY CARRIER AND

TYPE
Facility: Los Angeles ARTCC
CARRIER B-707 B-720 B-727 B-737 DC-8 DC-9
AL101 .012 .067
AL102 .023 .003 .019
AL103 .024 .014 .005S .005
AL104 .078 .014 .083
AL108 .009 .033 .084 . 215
ALLI09 .025
AL114 ) .016 .057
AL121 .015
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3.6 AIRCRAFT LOCATIONS ASSOCIATED WITH BEACON DISCREPANCIES

The discrepancy reports received from the lLos Angeles ARTCC
were next examined for geographical patterns. For this purpose,
computer generated plots were derived showing locations where
beacon problems were encountered. Rather than include six sets of
graphs, one for each radar site feeding the center, only the results
pertaining to the Mt. Laguna interrogator will be presented.
Mt. Laguna was selected for inclusion since it was listed in a
majority of the fault reports. In the plots which follow, range
and azimuth will be referenced to this site; i.e. latitude 32°51'33",
and longitude 116° 24' 51".

The problems of ring arounl and sidelobes are addressed in
Figure 3-6, while the deficiencies of ghosts, reflections and false
targets are covered in Figure 3-7, From this latter graph it ap-
pears that the phenomenon of reflections is most severe at the
following azimuth positions: 20°, 45°, 290°, 350°.

Locations where targets are lost for short periods of time, while
traveling straight and level, are shown in Figure 3-8; similar

information is presented in Figure 3-9 covering the case of targets
lost for a long period.

The phenomena of broken, intermittent or chopped targets is
described next; Figure 3-10 is restricted to military aircraft,
Figure 3-11 to commercial carriers and Figure 3-12 to general aviation
It should be noted that this represents the major error category
for military aircraft (Table 3-2). Finally, the discrepancy of
false emergency alarms is deali?l with in Figure 3-13.

In crder to interpret these plots, knowledge of the air traffic
patterns in the vicinity of the Mt. Laguna site is invaluable. The
low altitude airways are illustrated in Figure 3-14 and the high
altitude routes described in Figure 3-15.

The following traffic picture emerged from a recent private com-
munication:#

The Mt. Laguna sector handles a large volume of commercial

*Mr. Ruben Salazar, Area Specialist, Los Angeles ARICC
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Figure 3-14

Low Altitude Alrways
in the Eegion of the
Mt . Laguna Radar Site
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traffic heading to and from the Los Angeles airport from the east.
A common route is the folloving: from LA to the Seal Beach VORTAC
(SL1), then along V64 to Thermal (TRM) and direct to Parker (PKE)
or Blythe (BLH).

A furtker source of commercial traffic arises from the flights
involving the San Diego International Airport. Traffic between
San Diego and Los Angeles moves southbound along V25, and heads
north along V23. Flights arriving from the northeast often ap-
proach San Diggo via the Parker fix, going cstraight to Julian (JLI)
and then direct to the airport. Arrivals from points further south,
such as Phoerix and Tucson, usually approach by way of Yuma, flying
J-2 into Samn Diego. Outbound flights transit the above routes in
reverse order.

In addition to the com=ercial flights, the Mt. Laguna site
handles a heavy concentration of military traffic. Much of this
activity is associated with the Miramar Naval Air Station, and the
Marine Corps facility at El Toro. However, there is also signifi-
cant activity generated by some of the other military installations;
these include the March AFB, Edwards AFB, Camp Pendleton MCALF
and the naval facility at E1 Centro.

A comnon departure route from E1 Toro is southeast towards
Julian, then direct to Izperial where J-2 is intercepted. Another
popular path heads direct to Thermal, and then on towards Parker
or Blythe.

Many of these air routes are shown in Figure 3-16, super-
imposed upon the locations where problems of sidelobes or ring
around were experienced. As expected, there is a close cor-
relation between the two plots. It should also be noted that a
minimum of air activity occurs south of t.ue radar site, due to its
close proximity to the Mexican border (25 miles).

Figure 3-14 points up an important characteristic of the air
traffic environment in this area, namely the concentration of
ground interrogation stations. Some of the beacon interrogators
located within 150 miles of the Laguna site, are operated

by the following facilities: Los Angeles International Airport,
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San Diego Airport, Long Beach Airport, Miramar NAS, El1 Toro, Camp
Pendleton, March AFB, Marine Corps Air Station Yuasa, Norton Air
Force Base and George Air Force Base. In view of the large number
of interrogators, it is not surprising to find a problem of over-
interrogation as reflectesc in the high incidence of broken targets
documented by the survey.
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B, ANALYSIS OF SURVEY RETURNS FROM LAREDO AFB,
NEW YORK ARTCC, AND MIAMI ARTCC

Aside from the Salt Lake and Los Angeles facilitiec, the
largest number of returns was received from the Laredo AFB, which
sent back 277 fault report forms. The next largest group was
received from the New York Center (158 replies) and the Miami
ARTCC (158 replies). Since the operating conditions vary greatly
among these facilities, it was felt that it would be informative
to present and compare the problems at these sites.

4.1 LAREDO AIR FORCE BASE

The returns from the Laredo AFB are analyzed first. A
distribution of the discrepancy reports on the basis of error
category is given in Table 4-1, while this data is sorted by air-
craft type in Table 4-2, It appears that all the reports refer-
ence two kinds of military aircraft which are used for flight
training, namely the T37 and T38.

Lost targets represent the maior complaint, accounting for
71.1% of the deficiencies, Broken, intermittent or chopped tar-
gets is cited next (17.4%), while the remaining error categories
are involved in only 11.4% of the discrepancies.

4,2 THE NEW YORK ARTCC

The New York Center receives data from three radar units,
These are located at New York (Kennedy Airport); Benton,
Pennsylvania; and Trevose, Pennsylvania. The JFK and Trevose
installations are equipped with model ATCBI-3 interrogators and
. have sidelobe suppression. However, the Benton site employs the
older UPX-14 interrogator, and remains to be upgraded with the
SLS feature.

A breakdown of the discrepancy reports by error category is
given in Table 4-3. The most serious problem is that of lost
targets, which represents 50.7% of the complaints. Broken target-
slash is listed second (19.2%), followed by ring around/sidelobes
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(9.2%) and IDENT malfunction (7.3%). As expected, ghosts and

reflections are a common phenomena, occupying 5.0% of the veports,
in contrast to 1.8% at the Salt Lake Center.

