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LIST OF ABEBREVIATIONS AND ACRONYMS

Airborne Data Collection System for Data Link
Aircraft Interference Reply Environment Simulator
Air traffic control

Air Traffic Control Radar Beacon System

An interrogation format of the Mode S system contain-
ing a S4-bit ground-to—air data communications field.

A reply format of the Mode S system containing a
S6-bit air-to—-ground data communications field

Former name for Mode S

DABS Experimental Facility
Decibel

Differential phase shift keying
Extended length message
Aircraft identification code

A radar beacon system in which all aircraft are assign-
ed fixed, discrete, 24-bit addresses to allow selective

- interrogation/reply transactions between the ground
sensor and a particular aircraft.
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1.0 INTRODUCTION,

It ie vital to the success of the Mode S beacon system and the numerous
data Jink services which utilize the Mcde S beacon channel, that 1link
operution be characterized including a determination of the parameters
limiling link operation. Utilization of the RF beacon channel is
dependent on target densities and reinterrogation rates. With a given
target density, the channel may become overloaded if each target requires
Tepeated interrogations to obtain a valid reply. A number of physical
and implementation parameters a#fect the link performance by altering the
number of uplink and downlink cignals necessary to complete a transaction.
Previous test programs conducted at the Technical Center have characterized
ths Mode S system performance. Those tests, for the most part, were
restricted to surveillance message processing, the primary furction

of the system. When user definable information is added to the
surveillance message, the length of the digital signal is doubled.

The test program conducted at the Technical Center will fully
characterize channel performance with projected target densities and
communication loading and determine RF signal levels and channel
vtilization in realistic, proyected air traffic snvironments.

The projected target densities and communication loadings are derived
from the MITRE Corporation ctudies described in reference (21 Operation
with both surveillance and communication type Mode S messages will be
investigated.

1.1 RBACKGROUND. :
The Mode S system waes developed by the Federal Aviation Administration
(FAA)} to upgrade the existing Air Traffic Control Radar Beacon System
(ATCRRES). Anticipated air traffic by the yesar 2000 is proyjected to ex-—
ceed traffic bhandling capabilitias of the ATCRBS. The Mode S system
overcomes the capacity problem, and provides a digital

ground—air—ground communication link unavailable with the present system.

The gcneral purpose, two-way data link capability will suppcTt an ex-
tensive varisty of services necessary for advanced ATC system automation.
The ¢ritical nature of the majority of messages transmitted via the data
link requires the rapid response and high messsge i1ntegrity protection
capabilities inherent in the Mode S5 system.

Feasibility of the Mode S system and its data link capability was de—
monstrated with DABS Experimental Facility (DABScF) at Lincoln Laboratory
and with the three engineering models of the Mode S system operated

and tested at the Technical Center. The surveillance information, without
system user definable digital message fields: is ohtained via the short,
S56-bit, surveillance messages defined in the Mode S National Standard.
When data is transmitted in ccnjunction with the csurveillance informa-
tion, message length is extended to 112 bits. The uplink communication
messages are rnamed Comm-A and the downlink messages -are designated Comm—-B
in the National Aviation Standard for the Mode S Beacon System.

Uplink interrogations are transmitted at a rate of four megabits

per second at a radio frequency of 1030 MHz. The modulation of the
carrier i3 differential phase shift keying (DPSK). The downlink data

rate is one megabits per second on a carrier frequency of 1090 MHz.

Pulse position modulation (FPM) is vutilized on the downlink. Both legs

of the link vtilize a powerful burst error detection and correction

code and a 2% bit long address. The addressing capability of the Mode S
system will insure a3 unique combination of binary digits for all

aircraft progected to use the national air space.

Upliuk messayes are accepted by a Méde S transponder only when the
address contained in the message matches the aircraft ID and the message
contsins no errors. On the downlink as many as 17 consecutive bit errors

. -1
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may be corrected in the reply message. The multi-channel receiver at
the =~ensor deavelops the sum and difference signals for the monopulse
position zignals and a confidence level bit stream to indicate possible
burst error positions.

During Phase I of this program, test flights were conducted within the
rocveruge area of the Mode S sensor at the Technical Center. The tests
indicated some adverse effects of flight patterns on link reliability
C1l. Yo confirm and refine findings of these tests, the flight patterns
will be repeated through simulation with controllable, simulated en-
virouments as part of phase II.

1.2 O0OBJECTIVES OF PHASE 11.

The vbyjective of the Mode S data link reliability tests is to measure

the Jink Teliabilty in environments representative of conditions to be
encounterad when Mode S is deployed. The target densities and
communication loading limits were derived from MITRE Corporation studies,
see 1cferenca [23]. The interference signal levels used for this test
will be s3et near the maximum limit defined in the Mode S sensor
specification, see reference [7]1. The tests performed will

separvate and identify causes for degradation of reliability using the

.engineering model of the Mode S sensor at the Technical Center.

Channel loading at progjected levels and multipath effects will be simu-—
lated.. All tests in this phase of the program wiil use simulated
flights to raduce costs and to insure repeatability of the tests with
predictable results. To substantiate findings of the first phase and

to insure validity of the conclusions, & number of simulated flights
will be 2xecuted repeatedly to produce sound statistical results.

.0 DISCUSSIDN
ThTEe separacse uﬂst series will be executed. The 1000 series tests will

‘be pevformed %o duplicate aircrsft maneuvering tests performed during

phase I testing but will utilize the more precise flight and environment
controls available via simulation. The 2000 series tests will incorporate
high interference signal levels and capacity target loadings on

the vensor. During this series cof tests, the test target movement will
be restricted, to ceparate environmental effects from problems caused by
aircraft mansuvers. The flights and all interference signal

generating targets will be simulated to insure t=st repeatability

and to obtain capacity target densities. The 3D00 series tests

will investigate reduction of system reliability due to multipath
signals. Table 1 shows all tests scheduled for phase II in a

matrix form. |

Target replies and interference signals will be simulated by the
special test signal generators designed for the purpose. These signal
generators are part of the facilities at the Technical Center and are
called the Aircraft Reply and Interferece Environment Simulator
(ARIES) and the Test Target Generator (TTG). A brief description

of the units is provided in section 3 of this document. A detailed
description and performance specifications for these units are avilable
in references [B1 and L[?] respectively.

2.1 GIMULATED PHASE I FLIGHT FATHS. (Test Series 1000) As stated above,
this test series will provide an extensive statistical basis for substan-
tiation of results of phase I tests, and concurrently, enable precise
control of the test environment. Twg subseries of tests will be conducted

for vach simulated flight path:
a. Theta-half angle, which determines the instant

of time when the sensor interrogates a target, will be reduced to zero
to,eliminate early interrogations. : .
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b. Repeat tests with theta-half angle.set to normal
value of 0.989 degrees. ‘
Testing with the theta—-half of 0. 549 degrees used in phase I will not be
performed since a phase I recommendation -was that theta—-half be reduced
to 1c¢ro. All other test parameters and test procequres will be identical
for the two subseries of tests and will be as described below. The 1000
s3eriers tests in table 1 pertain %o this part of the program. The theta-
half angle value and its application in the Mode S sensor are
described in the report Data Link Reliability Test Phase 1, reference (11
and the Mode © sensor speclflicatlion, reference [7]. A brief
description of the theta—-half angle-is provided in section 3 of this

document.

2.1.1 Test Gaals. The objectives of these tests arve to determine
effects oF surveillance parameter variations on link reliability in

a controlled, simulated environment. In the simulated flights range and
arimuth pavameters will be varied singly and in combination to determine
effects on link performanceg of individual parametere and possible accel-
erated deterioration with a combination of changing parameterz. Phase I
flights will be emulated to substantiate the flight test findings with

‘the broader data base that is available with simulation and at reasonable

ctost. The simulation flights will be performed with controllable inter—
ference and noise zignal levels. In addition to repeating the patterns of
phase I +lights and parameter var:i:ations, acceleration of parameter varia-
tionc will be introduced. The repeated simulaticn tests should result

in predictably duplicate outcomes with the contronlled signal environment
The gimulation is intended to determine if phase I results were masked

to some undetermined extent by interference signals existing in the
environment at the time of the tests.

