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CHAPTER 1 

OVERVIEW AND SillfXARY 

INTRODUCTION 

The Mode S Beacon System is a combined secondary surveillance radar 
(beacon) and ground-air-ground data lintt system capable of providing the 
aircraft surveillance and communications necessary to support ATC automation 
in the dense traffic environments expected in the future. It is capahle of 
common-channel interoperation with the current Air Traffic Control Radar 
Beacon System (ATC~BS) defined in Fig. 1-1, and thus may be implemented at low 
user cost over an extended ATCRBS-to-Mode S transition period. In supportinR 
ATC automation, Mode S will provide the accurate surveillance needed to 
support automated decision making, and the reliable communications needed to 
support data link services. In order to meet these requirements at en route 
facilities, l1ode S sensors may operate w:lth back-to-hack beacon <:ntennas to 
provide twice the beacon data rate available from a standard antenna. When 
operating in conjunction with a terminal or enroute digitizer-equ1.pped, ATC 
surveillance radat, a ModeS sensor will use the radar returns either to 
reinforce beacon tracks, or in cases of ahsence or failure of a transponder, 
to provide radar target reports. 

A central Mode S design requirement was assurance that the system could 
be implem~nted in an evolutionary manner. By the time deployment of Mode S 
begins, approximately 1988, there will be on the order of 200,000 aircraft 
equipped with ATCRBS transponders, and approximately 500 ground-based 
interrogators. Mode S is designed to operate in this environment, and in 11 way 
that would permit the gradual transition to an all-Mode S operation. 

The capability for such a transition h:-.s been achieved by providing a 
high degree of compatibility between Mode S and ATCRBS. Mode S uses the same 
interrogation and reply frequencies as ATCRBS, and the sign:tl formats have 
been chosen to permit substantial commonality in hardwar·e. This degree of 
compatibility permits an economic and srnooth transition, in which (a) Mode S 
interrogators will provide surveillance of ATCRBS-equipped aircraft, and (b) 
Mode S transponders will reply to ATCRBS interrogators. 

Thus Mode S equipment, both on the p,round and in aircraft, can be 
introduced gradually and continue to interoperate with existing systems during 
an extended transition phase. 

THE MODE S CONCEPT 

The fundamental difference bet•...reen Modr Sand ATCRBS (Ref. 1) is the 
manner of addressing aircraft, or selecting which aircraft will respond to an 
interrogation. In ATCRBS, the selection is spatial, i.e, aircraft within the 
mainbeam of the interrogator respond. As the beam sweeps around, all angl~s 
are interrogated, and all aircraft within line-of-sight of the antenna 
respond. In Mode S, Pach aircraft is assigne·j a unique address code. 



Mode A 

Mode C 

ATCRBS 

Interrogation 

0:-: 0 
I 8 fLSCC i 

.Jl;: 
21 fLSec 

0 
I 

Transponder 

Response 

Identification 

~ 
20.3 fLSec 

Fig. 1-1. Air traffic control radar beacon system (ATCP..BS). 
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Selection of ~hich aircraft is to respond to an interrogation is accomplished 
by including the aircraft's address code in the interrogation. Eacl1 such 
interrogation is thus directed to a particular aircraft. Narrow-beam antennas 
will continue to be used, but primarily for minimizing interference between 
sensors and as an aid in the determination of aircraft azimuth. 

Two major advantages accrue from the use of discrete address for 
Stlr~eillance. First, an interrogator is now able to limit its interrogation 
to only those targets for which it has surveillance responsibility, rather 
than to continuously jnterrogate all targets within line-of-sight. 1nis 
prevents surveillance system saturation caused by all transponders responding 
to all interrogators within line-of-sight. Secondly, appropriate timing of 
interrogations ensures that the responses from aircraft do not overlap, 
eliminating the mutual interference which results from the overlapping of 
replies from closely spaced aLrcraft (so-called synchronous g~rble). 

In addition to the i:-nproved surveillance capability, the use of r.w 
discrete address in interrogations and replies p~rmics the inclusion of 
messages to or from a particular aircraft, thereby providing the b~sis for a 
ground-air and air-ground digital data link • 

MO.OE S cLEMENTS 
--~~----

·-- As ·illustrated in Fie. 1-2, the Mode S sy::;tem is comprised of the sensors, 
tr:..nGponders, and the stgnc>ls-in-space which form the link between them. 
Mode S provides surveillance and ground-air-r;round communication service to 
air traffic control facilities including en route (ARTCC) aad terminal \TRACOtl 
and TRACAB) • 

The Mode S link employs signal formats used for ATCRHS, and adds to the.o:;e 
the signal waveforms and message formats necessary to acquire ~~de S-equipped 
aircraft, and for discretely-addressed surveillance and data link 
interrogations and replies. The principal characteristics of the Mode S signals 
are as follows: 

Int<!rrogation 

Frequency: 
Modulation: 
Data Rate: 

Reply -

Frequency: 
Modulation: 
Data Rate: 

1030 MHz 
Differential Phase-Shift Keying (DPSK) 
4 Mbps 

1090 MHz 
Pulse Position (PP~f) 
I Hbps 

Interrogation and Repl~ -

.Data block: 56-bit or 112-bit 
Parity code: 24-bit (included in data block) 

3 
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A more complete summary of the Mode S signal formats is contained i.n 
Chapter 2 • 

The Mod~ S sensor provides surveillance of ATCRBS- and Mode S-equip~ed 

aircraft, and operates as a store and forward communicati('n relay for data 
link communication between aircraft and ATC facilities. In addition, the 
sensor accepts digitized radar target reports from a collocated radar and 
combines these with the beacon reports into a composite surveillance output 
stream. When beacon and radar reports occur on the same target, lhe radar 
report is suppressed and the beacon report tagg~d as radar-reinforced. 
Radar-only output reports are provided on targets that are not Leacon 
equipped • 

To discretely interrogate ~lode S-equipped aircraft, the sensor maintains 
a file of the identity and approximate position of all such aircraft within 
its defined area of coverage. 

Each sensor's operation is controlled by a presL0red map defining its 
coverage volume, which may be differen~ in normal operation and in the event 
of various system failures, e.g., tne failure of an adjacent sensor. 

In a netted configuration, each sem;or may communicate with adjacent 
sensors via a common ATC facility to han~ off targets as they pass from ~he 

region of one sensor's coverage to that of an adjacent sensor. In acdition, in 
regions of overlapping coverage, this intersensor communication mny be used to 
assist in the reaquisition of a lost target. 

In general, each sensor can provide surveillance and communication 
services to several ATC facilities, i.e., all those whose areas of control 
responsibility overlap t~e coverage area of the sensor. The interface between 
the sensor and eac•~ control facilit:y comprises a one-way circuit for the 
transmission of su.·veillance .:!"ta, both radar and beacon, and a two-way 
circuit for the interchan~e of da<:a link messages. The latter is also used to 
transmit various status anrl control messages between the sensor and the ATC 
facility. 

The Hode S transponder inclwies all of the functions of an ATCRBS 
transpondar, and adds to these the ability to decode Mode S interrogations and 
to format and transmit the appropriate replies. For data link, the transponder 
functions primarily as a modem. On receipt of a ground-to-air transmission, it 
verifies the cornctness of the received message using the error-detecting 
code. Once veriffP:!, i.!:e transponder transfers the> message contents to one or 
more external devices. For a!.r-to-ground messages, the transponder accepts the 
message contents from an external input device, and formats and encodes the 
data for transmission as part of the reply to a subsequent interrog3tion • 
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MODZ 3 SURVEILLANCE 

The principal features of Mode S surveillance are as follows: 

Unique address 
All-call acquisition 
All-call lockout 
Range-ordered roll-call interrogation 
Adapti~e reinterrogation 
Monopulse direction-finding 
Positive handoff 
Multisensor cove~age 

Each Mode S-equipped aircraft has a permanently assigned unique 24-bit 
address. This 24-bit address will be included in all discretely-addressed 
interrogations to that aircraft, and in all Hade S replies frorr: that 
aircraft. 

Tt,e Mode S sensor range-orders iPterro~ations to Mode S-equipped aircraft 
in such a way that the replies GO not overlap. The use of monopulse direction 
finding on the reply per.:!lits the sensor to provide surveillance of 
Mode S-equipped aircraft, generally within a single interrogation/reply cycle 
per rotation (scan) of the interru6utor antenna. If a reply to the 
inte~rogation is not received, or is received but not successfully decoded, 
the interrogator has the capability of relnterrogating (several times !f 
necessary) the aircraft during the time the aircraft is in the antenna beam • 

• 
In order to be discretely interrogated, an aircraft must ba on the 

sensor's roll-call file, i.e., the sensor must know its address and 
approximate position. To acquire targets not yet on any sensor's roll-call 
file each sensor transmits all-call interrogations. A Mode S-equipped aircraft 
will respond to such an interrogation ~~th its unique address, and be added to 
the sensor's roll-call file. 

Once on the sensor's roll-call file, the Mode S-equipped aircLaft may be 
locked out from replying to subsequent Hade S all-call interrogations. This 
lockout condition is Lontrolled by the Mode S sensor and is transmitted to the 
Mode S transponder ad part of the Mode S discrete interrogation. The use of 
Mode S lock-out eliminates unnecessary all-call replies and therefore 
minimizes interference (particularly all-call synchronous garble) or. the 
air-to-ground channel. 