NIV L AR AN TN TR FAER

I

The error categories are refined by aircraft mission in
Table 4-4; 40.0% of the reports involved general aviation, 33.4%
commercial carriers, and 7.3% military aircraft. In the remaining
19.2% of the returns the aircraft I/D was unknown.

SRRV ATAN

The beacon discrepancies are listed by aircraft type in
Table 4-5 and this data is illustrated in Figure 4-1. An unusual
feature of this chart is the preponderance of smaller airplanes;
included among the top ten aircraft are the Beech King (BE90),

Beech Airliner {(BE99), Piper Navajo (PA31), Cessna 421, and Beech
Barop {(BE5S).

Problems involving air carriers are addressed next., Table
4-6 contains a distribution of carrier discrepancy data by error

category while this information is expressed in terms of aircraft
1 type in Table 4-7.

4.3 MIAMI ARTCC

The returns from the Miami Center were processed in the same
manner as those from New York. These results are given in
Tables 4-8 through 4-12. In addition, the distribution of dis- i
crepancy reports by aircraft type is presented in Figure 4-2,

It is useful to compare the problems experienced at Miami

: with those of New York and Laredo. At each of these facilities
lost targets represent the most common deficiency, followed by
broken or intermittent target-slash. The discrepancy of sidelobes
or ring around is listed third for Joth New York and Miami while
target never acquired occupies this position at the Laredo AFB.

In view of the vast differeace in the air traffic population en-
countered at these sites, it is interesting to find that the com-
plaints follow the same general pattern.
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AIRCRAFT DISCREPANCY REPORT MATRIX

TABLE 4-10.
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*For key to error code abbreviations see Table 3-4.
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5. OVERALL SYSTEM PROBLEMS

In order to obtain a picture of the overall system probliems,
the returns from all the facilities were grouped together for
analysis. The collective replies were first examined on the basis
of aircraft mission (Fig. 5-1); this revealed that 43.7% of the
discrepancies involved air carriers, 35.9% military aviation and
15.1% general aviation. In the remaining cases, the target was
either a helicopter, 0.3%, or the aircraft identification was not
reportec.

5.1 ANALYSIS OF FAULT REPORTS BY ERROR CATEGORY

The survey returns were next sorted in terms of the error
categories; this data is contained in Table 5-1 arnd illustrated
in Figure 5-2,

The most common form of system degradation, accounting for
24.0% of the complaints, was the loss of a target for a short
period of time. This is followed by the deficiencies of target
broken/intermittent/chopped, 21.3%; ring arouad/sidelobes, 18.3%;

target lost long time, 15.5%; and ghosts/reflections/false targets,
9.0%. ‘

Since target loss represents the number one problem, it is ]
worthwhile to focus attention on this deficiency. Examining the
circumstances under which this discrepancy occurred, reveals tha.
when the loss was of short duration, the target was traveling
straight and level in about half the cases (49%), while in the
remaining instances it was manuevering (51%). With regards to
target loss for a long period, in 58.7% of these reports the
target was heading straight and level, and was maneuvering for the
remainder(41.3%). Combining the above groups enables the
phenomena of lost targets to be divided in the following manner:

Target lost while traveling straight and level: 20.6%

Target lost while maneuvering: 18.5%.

The occurrence of target loss while an aircraft is traveling
straight and level, which represents 20% of the total deficiencies,
can be attributed to nulls in the elevation pattern of the
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interrogator antenna. The second ferm of degradation, the loss of

coverage associated with a maneuvering target, arises from shield-
ing of the transponder antenna by the aircraft frame.

It is useful to compare the results in Table 5-1, with find-
ings of the 1968 ATCRBS survey; these are reproduced from Refer-

ence 1 and are presented in Table 5-2. Before any comparision can
be made, it is necessary to convert the deficiencies listed in
Table 5-2 into the error categories employed for this study. This
involves grouping ring around/ringing and sidelobe response; false
targets and ghosts; broken slash, split target and intermittent
target; etc. The problems referred to as target fade, and target
lost for___ miles, belong under the heading of lost targets. How-
ever, it is impossible to know if the loss described occurred for
a long or short period of time, and therefore, it is necessary to
merge these two categories under lost targets. Carrying out these
operations, the data from the 1968 survey can be expressed in the
following manner;

Ghosts/False Targets: 25.6%
Ring Around/Sidelobes: 19.0%

Target Broken/Intermittent/Split: 17.7%
Lost Target: 13.8%

Comparing the above results with the findings of the present
survey (Table 5-1), points up most succinctly the impact of side-
lobe suppression and improved sidelobe suppression on the operation
of the beacon system. There has been a sharp decline in reports
of false targets, with the result that this deficiency has shifted
from the number one complaint to a minor position. Simultaneously,
the number of occurrences of ring around/sidelobes has been re-
duced, so that this discrepancy is now listed third. With a de-
cline in false targets and ring around, other error categories
have assumed new importance; currently the most serious problems

are those of lost targets and broken or intermittent targets.

The data in Table 5-1 were refined by subdividing the dis-
crepancy reports on the basis of aircraft mission; this information
is presented in Table 5-3 and illustrated in Figures 5-3 through 5-5.

111

e e 3 TS

B




GEVON I R G S
B N S A
.
s

i
ety
B

asuodsey Aaning Te3OL WOXF PaATIaQ ¢A10803e) 1011y 4q
3FeadX1y A2e3ITTTW Sutatoauy s3zoday AdouedsxdSTg FJO UOTINQTAISIA °*€-S aand1y

saddiy 494t Q
e s8qojopis
mm /punoly
w Buiy
i1 %bb €l
r o suwny o
7% .m OCOI— ~
%H 1s07
W& 1. 513} peddoyd
& Auatiiuiieuy
m . fuanoig
s %09°02 tebipy —
& %0212 .
T t10ys
O, $4$s07)
AWWW jabio])
\MM~
W. %96°L2
WWM%_M.W :
ﬂ,ﬁ_ % i
i !