2.1.7 JTest Configuration. The test bed for these tests 1s shown in
Figuve 1. The ARIEE test signal generator will be used to provide
responses to all interrogations generated by the Mode S sensor. The test
target, as w211 as the background channzl lcading targets, will move
along paths predetermined by the program defining the scenario. The test
series« identified as serias 1000 in Table 1, uses only 3 single target,
the test target. Although the ARIES unit will provide the reply messages,
another Maode £ transponder with the same address will receive the
interyvogationz simultaneously with the ARIES unit. The transponder will
be inhibited from generating a reply message by disabling its
trancmitter. All other functions of the transponder will rtemain

enabled and will operate normally. This receive only transponder

will be interconnected with the Airborne Data Collection System for

- Data Link (ADCSDL) to duplicate the recordings obtained from the

flight tests performed during phase I. Data collection points are
available at the sensor, at the ARIES, and at the ADCSDL. Uplink
messages are g2nerated within the sensor using the Com A/B Driver
softuare module which will create data for the Comm—A message field
of a predeterminad number of targets. The reply meszage content will
be generated internally by the ARIES unit. The ADCSDL will record all
interrogations pertaining to the test target on magnetic tape.

2. 1.3 _Test Development. Three subseries of teste will be executed in
this test series. The subseries are identified by the test numbers

of 1100, 1200, and 1300 in Table 1. The basic difference between the sub-
series of tests will be the flight path of the simulated test target. The
flight paths will emulate the actual .flights performed in phase I of the
pragram, The radial paths will simulate a straioght line flight from one
extrceme point of the coverage area of the sensor to the opposite extreme
point passing over the sensor site. The arc flight path will be

complete circles in both the direction of and opposite to the antenna’s

o


https://ferer.ce

)

rotation. The sensor will be located at the center of the circles.
The vudius of the circles around the sensor will be the equivalent
of 30, 40, 30, 20, and 10 nm. to duplicate phase I test flights.

The cimulated flight paths, designated as circles in Table 1, will
describe circles with centers placed along the radial path described
above. The radius of each circle 1s determined by the maximum speed of
400 kts and ad yjusted to be within the standard turning rate of
commercial airline practice. With a radius of 5 nm. the center of the
circles are placed at 45, 35 25 and 15 nm. to obtain at least one
common point between all simuluted flight paths

Within 'each subseries of tests, five basic runs will be executed with

the censor’s theta—~half angle set to the nominal O. 989 degrees. The

same Five test runs will then be rTepeated with the sensor ‘s theta-half
angle set to zero degrees. Four tuns will be executed with the simulated
targect maintaining a constant speed. The fifth test vun will be executed
with the test target experiencing a constant acceleration and decelera-
tion of 1C kncts per second. The acceleration will be within the capabil-
ity of civil aircraft and will be arranged so as to complete an accel-~
erate/decelerate cycle within each flight path. For example, the speed of
the target aircraft will increase from 100 kts to 400 kts and decrease

to 100 kts before it completes a full circle, for the circular portiaon

of the target flight path.

2.1.4 Test Tata_ The number of repetitions of & given test run will
depend on th2 observed results. Each test must be duplicated in suffi-
ciant numbers to give satisfactory statistical basis for conclusions.
When no adverse effects within a given test run are experienced, the num-—
ber of repeats using the same test parameters will not exceed =2C. When
the first 20 executions indicate abnormalities or tTeductions in system
performance, the Tuns will be repeated in groups of 20 runs until the
variation betuween test results falls within acceptable limits using a
norms]l dictribution curve. The variable speed tests will be repeated

in groups of E0 runs. Data from ADCSEDL will be used in conjunction with
the data recorded by the ARIEE system. Table 2 shows the data sources
and performarce measures used and c¢eveloped for the tests. The sensor
data collection descriptor numbers and the AIRES data extraction block
numbters shown in the table are described in the definitions section of
this report, The performance measures identified in Table 2 are
described in Appendix A. The sensor descriptors and AIRES data blocks
identifiad in the table are described in the definitions section of
this veport.

2.2 GIMULATED HTICH AND CAPACITY _CHANNEL LOADING TESTS. (Series 2000)

)
v

Only & limited number of targets are available in tests using the real
environment. largets of opportunity are ATCRBS transponders along with

a few ground based Mode S transponders. Simulation using the ARIES

unit provides the only means to test the sensor operation in a high

Mode 3§ target environment. The test series is designed to investigate
link perfarmance when the sensor handles a3 large numbeT of targets. The
questions to be addressed include: number of scans, if any, during which
the given target is not serviced due to channel loading, reinterrogation
rates as the channel loading increases within the coverage area in gener-
al and within the vicinity of the test target in particular, and the
overull effect on data link performance when channel loading and test
target maneuvering effects are combined.
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) Capat)tq channel loading will be derived from the MITRE study (2] which
. specifies the total number of targets and the worst case¢ concentration

2

of targets in azimuth wedges anticipated in a Mocde § environment. Since
the ARIES system is not capable of handling Extended Length Messages
(ELM), 112 bit long messages will be limited to only Comm—-A and

Comm—B messages. Not using the 112 bit ELM (Comm—-C and Comm—-D) messages
will not affect the validity of the ftests, since uvse of the ELM

protocol would reduce requirements on the sensor and the loading

of the communication channel. Thus, the tests performed using Comm—-A/
Comm—-B transactions as the communication load in addition to the
surveillance transactions will represent worst case operation.

2. 2.1 Test Goals. The obgjective of this test ceries is to determine the
effects of channel loading, in the presence of interference signals, on
the performance of the communicetion channel. Interference signals should
reduce the sucessful completion of the communicstion transaction consist-
ing of a Comm~A/Comm—B message pair. The effect of interference signals
should be more pronounced on communication messages than on surveillance
only transactions because the messzage lengths .are doubled. To eliminate
the effects of aircraft maneuvers, *the test target will remain stationary
for the magjority of the tests in this series. Additional test runs

will be performed where maneuver effects are combined with interference
signals to observe effects on channel performance.

2.2 2@ _Test Configuration. The test bed for this test series is shown in
figure 1. The ARIES system will generate responses to all interrogations
genarated by the sensor. The sensor will be programmed to use Comm—A
interrogations for a fixed percentage of the targets. At the same time,
the ARIES wunit will be programmed to answer with = fixed Comm—-B Teply
under the control of the sensor. The target address defined for the test
target will be assigned To a Mode 5 transponder which will intercept all
intevrogations, but which will be prohibited frocm generating a reply

message The transponder will be connected to the ADCEDL to provide

additional data on magnetic tape. Interference signals will be in the
form of ATCRBE fruit generated by the AIRES.

2.2. 3 _Test Development. A total of five separate subseries tests

are planned. The tests are identified as the 2000 series in

Tablce 1 and 2. In the first two ftests & total of 100 targets will be
used. 20 of these targets, including the test target, will be interro-
gated and will respond with the Comm—A/B messages. The test target
will remain stationary while the remaining targets will move in circles.
In this fashion the number of targets will remain constant with a vari-
able target density in the vicinity of the test target. With the test
target remainring stationary within the coverage area, maneuver effects
will be eliminated and any deterioration in link performance will be
caused by channel loading. In the first test run the theta-half angle
will be reduced to :2ero. In the second run the nermal value for

the angle will be wsed. During the next two test rtuns, all conditions
will remain the same as before except the number cf targets and the
percentage of targets using the communication link with the sensor
will be increased to capacity values as shown in Table 1. The test
conditions in the fifth and sixth subseries tests will be modified
from the previous two tests by allowing the test target to move in

a civcle at a constant speed. The circle described by the test target
will be identical to the path nearest to the senscr position used

in test series 1300 described previousiy. All tests will be repeated
with the ATCRBES +ruit rates noted in Table | to determine the combined
effects of channel loading and fruit signals on link performance.




"2.2 4 _Test Cata,_ lhe perfaormance measures involving the test target
will remain the same for this test series as for the 1000 test
series. Additional performance measures for the system which give
an indication of the total system operation will be added as required.

6:)The total number of interrogations transmitted for the number of

7 existing targets and the number of valid veplies vrecetived during
each <can and the total test run will be determined. Table 2 shows the
performance measuTes used for each test. These measures are defined in
Appendix A. The sensor descriptors and AIRES data blocks identified
in the table are described in the definitions section of this report.

2.3 GIMULATZD MULTIPATH INTERFERENCE SIGNAL TESTSE. (Series 300C) These
tests will be run to simulate %two signal paths converging at the receiver
input. The two signals, labled raeference and interference, will contain
the same teply message delayed in time with respect to each other, to
investigate the eftects of multipath interference signals on the Mode S
system. This affect should be most significant en the downlink leg
of the channsl, where the phase sensitive monopulse receiver
determines aircraft position and monopulse value. For this reason, only
the downlink leg reliability will be investigated using the Test Target
~Gensrator (TTG). Uplink performance cannot be evaluated using the TTG.
In the Mode £ wuplink leg, any error will cavuse rtegjection of the message.
Therefore, a test sequence involving gradual degradation of the uplink
signa) is not possible.