While Mode S lock-out can minim::l.ze synchronous garble on acquisition, it 
cannot eliminate :t completely nor is it effective in the case where a Mode S 
sensor resumes operation after a period of inact.tvity and must therefore 
acquire many Mode S aircraft simultaneously. These latter cases are handled 
by a feature called "the stochastic acquisition mode". In this mode, the 
Mode S sensor interrogates garbling aircraft with a special all-call 
interrogation that instructs them to reply with a specified less-than-unity 
reply probability. The resulting reduced reply rate means that some all-call 
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replies wlll be received ungarbled and these aircraft will thus be acquired. 
Qnce an aircraft is acquired it is locked out and hence no longer interferes 
with the all-call rep:ie~ from the remaining unacquired aircraft. The process 
is repeated until all a!:craft arc acquired. 

The use of Mode S :oc.kout to minimize .interference on all-call replies 
means that provision r::..:'>t be marie ::o hand off the Mode S address to an 
adjacent site in area~ ~= multisensor coverage. !n a non-netted 
configuration, Mode S a!rcraft are hand8d off to an adjacent sensor using one 
of the following techni~ues • 

Site Addressed Loc:-;.;r,,.!t. The Mo:le S transponder can be selectively and 
independently loc~~~ out to all-call interrogations origin~ting from up to 
15 differen~ se1sor sites. Adjacent sites using different site address 
numbers are co11pletel:' unaffected by the other sites' lockout activity and 
hence can pertorm e1quisition and lockout in a completely autonomous 
manner. 

~ooperative Vnloc~i~z. This technique requires that each site se!ectively 
unlock aircraft at surveillance boundaries in order to allow them to be 
acquired by the adjacent sensor's normal all··call interrogations. 

Lockout Overri~e. A special all-call interrogation can be used that 
i.1structs the 1-iode 5 tram>ponder to ignore any previous lockout 
i;tstructions. Th~ resulting all-call garble is handled by the stochastic 
acquisition mode. lo:-d le offering reduced performance compared to the 
other alten.ative!:, t!-'e approach provides a me3ns for sensors with 
overlapping cover~ge ~o operate with no site-to-site coordination. HencP. 
it may be •1seful for cperation across nrtional boundaries. 

Provision has also ".-.een made for sensor-to-sensor transmission of the 
aircraft's address and ~)sition where Mode S sensors with overlapping coverage 
can communicate via a c0~on ATC facility. 

If for any reason a~ aircraft ceases to receive discretely-addressed 
inl~rrogations for a pe~i0d of approximately 18 seconds (correspAnding to a 
few interrogator scans), any existing lockout will lapse so that ~~~ aircraft 
may be reacquired by nor::.al !1ode S acquisition. 

In regions of airs~ace visible to more than one Mode S sensor, each 
Mode S target will ger..erally be simultaneously on the roll-call of at least 
two sensors to provide c-:;·ttinuity of survaillance and data link service in the 

·event of a link or sensor failure. 
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ATCR3S SURVEILLA~CE 

1he Mode S sensor provides surveillance of ATCRBS aircraft with quality 
br.tter than that of presently operating e<'~uipment. This is important because 
r;f the high density of ATCRBS-equipped air.::raft that will be experienced 
duriC~g the early years of the ATCRBS-to-Mod~ S transition • 

Corn·entional ATCRBS Azimuth Determination 

Conventional ATCRBS processors determine azimuth through a technique 
kno1o.:1 as a "sliding window detector" as shown in Fig. 1-3. This azimuth 
measurement technique uses a high ,ulse repetition frequency (PRF) of up to 
45G per second in order to provide the t:wel ve or more replies needed for 
az1~uth determination for a terminal sensor. A second characteristic of this 
technique is that a failure to receive replies in the middle of the reply run 
can lead to the Jeclaration of the presence of two targets, neither of which 
is at the a:~imuth of the true target. The phenomenon is known as an "azimuth 
split". 

The ATCRBS Mode of Mode S 

The principal characteristics of ATCRBS surveillance provided by a Mode S 
sensor are: 

Monop~~~e direction finding, 
. _Reduced interrogation rate, 

Improved r~ply degarbling, 
False target identification. 

The use of mGnopulse on ATCRBS replies eliminates the disadvantages of 
the sliding window detector. Nocinally the sensor could op-~rate with only one 
reply per ATCRBS mode for each target during one scan of the antenna. 
H~;...:·.;c:r, this would lead to frequent target report declarations due to the 
chance reception of the replies (usually referred to as "fruit") elicited by 
adjacent sensors. To reduce this effect, the Hode S sensor is set to a PRF 
that produces 4 replies (2 for each of the ATCRBS ~oGes) within the antenna 
3-clB beamwidth. Typically, this is about one-thlrd the l:·RF of a conventional 
sens0r. This reduction in ATCRBS interrogation rate causes an immediate and 
significant reduction in the ATCRBS interference environncnt when an ATCRBS 
sensor is replaced }-y a Hode S sensor. 

A s~cond consequence of the use of monopulse is its ability to aid in the 
decoding of synchronously garbled replies from aircraft near the same range 
and azimuth. An example of a synchronous garble situation is shown in 
Fig. 1-4. The monopulse estimates for each reply p~lse rc~dfly identify the 
reply to which each of the receivej pulses belong. In the example showr, the 
pulses themselves are not overlapped so that pulse timing alone could have 
lead to the correct sorting of pulses into rep1ies. Mono pulse degarl;ling 
however continues to cperate into regions of pulse overlap that ctuld not be 
resolved by pulse timing alone. It therefore reduces the susceptibility of 
the ATCRBS mode to synchronous garble. 
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A major current problem in ATCRBS is the appearance of false targets due 
to reflection from large objcctn such ?5 buildings, or hillsices a~ 
illustrated in Fig. 1-5. The Hode S sensor is programmed to identify and flag 
such false targets using both target reply parameters (~.g., Mode-A code) and 
the pre-stored geometry of principal reflecting surfaces. 

In side-by-sicte experimental ceasurernents comparing the performance of 
the ATCRBS mode of a Mode S sensor with currently 0perational ATCRES 
equipme~t, it has been shown that the new system provides improv~ments in 
range and azimuth accuracies of ~bout 4:1, as wel: as significant improvement 
in target report reliability. fJ. su:nmary of these neasurements is gi·;en in 
(;haptcr 6. Details are provided in Ref. 2. 

MODE S DATA LINK 

Mode S provides both ground-to-air and air-to-grot.'1d data link 
capability. Air-to-ground messages may be either pilot-i~itiated, e.g., a 
request for a clearance change or for weather information, or 
ground-initiated, e.g., to read out onboard instrumentation. 

The critical nature of many of the messages to be c~n·ied by !-iode S 
requires a high degree of message integrity; it ~u~t Le known both at the 
transponder and at the sensor that a message has been received correctly 
before. the transaction can be considered complete. Tne required message 
int~g.i~y is ensured by providing for error detection, and technical 
acknowledgement. 

Error-detecting codes are used on b':>th interrogati.o~ts and replies to 
essentially eliminate the acceptance of a message containing an error. When 
the presence of an (uncorrectable)* error is detected, the whole transmission 
is rejected. Technical acknowledgment of the correct receipt of an uplink 
message is achieved by the receipt of a correct reply at the proper time. 
T~chnical acknowledgement for a do~~lin~ message is provided by an 
acknowledgment included in a subs~quent interrogation. If an error had been 
detected, no acknowledgment would be received and the message ~oJld be 
repeated • 

The three main classes of messages acco~odated by ~~de S are: 

Surveillance data, 
Standard-length message, 
Extended-length message • 

Surveillance Data 

Surveillance data may be included in a 56-bit Mode S interrogation and 
reply. In an interro~ation, this may include a command to lock out the 

*The sensor can correct certain types of error occurring in replies. Since the 
transponder has no error-correction capability, an interrogation is only 
accepted when it is free of error. 
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Fig. l-5. False target geometry. 



transponder to all-call intetrogatirJns. In a reply, this normally includes an 
altitude report equb:alent tc the .\TCRBS Mode-G report. However, either the 
ground or the pilot may initiate the inclusion of the ATCRBS Mode A code in 
place of the altitude report, e.g., to indicate an emergency condition. 

Standard-Length Message 

Most Mode S data link transmissions will be handled as one 56-bit 
standard-length message included as part of a 112-bit interrogation or reply. 
These transmissions include surveillance data in addition to the data link 
message, and thus will generally be used in place of, rather than in addition 
to, a 56-bit surveillance interrogati.:>n and/or 1·eply. Provision is also made 
for the linking of up to four standard-length message .::or.,ponem:s. 

In order to prevent interferer.ce between !!ode S replies from different 
aircraft, the control field of each interrogation spec~fies the lengt~ cf the 
associated reply. Thus when a long rep:y is needed the interrogator knows in 
advance and schedules the proper time the reply should be received and allows 
enough time to receive the long replies. When an aircraft-initiated 
air-to-g~ound data link message is to be sent, a code f~ set in the control 
f!eld of a reply that requests the interrogator to schedule a long reply in 
response to a subsequent interrogation. TI1e long reply, containing the data 
link ~ssage, is then transmitted when directed by the interrogator. 