e m e e ae sk b R e A g R < S




BlB(] [T€ wOlJ paaraag {4LA1o8a3e) aox1g £q

5

N e

saatraen IBIdIaWwO) Ruialjoau, sixoday A-uedaadsTg FJO UANTINGTIISIQ °*H-§ aIndrg
sadfl 43440
awit]
bueq $3904D]
4s07 9siD4
430401 | souoinaijey
%9356 /sisouo
%04
\
swty
dd04sg
ison
19640 s9qoi’pis peddoy)
“%8¢°02 /punouy |/Ziudjiwiay)
buiry /uanoulg
%1622 4abin}
%2L0'b2

113

o oA R




BlEQ TT(e WOoXJ paAtxaq (4Lxo08a31e) io0xag 4q

UCTIBTIAY [eJI8ud9 Butayoau] sixodsy Aouedsiastg JO uUOIINGrIISIq °§-§ |xIndig
sadkl 49440 sjebioy
S|4y
/suoijoajjey
/s3s0yo
% G8°S
paddoy)
i Auajgiiuilauj $9q0[8pIS
/uaxosg
6101 /punoiy
1984 bury
%28°Gl . . ausy]
7 86°Gl Buoq
isoq
2bi0)
LA RN T
ji0
%bv8ie ,ymuw
t9d10)
%2e'82

114




raste

PR TR

o ad

TABLE 5-2. SYSTEM DEFICIENCIES REPORTED IN 1968 ATCRBS SURVEY

NUMBER OF DEFICIENCIES¥*

TYPE OF DEFICIENCY

2927
2268
1255
803
611
398
381
374
341
314
308
282

220
158
145
143
133
130
121

False targets

Ring around/ringing

Broken slash

Lost beacon target

Split target

No beacon return

Target fade

Interrittent target

Lost target for.__ miles
Weak or fuzzy target/signal

Ghosts

Target lost or bad at one facility
but good at ancther

Lost target for sweeps

Blooming targets
Wrong code

Beacon ground failed
Sidelobe response
Beacon out of focus

Certain codes not coming through

*Cutoff at 100
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Among air carriers, the major deficiency experienced nation-
wide is broken target-slash. This is followed by ring arcund/
sidelobes and target lost a short time. With military aircraft
the most commcn complaint is target lost a short time. Listed
next is broken target-slash, followed by target lost a long time,
and ring around/sidelobes. Focusing on general aviation the
deficiency distribution is domin:.te< by lost targets; the order of
complaints bs:ing target lost short time. :.iget lost long time,
ring around/sidelobes, and broken tusget-slasa.

5.2 ANALYSIS CF FAULT REPORTS BY AIRCRAFT TYPE

The survey returns were next examined for the type of aircraft
involved in the instances of degradation. These results are
plotted in Figure 5-6, which is limited to the ten aircraft most
frequently cited. A B-727 was listed in 16.4% of the reports;
this is followed by the T38 (7.0%), B-707 (6.6%), DC-9 (5.1%),

A4 (5.0%), DC-8 (3.9%), F4 (2.5%), B-747 (2.1%), and B-720 (2.0%).

An analysis of the discrepancies associated with each of ‘
these aircraft is contained in the Fault Report Matrix, Table 5-4. 1
Focusing attention on the B-727, for example, the mcst common com-
plaint was broken target-slash (cited in 194 reports). In addition,
the data reveals a significant number of cases of ring around (130).
The information in Table 5-4 is reproduced in Table 5-S with the
distinction that the discrepancies associated with each aircraft
are now expressed on a percent basis., It is felt that this format
should make it easier to examine the performance of any aircraft,
and should make any deviation from the norm more apparent.

5.3 SYSTEM DISCREPANCIES ASSOCIATED WITH A(R CARRIERS

Attention was next shifted to the air carriers and the de-
ficiencies associated with this group were examined. An analysis
of the discrepancy reports by carrier is contained in Tabtle u-6
for airlines involved in five or mcre deficiencies. This in-
formaticn is refined on the basis of the aircraft involved in
the reports (Table 5-7). It must be emphasized that this data

e S g —— .~ T it 4
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is unnormalized, and does not take into account the number of
flights by the various carriers or the type of aircraft employed.
/s a result it is not as significant as the normalized dis-
crepancy rate computed previously, for the returns from

the Salt Lake and Los Angeles Centers.

5.4 REVISED SURVEY-QUESTIONNAIRE FORMAT

At this point it is worthwhile to reflect upon the format
employed for the survey questionnaire and consider ways in which
it could be improved for future usage.

First, it appears that a majority of the complaints invelved
only five error categories; it would be desirable to locate these
deficiencies in a prominent position on the form. On the other
hand, several discrepancy codes were rarcly checked off, and
should be eliminated or merged with other problems.

It is useful to consider the reasons for conducting any

future performance study and tailor the questionnaire to this need.

In view of the present findings, it is reasonable to assume that
any subsequent survey will wish to focus attention oan the defi-
ciency of lost targets, and investigate the circumstances under
which this phenomena occurs. To facilitate this task the report
format should be expanded to include such factors as aircraft
altitude and weather conditions, since these parameters bear
directly on the problem.

An example of a questionnaire which meets the above require-
ments is illustrated in Figure 5-7.
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SUGGESTED REVISED SURVEY FORMAT

1) Facility Name

2) Traffic Count

2) Radar System

4) Date/GMT

3) Target Aximuth =

6) A/C ID

/Range =

nmn/Elevation = ft.

7) A/C Type

3) Weather Condition: I clear;[::jlight rain;[::]heavy rain;

at radar site:

Discrepancy Code: (check off)

l lRing around or sidelobes

[:::]Ghost or false targets

Target Lost Short Time
[::] straight and level

[:::]1naneuvering
[::] Target toc wide

Figure 5-7.

[:::]Target broken or intermittent

[:::]False emergency alarms

Lost Targets

Target Lost Long Time

[::] straight and level

[ ] maneuvering

[:::] Target never acquired

l Squawking wrong code

[:::] IDENT malfunction

Revised Survey-Questionnaire Format
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b, SUMMARY

The ATCRBS performance survey described in this report is
based on controiler reported data secured in 1971 pertaining to
operational problems experienced with the radar beacon systen.
This study :eprese«Zs an important diagnostic te~1 for assessing
system deficiencics and focusing attention upon .aeir elimination.