2.3 1 Test Goals. The obyective of test series T000 identified

in Table 1, is to determine the effects of multipath

signal problems on channel performance. Simulated signal conditions

will be used. The multipath signal:z may affect the amplitude of the

primary signal or may introduce pulses in time slots of the FPM modulated
ﬁm\replq messaga. Both of these effects on the signal will be interpreted
by the sensor signal processing 2quipment as errors. The errTors may
be the results of pulse amplituda variations in a message exceeding a
fixed amount or translation of leogical states in an information bit.
The tests will be conducted +to datermine tolerable delays between
the multipath signals with varied relative amplitudes and to cetermine
the effects of multipath signale which arrive at the sensor with
different azimuth values.

2.3.¢ _Test Configuration. - The TTG will be used in conjunction with
the Made S s2rsor. Only surveillance messages will be used during the
tests., Multipath signals will cause rejection of the reply when 17 or
more consecutive bits of the reply are affected by the multipath signal
or when errors in more than one segment of the reply, separated by at
least 17 bits occur. In either case, the error detection and correction
algovithm inherent in the Mode S system will reject the veply as not
correctable. Since the length of a surveillance reply exceeds the maximum
tolercble error span, interference testing with the added length of a
Comm-B reply message does not contribute additional useful information
other than leading to the obvious conclusion that a longer message
can experience interference aver a longer span of time. Since
surveillance repliss are easier to pregram in the TTG and the software
of the Mode € sensor can be used without modifications, surveillance
messages in the downlink path will be investigated instead of Comm-B
replies. This will provide an optimum information gained versus cost
w:g ratio. oo

Two test beds will be used for this tast series since there are two
possible multipath modes. In the usual case of multipath interference,
there are two signal paths, the direct path from the aircraft to the
sensor and a path via reflection fram the earth’s surface [&1. In this

I




mode the direct end reflected signal will arrive at the sensor with

. the ccme azimuth but with the reflected signal delayed in time due to

*

}

the Jongar path length. The test configuration for this mode will
vutilize a simulated target at boresight azimuth. The reflected path
will also be at boresight but will be delayed in time. As shown in Fig-

ure ¢, a 1090 MHz oascillator will be used to provide the RF carrier for
the two <ignal paths. The reference signal path will be modulated by
Channel O of the T1TG. The interference signal path will be mod-—

vlated by Channel 1 of the TTG and will contain the same message

as Channel O but will be delayed by a test parameter value of time.

The cffect of phase delays of the carrier frequency between the %two
signel -paths will also be investigated. Since the target will be at
bore~ight, only sum and omni signals will be generated. The direct
(refcrence) and multipath (interference) signals will be recombined

in the power dividers before being input inteo the sansor receiver.

In the less common mode of multipath interference, the reflected

signa) arrives at the sensor with a different azimuth value than the
reference signal. As shown in Figure 3, the reference and interference
signals will be developed and combined to produce the sum, difference,
and omni signals consistant with two signals arriving at the sensor
with different azimuth values. The interference signal is time delayed
by the same technique used in the previous test.

2.3.3 Test Development, - A total of 3 subseries tests are planned to
evaluxte multipath effects. The tests are identified as 23100, 3200,

and 3300. To simulate multipath, variable delays and attenuation levels
will be intrcduced into a zecondary downlink message which is identical
to the primary TTG message. The secondary mescsage will overlap the
primary message by 17 or fewer bit pesitions. This value has been chosen
since it is *the maximum the Mode £ error corTecting code will accomodate.

i Previous tests have demonstrated that the error correcting algorithm

used by the Mode S can correct burst errors of 17 contiguous bits.

This test will evaluate the Mode & system capability to decode

messseces with multipath effects responsible for the burst error
condition. In test 3100, the TTG will be used to transmit

replies from a statiomary target. There will be no multipath

effects introduced for these targets to allow the results obtained

to be used as a control for the remaining tests. In test 3200, the

TTG will be used to transmit replies from a staticnary target.

located at the antenna boresight, with @ second identical reply, also
located at boresight, overlapping the final 17 bits of the first reply.
The <econd, identical reply will simulate a multipath sitvation. The
delay will be obtained by having TTG channel 1 cutput the same message
as Channel O but delayed so thaet 17 or fewer bit positions in the
messzge are overlapped. Fower levels for the interference reply will
be varied to scimulate actual multipath conditions caused by differing
path length and reflection coefficients. Test 3300 will be

similar to 320C exccpt that the delayed signal will arrive with different
azimuth than the reference signal. The azimuth differences will be
produced by varying the time delay elements in the test bed of Figure 3.

An important consideration in the analysis of multipath test results

is thet the method describesd above is a simulation of a mutipath
condition, not an actuval multipath condition. The test methad includes
the time delay and szimuth change tesults of the interference signal,
but doves not include the possible phase reversals. Also, since two
seperate signal modulators are used, the reference and interference
signals will not be exactly equal as wnuld be the case for a true
multipath signal. To develop a more precise test configuration would
rvequire time delay elements on the order of miles of coaxial cable with
the resvulting dispersion and attenvation masking the results.
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2 5.4 Tast Data. -The performance measures for this test series will be
the downlink ratio (See Appendix A) versus the characteristics of the
interterence signal., The TTG will output a surveillance veply containing
refevence and interference signals when interrogated by the sensor. The
sensor extractor will be programmed to record all target replies and scan

Y numbers. The sensor antenna will be terminated so that the only target
repliecs in the system are those generated by the TTG. The test series
will be Tun with given delays and attenuation levels. As preliminary

test results are obtained, additional values of delay and attenuvation may
be warranted. at the discretion of the test manager, to provide a

statistically significant data base.” Sensor scan number will
be noted at sach change in delay and attenuation of the interference
signa) for data analysis purpaozes. The important parameters

are the ratio of received replies to total replies and the
values of delay that cause reply rejection to become significant.

Table 2 shows the data sourcaes and the performance measures used and
develuped for these tests. The performance measurec identified are
described in Appendix A. The sensor descriptors and AIRES data blocks
identified in the table araz described in the definitions section of
this report.
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Phase I1I.

Table 1. Tests Matrix for Link Reliability Program,
“hg INUM=-ITEST BED, | FnNTRQLLED TEST PARAMETERS AT TEST DBED H
(.4‘" ‘TEST {BER ! SEE {SENS . {TEST TARGET VENVIRONMENT |
INUM-10F | FIGURE .TFETA HALF NEC S AGE {PATH  (SPEEDIACC. INUMBER OF '
{BER {RUNS! NUMBER {DEGREES I TYPE A/BITYPE [KNTS KNT/SITARGETS/ '
H H : | - H - : H : i+ FRUIT RATE |
{SERITS 1000 TEE1S. !
111114 .20 ¢ 1 {0.0 H 100% {RAD. { 100 | o ! 1/0 H
111100 20 1 10.0 H 100% {RAD. 1 220 1 o i 1/0 H
f1113% 20 | i 10.0 H 100% tRAD. i 200 | (0 I i/0 H
111144 20 ¢ 1 i0.0 H 100% tRAD. i 400 ! o 1 1/0 :
111151 80 | 1 10.0 H 1004 {RAD. t1-4001 10 1/0 H
11121t 20 1 {10. 989 : 100% {RAD. v 100 (O I 1/0 i
11208 20 1 1 10. 989 { 100% {RAD. v 200 o i 170 i
11230 2 : b {0. 989 : 100% {RAD. i 3CG0 (0 170 H
11124 20 ! 1 i0. 289 i 100%4 1RAD. i 420 i o 170 H
11251 8G | 1 10. 9269 H 100% {RAD. 11-4001 10 1/0 H
112114 20 14 1 10.0 H 1007 {ARC i 100 0o 1/0 H
112127 20 1 10.0 H 1007 = {ARC v 200 1 o i 170 H
112131 20 i :0.0_ i 100% {ARC i 300 10 B 1/0 H
11214 20 ¢ 1 10.0 H 1004 1ARC i 400 | 0 1/0 i
112151 80 | 1 "10.0 i - 100% {ARC 11-400; 10 | 1/0 H
{12211 20 | i 10. 989 H 100% tARC 1 100 0 | 1/0 H
{12207 2 H 1 {0. 989 H 100% 1ARC 1 220 1 (O 170 '
:1223 20 | 1 10. 989 H 1004 {ARC HIERC{ oo B o 170 '
112 i 20 1 1 i0. 289 H 100% 1ARC 1 400 ¢ o 1/0 H
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2321 80 ¢ 1 {0. 289 : 2074 1POINT | c 1 o i 100/2000 :
12312 80 1 10. 0 i 140747 IPOINT | (o I o I 25072000 H
123221 80O 1 {0. 989 i 140747 (POINT o | 0O ! 25072000 H
t2411¢ 80 1| 1 {i0.0 i 140747 (CIRCLE! 200 1| L0 250/2000 !
iedaz21t 80 1 10. 989 ! 140747 (CIRCLE:! 200 | 0o ! 250/2000 |
1SERILS 3000 TESTS. H
1310010 20 2 V= i = {POINT | 0o | 0o ! i }
ﬁ§)332003 20 | 2 { == i —-— {POINT | 10 0 | 1 {
4330010 20 3 i —-—- { === {POINT | o o 1 b '
H H : ! ! ! ! 1 } }




LINK PERFORMANCE MEASURES

Phase II.