Extended-Lenp;th Message 

Each standard-length message must be acknowledged before the transmission 
of the next one. In order co provide for the more efficient. transmission of 
longer messages, an extended-length message (ELM) capability is incorporated. 
Using this, a sequence of up tJ sixteen 8D-bit message segments (within 
112-bit transmissions) can be transmitted, either ground-to-air or 
air-to-ground, and acknowl~dred with a single reply or interrogation. Tnis 
acknowledgment indicates which, if any, of the message segments were not 
received so that only those need be retransmitted. As with the 
standard-length message, provision is made for the linking of extended-len~th 
messages. 

Extended-length messages do not contain surveillance data and thus cannot 
substitute for a surveillance interrogation and/or reply. As in the case of 
the air-to-ground standard message, the transponder must request permission to 
transmit an air-to-ground EL~, and then does so under interrogator control. 

Multisite Operation 

The data link protocol for the ground-to-air standard-length message 
operates correctly in areas of overlapping sensor coverag~ without any 
requirements for site-to-·site coordination. This permits the autonomous 
delivery of time-critical tactical messages under any circumstances. The 
other protocols, e.g., the air-to-ground standard-length message and the 
extended-length ~~ssage, requi~e that only one sensor at a time exercise 
these protocols for a particular aircraft in order to avoid message loss or 
error. 
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CO\'ERAGE HA~AGEHE:.'T 

Mode S limits its discrete interrogations to aircraft of interest, i.e., 
to those within a defined coverage volume. This contrasts with ATCRBS in which 
all aircrait within line-of-sight are interrogated. Control of the 11ode S 
sensor's surveill.'!nce and con-nunicatio11s funct:lons is based upon a prestored 
map which defines the action of the sensor for the regions of airspace within 
its visibility. 

For an isolated sensor (one for which there are no other Mode S sensors 
with contiguous or overlapping coverage), the _;urveillance management 
functions are quite simple. They consist of defining the regions of airspace 
in which: 

(a) the sensor provides surveillance and. data-link service, and 
(b) the sensor locks out ~lorle S-equipped aircraft from responding 

to all-call interrogations. 

As Hade S sensors are deployed, multiple coverage will exist at higher 
altitudes. Mode S includes a network management function to control the 
oper~tion of the Mode S sensors in this environment. Non-netted sensors will 
coordinate their surveillance activities using one of the techniques 
pr£~iouBly described. Data link coordination is effecteJ through 
the ute ·of multisite coordination features incorporated in the !-'.ode S 
::ranspondE.r. Netted sensors will communicate via a cc'llmon ATC facility both 
t~'t-.Jnd off aircraft as they cross surveillance boundaries, and to assist one 
another in maintaining continuity of ~urveillance and data link service. 

As in the isolated sensor case. the basis for network management is a rna{: 
prestored at each sensor whicn defines its reponsibilit!es for aircraft in 
each region of airsJ>ace. 'lot only does this map define the actions of the 
sc~sor itself, it also designates which adjacent sensors provide coverage of 
the same region of airspace and defines the location of coverage boundaries. 
Non-netted sensors use the map to determine when to use the transponder 
multisite coordination features for downlink or EL~ transactions as well as to 
determine when to initiate periodic Mode S unlocking to enable acquisition by 
an adjacent sensor. Netted sensors refer to this map to determine which 
adjacent sensor can give it assistance in maintaining track on a given target. 
and when to initiate a handoff of the aircraft to another sensor. 

Multiple sensor covera.ge is exploited in Mode S to assure a continuity OJ

both surveillance and data link service. Where such multiple coverage is 
available, an aircraft is always maintained simultaneously on roll-call by at 
least two sensors, thereby providing instantaneous backup in the event of the 
failure of one sensor/aircraft link. If for some reason a netted sensor los.:s 
contact with an aircraft. it calls on the adjacent tracking sensor for 
assistance in reacquiring the aircraft. 

14 



!n 0rder to preclude possibl~ ambiguities which can occur when two 
sensors simultaneously have an aircraft o~ their roll, a single sensor is 
normally dcsigr:ated prim;lry in each region of airspace. The special functions 
which are the responsibility of the primary sensor are: 

(a) readout of air-to-ground data-J.ink messages, 
(b) lockout to Mode S all-calls, 
(c) Eu~ transactions. 

The determination of which Mode S sensor is to act as primary for a 
particular aircraft is made by the air traffic control facility which has 
control responsibility for the aircraft. This is done to ensure that air 
initiated data link messc1ges are read out hy the SPnsor connected to the 
controlling ATC facility. For un~ontrolled aircraft, the Mode S sensors make 
the essignment themselves, based on coverage map infornation. 

MODE S /ATC INTERECE 

The Mode S /ATC interface is particularly simple in the case of an 
isolated Mode S sensor interacting with a sing!e control facility, e.g., a 
sensor at an air~ort interconnected only with the local TRACON. In this 
situaticn the sensor provides surveillance data to the TAACON, and operates as 
a relay point for data link messages between <ircraft and ATC. 

In genera:!.; l?owever, each sensor is capable of providing surveillance and 
communication service for more than one facility, and in turn each control 
facility rr.'lV receive data from moce than one sensor. This capability of 
greater connectivity permits contro~ facilities to take advantage of multiple 
r.overage to maintain surveillance and data link service in the event of an 
equipment -~ link failure at a particular ser.sor. ~urveillance boundaries 
between adjacent sensors are determined primarily by coverage geometry; these 
will not be the same as the control boundaries between adjacent ATC 
facilities, which are determined by air traffic flow patterns. 

OTHER INTERFACES 

The Mode S sensor 1rlll interface with other external devices and 
facilities. These include: 

Data Link. In general, the data link processors will use the Mode S 
sensor as a communicati.ms modem and will therefore use a communications 
interface, similar t~ those employed by the ATC faci~ities. Such 
processors will communicate with Hode S sensors via ..;he NAS Interfacility 
Communications System (NICS). 

Primary Rajar. Digitized radar data will be input to the Mode S sensor 
via a special in~ut porL designated for this purpose. Provision is made 
to inte~face with any of the primary radars planned for use with the 
Mode S secsor. 

• 
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Militnrv Air Defense Comrna.1d. A special configuration of the 
back::.:t·c;·:::~ack Mode S sensoc~ill opet·ate at joint use sites. This 
configuration will include interfaces to military equipment to permit the 
coordi::u.tion of beacon surveillance and secure IFF modes of operation. A 
speci~l surveillance output interface is included to provide the military 
ATC fictlity with data in the proper format. 

Surv<'· · ··_1 a nee -
L.··;•acity 
~~imuth accuracy 
r~,.nge accuracy 
D3ta update interval 

Da t n i . i n \ -
---·~··· -~-~----

Capacity 

r: .. ~Jivery ReHab:l.lity 

l),;,l,,tected error rate 

~~!tiple coverage. 

- 700 aircraft per sensor 
- 0.06 deg. (lo), ± 0.033° bias 

25 feet (lo), ± 30 feet bias 
- 4 seconds (terminal sensor beaco, data) 
- 5 seconds (enroute sensor with 

back-to-back antenna) 
- 1tl seconds (enroute sensor primary 

radar data) 

All identified ATC messages 
require a few percent of available 
capacity. 

> 0.99 in one antenna scan interval 
for short tactical messages 

( 1 error in 107 112-bit transmissions 

tt•;[:omatic monitorinJ :md network reconfiguration. 
Aui:omatic switching to standby sensor channel without loss of 

d~tabase in case of failure. 
E·"hl·Jte maintenance monitor. 
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CHAPTER 2 

THE MODE S LINK 

SIGNAL WAVEFO~S 

There are five signal types used by Mode S for surveillance of ATCRSS- and 
Mode S-equipped aircraft, and data link communication with Mode $-equipped 
aircraft. These are: 

-

• 

(a) The ATCRBS/Mode S all-call interrogation, used for surveillance 
of ATCRBS-equipped aircraft and acquisition of Mode S-equipped 
aircraft not already on a sensor's tell-call. 

(b) The ATCRBS-only all-call interrogation, used for surveillance of 
ATCRBS equipped aircraft in conjunction with the Mode S-only all-call. 
It does not elicit a response from ;1ode S-equipped aircraft. 

(c) The ATCRBS reply, used by ATCRBS transponders in replying to 
ATCRBS and ATCRBS/Mode S all-call interrogations and by Mode S 
transponders in replying to ATCRBS interrogators. 

The Mode S interrogation, used for roll-call surveillance and 
data-link communication to Hode S-equipped aircraft. It is also used 
·tor the Mode S-only all-call interrogation fonnat needed for the 
stochastic acquisition mode. site addressed acquisition and lockout 
override functions. 

(e) The Mode S reply, used by Mode S transponders in response to Mode S 
interrogations, ATCRbS/Mode S all-call interr0gations and 
Mode S-only all-call interrogations • 

To maximize hardware compatibility between Mode S and ATCRBS, Mode S 
interrogations and replies use the same frequencies as are used for ATCRBS 
interrogations and replies, i.e., 1030 and 1090 MHz, respectively. 

The characteristics of these s~gnal types are summarized in the following 
paragraphs, together with the most coramon Mode S data block formats. A more 
detailed descriptivn of the !10de S interrogations and replies is presented in 
the f-iode S National Standard (Ref. 3). 