In 1968, the first nationwide survey was conducted and re-
vealed that the most common forms of system degradation were false
targets and ring around. As a result of these earlier findings a
program of improvements was initiated which included sidelobe
suppression, improved sidelobe suppression, and a reduction of
interiogator power levels, A follow-up study was undertaken in
1971 to determine the impact on system performance of the above
modifications. This test began on 27 November 1971 and lasted for
two weeks. Participation was limit¢ed to 36 facilities which were
considered representative of the entire system; controllers at
these sites were asked to documen% instances of system degradation
by noting on a questionnaire the .ature of the malfunction.

In response to the survey a total of 2426 discrepancy reports
were filed. Of these, 1772 were from FAA enroute and terminal

facilities while the remainder (654) represent military installa-
tions.

The deficiency data were first analyzed on the basis of error
category. The most common problem cited was the loss of a target
for a short period of time, a complaint referred to in 24.0% of the
returns. The disc.epancy of broken target slash was listed next
(21.3%); followed by ring around (18.3%); target. lost long time
(15.4%); false targets (9.0%); target too wide (2.3%); target
never acquired (1.8%); false emergency reply (1.6%); IDENT mal-
function (1.6%); target too narrow (1.3%); fruit (0.9%); and mode
3/A code incorrect (0.2%).

Combining the error categories involving lost targets re-
veals that 20.6% of all fault reports describe the loss of cover-
age for aircraft traveling straight and level, while 18.5% refer
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to a similar problem with maneuvering aircraft. The first effect

is caused by nulls in the elevation pattern of the ground antenna
4 and the second phenomena is induced by fuselage shielding of the

transponder antenna during maneuvers. In this respect, the survey

e¢sults provide a quantitative measure of the relative degradation
arising from these sources.

The main conclusion which emerges
from the above findings is tlLe need to improve the interrogator

0 et 1% ot e o o T e A
AL o W vt il Ny g S5 T
gt s SSCE R LU A A A A

pattern, and consider the use of some form of diversity antenna
F for transponder power radiation.
After determining the nature of the beacon system discrep-
ancies, the returns were sorted for the type of aircraft involved
¢ in these incidences. A B-727 was listed in 14.4% of the reports.
i This was followed by the T38 (7.0%); B-707 (6.6%); DC-9 (5.1%);
2 ! A4 (5.0%); DC-8 (3.9%); F4 (2.5%); B-747 (2.1%); and B-720 (2.0%).
ga The data were further reduced by dividing the reports
‘? ! associated with each aircraft on the basis of error type. This
:QA E information is presented in the form of a discrepancy report
f‘ % matrix which summarizes the performance of each aircraft. Use of
’% % this matrix allows the fault reports to be readily interpreted in
»g‘ § terms of problems arising from the site, the interrogation en-
: 1 vironment or improper transponder operation.
B>

Fur instance, a high
1 percentage of complaints involving reflections suggest a deficiency

in the site location, while problems of ring around indicate in-
b correct functioning of the sidelobe suppression circuitry.

Attention was focused on the air carriers and the discrep-
ancies associated with this group.

Nt

CHENs,

In order to normalize the

deficiency reports, a knowledge of the air traffic population 1s
required.

e

As part of this effort, air population statistics were
derived for two enroute centers; in the case of the Salt Lake

A ARTCC, this information was extracted from flight progress strips, ~
EE . . .
H and for Los Angeles from departure information. The normalized 2
2 performance data obtained in this manner showed a significant i
& variation among the air carriers, and among the various aircraft. k
1 Surprisingly, similar aircraft operated by different carriers 2
A showed a large performance span. It was not the intent of this §
P ;
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survey to conduct a competitive evaluation of either ground or
airborne equipment. To prevent competitive use of the results it
has been deemed apprcpriate to report air carrier data by code.

In addition to assessing the overall system problems, the
controller reports were examined on a site-by-site basis. The
returns from each facility, which supplied more than a certain
minimum number o€ replies, were sorted on the basis of error
category and 2ircirsft type. To complement this effort, an in
depth study was ce 'ried out that focused on the five installations

with the largest data base. This analysis revealed a wide varia-
tion in operational problems among ATC facilities. For instance, ;
the Salt Lake Center cited broken targets as the most prevalent .
deficiency, and also documented numerous instances of false
emergency alarms. In contrast, the Los Angeles Center described
ring around as the number one problem, with practically no cases
of false alarms. On the east coast the situation was quite dif-
ferent, with lost targets the dominant discrepancy reported by the
New York Center, and false targets a prominent factor. The im-
plication of these results is discussed further in the text.

In the course of processing the survey returns it becane
apparent that this form of data acquisition suffers several short-
comings, and suggestions for improvement of future studies are
offered herewith. First, controllers experiencing the most
severe problems are least likely to fill out the fault reports,
thus introducing an optimistic bias into the results, In addition,
the response is subjective so that two controllers observing the
same phenomena might report it differently. A suggested method of
eliminating these factors would be to employ an independent group
of observers to monitor scopes and tabulate deficiencies,

Looking further into the future, it would be desirable if
the performance test were completely automated; this would elim-
inate the bottleneck imposed by the current data acquisition and
reduction process, and make the results more immediately available
for corrective action. One way of rcalizing such a real-time
monitoring function would be by adapting the software available

130

L am
U muxwmmn«ﬁ&i@éi

e S D i gty 5 S

oy > - P Profed sumy e yna o SO0, Lt W
i, ot R RSN O [ 7 8 B




ir _he ATC processor. For example, the ARTS system incorporates
cata extractor programs which could perform this function. A
sescond recommendation thus is that the ATC system modifications
required to perform automatic performance monitoring be defined,
and that all future systems incorporate such a feature.

Finally, as their participation in the survey imposed an
extra burden on the controllers, they should be made aware of the
end results of their efforts. The findings of this study and any
actions arising out »f it should be brought to their attention,
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/. CONCLUSIONS AND RECOMMENDATIONS

The ATCRBS performance survey provides an important diagnostic
tool for assessing the operational problems of the beacon system.
As such it pinpoints weak areas, thereby indicating the direction
in which efforts should be undertaken to improve performance.

A similar survey was coaducted in 1968 and revealed that the
most common forms of degrada.ion were false targets and ring
around. Since that time the system has been upgraded through the
extensive introduction of sid»>lube suprression, and improved side-

lobe suppression. The impact of *his program is apparent and

demonstrated in the present repot. There has been 2 sharp de-
cline in reports of false targets a~Jl tnis deficiency is now

listed fifth. Simultaneously, the problem of ring around has de-
creased in severity and is now cited third.