Performance Measures for Link Reliability Program,
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3.0 DEFINITIONS .

ARIED data block numbers: The ARIES extraction required for phase 11
testing will ronsist of the following data blocks:

Block Block Nama

i 32 bit buffer time

2 Error block

S Fruit rate table

e Model input record
2,10 ATCRBS/All Call replies
11,12 Mode S Intervogations

ARIES test eguipment: The Aircraft Reply and Interference Environment
Simulator (ARIES) is designed to simulate a radar beacon environment of
up to 400 trarncponders plus high rates of interfering replies (fruit) fow
the purpose of testing beacon interrogators under heavy load. In
particular, ARIES is designed to test the new class of interrcgators
develuped for the Federal Aviation Administraticn as part of the

Mode & system. The Mode S interrogators are called "“sensors”.

‘Due to the large target capacity of the Mode 5 senscers, it is not

B
o

-
4

N/

possible to find an air traffic environment that is dense enough to
fully test the sensors under heavy load conditions. The complexity

of the sensors precludes simply extrapolating performarnce from a less
dense benchmark test. For this reaszon, and also due to a requirement to
be able to repeat the identical tesst several times, an environment
simulator has been built which appears to the sensor under test to be

a dense bearon envitonment typical of what might be encountered in the
future. ARIES i3 intended to provide this envirorment for purposes

of arceptance and sensor evaluation testing.

The ARIES units can be programmea for a number of Mode 5 and ATCRES
targets. The apparent flight paths of each target 13 under software
control. The accuracies of target positions and velocities exceed the
Moda S5 sensor requirtements. Boeth interrogation ang reply message lengths
defined for the Mode S system are accomodated by the ARIES vuvnit. Within
thesc message lengths a number of specified reply modes are implemented
to fully support the operational proetocol defined in the Mode S
National Standard. In addition tc the simulated tarygets, "fruit"
intevference signal levels may be programmed for a given test scenario.
Fruit signals are ATCRBS replies generated in response to simulated’
intervogators other than the sensor under test.

Capacitu channel load: For phase II tests capacity channel loading is
defined as 250 Mode S targets with the sensor transmitting 180 Comm—A
messapes and receiving 47 Comm—B messages per scan.

High channel l1cad: For phase II tests a high load will be defined

as 100 active targets responding to interrogations with one of the tar-
gets as the test target. Comm-B messages using the standard Mode S
protocol will comprise 20% of the targets. These active targets will
concentrate to a peak of 12 targets in each of twe consecutive 2.4
degrce azrimuth wedges, with seven of the 12 targets providing at least
one Cuomm-D reply each per scan.

Sensor_Descriptor Numbers: The Mode.S sensor data extractor requires
descriptor numbers to identify the data to be collected. Phase I1
testing uses some or all of the following descriptors:
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Descriptor Data Extracted

oBEE Northmark record (time)
4102 Surveillance file entries
4301 Mode S replies

«~ Test target: A Mode~S target with recording and responding capabilities

Theta-half: A parameter used by the Mode S sensor’s channel management
softusre to da2termine the angle ashead of the antenna’s 3 dB beamwidth
at which interrogations to a given target aircraft will begin.

Irancaction: One or more Comm—A interrogations to obtain one valid
Comm—E reply., or surveillance interrogations to obtain a surveillance

reply.

TITC test equipment: The Test Target Generator was designed to diagnose
faultz and tc assure error free operTation aof the {Mode 5 senscr. As

a secundary mcde af operation the TTG is used to calibrate the RF
front end of the sensor through the simulation of monopulse signals.

The 1TG consists of three parts: s controller, two memories, and an

RF section. Test scenarios and data blocks in the +form of cemputer

data cards are read into the TTG and stored in the memories. The
controller, triggered by 3 signal from the Modwlatien Contrel Unit

of thc Mode S sensor under test. causes the message< stcred in the
memories to be read out to the modulator of the RF section. The

RF section converts the digital pulse train to two amplitude modulated
RF signals corraesponding to the sum and diffarence monopulse signals.
Any position within the antenra 328 band width may be simulated through
manua) adyustments. A detailed description of the TTG and its operation
is available in reference [F].

Valid Comm—A interrcgation: Comm—A interrogation addressed to test
target and received by test targel transponder witheout errors.

Valid Comm=E vreply: Comm—B reply received by sensor or transponder
test set without any errors or with correctable erraors and with

.acceptable monopulse values,
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APPENDIX A

1. 0 PEREAORMANCE MEASURES

1,1 GENERAL

.’ The measures used %o evaluate link performance during phase II

)

testing of the Mode § data link system are defined in this appendix.
Intervogation: may be either Comm-A interrogations for the 1000 and
2000 series tests or surveillance interrogations for the 3000 series
teste. Likewise, replies may be either Comm~B replies for the 1000

and 2000 series tests or surveillance replies for the 3000 series tests.

1.1.1”Interrocations Per Scan_ (IPS)~- The average number of interrtogations
per entenna zcan transmitted by the Mode S sensor during the test
segment. The IPS value is calculated as:

N
IPE = E It

i=1
N
where:
N
E is the symbol for summation frem i = 1 to N
i=1 ' '
It = total number of interrogaticns transmitted to the test
target by the Mode S sensor in the ith scan.
N = total number of scans.

1.1. ¢ Uplink Ratio (UR)~ The ratio of the number of interrogations

received by test target transponder to the total number of interrogations.

trancmitted tc the test target. The UR valve i3 calcuvlated as:
N
UR = E (Ir/1t)
i=1
N
where:

It = total number of interrogations received by test target
transponder during the ith scan

1.1 .3 Dounlinik Ratio_(DR)- The rtatio of the number of replies received by
the Mode S sensor to the number of replies transmitted by test target
transponder. The DR value is calculated as:

N .
DR = E (Rr/Rt)
i=1
N

B
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where: . )
Rr = total number of good vTeplies received by the Mode S

sensor in the ith scan from the test target

Rt = total number of replies transmitted by test target
transponder during the ith scan

1.1. 4 Round Reliability Ratio (RFRR)- The ratio of the number of good
Teplics received by the Mode S sensor to the number of interrogations

transmitted bty the sensor. The RRR value i3 calculated as:
N
RRR = E (Rr/It)
i=1
N

1. 1. 06 Served_Target in Scan Ratio (STR)— The tatio e¢f the number of Mode
S targets for which interrogate/reply transactions sre completed

to the total number of Mode & targets in the sensor coverage area.