ATCRBS/Mode S and ATCRBS-Only All-call Interro~ations 

The ATCRBS/Hode S and ATCRBS-only all-call interrogations are similar to 
the corresponding ATCRBS interrogations as defined in the United States National 
Standard for ATCRBS (Ref. 4) but with an additional pulse P4 following P3 
(Fig. 2-1). A P4 pulsewidth of 1.6 ~sec defines the ATCRBS/Mode S all-cail 
interrogation, while a P4 pulse width of 0.8 ~sec defines the ATCRBS-~nly 
all-call interrogation. 
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Fig. ~-1. .\TCRBS/Mode S all-call interrogation. 
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An ATCRBS transponder is unaffected by the presence of the P4 pulse. It will 
respond with a normal ATCRBS reply. A Mode S transponder will recognize the 
interrogation as a Mode S all-call or ATCRBS-only all-call and transmit a Mode S 
reply containing its discrete address to the iormer (it it is not in a lockout 
state) and not respond to the latter. 

As in ATCRB8, Mode S interrogator sidelobe suppression (SLS or ISLS) is 
accomplished by the transmission of a control pulse P2 on an SLS control pattern 
(usually omni-directional in azimuth). If this pulse is received by either an 
ATCRBS or Mode S transponder at an ampl i.tude exceeding that of the P1 pulse of 
the interrogation, the transponder will not reply. 

ATCRBS Reply 

The ATCRBS reply signal characteristics are as cefined in the United 
States National Standard for ATCRBS. The signal format is depicted in Fig. 2-2. 

Mode S Interrogation 

The Mode S interrogation is formed by three pulses, P1, P2 and P6 as 
illustrated in Fig. 2-3. 

Pulses P1 and P2 form the preamble and are spaced 2 ~:s apart. An ATCPBS 
transponder that receives this interrogation will interpret the pair as an 
ATCRBS sidelobe suppression command and ~.o1ill remain in suppression (35 ± !0 f'sec) 
during the remainder of the ModeS interrogation. Without such.suppression, the 
subsequent Mode S P6 pulse would, with high probability, trigger the ATCRHS 
transponder, causing a spurious reply. 

The P6 pulse of the Mode S interrogation is either 16.25 or 30.25 ~s long 
and contains the data in the form of DPSK (Differential Phase Shift Keying) 
modulation at a 4 Mbps rate. The first phase reversal within the P6 pdse is the 
synch phase reversal used to start the DPSK decoding process. A phase reversal 
of the rf carr:!.er at the beginning of a biL J.uterval represents a binary one 
while the absence of such a reversal denotes a binary zero. 

The 4 Mbps rate permits transmission of 112-bit interrogations within the 
nominal ATCRBS suppression interval. DPSK provides superior Lnterference 
immunity, increased fade margin, and greater multipath immunity than pulse 
amplitude modulation (PAM). 1hese advantages are realized at a small increment in 
tra.::sponder cost. 

Transmit sldelobe suppression is accomplished by the transmission of a 
control pulse (Ps) on an SLS control pattern. If the control pulse amplitude 
received by the transponder exceeds the amplitude of the interrogation, the sync 
~hase reversal will be obscured and the interrogation will be rejected. The Ps 
pulse must be used witn the Mode S-only all-call interrogation to '"lrevent 
unwanted replies from aircraft in the sidelobes. Witi1 discrete address 
interrogations, transmit SLS is not required to prevent sidelobe replies, as ~n 

general, an aircraft will be interrogated only when in the mainheam of the 
interrogat0r aPtenna. However, transmit SLS on discretely-addressed 
interrogations minimizes the probability of an aircraft erroneously accepting a!1 
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interrogation directed to another aircraft; most such interrogations will be 
received through an interrogator ant~nna sidelo~, and thus will be rejected by 
the transponder without decoding. 

Mode S Reply \Javeform 

A Mode S reply consists of a preamble and a data block containing Sli or 112 
pulses. The signal format is depicted in Fig. 2-4. 

The preamble consists of a series of four 0.5 ps pulses. The data block 
' 'egins 8.0 ps afteo:- the leP.!ing edge of the first prt?amble pulse. Bind.r)' data 

.re tranc;mitted at a 1 M'.-ps data rate using pulse pcsitioa modulation (l'l'~f) as 
;~llows: in the 1.0 ~s interval corresponding to each data bit, a 0.5 ~s 
pulse is transmitted in the firsc half of the interval if the data bit is a 1, 
and in the second half of the interval if the data b~t is a 0. 

Transponder cost considerations limited the choice of reply signal formats 
to ones that could be generated by the proven, low-cost, pulsed-cavity 
oscillator transmitters currently used in ATCRBS transponders. Within that 
constraint, the reply format has been designed to achieve reliable 
air-to-ground operation in the presence of heavy ATCRBS interference. 

The four-pulse preamble is designed to be easily distinguished from 
ATCRBS replies. It can be reliably recognized and used as a source of reply 
timin~ in the presence of one overlapping ATCRBS reply, while at the sa(n~ time 
resul tir?g in a low rate of false alarms arising from multiple ATCR.BS replies. - . The .. choice of PPM for the data modulation permits reliable bit detection 
in the presence of ATCRBS interference. In aGdition, PPM results in a constant 
number of pulses in each reply, assuring sufficient energy for an accurate 
monopulse estimate • 

Operation at 1 Mbps, in combination wHh the use of the 24-bit parity check 
codi~g described below, further enhances downlink reliability by permitting the 
correction of any error pattern which can result from a single ATCRBS reply 
interfering with the desi.red Mude S reply. 

MODE S SIGNAL CONTENT 

The information tracsmitted in Mode S interrogatioils and replies i~ 

contained in datd block$ that can carry either 56 or 112 bits of inform3t1on. 
The interrogation data block is formed by the sequence of (DPSK) phase reversals 
within P&, while the reply data block is represented by the pulse position 
modulation of the Mode S reply waveform. 

Information within each data block is encoded in fields, each field 
existitlg for a dedicated purpose. All data blocks contain at least two 
essential fiel~s, the format descriptor and the address/parity field. TI1e 

format descriptor is transmitted at the beginni~g of each data block while the 
address/parity field is trans5itted at the end. For different purposes an~ 
missions of the Mode S system, 25 different forcats can be used; 8 are 
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presently defined as indicated in Figs. 2-5 and 2-6. Mode S field definitions 
are provided in Table 2-1 and Appendic(~S A and B. A complete specification of 
the Node S link is given in P..ef. 3. 

ERROR PROTECTIO:~ 

The 24-bit address/parity field contains the aircraft's 24-bit unique 
address code ov0~layed on 24 parity ~heck bits generated from the preceding 
part of the transmission using a cycU.c polynor.rlnal code. Figure 2-7 
illustr'ites th~ downlink encoding process, where the overlaying is 
acco~plished by a bit-by-~it modulo 2 su~~ation. This combined address/parity 
field requires fe~er bits than would be needed if address and parity 
infor~ation were coded separately. 

An error o~curring anywhere in the reception of an interrogation or a 
reply wil!. modify the decoded addn~sc.. On the uplink, the transponder will not 
Accept the message and will not reply, since the interrolation does not appe~r 
to be addressed to it. On the downlink, the sensor will recognize that an 
error has occurred, since the reply does not contain the expected address. 
Bec3use 'he interrogator knows the address of the transponder replying to a 
discrete interrogation, the interrogator can perform i'! limited amount of 
error-correction. The code parameters have been selected to perm! t the 
correction of many errt:Jr ratterns which span no more than 24 bits. In 
particular, most bursts of erro~s caused by interference from a 
s~multaneously-received ATCRBS reply can be corrected. 

Details of the ~!ode S error protection techniques i'!re given in Ref. 16. 

ACQ!liSITIO~ A.'\D LOCK00T PROTOCOLS 

Acquisition of an aircraft initially occu~s as the result of the receipt 
of a rEply to an all-call interrogation. 1nis reply, i~dentified by DF = 11, 
contains the 3-bit CA field (used for capability reporting as desc:ibed 
later), and the 24-bit All.. field that contains the aircraft's Hode S address. 
The AA field is contained within the reoly as data and is therefore protected 
by the error coding of the PI field. The PI field is encoded by the 
transponder using an address known by the sens~r. The sensor can therefore 
perform the same error detection and correction on the all-call raply as it 
does on the roll-call reply. 

Once acquired, an aircraft is locked out fro~ replying to subsequent 
all-call interrogations to minimize synchronous garble on the air-Lo-ground 
channel. 

The interrogation used by the sensor to elicit all-call replies depends 
upon the acquisition technique in effect at that site. The acquisition 
techniques are as follows. 

Non-Selective Acq!Jisition 3nd Lockout 

This form of acquisition uses the ATCRBS/Hode S all-call interrogation 
shown in Fig. 2-1. After the address is acquired in the all-call reply, 
lockout is achieved by ~etting a Code 1 in the PC field of discrete 
surveillance interrogations, UF = 4,5,20 or 2!. Once s~t, the non-selective 
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For!llat 
No. 