As improvements in the system reduced the occurence of the
above forms of degradation, other error categories assvmed new
importance. The present survey indicates the most frequent
beacon problem is target lost for shkort time (24.0%); broken tar-
gets are cited next (21.3%), followed by ring around (13.5%),
target lost a long time (15.4%), and false targets (9.0%).

Since lcst targets represent the most serious probiem, the
circumstances under which this deficiency occurred were examined.
This analysis revealed that 20.6% of the fault reports describe
the loss of coverage for targets which are traveling straight and
level, while 18,5% involve an aircraft that is maneuvering. The
first problem can be traced to the poor elevation pattein of the
interrogator antenna, with its attendant nulls and cone of
silence; the secciii form of degradation is attributed Lo the

shielding of the transponder antenna which often acccmpanies air-
craft maneuvers.

The returns indicate that the discrepancy of broken, inter-
mittent, or chopped target-slash has assumed significant importance.
This phenomena arises from two main sources; overinterrogation and
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the switching between top/bottom antennas on military aircraft,

In view of the ATCRBS deficiencies documented by the survey,
the following course of action is recommended:

1. The interrogator antenna should be upgraded to improve
the elevation pattern.

2. The adoption of adiversity transponder antenna should be
considered to eliminate coverage loss during maneuvers.
In line with this idea, a cost/benefit study should be
carried out to determine the impact of such a program.

3. The FAA should continue its policy of monitoring the
beacon environment, with a view to limiting the number of
ground interrogators and reducing transmitter power to
the minimum level required for adequate coverage.

As part of the study, aircraft population statistics were
employed to normalize the discrepancy data. In this manner, the
discrepancy-rate-per-flight was computed, so that the beacon per-
formance nf various air carriers and aircraft could be compared.
This computation revealed a significant variation in discrepancy :
rate among the air carriers, and between different aircraft. Even
among similar aircraft operated by different carriers, the per-
formance spanned a l.rge range. In order to reduce this deviation,

it is suggested thz transponder maintenance procedures by
tightened.

At this poiat, some comments are in order concerning the
manner in which the survey was conducted. This form of data
acquisition appears to suffer from the foilowing major deficiencies:

YN

1. Controllers experiencing the most severe beacon problems :
are those least able to fill out fault reports---this
introduces 2n op:inistic bias into the data.

P xRS

2. The response is subjective, so that two controllers
observing the same phenomena might report it differently,

i A

‘ To eliminate these factors it is suggested that as part of
any future survey an independent group of observers be employed to

133

- 4




Ry

o - ST R e g P T ST WKL TR R IR
e NN AN TRV SRR P T AT e Gy P TMATAT L N # oanrE Ry TR T s e
o s meTvTY TRV AN TR AT Koy e L P

T ede &
s o

< e

monitor the radar scopes and tabulate discrepancies. Opre way this
might be accomplished would be to concentrate on major ATC sites
experiencing problems considered representative of the entire
system. At these facilities, system performance should be ob-
served for a minimum period of one week, since this covers the
basic traffic cycle. If greater confidence in the data were de-

T4 e —— S AR A 1 S et

sired the test duration time could be extended accordingly.

A revised fault report questionnaire has been prepared for
use in any future survey. The updated format is geared to the dis-
crepancies .revealed by the current survey; therefore, some error
categories have been deleted and others merged. In additiorn, such
parameters as aircraft altitude and weather conditions have been
added since they bear directly on the problem of antenna nulls.

In processing the survey replies it became apparent that the
bulk of the time was consumed transferring the data from question-

naires to IBM cards. To eliminate this bottleneck it is recommend-

ed that any future performance study be automated. This could be !
accomplished through the use of special forms and magnetic pencils, '
or by direct entry of the data via smal" desk cunsoles for the

observers., This latter technique would reauily allow for the

simultaneous acquisition of traffic data necessary to normalize

the deficiency reports. Looking furthe- ghe=zd, the ideal solution

would be to adapt the software logic already available in the ATC

processor for automatic performance monitoring. As an example,

the ARTS system incorporates data extractor programs which could

be employed for this purpose. It is recommended that the software
modifications required to perform performance monitoring be de-

fined, and that all future ATC systems incorporate some form of

this feature.

Finally, the controllers who participated in the survey
should be made aware of the end result of their efforts. The
findings of this study, and any actions arising out of it should
be brought to the attention of this group.
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GLOSSARY OF TERMS

Air Carrier - An aircraft certified by the FAA for the purpose of
carryiag persons or goods for hire on an established airway.

The term also applies to an organization operating an air
carrier.

Airframe - The main body of an air vehicle which is in contact

with the air. Thus it does not include the propulsion system,

or control and guidance equipment.

ATC trocessor - General purpose processor performing the target
detection, code validation, and center marking functions for
the terminal area beacon systems.

»

Beacon System - A system of electronic equipment that automatically

transmits a reply message whenever an interrogation signal is
received.

Ccntroller - Individual providing instructions maintaining
separation of aircraft and other instructions to aircraft

participating and receiving traffic separation service from
the ATC system,

Decoder - The device in the beacon system video circuit between the

receiver and the rader display used to decipher signals

received from replying transponders. Codes are selected for

deciphering by means of a control panel at the controller's
position,

Defruiter - Device that deletes random asynchronou- replies from
the video input by comparing video signals on successive
sweeps.

False Emergency Replies - A non-emergency reply code from the

transponder that has been modified prior to entering the
ground decoder by the presence of an extraneous pulse or

pulses causecd by fruit, reflection or overlapping reply codes.

Telse Targets - Erronecus :arget returns appearing on the Control-
ler's display at incorrect azimuth and/or range due to re-
flections, fruit or overlapping reply codes.
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Fruit - Random asynchronous replies elicited by interrogations
from other ground stations.

Interrogator - A radar set or other eicctronic device that trans-
mits an interrogation.

Mode 3/A code - Specific beacon code used to identify civil and
military flights.

Reflections - False signals caused by interrogations or replies
tha ave reflected from ground objects such as hangars,
buildisg.. fuvers, or hills.

Ring Around - Tic rriggering of a transponder at all bearings by
antenna side-lobes causing a ring presentation on a PPI display.

Sector - An FAA sector is a geographic area limited to altitude,
assigned to a controiler to exercise control and advisory
responsibilities. An Air Defense Center Sector is a
geographical area under surveillance of a unit of the
Air Defense Command. An Air Defense Sector is much largey
than an FAA sector. An ARTCC geographic area is of ap-
proximately the same size as an ADC Sector.