The S1R valu= is calculated as: '

STRn = Ttn

n
where:
sencsorT™ scan nhumber

3
it n

Ttn number of targets which have comnleted at least one
Mode S transactign during scan n
Tn = total number of Mode 8 targets in the sensor coverage

area durning scan n

1.1. 6 Early interrogation Ratio (EIR)- The ratio of intertvogations sent

-

to the test target before the test ftarget is within the 3 dB beamwidth of

the censor antemna to total interrcgations. Since simulation tsrgets are
being usa2d for thece tests, early interrogations are those which lead the
borecight by sreater than 1.22 degrees. The EIR value is calculated as:
N .
EIR = E (le/lt)
i=1

N
where: )
Ie = totasl number of interrogations sent in the ith scan
before the test target is within 1.22 degrees of
boresight

1.1. 7 Invalid Monopulse Ratio (IMR)— The ratio of Comm B replies received
by the sensor with an invalid monopulse value to the total number af

replies Teceived. - The IMR value is calculated as:
N
IMR = E (Rim/Rt)
i=1
N

where: ' oo A
. Rim = total number of replies received with an invalid
monopulse value in-the ith scan :

ERNE |
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	J_.Q_ JNl_RODVr;TlQtJ._ 1t i~ vital to the success of the Mode S beacon system and the numerous dat~ link ser~ices which utilize the ModeS beacon channel, that link oper~tion be characterized including a determinatton of the parameters 
	~~limiting link operation. Utilization of the RF beacon channel is
	de pend en t on tar ge t den s i t i e s an d r e i n t erro g a t i on r a t e s . W i t h a g i v en targPt dens1ty, the channel may become overloaded if each target requires interrogations to obtain a valid reply. A number of physical implemen~ation parameters affect the link performance by altering the uplin~ and downlink ~ignal~ necessary to complete a transaction. Previous test programs conducted at the Technical Center have characterized th~ Mc,de S system performance. Those tests, for the most part,
	"-? 
	repe~t.ed 
	and 
	number of 
	The 
	utilization in realistic, proJected air traffic 
	The 

	LL. HACV.GROUND. The Mode S system was developed by the Federal Aviation Administration <FAA> to upgrade the existing Ajr Traffic Control Radar Beacon System CATC"BS>. Anticipated air traffi-c by the year 2000 is proJected to ex­ceed traffic handling capabilities of the ATCRBS. The Mode S system th~ capacity problem, and provides a digital 
	overtomes 

	(:j·;:; ground-air-g·round communication link unavailable with the present system. 
	~The gcne~al purpose, two-way data link capability will suppcrt an ex­vari~ty of service:. necessary for advanced ATC system automation. The critical nature of the maJority of messages tr~nsmitted via the data re~uires the rapid response and high message 1ntegrity protection capab)lities inherent. in the ModeS system. 
	tensjve 
	link 

	Feasibility of the Mode S system and its data link capability was de­monstrated with DABS Experimental Facility <DABSEF> at Lincoln Laboratory and udth the three engineering models of the Mode S system operated and tested at the Technical Centl'?r. The surveillance information, without s~stPm user definable digital message fields. is obtained via the short, 56-bit, surveillance messages defined in the Mode S National Standard. When data is transmitted in conJunction with the surveillance informa­tion, messa
	per 

	r~.) airc1·'-'ft prDJ~Cted to use the natio~al air space. 
	Uplitak messa~es are accepted by a Mode S transponder only when the addr~ss cont~ined in the message matches the aircraft ID and the message cont~ins no error$. On the downlink as many as 17 ~onsecutive bit.errors 
	-1
	-

	1 I
	~·~-! ' • ' 
	mav b~ corre~ted in the reply m~ssage. The multi-channel receiver at ~rnsor d~velops the sum and difference signals far the monopulse po~ition ~igndls dnd a confidence level bit stream to indicate possible burst error positions. 
	the 

	"'':';\During Phase I of this program, test flights were conducted within the 
	r. over·.:. g e a r e a of t he Mod e 5 s en s or a t t h e Te c h n i c a 1 Cen t e r . T h e t e s t s indic.:.ted some adverse effects of flight patterns on link reliability [1J. To confirm and refine findings of these tests, the flight patterns will be repeated through simulation with control1abfe' simulated en­virol•n•ents as part of phase II. 
	....JJ 

	~ (IB.JECTI~'~S OF_PHASE II_!__ The obJective of the Mode S aata link reliabilit4 tests is to measure the link reliabilty in environments representative of conditions to be encourttered •..;r.en ModeS is deployed. The target densities and communication loading limits were derived from MITRE Corporation studies, t·cferenc~ C2J. The interference signal levels used for this test will be set near the maximum limit defined in the Mode S sensor speciFication, see referenceo (7J. The tests performed will sepat·~te
	see 

	.engin~~ring model of the Mode 5 sensor at the Technical Center. proJect~d levels and multipath effects will be simu­lated. All tests in this phase of the program will use simulated flights to re1uce costs and to insure repeatability of the tests with 
	Channel loading at 

	J
	predict~ble r~sults. To substantiate findings of the first phase and conclusions~ a number of simulated flights will be executed repeatedly to produce sound statistical results. 
	to insure validity of the 

	' 
	2. 0 DISCUSS: ON. 
	Thre~ separat~ test series will be executed. The 1000 series tests willbe p c i'forme d · to d u p 11 c a t e a i r cr· a f t maneuver i n g t e s t s pe r f arme d d u r i n g ~ phase I testing but will utilize the more precise flight and environment 
	·:1; 

	cont1·ols available via simulation. The 2000 series tests will incorporate high interference signal levels and capacity targe~ load·ings an the ~ensor. During this series of tests~ the te~t target movement will rr~tricted, to separate environmental effects ;rom problems caused by airc1·.::ft maneuvers. The flights and all interference signal gener~ting targets will be simulated to insure tEst repeatability and to obtain capacity target densities. The 3000 series tests will investigate reduction of system re
	be 

	Targ~t replies and interference signals will be simulated by the special test signal generators designed for the purpose. These signal gener~tors are part of the facilities at the Technical Center and are called the Aircraft Reply and Interferece Env1ronment Simulator <AR H-~D and the Test Target Genera tor ( TTG). A brief des c_r i p t ion of the units is provided in section 3 of this document. A detailed description and performance specifications for these units are avilable r~ference~ [8J and [9J respect
	in 

	2. ~HMULAT!::O PHASI?' I FLIGHT P~THS. <Test Series 1000) As stated above~ 
	1 

	provid~ an extensive statistical basis for substan­...., tiatjon of results of phase I tests,' and concurrently, enable precise . i cont t· o 1 oof t h e t e s t env i r on.-nen t. TwQ sub s e r i e s or t e s t s wi 11 be c ond u c t e d 
	this t.est series will 

	~~ch ~imulated flight path: 
	for 

	a. Theta-half angle, which determines the instant of time when the senso~ interrogates a t~rget. will be reduced to zero to.e~jminate early int~rrogations. 
	b. Repeat tests with theta-half angle.set to normal valL11' of 0. 989 degrees. Testjng with the theta-half of 0. 549 degrees used in phase I will not be ~inc~ a phase I recomm~ndation was that theta-half be reduced to zero. All other test parameters and test proceaures will be identical 
	perfot·med 

	~~for the two ~ubseries of tests and will be as described below. The 1000 
	~j ~eri~s tests in table 1 pertain to this part of the program. The theta­~ngle value and its applicdtlon in the Mode S sensor are descrjbed in the report Data Link Reliability Test Phase I. reference C1J and the Mode S sensor spec1ftcat1on. rP.ference C7J. A brief descrjption of the theta-half angle·is provided in section 3 of this doc unat'nt. 
	half 

	~L_1 TP.st Goal~. The obJectives of these tests a~e to determine o~ surveillance param~ter variations on link reliability in a controlled, simulated environment. In the simulated flights range and azimuth parameters will be varied singly and in combination to determine effects on link performance of individual parameters and possible accel­erat~d deterioration with a combination of changing parameters. Phase I flights will be emulated to substantiate the flight test findings with the b~oader data base that 
	effects 
	ferer.ce 
	The 
	to some 

	2. 1.? Test ~onfig~ration. The test bed for thesP. tests is shown in
	Figul'·£· 1. The ARIES test sign~l generator will be used to provide responses to all interrogations generated by the Mode S sensor. The test chann~l loading targets, will move along paths predetermined by the program defining the scenario. The test seri~~ identi~ied as series 1000 in Table 1, uses only a single target, the test target. Although the ARIES unit will provide the reply messages, ~ill receive the intet·;·ogation~ simultaneou~ly with the ARIES unit. The transponder will it~ tran~mitter. All othe
	{1) 
	target, as well as the background 
	another Mode S transponder with the sam2 address 
	be inhibited from generating a reply message by disabling 

	~~3. _IS~t_pevelopment. Three subseries of tests will be executed in this test series. The subseries are identified by the test numbers of UOO, 1200, and 1300 in Table 1. The basic difference between the sub­seri~~ of tests will be the flight path of the simulated test t~rget. The 
	(~) f 1 i g h t p.3 t h s wi ll emu 1 a t e t h e a c. t ua 1 ..f 1 i g h t s per f oran ed i n p h a s e I o f t h e 
	·· ..· progr~m. The radial paths will simulate a straight line flight from one extr~me point of the coverage area of the sensor to the opposite extreme point pa~ling over the sensor site. The arc flight· path will be complete circles in both the direction of and opposite to the antenna's 
	-3
	-