UF 
0 (0 0000)-3-(RL: 1 )----4----(AQ:l )---l8----(AP:24) •• Short Air-Air Surveillance 

1 ~0 0001 )--------··----27 or 83--------------(AP: 24) 

2 (0 0010)----------- ·27 or 83--------------(AP:24) 

3 (0 0011 )------··------27 or 83-------------(~) 

4 (0 0100)( PC:3 )(~)( _DI:3 )(-~~)( AP:24 ) •• Surve111a,ce, Altitude RequP~: 

5 (0 0101)( PC:3 )( R.'<:S )( 01:3 )( SD:l6 )( AP:24 ) •• Surveill-'lnce, Identity Request 

6 (0 0110)-------------27 or 83--------------(AP:24) 

7 (0 0111)-------------27 or 83--------------(AP:24) 

8 ( 0 1000)··------------27 or 83--------------(AP: 24) 

9 (J 1001)-------------27 or 83--------------(AP:24) 

10 :o 1010)-------------27 or 83--------------(AP:24) 

11 (0 10ll)(PR:4 )(tr:.:. )----------19---------(AP:24) •• Mo<!e 5 Only All-Call 

12 (0 1100)-------------27 or 83--------------(AP:24) 

13 (0 1101)-------------27 or 33--------------(AP:24) 

'li. ·r.o 1110)-------------27 or 83------------(AP:24) 

-15 (0 llll )-------------27 or 83--------------(AP: 24) 

16 (1 0000)-3-(RL:l )--4--(AQ:l )--l3--(~U:56)(AP:24) •• Long Air-Air Surveillance 

17 (1 0001)-------------27 or 83--------------(AP:24) 

18 (1 0010)-------------27 or B3--------------(AP:24) 

t 19 (1 0011)-------------27 or 83--------------(AP:24) 

20 (1 0100)(PC:3 )(R3.:5 )(DI:3 )(SD:l6)(MA:S_i)(AP:24) •• Co=-A, Altitude Request 

21 (1 OJOl)(PC:3 )(::3.:5 )(01:3 )(SD:l6)(MA:S6)(AP:Z4) •• Co=-A, Identity Request 

22 (1 0110)-------------27 or 83--------------(AP:24) 

23 (1 0111)-------------27 or 83--------------(AP:24) 

24 ( 11 )( RC: 2 )( t\C: ~ )( ___ ___;t;.;.;lC'-'. :...;8..:.0 ____ )(AP: 24). .Co=-c (ELM) 

Note.s: (I) 
( 2) 
(3) 

(4) 

(XX::!) denotes a Held designated "XX" which is assigned M bits. 
---~---denotes free ~oding space with ~available bits. 
For upltnk formats (l!F) 0 through 23 the foro-.at number 
corresponds to the binary code in the first 5 bits of the 
interrogation. Format number 24 is defined as the for~at 

begi:1ning with "ll" in the first two bit positions while the 
fo11owi:'lg three bits vary with th~ interrogation content. 
All forr.1ats are shown for completness, although a number of them 
are unused. Those formats for which no application is presently 
defir.ed, remain undefined in length. Depending on future assignnent 
they =Y ~ short (56 bit) or long (112 bit) formats. 

Fig. 2-5. Surr.mary of Mode S Uplink Formats. 
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.-va.••'" 
No. 

Of 
0 (0 OOOO)(VS:l)---7----(RI:4)----2----(AC:l3){AP:2~) •• Shor~ Air-Air Surveillance 

1 (C 0001 >----------27 or 83----· ·------(AP: 24) 

2 (0 0010)--------27 or 83-------------(AP: 24} 

3 (0 0011 )---------27 or 83---------(AP: 2i:'} 

4 (0 0100)( fS:3 )( DR:) )(___!:!:~·l(AC':TJ){AP:~ .. ) •• Surveillance, Altitude 

5 (0 0101)( FS:3 )(~~)(~~)(~!l)(AP:24) •• Surveillance, Identity 

6 (0 0110)----·-------27 or 83-------------(A.P:24) 

7 ( 0 0111 ) -------------17 or 83----------(~P: 2.:.) 

8 (0 1000)--------------27 or 83-------------(~?:24) 

9 (0 1001)-------------27 or 83--------------(AP:2~) 

10 (0 1010)-------------27 or 83--------------(IP:2~) 

11 (0 !011)( CA:3 )( ____ A;.::A.;..:c..::2;....4 __ -:..-=.-=.=)( PI : 2 4) • • A11-Ga 11 Re p1 y 

12 (0 1100)--------------27 or 83------------ .(AP:24) 

13 (0 1101 )--·--------27 or 83-------- (~) 

14 (0 1110)-----------27 or 83---------- (AP: 24) 

15 (o-rril)-------------27 or 83------------(AP:24) --- .. 
16 (1 OOOO)(VS:l)-7-(RI:4)-2--(AC:l3)(!fV:56)(AP:7.:.) •• Long Air-Air Surveillance 

17 (i 0001)-------------27 or 83------------(AP:2~) 

18 (1 0010)-..------------27 or 83-------------(AP: 2~) 

19 (l 0011.)------------27 or 83-----------(AP:24) 

20 (1 010Q)(FS:3 )(DR:S )(l'l1:6 )(AC:lJ)(HI>:S6) (AP:24) •• Comm-B, Altitude 

21 (1 o:rn)(FS:3 )(DR:S )(Ul1:6_)(!D:l3)(HB:56) (AP:24) •• Comm-B, Identity 

22 (1 0110)-----------27 or 83---------(J.P:24) 

23 (1 0111 )-------------27 or 83----------(AP:24) 

24 (11)--1--(KE:l )(S"D:4 )( ___ H_D_:_8...;.0 ___ ) ( AP: 2 4) • • Co=-D ( EU1) 

Notes: (1) (XX:M) denotes a field designated "XX' which i!' assigned M bits. 
(2) ---N--- denotes free coding ~pace with N available bi•s. 
(3) for downlink formats (DF) 0 through 23 the format nu:::!ber correspondl> 

to the oinary cede in the first 5 bits of the reply. Forcat number 
24 is defined as the fo•rnat beginning lo'ith "II" in the first two bit 
positions while the follo· .. ling three bits l!:I8Y vary vJ.th the reply 
content. 

(4) Al~ formats are sho~o-n for comp1etness, although a nu~ber of them 
are unused. n.ose forruats for which no a~plication is presently 
defined, remain undefined in length. De;;t:~ding en future assignment 
they CJ.aY be short (56 bit) or long (112 bit) formar ... 

ill 

Fig. 2-1;. Su·=ary of Mode S Downlink Formats. 
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AA 

AC 
AP 
AQ 
CA 
DF 
Dl 
DR 
FS 
ID 
II 
KE 
MA 
MB 
MC 
MD 
MU 
MV 
NC 
ND 
PC 
PI 
PR 
RC 
RI 
RL 
RR 
so 
UI:o' 
UH 
vs 

TABLE 2-1 

MODE S FIELD DESCRIPTIONS 

Fielcl Name 

Address ~~nounced 
Altitude Code 
Address/Parity 
Acquisition 
Capability 
Downlink Format 
Designator Identification 
::>ownlink Hequest 
Fl!ght Status 
Identification 
Interrogator Identification 
CoP.trol, ELM 
Hessage, Comm-A 
Message, ".omm-B 
Message, Comm-C 
Y.essage, Comm-D 
Message, Comm-U 
Message, Comm-V 
Nu::1ber, C-segment 
!<umber, D-segment 
Protocol 
Parity/Interr.Identity 
Probability of Reply 
Reply Control 
Reply Information 
Reply Length 
Reply Request 
Special Designator 
Uplink Format 
Utility Hessage 
Vertical Status 

Downlink (D)/Uplink (U) Heaning 

D aircraft identification in All-Gall reply 
D aircraft altitude code 

U/D error detection field 
U part of a!r-to-air protocol 
D aircraft report of system capability 
D downlink descriptor 
U describes content of SD field 
D aircraft requests permission to send data 
D aircraft's situation report 
D equivalent to ATCRBS identity number 
U site number for multisite features 
D part of Extended L:!ngth l".essage protocol 
U message to aircraft 
D messaJe from aircraft 
U lo.<g n•essage segment to aircraft 
D long m~ssage segment from aircraft 
U air-to·•ir message to aircraft 
D air-tr--air message from aircraft 
U part of ELM protocol 
D part of ELM protocol 
U operating commands for the transponder 
D reports source of interrogation 
U used in stochastic acquisition mode 
U part of ELM protocol 
D a1.rcraft status informatioli for TCAS 
U commands air-to-air reply length 
U commands details of reply 
U control codes to transponder 
U format descriptor 
D protocol messrge 
D aircraft status, airborne or on the ground 
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32 OR 88 BIT DATA FIELD 
OllOo ••.• 101 ENCODER 

24 PARITY CHECK BITS 
1---1 0 l 0 0 0 • 0 1 1 0 

'----------1 
G) 

24 BIT DISCRETE ADDRESS 0 1 0 0 1 • • o 1 0 1 

ADDRESS/PARITY FIELO 1 1 1 0 1 ~ o 0 I 1 

... J 
0 1 '1 0 • • • • • 1 0 1 I 1 1 1 0 J ' 0 1 1 

56 OR 112 BIT INTERROGATION OR REPLY 

Fig. 2-7. Address/parity field generation. 
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lockout state remait·s in effect for a period of approximately 18 se,.onds. It 
is refreshed every scan by the sensor to maiutain the aircraft in the 
locked-out state. 