Transponder - An airborne radar beacon receiver-transmitter which
autematically receives radio signals from all interrogators
on the ground and which selectively replies with a specific
reply pulse or pulse group only to those interrogations being
received on the mode to which it is set to respond. |

For a more extensive glossary of air traffic terminology see
"NAS glossary Acronyms", by A. T. Pezza, MITRE Report WP-8124, !
Sept. 71.
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AIR CARRIER CODES

American Airlines, Inc.
Allegheny Airlines, Inc.
Alaska Airlines, Inc.
Braniff Airways, Inc.
Caribbean-Atlantic Airlines, Inc.
Chicago Helicopter Airways Inc.
Continental Air Lines, Inc.
Delta Air Lines, Inc.
Eastern Air Lines, Inc.
Frontier Airlines, Inc.
Flying Tiger Line Inc., The
Hawaiian Airlines, Inc.
Kodiak Airways, Inc.

Los Angeles Airways, Inc.
Mohawk Airlines, Inc.
Naticnal Airlines, Inc.
Northeast Airlines, Inc.
North Central Airlines, Inc.
Northwest Airlines, Inc.
New York Airways, Inc.

San Francisco § Oakland Helicopter Airlines, Inc.
Ozark Air Lines, Inc.

Pan American World Airways, Inc.

Air West

Piedmont Aviation, Inc.

Aspen Airways, Inc.

Airlift International, Tnc.

Reeve Aleutian Airways, Inc.

Hughes Air West

Seaboard World Airlines, Inc.

Southern Airways, Inc.

Trans Caribbean Airways, Inc.

Tag Airlines, Inc.

Aloha Airlines, Inc.

Texas International Airlines, Inc.

Trans World Airlines, Inc.

United Air Lines, Inc.

Western Air Lines, Inc.

Wien Consolidated Airlines, Inc.

Western Alaska Airlines, Inc.
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CIVIL/MILITARY AIRCRAFT TYPE DESIGNATOURS?

Designator

B50
B52
B57
B58
B66
B75
B377
B707

Decode

Name

Skyraider
Skywarrior
Skyhawk
Vigilante
Intruder
Corsair 1I
Model A7D
Dragonfly
Yankee
Patriot

Turbo Commander
Darter (100/150)
Commander (200)
Jet Commander
Commander (500)
Commander (520)
Commander (560)
Ggyand Commander
Alt-Cruiser
Huey Cobra

AN12

Pregnant Guppy
Super Guppy

Mini Guppy

Mini Guppy Turbo
Chief/Super Chief
Sedan

Aeronca Champion
Ansom/Federal

Mitchell
Invader
Tornado
Stratojet

Super Fortress
Stratofortress
Canberra
Hustler
Destroyer
Stearman
Stratocruiser
Intercontinental
707/100/200/
300/400

Manufacturer

McD/Douglas
McD/Douglas
McD/Douglas

No. American
Grumman
Ling-Temco-Vought
Ling-Temco-Vought
Cessna

American Aviaticn
American Aviation

Aero Commander
Aero Commander
Aero Commander
Aero Commander
Aero Commander
Aero Commander
Aero Commander
Aero Commander
Aero Commander
Bell

Antonov

Aero Spacelines
Aero Spacelines
Aero Spacelines
Aero Spacelines
Aeronca
Aeronca
Aeronca

Avro

No. American
McD/Douglas
No. American
Boeing

Boeing
3oeing
Martin
Convair
McD/Douglas
Boeing
Boeing
Boeing

*Contractions," Report 7340.C, Department of Transportation, Air
Traffic Service, February 1972
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Designator

B720
B72C
B727
B737
B747
BA10
BAl1l
BA1S
BESS
BE17
BE18
BE23
BE33
BE35
BE36
BE45
BESO
BESS
BE60
BE65
BE8O
BEES
BESO
BE95
BE99
BL14
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] BL26
BN2

BR10
BR31
BR75
BT6S
BT10
BU20
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Name

Stratoliner 720
Model 720B
Model 727
Model 737
Super Jet 747
BAC VC10
BAC 111
BAC Super
Super H18
Staggerwing
Twin Beech 18
Musketeer
Bonanza
Bonanza 35(V-Tail)
Bonanza 36
Mentor
Twin Bonan:za
Baron
Duke 60
Queen Air 65/A65/70
Queen Air 80
Super Queen Air 28
King Air 90/10¢
Travel Air
Airliner
Cruisair Sr./
Cruisemaster
Viking
Brittor-Norman
Islander
Britannia 100
Britannia 310
Britannia 175
Model 206S
Airdale
Bushmaster

Trader
Greyhound
Model 404
Galaxy (C5A)
DC-9

Cessna 140
Twin Beech 18
Commando CW20
Skytrain
Skymaster
Locestar
Stratocruiser
Super DC3
Liftmaster
Flying Box Car
Cessna 120
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Manufacturer

Boeiny
Boeing
Boeing
Boeing
Boeing
British Acft.
British Acft.
British Acft.
Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech

Beech
Bellanca

Bellanca
British

Bristol
Bristol
Bristol
Beagle
Beagle
Aircraft Hydro-
Forming
Grumman
Grumman
Martin
Lockheed
McD/Douglas
Cessna
Beech
Curtis-Wright
McD/Douglas
McD/Douglas
Lockheed
Boeing
McD/Douglas
M:D/Douglas
Fairchild-Hiller
Cessna
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Designater

C121
C123
C124
C130
€131
C133
135
C137
C140

CH10
CH40

CL44
CL66
CM48
CPO7

VLY S 22

By

Name

Warning Star
Provider C123
Globemaster
Hercules
Liner/Samaritan
Cargomaster
Stratolifter
V€37

Jetstar
Starlifter

LTV Hiller-Ryan
Cessna 150
Cessna 170
Skyhawk

Skylark
Cardinal

Cessna 180
Skylane/Super Skylane
Skywagon
Agwagon

Cessna 190
Cessna 195
Cessna 205
Cessna 206
Super Skywagon
Centurion

Bird Dog 305
Cessna 310
Skynight 320/321
Skymaster

Super Skymaster
Cessna 401
Cessna 402
Cessna 411
Cessna 421
Cadet/Super Cadet

Yukon

Caribou

Cosmopolitan
{Convair 540)