	' ~ 
	rotation. lhe sensor will bP located at the center of the circles. ThiO! t·udius of the circles around the sensor will be the equivalent of ~o. 40, 30. 20. and 10 nm. to duplicate phase I test flights. 
	T h e r. i m u 1 a t ed f 1 i gh t: pa t h s , d e s i gn a t e d as c i r c 1 e s i n T a b 1 e 1 , wi 1 1 (} de~cr;be circles with centers placed along the radial path described 
	•v 
	above:. The radius of each circle. 1s determined by the maximum speed of 400 kts and adJusted to be within the standard turning rate of f: r c i a 1 a i r 1 i n e p r a c t i c e . Wi t h a r a d i u s o f 5 nm. t he c en t e r o f t h e circl£·s are placed at 45, 35, 25, and 15 nm. to obtain at least one commun point between all simuldted flight paths. 
	c o mm

	Wi~h1n"each subseries of tests. five basic runs will be executed with ~~nsor's theta-half angle s~t to the nominal 0. 989 degrees. The b~ repeated with the sensor's theta-half ang 1 t· set to ze r o degrees. F o •.n· runs w i 11 be e xe c u ted wi t h t he s i m u 1 ated target maintaining a constant speed. The fifth test run will be executed with the test target experiencing a constant acceleration and decelera­tion of 10 knots per second. The acceleration will be within the capabil­ity oF civil aircraft a
	the 
	same Five test runs will then 
	the 

	2. 1. 4. Test D3ta. The number of t•epetitions of s gl\ten test run will depercd on tho: observed results. Each test must be duplicated in suffi­cient numbers to give satisfactory statistical basis for conclusions. When no adverse effects within a given test run are experienced, the num­ber of repeats using the same test parameters will not exceed 20. When ~eductions in system 
	the first 20 executions indicate abnormalities or 

	(}) perfot·mance, the runs will be rE'pe.~ted in groups of 20 runs until the vari~tion between test results falls within acceptable limits using a norm~l distribution curve. The variable speed tests will be repeated in gt·oups of 80 runs. Data from .;DCSDL will be used in conJunction with the &~ta reco~ded by the ARIES system. Table 2 sh~ws the data sources performa~ce measures used ana developed for the tests. The sensor dat~ collectjon descriptor numbers and the AIRES data extraction block numb~rs shown i
	and 
	this 

	2. ~->IMULATCD HJGH AND CAPACITY CHANNEl,. LOADING TESTS. <Series 2000> Onl~ Q limited number of targets are available in tests using the real enviT-onment. largets of opportunity are ATCRBS transponders along with a fell• ground based Mode S tran$ponders. Simulation using the ARIES unit provides the only means to test the sensor operation in a high Mode S target env]ronment. The test series is designed to investigate wh~n the ~ensor handles a large number of targets. The q_uest.ion5 to be addressed include
	2 
	link performance 

	~ targ~t maneuvering effects are combined.
	..
	.. 
	-4
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	. A 
	Capdrity channel lo~ding will be derived from the MITRE study [2J which sp~cjPies the total number of ~~rgets and the worst cas• concentration t.:•rget~-; in azimuth wedge-s ant1c ipated in a .Mode S environment. Since N~IES sy;tem is not capable of handling Extended Length Messages 
	of 
	the 

	<ELM), 112 bit long messages will be limited to only Comm-A and
	c) Comm-D messag~s. Not using the 112 bit ELM <Comm-C and Comm-0) messages 
	\l wi 11 r• o t -3 f f e c t the va 1 i d it'J of the tests, since t.• s e of the ELM protocol would reduce requirements on the sensor and the loading of thf> communication channel. Thus. the tests performed using Comm-A/ Comm-~ trans~ctions as the communication load in addition to the surv~illance transactions will represent worst case operation. 
	~~-) Test Go .,:~1 s ,__ T h e o b J e c t i v e of t h i s test 5 er i e s i s to de termine t he 
	effects of channel loading. in the presence of interference signals, on 
	~crformance of the communic~tion channel. Interference signals should 
	the 

	reduc~ the sucessful completion of the communication transaction consist­ing oF a Comm-A/Comm-B message pair. The effect of interference signals 
	should be more pronouncPd on communication messages than on surveillance 
	only transactions because the message lengths .are doubled. To eliminate 
	~Pfects of aircraft maneuvers. the test ta~get will remain stationary 
	the 

	for the maJority of the tests in this series. Add1tional test runs 
	will be perfo~med where maneuver effects are combined with interference 
	signQls to ?bserve effects on channel performance. 
	2. 2.? Test ~onfillr.ation. The test bed for this test series is shown in figur~ 1. Th~ ARIES system will generate responses to all interrogations gener~ted by ~he sensor. The sensor will be programmed to use Comm-A intet·r·:ogations for a fixed percentage of the targets. At the same time, the ARIES unit will be programmed to answer with a fixed Comm-B reply under the control of the sensor. The target address defined for the test target will be assigned to a Mode S transponder ~hich will intercept all
	intet·rogation=, bllt which will be prohibited from generating a reply mess~ge The transponder will be connected to the ADCSDL to provide additional d:ta on magnetic tape. Interference signals will be in the form of ATCRBS fruit generated by the AIRES. 
	@ 

	2.2. subs~ries tests are planned. The tests are identified as the 2000 series in Tables 1 and 2. In the first two tests a total of 100 targets will be used. 20 of these targets, including the test target, will be interro­th~ Comm-A/B messages. The test target rem~in stationary while th~ remaining targets will move in circles. In this fashion the number of targets will remain constant with a vari­able target density in the vicinity of the test target. With the test target remaining stationary within the cove
	8 Test pevelopment. A total of five separate 
	gated and will respond with 
	will 
	the 
	a 

	(r).. in tt>st series 1300 described previous!y. All tests will be repeated '....P wi t h t h e ATC R B S f r u i t r a t e s no t c d i n Tab 1e 1 to de t er m .i ne t he c omb i n e d effects of chann~l loading and fruit signals on link performance. 
	-5
	-

	J 
	~4 _r~~~ Oat~~ lhe performance measures involving the test target will rem3in r.he same for this test series as for th~ 1000 test. seriPs. Addit]onal performance measures for the s4stem which give an indication of the total system operation will be added as required. 
	·2. 

	(~\The total number of interrogations transmitted for the number of 
	~existing target~ and the number of valid r~plies received during ~can and the total test run will be determined. Table 2 shows the performance measures used for each test. These measures are defined in Appendix A. lhe sensor descriptors and AIRES data blocks identified in the table are described in the de~initions section of this report. 
	each 

	2. 3 ~-:IMULATC::D MULTIPATH It-!TERFfRENCE SIGNAL TESTS. <Series 3000) These test~ will be run to simulate two s1gnal paths converg1ng at the receiver input. The two sjgnals, labled reference and int:?rference, will contain s~me reply message delayed in time with respect to each other, to irivestigate the effects of multipath interference signals on the Mode S systPm. This effect should be most significant en the downlink leg chann~l. where the phase sensitive monopulse receiver dete1·mines aircraft positi
	the 
	of the 

	2. ;;t__1· Test Goals._ The obJectivE> o-F test series 3000 identified in T~ble 1, is to determine the effects of multipa~h probl~ms on channel performance. Simulated signal conditions will be used. The multipath sisnals may affect the amplitude of the prim~ry signal or ~ay introduce pulses in time slots of the PPM modulated
	signQl 

	reply messag.e. Both of these effects on the signal will be interpreted th~ sensor signal proces~ing equipment as errors. The errors may be thP results of pulse amplitude variations in a m2ssage exceeding a fixed amount or translation of logical states in an information bit. t~sts will be conducted to determine tolerable delays between the m~ltipath s·ignals with varied relative amplitudes and to determine the ePfects of multipath signals which arrive at the sensor with diffr·\·ent azimuth values. 
	Q 
	by 
	The 

	2. 3. ~· Te?LConftqyration. -The TTG will be used in conJunction with the Mode S s~r.sor. Only surveillance messages will be used during the test~. Multipath signals will cause reJection of the reply when 17 or more consecutive bits of the reply are affected b4 the multipath signal or when errors in more than onP segment of the reply, separated by at least 17 bits occur. In either case. the error detection and correction algo1·ithm inh~rent in the Mode S system will reJect the reply as not corr~ctable. Sinc
	can 
	survf'illance 