Site Addr~sscd Acquisition and Lockout 

This form of acquisition uses the Mode S-only all-call interrogation, 
UF = 11. The site address of the interro~:ating site is contained in the Il 
field. Site addresses of 1 to 15 are valid (a site address of zero is 
interpreted as a non-selective interrogation). The transponder replies to 
this interrogation if it is not in a state of lockout to that soecific site 
address. The transponder has ;.; total of 16 independent lockout timers to 
maintain the lockout state requested by the ground sensors, (i.e, 15 site 
addressed and one non selective lockout timer). 

The PI field of an all-call reply, DF-11, elicited by a Mode S-on1y 
all-call interrogation is encoded using the sir.e addr<!SS rr.>cei.ved in the Il 
field. The 4-bit site address is used as the low~s: order 4 bits and then 
zero-fi 1_led to form a 24-bit "r!ode S address". This address is used in the 
encoding of the PI field in exactly the same ma.nner as the transponder Mode S 
address is used to generdte the AP field. Sensors operati~~ in the mu1tisite 
mode decode all-call replies using their own interrogator identity code as t:>c 
expected address. All-call fruit replies produced by adjacent interrogators 
will not be accepted by the local sensor since they would he er.coded using a 
different site address. TI1is filtering of all-call replies by site address 
eliminates the possibility of extraneous all-call tracks being formed by 
Mode S fruit repli~s • 

• 
Site addressed lockout is effected through coding in the SO field. The 

01 field defines the data content of the SO field. For DI equal to 0, 1 or 7, 
the first four bits of the SD field contain th~ site address in the liS 
subfield (see Table A-1). Lockout to that address can be controlled by the 
sensor tiy setting the DI field equal to 1 or 7 a~d the LOS subfield equal to 
1. Once set, lockout for each site address remains in effect for 
approximately 18 seconds unless refreshed by the ground sensor. 

When the system is operating in the multisite mode, separate 
interrogation of Mode S and ATCRBS targets can be achieved by the use of the 
ATCRBS-only All Call, together with the Mode S All-Call, UF=11. 

As the name implies, the Mode S-only all-call interrogation elicits 
replies only from ~ode S transponders. It is therefore used in c0njunction 
with the ATCRBS-only all-call interrogation (distinguished by a short P4 pulse 
as indicated in Fig. 2-1). TI1is latter interro~ation elicits replies only 
froo A~CRBS trans~onders and therefor~ ~omplements the Mode S-only all-call so 
that ATCRBS and 11ode S transponders reply to at most r,ne of the 
interrogations. This avoids the possibility of having the same aircraft under 
surveillance as both an ATCRBS and a Mode S aircraft. 

The benefit of a shared listening interval can be obtained by pairing the 
two all-call interrogations as shown ln Fig. 2-8. The spacing between the 
interrogations is made to be consistent w~th the receipt of zero-range ATCkBS 
and Mode S replies by allowing for the 3-microsecond and 128-mlcrosecond 
turnaround delays for the ATCRBS and Hode S transponders r~spectively. This 
allows more than enough time for an ATCR&~ trans~onder to recover from the 
sidelobe suppression state caused by the P1-P2 Mode S interrogation preamble. 
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TIME PERIOD PROVJtiEC FOR RI:~OVERY FROM ATCRBS 
SUPPRESSION~1) 

(119.7ts(2) 1-LSEC OR 1CJ6.715(Jl !lSEC) 

MODE S-ONL Y ALL-CALL 

---r-------------
_r 

---j 2. 715 
~-tSEC 

NOTES: 

I 
[.__SYNC PHASE REVERSAL 

j. 128 1-'8EC 

1. MAXIMUM SUPPI'IESSION TIME EQUALS 4& ~-tSEC. 

2. MODE A 

3. MODE C 

ATCRBS-ONLY 
ALL-CALL 

RANGE ZERO FOR MODE 8 
AND ATCRBS REPLIES 

Fig. 2-8. Combined inter~oga~ion for site selective acquisition. 
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Stochastic Acquisition 

This form of acquisition uGes the Hcdc S-only all-call interror,atf.on, 
DF = 11. The defined reply prohability is contained in the PR Eeld and 
can be selece~d from the values 1, 1/2, 1/4, 1/8 or 1/16 for codes from 0 to 4 
respectively. The transponder will not reply if a lockout condition applies. 
Otherwise, the transponder executes a random process and replies only if it is 
consistent with the defined reply probability. For example, if the 
transponder generated a random number between zero and one, it would only 
reply to a PR code 2 if: 

(1) a lockout conditio~ did not apply, and 
(2) the generated rand0m number was less than or equal to 0.250. 

This random reply process permits the reception of ungarbled all-call replies 
at the expense of additional delay (and additional interrogations) required 
for acquisition. The ability to assi~n a ranr,e of probabilities is intended 
to permit relatively rapi.d automatic reac-qnfsition of worst case tr<~ffic 
loads. ImplementatiJ,1 includes the following two modes: 

(a) Initial Acquisition Mode - This mode :l.s executed after a period of 
Mode S sensor inactivity. It consists of periodic Hode S-only all-call 
interrogati.ons (4-6 per beam dwell) followed by a listening int~rval c.ut to 
the ~ange of interest. These are interspersed w1th scheduled Mode :; intervals • • to ~ermlt discrete interrogation and lockout of ~ode S addresses acquired on 
the._previous scan. The minimum probabj lity assignment used for this purpose 
is a site· adaptation parameter chosen to r:vttch the Mode S traffic lrJad handled 
by this site. The program for reacquisition begins at this lowest Frobability 
level and then moves to higher probability levels after several scans 1n order 
to reduce the overall acquisition time. Aircraft not acquired initially, as 
well as all-call garble situations which "pop-up" during normal operation, are 
handled as described in the following paragraph • • 

(b) Adaptive Acquisition Mode - llndecodable Mode S replies received 
during the all-call liste~ing interval are tested for range c&rrelation. 
Reports formed of 3 or more replies per dwell are interpre~ed ~v ~vidence of 
an all-call synchronous garble occurrence. 

A trial Mode S track is initl~ted at the approximately range and azi::.uth of 
the correlated replies. On the next scan, th~ sensor interro~ates using a 
Mode S-only all-call with a specified reply probability of 1/2. With high 
probability, an ungarbled reply will be received from one of the two 
transponders in the ga~ble situation during the four or more tnterrogation 
opportunities, thereby permitting discrete interrogation and lo~kout on the 
following scan. 

If acquisition is not succeRsful the trial track will be dropperl Hince the 
continued garble situation will lead to the initiation of a fresh trial track. 
Residual garbling caused by more than two aircraft in the initial earble set 
will also result in a new trial track. Tile last aircraft in the garble set 
will be acquired by the normal ATCRBS/Hode S all-call process in u3e at that 
site. 
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Lockout Override 

This form of acquisition combines features of the site-addres3ed and 
stochastic acquisition approaches. It USf!S the Mode S-only all-call, DF "" 11, 
but employs PR codes 8 through 12 that define reply probabilities of 1, 1/2, 
1/4, 1/8, and 1/16 respectively but instruct the trallsponder to disregard the 
lockout state in making a reply ded.sion. This will of course result. in the 
continued possibility of garbled all-call replies since both acquired and 
unacquired Mode S aircraft can reply to the all-call interrogations. The 
stochastic mode is used to handle the resulting garble. 

The ATCRBS-only all-call interrogation is used in conjunction with the 
Mode S-only all-call to provide surveillance of ATCRBS aircraft. 

BASIC SURVEILLANCE PROTOCOLS 

Interrogation Reply Protocol 

Basic roll-call surveillance of Mode S aircraft is performed u~ing 
surveillance or Comm-A interrogations. 

A surveillance or Comm-A interrogation (UF = 4 or 20) will elicit a short 
surveillance reply with altitude (OF ~ 4) if the value of the RR field of the 
interrogation is less than 16. If RR is greater than or equal to 16, a UF=4 

.or 20 interrog~tion will elicit a Comm-B reply with altitude (DF = 20). A 
similar rule applies to the readout of Mode A code information. 

The interrogation/reply protocol for altitude and identity requests is 
summarized in Table 2-2. 

Alert Protocol 

Knowledge of the current val~e of the transponder Mode A code is 
important to the ATC system since (a) the code is used to signal emergency 
conditions, and (b) it is needed to identify an aircraft in handoffs to 
non-Mode S facilities. Provision is therefore made to notify the ground 
any time that the Mode A code is changed. 

Notice of change is detected on the ground by receipt of a surveillance 
or Comm B reply (DF = 4, 20 or 21) with the FS field containing code value 
2,3 or 4. This defines an "alert" condition and results in the sensor 
scheduling an addit1onal interrogation using interrogation UF equals 5 or 21 
to cause a readout of the current Mode A value in the elicited reply. A 
normal code change will result in the reporting of an alert condition for a 
period of approximately 18 seconds. This allows suffici~nt time for ground 
interrogators to detect the alert condition and to read the Mode A code. If 
an emergency Mode A code is used, the alert state will not time out, but will 
remain on for the duration of the declared emergency. 