Starfighter Lockheed

Traveler/Tri-Traveler

Challenger

Citabria 7ECA

Citabraia

Lancer 402

C-Air Carstedt

Argus

Yukon

Cosmopolitan

Model 480

Argus
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Manufacturer

Lockheed
Fairchild-Hiller
McD/Douglas
l.ockheed
Convair
McD/Douglas
Boeing
Boeing
Lockheed
Lockheed
Ling-Temco-Vought
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Cessna
Callair

Canadair
DeHavilland
Canadair

Canadair
Champion
Champion
Champion
Champion
Champion
DeHavilland
Canadair
Canadair
Canadair
Camair
Canadair




Designator

Ccv1i3
Cvig
Cv24
CV3i4
Cvasq
Cv54
CVs8
Cveo
Cv64
Cvss
Cvo9
CW46

DART
DC3
DC3s
DC4
DC6
DC6B
DC7
DC7C

DC8

DC9
DC10
DC86

DH2T

LH2

DH3

DH4

DH5

DH6

DH6T
DH10
DH11
DH60
DH62
DH64
DH80
DH82
DH83
DH87
DH89
DH98

D027
D028

E135

Name

Valiant 34
Canso/Catalina
Convair 240
Liner/Samaritan
Convair 440
Cosmopolitan
Convair 580
Convair 600
Convair 640
Convair 880
Coronado 990
Commando CW20

Dart Herald
Skytrain
Super-DC3
Skymaster
Liftmaster
DC-6B

DC-7/7B

Seven Seas/
Speedfreighter
DC-8/10/20/30/40/
50/62/63

DC-9

DC-10

Super DC-8/61

Turbo Beaver
Chipmunk
Beaver

Otter
Caribou
Buffalo

Twin Otter
Turbo-Twin Otter
Dove (Devon)
Heron

Gypsy Moth
Comet 2

Comet 4

Puss Moth
Tiger Moth
Fox Moth
Hornet Moth
Dragon Rapide
Mosquito

Dornier
Dornier

Boeing EC135
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Manufacturer

Convair
Convair
Convair
Convair
Convair
Convair
Convair
Convair
Convair
Convair
Convair
Curtiss-Wright

Hadley Page
McD/Douglas
McD/Douglas
McD/Douglas
McD/Douglas
McD/Douglas
McD/Douglas
McD/Douglas

McD/Douglas

McD/Douglas
McD/Douglas
McD/Douglas

DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland
DeHavilland

Dornier-Werke
Dornier-Werke

Boeing
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Designator

F84

F86

F89

F100
F101
F102
F104
F105
F106
F111
FA22

FA24
FA2S
FA27
FA62
FFJ
G2
G21
G44
G6
G73
G73T
G89
G134

G159
G164

Nane

Fury
Denon
Phantom I1I
NATO/Freedom
Fighter
Skyray
Crusader
Cougar G93
Skynight
Tiger
Model A-11
Aircoupe A2
Aircoupe A4
Shooting Star
Thunderflash/
Thunderjet/
Thunderstreak
Sabre
Scorpion
Super Sabre
Voodoo
Delta Dagger
Starfighter
Thunderchief
Delta Dart
Modei F111
Model F227

~

Flving .+ - Car
Heliporte. 'TOL
Friendshiy» r27
Cornell

Falcon Mystere/
Fan Jet

Gulfstream II
Goose/Super
Goose
Widgeon/Super
Widgeon
Albatross
Mallard
Turbo Mallard
Tracker
Mohawk
Gulfstream I
Ag-Cat
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Manufacturer

No. American
McD/Douglas
McP/Douglas
Northrop

Northrop
Ling-Temco-Vought
Grumman
McD/Dcuglas
Grumman

Lockheed

Alan

Alan

Lockheed

Republic

No. American
Northrop
Northrop
McD/Douglas
Convair
Lockheed
Republic
Convair

Gen. Dynamics
Fairchild/
Hiller
Fairchild/
Hiller
Fairchild/
Hiller
Fairchild/,
Hiller
Fairchiid/
Hiller
Dassault

Grumman
Grumman

Crumman

Grumman
Grumman
Grumman
Grumman
Grumman
Grumman
Grumman
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Designator

Hl
H2
H3
H4
H5
H6
H13
HI19
HZ1
HZ23
H25
H34

Name

Iroquois 204/205
Seasprite

Sea King S61A,D,L,N,R
Model 206

Model 1100

Cayuse

Sioux/Troope (47G/47J)
Chikasaw S55

Shawnee/Workhouse 42/43/44

Raven

Retriever

Choctaw S58/Seahorse/
Seaboat

Mojave 556

Seneca CHIC/Skyhook

Huskie 600-315

Sea Knight 107

Chinook 114

Model S62

Seastallion
Skycrane S64
0SAG

Cheyenne

Jet Ranger
Kiowa

Iroquois 204/205/
Huey Cobra
Sioux/Trooper
Model B-2A/B-2B
Model 305

Jet Rauger 206A
Kiowa

Model 61
Skyhook/Sea Knight
D-10B

Courier
Strato-Courier
Super Courier
Mecdel 500
L3/SL3

L4/SL4

Model 1100
Model 1099
Huskie 600/3/5
Jetstreanm
Alouette II
Alouette III
Trident 1

Model HS125
Cayuse

Model 269/300
Pawnee 369/500D, U,M
Chinook 114
PV18/HUP
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Manufacturer

Bell

Kaman
Sikorsky

Bell

Hiller

Hughes

Bell

Sikorsky
Boeing/Vertol
Hiller
Boeing/Vertol
Sikorsky

Sikorsky
Cessna

Kaman
Boeing/Vertol
Boeing/Vetrol
Sikorsky
Sikorsky
Sikorsky
Hughes
Lockheed

Bell

Bell

Bell

Bell

Bell

Brantly
Brantly

Bell

Bell

Bell

Cessna

Doman

Helio

Heilc

Heilo

Heilo

Hiller
Hiller
Hiller
Hiller

Kaman

Hadley Page
Sud-Aviation
Sud-Aviation
Hawker-Siddzley
Hawker Sidle ey
Hughes

[lughes

Hughes
Boeing/Vertol
Boeing/Vertol
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Designator
HV44
HWS