	":)ratio. •. 
	Two test beds will be used for thi$·test &erie& ~ince there are two possible multipath modes. In the usual case of mul~ipath interference, ther~ ar~ twQ ~ignal paths, the direct path from the aircr~ft to the sens t•T· and a pa t h v i a r e t1 1ec t i on from t he eart h ' s s u r fa c e .C6 J . I n t h i s 
	j 
	mode the direct •nd reflected signal will arrive at the .sensor with ~arne azimuth but with the r~flected signal delayed in time due to the 'long~r path length. The tPst c.onfiguration for this mode will utili1e a simulated target at .boresight azimuth. The reflected path will dlso be at boresight but will be delayed in time. As shown in Fig
	the 
	-

	~~ ure ~, a 1090 MHz oscillator will b~ used to provide the RF carrier for 
	\!0.'' the two -zign:~l paths. The reference signal path ll}ill be modulated by Chanr•£·1 0 of the TTG. The interference signal patra will be modulated by Channel 1 of the TTG and will contain the same message Ch~nnel 0 but will be delay~d by a test parameter value of time. The eFfect of phase delays of the carrier frequency between the two signed ·paths will also be invec;tigated. Since the target will be at bore~ight, only sum and omni signals will be generated. The direct <ref~rence> and multipath (inter
	-
	as 
	in thP power dividers before being input into the 

	In thP less common mode of multipath interference, the reflectEd 
	sign~) arrives at the sensor with a different azimuth value than the 
	refel·Pnce signal. As shown in Figure 3, the r.eference and interference 
	signdls will be developed and combined to produce the sum, difference, 
	and omni 'signals consistant with two signals arriving at the sensor 
	with different azimuth values. The interference signal is time delayed 
	by th~ same·tPchni~ue used in the previous test. 
	2.3.8 Test D=~o~~ent. -A total of 3 subseries tests are planned to evalltate multipath effects. The tests are identifi~;d as 3100, 3200, and 3300. To simulate multipath, variable delays and attenuation levels will ~e introduced into a secondary downlink message which is identical mes~age will overlap the m~ssage by 17 or fetJJer bit positions. TMis value has been chosen 
	to thr primary TTG message. The secondary 
	prim.:.1·y 