In the absence of an alert condition, the surveillance protocol will 
routinely elicit altitude and not identity, except on the first scan of a 
roll-call interrogation, when both are re~:uested. 
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TABLE 2-2. 

SURVEILLANCE r:-.TERRO<.;ATION/REPLY PROTOCOL 

DOWNLINK FnRMAT 

UPLINK l<'OR..."fAT PR < 16 RR ) 16 

4 4 20 

~' 5 21 

20 4 20 

I 21 5 21 
I 
I 
I 
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Special DesiP,nator (SO) Protocol 

The SD field can '!:>e ~.:sed for special communications or surveillance 
protocols. Provision is nade for the SD field to be multiplexed for different 
uses. The significance of coding in the SD field is indicated by the DI 
field. A Dl code value oi zero me<!ns that the SD field is not used. At 
present, only two of the seven significant values of DI have been defined. 
Di = l indicates that the SO field contains multisite and linked Corum-A 
informatior:. IH = 7 indicates that the SD field contains multisite lockout 
data and a Cornm-B extended data reachut request. 

STA:\DARD-LENGTH UPLI~~ '1ESSAGE PROTOCOL 

~omm-A interrogations \UF = 20 or 21) 3re used for the ground-to-air 
transmission of short -tactical" ATC Messages. It is assumed that, be!"ore any 
such transfer is initiated, the ground syste~ has knowledge (from a previous 
capahility report) of the Comm-A capabili.ty of the add•·essed aircraft and 
hence of the set of per~issible message types. 

Single Segment Comm-A Protocol 

The stand<ircl upli:1k message is transmitted by a Comm-A interrogation 
(UF = 20 or 21) with the appropriate !:less~ge header and message text in the MA 
field. The reply will ordinarily be a surveillance reply with altitude unless 
some transaction involving an air-to--ground data link transmission is being 
carried on simultaneously. A11 acceptable reply received by the interrogator 
constitutes an implicit transponder techni~al acknowledgement of the 
groui1d-::o-air mes&.,.dge. :f no reply is r<?ce'.ved, th<! message is scheduled for 
one or more repeat trans~::issions. The transaction i& not necessarily 
completed with receipt of an acceptable reply, however, since a pilot 
acknowledgement is reql!ired f·Jr so~e messages. 

Linked Comm~A Message Protocol 

Provision is made for th~ linking ef up to 4 Comm-A message compcnei1ts 
(received on different interrogation/reply cycles) into a single message 
entity. For short messages, the linked Comm-A mes3age protocol is inherently 
more efficient than the extended length message (ELM) protocol, since (a) 
Com:r.-A delivery can ta\ce place cluring a sur-,eillance measurement, and (b) no 
c0ordinalion with adjacent sites is required before message delivery. Thus 
the linked Comm-A message will be used for messages that are too long for a 
sLtgle Comm-A segment and whose message delivery requirements cannot he 
satisfied by the EL~. 

Coding for the 1 '.nking of Comm-A n:essage components is c::mtained in the 
SD field and is transp3rent to the trd:::>ponder. Detecticn and assembly of the 
linked Comm-A message compone~ts will be performed by a data link device 
interfaced to the transponcer. The devi.ce will wait until all message 
components have been received before releasing the message for further 
processing. 
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The Comm-A protocol for si.ngle component messages has been designed to be 
robust in that no coordination with adjacent sites is required before 
delivery. In oruer to retain this desirable characteristic, each linked 
Comm-A component must include the site address 5.n the IIS subfield of the SD 
field. This permits the correct associ at ion oi interleu.ved components that 
may occur when nore than one sensor at a ti~ is delivering a linked Comm A 
message to th~ same aircraft. 

The following protocol for linked Cor.~-A messages m~st be observed: 

(a) Onlv one linked Co~~-A can be in process for a given site/aircraft 
pair - this prevents ambiguities that cou1.d lead to garbled and lost 
messages. 

(b) Com~Jnent one is delivered first - this announces the initiat~on of 
a linked Comm-A message from a particular site number. The avionics 
can t~en wait until the final component is received before 
displaying the r:1essaga. The first component can also serve as a 
message cancel for a partially delivered message since the receipt 
of an initial component should clear any previous linked Co~m-A 
message for that particular site. 

(c) The first con:pc'~t·t l!'ust be success!ull)· delivered before 
delivering the ~ext component - this eliminates the need for any 
additional tech~ical acknowledgement other than the reply to the 
interrogativn that delivered the component. It also eliminates the 
need for a special ~essage start protocol. 

(d) Components two and three (if used) may be delivered in either order 
but ~ust be successfully deliv~rEd bef~re delivering the last 
component - triis distinction in the coding of these components 
(rather than a single code for "intermediate component") is 
necessary. This component numbering prevents errors if a particular 
component is delivered more than once due to th2 occurcence of a 
downlink fail~re that prevented the sensor from receiving the 
technical acknowledgement to a correctly delivered component. 

{e) The final ccmponent is the last component transmitted - this 
announces the end of a linked Comm-A transfer. Note that used in 
combination with the other codes, this permits the transfer of 
linked Comm-A messages with two, three or four components. 

{f) The final component must be successfully delivered 
a new linked Co~~-A message to the same aircraft 
the need for a special message clear protocol. 

before beginninK 
this eliminates 

The resulting message capacity in bits for a linked ~mm-A message is as 
follows: 

I No. of Components 
2 
3 
4 
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Linked Co~:n-A Delivery Example 

An example of a linked Comm-A reessage delivery is presented in Table 2-3. 

Ccnm-A Broadcast Messages 

Transponders equipped for data link will recognize UF=20 and 21 
interrogations sent to an address of all "ones" as a broadcast Conm-A message. 
The trans?onder will receive the Comm-A CJessage contained in the interrogation 
but will not generate a reply. Further processing of the message is dependent 
upon the information contained in the MA field and the data link equippage ot 
the aircraft. 

Cor:r:::-A broadcast messages are inter-ded for the transfer of a rnessage of 
interest to all Mode S aircraft in the interrogator beam. The absence of a 
transponder reply Means that the sender will not have positive confirmation 
ttat this message was received by a particular aircraft. For this reason, 
broadcast messages will generally be used only for information that is 
transmitted periodically in order to ensure a high probatility of s~ccessful 
delivery. 

STANDARD-LENGTH DOWSLI~K MESSAGE PROTOCOL 

The Comm-S air-to-ground data link carries two kinds of message traffic: 

_(a) ground-initiated, for readout of on-board data sources and 
4. t. (b) air-initiated. 

~rounc.-I~itiated Transfer of Comm-B Messages 

A ground initiated Comm-B me~sage transfer is triggered by a surveillance 
or Comm-A interrogation with an RR code greater than 16. This interrog~tion 

contains an 8-bit message reque~t code called the Comm-B Data Selector (BDS). 
For convenience of ~escription, the high order four bits are referred to as 

•t~c BDSl code and the low order four bits as the BDS2 code. The RR code value 
~inus 16 ~quais the BDSI value of the message requested by the interrobation. 
Thus an R.ll. value of 17 is equivalent to a BDS1 value 0f 1 or "0001'' in binary 
form. The BDS2 value of the requested message ~s assumed to be zero 
(i.e.,"OCOO") unless it is otherwise s~ecified in the SO field of the 
requesting interrogation. When the DI field code equals 7, the SD field 
contains an extended data readout request conta~ning the RRS subfield that 
specifies the BDS2 code. Thus an interrogation with RR=l9, DI=7 ond RRS=~ 

specifies a message with a BDSl value of 3 and a BDS2 of 5, (i.e. "0011 
0101"). 

A ground-initiated Comm-B request triggers an immediate Comm-B reply with 
the MB field containing the requested data. If the aircraft is not eq•1ipped 
to supply the requested BDS code data, it responds with an MB field of 56 
zeros. Xo acknowledgements are involved in the case of ground-initiated 
Co~-R transactions; failure to receive the 9ata correctly on the ground 
simply causes a repeat of the request. 
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TABLE 2-3 

EXAMPLE OF A LINKED CO~-A MESSAGE DELIVERY 

Scenario: Hessage has three components. 

-
(a) ( (a) RELEVA~T 

I NT ERR REPLY FIELDS S IGNIF ICAXCE 

A TI1S Code for first component of linked Comm-A 

MA Comm-A message, component 1 

I S or I B - First component technical acknowledgew~nt(b) 

A TI!S Code f(lr second compom~nt of linked Comm-A 

'MA Cor'l:n-A message, component 2 

I> 

s or B - Second cc..mponent technic-al acknowledgement(b) 
I 

~-1 

A TMS Code for final component of linked Com:n-A 

MA Comm--A message, compo::1ent 3 

S or B - Final componf.:nt technical acknowledgement(b) 

Notes: 

(a) s = Surveillance, A = Comm-A, B = Comm-B 

(b) Sensor will repeat delivery of each component until technical 
acknowledgement is received. 
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An example of a ground-initiated Comm-B message delivery is presented in 
Table 2-4. 

Air-Initiated Transfer of Comm-B He:>s~~ 

An air-initiated Comm-B message could be started by setting up a r:Jessage 
text on some input device and pushing an appropriate "send" button. The 
presence of this message causes the DR code of every surveillance or Comm B 
reply (DF=4,5,20 or 21) to be set roan appropriate value that indicates an 
air-initiated Comm-B message is waiting. The protocol used by the sensor to 
transfer this message depends upon the operating environment of that sen3or. 