IL18
IL62

KC97
KC35

L18
L49
L100
L101
L164

NY5
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Name

Shawnee/§ Workhorse
42/43/44
Model 500 (WARO)

Moskva IL18
I1L62

Stratofreighter
Stratotanker KC135

Lodestar

Super Constellation
Hercules

Tri-Star

Starliner
Electra/Orion
Jetstar

Galaxy
Constellation (649)
Constellation (749)
C2 Skimmer IV
Lancaster

Lark

Learstar L-18
Learjet L-24/25/26

Model 202
Marlin 237
Canberra
Model 404
Martinet
Monsun
Mooney/MuU2
Mark 10
Mark 20
Mark 21
Mark 22
Bee Dee M4
Model 760
MU2

Navion

Model 265 (Sabreliner)

Branco (NA-300)
Rangemaster
Transall

Super Broussard
North Star
Norseman (MK IV)

Norseman (MK V) Noorduyn
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Manufacturer
Boeing/Vetroi
Howard

Ilyushin
Ilyushin

Boeing
Boeing

Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lockheed
Lake
Avro
Aero Commander
Learjet
Learjet

Martin

Martin

Martin

Martin

Nord
Messerschmitt
Mooney

Mooney

Mooney

Mooney

Mooney

Maule

Moraine Soliner
Mitsubishi

No. Ameri-:an
No. American
No. American
Navion

Nord

Nord
Canadair
Noorduyn
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Designator

01
02
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Name

Bird Dog 305
Super Skymaster
Mohawk

STOL

Neptune
Electra/Orion
Privateer
Marlin 237
Royal Gull
Super Gull
Vespa Jet

Cub Trainer
Cub Trainer
Cruiser

Cub Special
Super Cruiser
Family Lruiser
Vagabond Trainer
Clipper
Vagabond
Super Cub
Pacer

Tri Pacer
Apache
Commanche
Pawnee
Cherokee

Twin Commanche
Navajo
Cherokee Six
Cherokee Arrow (R)
Aztec
Canso/Catalina
Pathfinder
Pilatus Porter
Turbo Porter

Seebee
Turbo-Executive/400
Model 65/Rocket

Tracker (Grumman 89)
Caravella

Belfast

Pioneer

Twin Pioneer
Belfast

Skyvan

Shackleton

Model S51

Model S52
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Manufacturer

fessna
Cessna
Grummar
No. American

Lockheed
Lockheed
Convair
Martin
Piaggio
Piaggio
Piaggio
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Piper
Pirer
Tenvair
+#racsecki
Pilatus
Pilr >3

s

Rep ..l¢
Riiev

Grumman

Sud Aviation
Short
Scottish
Scottish
Short

Short

Avro
Sikorsky
Sikorsky
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Designator

Name

Chikasaw

Mojave S56

Chotcaw S$58/Seahorse/
Seaboat

Model S59

Sea King S61A,D,L,N,R
Model 562

Skycrane S64

Observer/Luscombe8/Silvaire

TW

Reconnaissance
Voyager/Station Wagon
Reliant (Vultee)
Merlin II

Merlin III

Merlin IV

Sea Star

Buckeye T20

Trojan

Flying Classroom 240
Shooting Star
Mentor

YAT-37/318

Talon
Sabreliner(Series 265)
Skyhawk 172

Baron

Tourist 15A
Sportsman 19

Topper 20A

Hastings

Aero Star

Otter

U2

Model 310
Commander (560)
Beaver

Super Cub

Queen Air 65/A65/70
Grand Commander
Super Courier
Aztec

Skywagon 185
Rangemaster
Cessna 195

King Air
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Manufacturer

Sikorsky
Sikorsky
Sikorsky

Sikorsky
Sikorsky
Sikorsky
Sikorsky
Silvaire
Spartan
Lockheed
Stinson
Stinson
Swearingen
Swearingen
Swearingen

Lockheed

No. American
No. American
Convair
Lockheed
Beach

Cessna
Northrop

No. American
Cessna
Beech
Taylorcraft
Taylorcraft
Taylorcraft
Hadley Page
Ted Smith

DeHavilland
Lockheed
Cessna

Aero Commander
DeHavilland
Piper

Beech

Aero Commander
Helio

Piper

Cessna

Navian

Cessna

Beech

G R e A S NS



Designator

V10
VC4
VC7
VC9
VC1i1
VCTR
VLCN

Name

Bronco NA300
Gulfstream I
Viscount
Vanguard
Gultfstream II
Victor
Vulcan
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Manufacturer

No. American
Grumman
Sritish Acft.
British Acft
Grumman
Hadley Page
Avro
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i APPENDIX A
BEACON-SYSTEM PERFORMANCE AT CENTERS AND CIVIL TOWERS

The performence of the beacon system at civiiian facilities
is examined in this section. The analysis wili focus on instal-
iations which reported a minimum of twenty deficiencies and will
exclude those centers which were examined in depth previously.
| For each site considered, the u.stribution of discrepancy reports
by error category will be presented, as well as a tabulation of
the deficiency info-mation in terms of the aircraft involved.
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DISTRIBUTION OF DISCREPANCY REPORTS BY AIRCRAFT INVOLVED

TABLE A-2
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*For key to error code abbreviations see Table 3.4

*For key to error code abbreviations see Table 3-4.
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DISTRIBUTION OF DISCREPANCY REPORTS BY AIRCRAFT INVOLVED

TABLE A-12.
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DISTRIBUTION GF DISCREPANCY REPORTS BY AIRCRAFT INVOLVED
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*For key to error code abbreviations see Table 3-4.
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APPENDIX B
BEACON-SYSTEM PERFORMANCE AT MILITARY FACILITIES

Attention is focused upon the operational deficiencies ex-
perienced wih iii¢ beacon system at military installatious. This
analysis is limited to sites which documented a minimum of twenty
fault reports, and will exclude Larade Air Force Base since it
was treated in Chapter 4. For each site considered, the distribu-
tion of discrepancy data by error category is presented, in ad-
dition to a tabulation of the deficiency informaticn in terms of
the aircraft involved.
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DISTRIBUTION OF DISCREPANCY REPORTS BY AIRCRAFT INVOLVED
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*For key to error code abbreviations see Table 3-4
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APPENDIX C

RADAR SYSTEM DATA FOR FACILITIES INVOLVED IN THE SURYEY
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