	_ sine• it is the maximum the Mode S error corr~cting code will accomodate. 
	~~~Previous test~ have demonstrated that the error correcting algorithm 
	'-t;· use d by t h£' t1 od e S can c orre c t b u r s t errors o f 1 7 c on t i g u o u s b i t s. 
	This test will evaluate the Mode S system capability to decode messages with multipath effects responsible for tMe burst error condition. In test 3100, the TTG will be used to transmit repli~s from a stationary target. There will be no multipath resu~ts obtained to be used a; a control for the remaining tests. In test 3200, the r~plies from a staticnary target, locat£'d at the antt>nna boresight, with a second identical repltj, also located at boresight, overlapping the final 17 bits of the first reply. ~~c
	effects introduced for these targets to allow the 
	TTG will be wsed to transmit 
	The 
	be 
	azimuth than the reference 

	An important consideration in the analysis of multipath test results is th•t the method described above is a simulation of a mutipath condjtion, not an actual multipath condition. The test method includes the t;me delay and ~zimuth chang~ results of the interference signal, 
	~~but <fc.•es not include the possible phase . Also, since two 
	reversa.ls

	~ seper~te signal modulators are used, the reference and interference signdls will not be exactly equal as would be the case for a true multipath signal. To develop a more precise test configuration would re~ujre time delay elemPnts on the order of miles of coaxial cable with the t·£-sulting dispersion and attenuation masking the results. 
	U~...?l T.::o'5t. C.:1t-)_ -The performe:mce measures for th1s test series will be the dvwnlink ratio <See App~ndix A) versus the characteristics of the inte1·f'er~nce 'iignal. The TTG ·will output a surveillance reply conta1ning 
	re-Fe1·(·nce and interference signals when iliterrogaterf by the sensor. The "l sensor extractor will be programmed to record all target replies and scaniJ n•Jmb,·rs. The sensor antenna will be terminated so that the only target 
	C

	repli~s in the system are those generated by the TTG. The test series will Le run with given delays and attenuation levels. As preliminary test 1·esults are obtained, additional values of delay and attenuation may be wc•T·ranted, at the disc1·etion of the test man-3ger, to provide a stati~tically significant data base.· Sensor scan number will e~ch change in delay and attenuation of the interfer·ence sign~) for data analysis purpo;e;. The important parameters are the ratio of received replies to total repli
	be noted at 

	TablP 2 shows the data sources and the performance measures used and Th~ performance measure~ identified are describe~ in Appendix A. The ~ensor descriptors and AIRES data blocks identified in the table are described in the definitions section of thi·; r·eport. 
	deve)oped for these tests. 
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	Tabr€• 1. Tests Matrix for Link Reliability Program, Phase II. 
	-----· 
	-

	INUM-lTEST BED, I <:ONTR.[t_LLED TEC:T f'_0_R At'!€ fER S AT TEST BED I SEE ISEtJSO~ _ __LI.f':-~T TI\RG~~T : ~t_JVIRONMENT NUM-IOF FIGURE: ITHETA-HALFlMESSAGE I PATH :SPEED: ACC. lNUMBER OF BER IRUNS I NUMBER I DEGREES lTYPE A/BlTYPE lKNTS l V,NT /S: TARGETS/ 
	TES'I: BER 
	I 

	_ __,!FRUIT RATE
	I 
	I 

	I 
	§.ERH·S 1000 TS:SlS:.... 1111 .20 1 0.0 100% IRAD. 100 0 1/0 1~· 20 1 0.0 100% RAD. 2JO 0 1/0 1 0 ..0 100/. RAD. 3~0 0 1/0 11111 20 1 0. 0 100/. RAD. 400 0 1/0 111 f1 80 1 0.0 100'1. RAD. 1-400 10 1/0 1121 20 1 0.989 100/. RAD. 100 0 1/0 112;-J 20 1 0.989 100/. RAD. 200 0 1/0 112J: 20 1 0. 989 100/. RAD. 300 0 1/0 
	H 
	111 :-c 20 
	I 

	I 1124: 20 1 0.969 100'1. RAD. 400 0 1/0 :112!-ll SG 1 0.989 100/. RAD. 1-400 10 1/0 
	I
	:1211: 20 1 0.0 100/. oARC 100 0 1/0 121~") I 20 1 0.0 100/. ARC 200 0 1/0 121:-1 20 1 0.0 100% ARC 300 0 1/0 1214 20 1 0.0 100/. ARC 400 0 1/0 121 ~' 80 1 0.0 100/. ARC 1-400 10 1/0 1221 . 20 1 0.989 100/. ARC 100 0 1/0 122~' 20 1 0. 989 100/. ARC 2~0 0 1/0 122:-c 20 1 0:989 100/. ARC 300 0 1/0 20 1 0.989 100% ARC 400 0 1/0 122!.-80 1 0.989 1001. ARC t-400 10 1/0 1311 20 1 0.0 100'1. CIRCLE ..., __ 0 1/0
	1224 
	1 

	1:~ 
	1312 20 ' 1 0.0 100/. CIRCLE r::..\JV 0 1/0 131~-f 20 1 0.0 100'1. CIRCLE 300 0 1/0 1314 20 1 0.0 100'1. CIRCLE 40·J 0 1/0 ~~ 80 1 0.0 100/. CIRCLE 1-400: 10 1/0 1321 20 1 0.989 100'1. CIRCLE 100 0 1/0 132;• 20 1 0.989 ·100'1. CIRCLE 200 0 1/0 132:-c: 20 1 0.989 100/. CIRCLE 300 0 1/0 1324l 20 1 0.989 100/. CIRCLE 400 0 1/0 132~: 80 1 0.989 100'1. CIRCLE 1-400: 10 1/0 SERH-S 2000 TESTS. 2111 I 80 1 0.0 20% POINT 0 0 100/0 80 1 0.989 20/. POINT 0 0 100/0 211~, 80 1 0.0 140/47 POINT 0 0 250/0 212;) 80 1 0.989
	131 
	2121 
	1 
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	TASlt;. 2. Performance Measures for Link Reliabiliti Program, Phase II. 
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	!. I• ·, .f •-; ~ I : . i 4' ~ ' i L, .,.. t I .l j 
	~.E_IES da_t~_QJ•:>£..L ...!'~Jmbers: The ARIES extraction required for phase II t~sting will ronsist of the following data blocks: 
	Block Block Nam~1 32 b i t b u f f e r · t i me 2 Error block 5 Fruit rate table 8 Model input recor4 
	-

	9, 10 ATCRBS/All Call replies 
	I
	i1, 12 Mode S Interrogations 
	ARI~S k<;t '1'gl.;ipmenL The Aircraft Reply and Interference Environment 
	I
	Simulator <ARIES> is designed to simulate a radar beacon environment of r. up to 400 trc:!nsponders plus high rates of interfering replies (fruit) for the purpose of testing beacon interrogators under heavy load. In particular, ARIES is designed to test the· new class of interrogators developed for the Federal Aviation Administration as part of the ModeS S!JStem. The Mode S interrogators are call:?d "sensors". 
	r 

	'Due to the large target capacity of the Mode S sensors, it is not possible to find an air traffic environment that is dense enough to fully test the sensors under heavy load conditions. The complexity sensa~; precludes simply extrapolating performance from a less densf! .ber.chm3rk test. For this reason, and also due to a requirement to be able to repeat the identical test several times, an environment simulator has been built which appears to the sensor under test to be det;~.e bear.:>n environment typica
	of the 
	a 

	(~)of ar~ep~anc~. and se~asor evaluati·:>~ testing. _ . __ 
	_. The ?>.;dE~ un11;:; cun oe programmer.) ·for a number of Mode t> and ATCHB~ t~rgets. The apparent flight paths of each target 1s under software :~ccuracies of target position:; and velocities exceed the Mode S sensor requirements. Both interrogation ana reply message lengths defi11£'d for the ModeS system are accomodated by the ARIES unit. Within these message length~ a number of spec1fied reply modes are implemented to fully zupport the operational protocol defined in the Mode S taT'g~ts, "fruit" intet·
	contl·ol. The 
	Natior,al Standard. In addition to the simulated 
	Fruit 

	Cae.g_C' j.tY......f.hannel load: For phase II tests capacity channel loading is f1od~ S targets wi.th the sensor transmitting 180 Comm-A mess~ges and receiving 47 Comm-B messages per scan. 
	defit1cd as 250 

	High thann~l load: For phase II tests a high load will be defined as 100 active targets responding to interrogations with one of the tar­~s the test target. Comm-B messages using the standard Mode S protocol will comprise 20% of the targets. These active targets will concentrate to a peak of 12 targets in each of two consecutive 2. 4 degr~~ azimuth wedges, with seven of the 12 targets providing at least one Comm-D reply each per scan. 
	gets 

	1~Senso~ D~scriptor Numbers: The ModeS sensor data extractor requires . .)1 d;sci'jptor n~;nbers-to identify the d·a·ta to be collected. Phase II testing uses some or all of the following descriptors: 
	-16
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	" 

	'i c r i Qt; .2.!:. Pll<LS!.!=:r_ac t£.~0888 Northmark record <time> 4103 Surveillance file entries 4501 Mode S replies 
	Ill'
	-

	.l i 
	Crest target: A Mode-S target wit.h recording and responding capclbilities. 
	... A parameter used btJ the Mode S sensor's channel management softw~re to determine the angle ahead of the antenna's 3 dB beamwidth at which interrogations to a given ta~get aircraft will begin. 
	Thetc-:-ha.LL

	T~~·~ction: One or more Comm-A interrogations to obtain one valid Comm-B reply, or surveillance interrogations to obt~in a surveillance reply. 
	IIQ_i.c·st eguip~nt: The Test Target Generator was designed to diagnose fa u1 t ~ a n d t o a s s u r e error f r e f! op e r a t i on. o f t h e i1 o d e S s en s or. As a seLundaTy mcde of operation the TTG is used to calibrate the RF front end of the sensor through the simulation of monopulse signals. 
	The 1TG consists of three parts: .; controller, two memories, and an RF s~ction. lest sc~narios and data blocks in the form of computer data tards are read into the TTG and stored in the memories. The contl·Ciller, triggered by a signal from the Modulation Control Unit of the Mode S sensor under test, causes the messaqe~ stored in the memories to b~ read out to the modulator of the RF section. The s~ttion converts the digital pulse train to t~o amplitude modulated RF sjgnal~ ccrr~sponding to the sum and dif
	RF 

	:·:\is avc.:ilable in reference C9J. 
	::.~
	-

	Valid Comm-A. interrpgation: Comm-A interrogation addre·:;sed to test targ~t and received by test target transponder with~ut errors. 
	Valid .Comm-B rlll,y,;_ Comm-B reply received b•J sensor or transponder test ~et without any errors or with correctable errors and with .acceptable monopulse values. 
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	APPENDIX A 
	,~ 1. 1 (~ENERAL 
	W ~mf' ~u~ ;;--.; ~ ed to eva 1uate 1 in k per formanc e du r i n g p has e I I testjng of the Mod~ S data link system are define~· in this appendix. Intet"T·ogationz m-:ly be either Comm-·A interrogations for the 1000 and 2000 seri~s test~ or surveillance interrog~tions for the 3000 series Likewi-.:;~, rt-plies may be either Comm-B replies for the 1000 ~·000 series tests or surveillance replies for the 3000 series tests. 
	testt.. 
	and 

	L...L.J. Int.:c>rroaation5 Per S~~IL..J!PS)-The average number of interrogations p er .:: r' t =n n ·.3 : c an t ran smi t t e d b y t h e Mod e S s en s or d u r i n g t h e t e s t segmt·nt. The IPS value is calculated as: 
	N 
	IPS = E It 
	1=1 
	N where: 
	N E is the symbol for summation from i = 1 to N. i=l 
	It = total number of interrogations transmitted to the test target by the Mode S sensor in the ith scan. 
	N = total number of scans. 
	.JL2...Lin.~ Ratig_ CUR>-The ratio of the number of interrogations received by t~st target transponder to the total number of interrogations. tran~mitted tc the test targat. The UR value is calculated as: 
	LL..? 

	N UR = E <IT• I I t > i=l N 
	wherE': Ir = total number of interrogations received by test target transponder during the ith scan 
	LL.8 Downlinf< Ratig <DR>-The ratio of the number of repl.ies received by the Mode S sansor to the numbar of replies transmitted by test target tran~pond~r. The DR value is calculated as: 
	N DR = E (Rr/Rt> 1=1 N 
	,• 
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	where: Rr = total number of good replies recQived by the Mode S sensor in the ith scan from the test target 
	Rt = total number of replies transmitt~d by test target transponder during the ith scan 
	-~~4 Round Reliabi!ity R~t.io (RR~l-The ratio of the number of good replj~s received by the Mode S sensor to the number of interrogations tran~mitted by the sensor. Th~ RRR value is calculated as: 
	N RRR = E <Rr/It> i=l 
	N 
	1.,_~!-, S e ~ d _I:.1 r g e ~ _i n S c an Ra t i o (S T R > -T h e r a t i o o f t h e numb e r o f Mo d e S targets for which interrogate/reply transactions are completed t~rgets in the sensor coverage area. The SlR value is calculated as: 
	to the total number of Mode S 

	STRn = Ttn Tn 
	whel'e: n = sensor scan numbel' Ttn = number of targets which have comoleted at least one 
	Mode S transa~tion during scan n 
	Tn = total number of Mode S targets in the sensor coverage area dul'ning scan n 
	......... 
	(: 1 1. 1. 6 Early Interrpqation Ratio (!='!R)-The ratio of interrogations sent 
	\;.l;f --
	-

	to thP test target before the test target is within the 3 dB beamwidth of ~ensor antenna to total interrogations. Since simulation targets are being used for these tests. early intel'rogations are those which lead the bol'e~ight by greater than 1.22 degr~es. The EIR value is calculated as: 
	the 

	N EIR = E Cle/It> i=1 
	N 
	wherP: 
	Ie = total number of interrogations s~nt in the ith scan before the test target is within 1.22 degrees of boresight 
	LL?. Invalid Monop_ylse Ratio (!MR)-The l'atio of Comm B l'eplies received b~ th~ sensor with an invalid monopulse value to the total number of replies received.. The IMR value is calculated as: 
	N 
	IMR = E <Rim/Rt> 
	1=1 
	N 
	(})where: .· 
	Rim = total number of replies received with an invalid monopulse value in·the ith scan 
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