(a) Non-selective Transfer of Air-Initiated Co~rn-B Messages - The 
non-selective protocol is used: (1) if the sensor does not have overlapping 
coverage with any other :-!ode S sensor, or (2) if it communicates with its 
neighboring sensors to ensure that only one sensor at a time is responsible 
for Comm-B message transfer. In this case, the sensor transmits a 
surveillance or Comm-A interrogation ~ith RR=l6 (read air-initiated Comm-B) 
and either Dit-7 (no extended daLa readout) or an kRS=O if DI=7. This 
sp~cifies a BDSl and a BDS2 value of zero, which uniquely defines a request to 
read an 'lir-initiated Comm-B message. The transponder responds with the 
waiting Comrn-B message. 

Because of the asymmetry between sensor and transponder (with the sensor 
not routinely replying to every air-to-ground transmission), an explicit 
ground technical acknowledgement is required. ~~en the air-to-ground message 
is successfully received by the sensor, the sensor sets a code value of 4 into 
the PC field of the next surveillance or Coram A interrogation. When PC=4 
(closeout Comm-B) is received by the transponder and the Conun-B message has 
been read at least once, the message is cleared. The ::ransaction ls complete 
when the ground receives the elicited reply, indicating successful receipt of 
the closeout Comm-B instruction. 

This protocol can result in the receipt of more than one closeout Comm-B 
instruction for a particular message if the interrogation is received by the 
transponder, but the ground doPs not receive t~e reply. The absence of the 
expected reply will cause the ground to repeat the interrogation at the next 
opportunity. 

If the tra~sponder has a second air-initiated C~mm-B message waiting to 
be transferred, it indicates its presence to the ground by sending the 
appropriate DR code in its reply to the message that delivered the closeout 
Comm-B acknowledgement to the previous message. Note that the avionics must 
not permit a message to be closed out until after it has been read at least 
once. This prevents the multiple closeouts that can be received due to a 
downlink failure from closing out a second ~aiting mes&age that has not as yet 
been transferred to the ground. The possiblity of downlink failure also 
prohibits the sensor from both reading and closing out a Cornm-B message in the 
same interrogation, since multiple delivery of such an interrogation would 
certainly result in tt}e loss of an undelivered Cot:1l'I··B meJsage. 
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TABLE 2-4 

EXAHPLE OF GROU~D-INITIATED Cm1M-B DELIVERY 

ScenJrio: Ground readout of CoQm-B message with BDS1=3 and BDS2=5 

(a) (a) I RELEVANTj 
INTERR REPLY \ FIELDS SIGNIFICANCE 

S or A RR=l9(b) Readout 0. Cornn-E with BDS1=3 

DI=7 Extended data readout SD field 

-'1. RRS=S BDS2 of req11ested Comm-B • - -
C".-...,..., 

·• ., B MB Ground-ini~iated Comm-B message 

• Notes: 

<:) s = Surveillance, A = Com..'1!-A, B = Comm··B 

(b) RR code value equals i6 plus the decimal value of BDSl 
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An example of a non-selective air-i·.litiated Comm-B message delivery is 
presented in Table 2-5. 

(b) !"'ultisite Transfer of Air-Initiated Comm B Hessages - If it is 
possible for more than one sensor to service an air-initiated Co::m~-B message 
request, the multisite protocol must be used to avoid duplicate message 
delivery and possible loss of l!lessages. This loss can occur when (1) a 
transponder has more than one air-initiated message ready for delivery and 
(2) the interleaved read a~d closeout instructions from the multiple sites 
results in the following sequence. Sensor A has closed out message 1 and has 
had a downlink failure in reading message 2. Thi~· is followed by a closeout 
from Sensor B (intending to closeout mPssage 1) that in fact closes out 
message 2, which is lost since it has not been successfully read by either 
sensor. The multisite protocol handles this problem by allowing any sensur to 
read the air-initiated message, but only one reserved site to Ferform the 
closeout. 

When a sensor using the multisite protocol receives a surveillance or 
Comm-B reply with a DR code that indicates an air-initiated Co~~-B is waiting, 
it responds with a surveillance or Comm-A interrogation with: 

RR Code 
DI Code 
HBS Code 
RSS Code 
liS Code 

16 (Read air initiated Comfl-B) 
1 (Multisite SD field) 
1 (Comm-B Reservation) 
1 (Report Comm-B reservation status in UM) 
sensor site address 

• 
The transponder stores the address of the first site to nake such a 

reservation and includes this "reserved" site number in the liS subfield of 
the UM field of its reply. A site that sees its own address in the re~ly 
knows that it has the responsibility for handling the message. A second site 
that reads' the Comm-B message before it is cleared (by the first site) will 
know that this is a duplicate deliver] since the reserved site number is 
different from its own site number. 

The reserved site clears a delivered air-initiated Co~-B message with a 
surveillance or Comm-A interrogation with: 

DI Code 
M.RS Code 
IIS Code 

1 (Multisite SD field) 
2 (Comm-B close out) 
the sensor site address 

The transponder does not clear the message (i. e., set DR=O! ur.til a closeout 
message is receiv~d from the reserved site and the message has been read at 
least once. 

If the message is not closed out by the received site within 18 seconds 
(due perhaps to a link fade), the reservation ti.mes out and can thus be 
reserved by any other ~ensor that is in contact with the aircraft. 

An example of a multisite air-initiated Cornm-B message del1\'ery is 
presented in Table 2-6. 
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_'BLE 2-5 

EXA.~PLE OF NON-SELECTI 1/E AIR-INITIATED CO~L'f-B DELIVERY 

(a) I (a) I RELEVA:.iTI I FIELDS l SIGNIFICA~CE I NT ERR REPLY 
I 

S or A - -

s or B DR=-1 Air-i.nitiated Comm··B waiting 
~~ --

S or A RR=-16 RequestP.i BDSl ClldP. equals zero 

DR=-1(i:>) AJ r-initiated Comm-B message waiting 

B MB Air-initiated Cornm-B message 

orn Requested BDS2 code equals zero 

or 

DI=-7 & Requested HDS2 code equals zero 

RRS=-0 

- - -~~ ~.-~--

S or A PC=-4 Non-select! ve Comr~-B closeout 

s or 
B L~~.: .. (c) 

Comm-B closed out 

-
Notes: 

(a) s =- Surveillance, A =- Conm-A, B = Comm-B 
(b) The messagE:! nas not yet been closed ,)ut. I (c) If IJR=- 1 in the repl)' to an air-in:l.tiated Comm-.B cancellation, it 

l indicates the pr-esence of another air-:i.niti.'lted Co!!:P1-B o:ess.ooge • 

.. 
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TABLE 2-6 

E~~PLE OF MULTISITE AIR-INITIATED COMM-B DELIVERY 

Scenario: Local site interrogator address = 4 

(a) 
INTERR REPLY FIELDS SIGNIFICA."-;CE 

(a) RELEVANT! 

-----+--------f.--------+----·----------------·-------1 

S or A 

------+-----~~------~----------------------------------------1 

S or B 

S or A 

B 

I 

-~::-r--~ 
S or A 

S or B 

Notes: 

DR= I Air-initiated Comm-B >laiting 

RR=l6 

I 
Readout of air-initiated Corn:n-B 

DI=l Multi·~ite SD field 

MBS~l Cornm-B reservation 

RSS=l Request for Cornm-B reservation status in ill! 

IIS=4 I Local site's interrogator f.dentification 

DR=l Air-initiated Cornm-B waiting 

IDS=l Comm-B reservation status is in liS 

IIS=4(b) Site 4 (the local site) is the reserved site 

t-ill Contaf.ns the air-initiated l!lessage 

DI=l Multisite SD field 

MBS=2 

IIS=4 

DR=o(c) 

i1ultisite Cornm-B closeout 

Local site's interrogator identification 

Comm-B closed out (liS field is also cleared 
in the transponder) 

(a) S = Surveillance, A = Comm-A, B = Comm-B 

(b) If IIS * 4, the :ocal site is not the reserved site and no further 
action is taken on the me3sage. 

(c) If DR=l in the reply to a Corom-B closeout, it indicates the presence of 
another air-j_nitiat~>d Comm-B nessage. 
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(c) Air-Direeted Multisite Conrn-B Delivery - The rnultisite Comrn-B 
protocol makes it possible for an aircraft to route an air-initiated message 
to a particular sensor. This capability is important in a multisite 
environment since it makes it possible for a pilct acknowledgement message to 
be routed to the sensor that delivered the message being acknowledged. 

When a Comm-A m,!ssage is delivered, the data link avionics equipment will 
receive the SD field along with the NA field, and will thus be able to 
associc<te the sending site address (in the IIS subfield) with the Comm-A 
message. When a pilot acknowledgement is generated, the data l~nk avionics 
equipment will cause the transponder to reserve the message for the desired 
site address at the same time that the message is made available for delivery. 
Thus, even the initial reply indicating a message waiting (in the DR field) 
will show that a reservation already exists for the desired site (in the UM 
field). This allows the desired sensor to initiate readout of the message. 

Linked Cornm-B Messa~ 

The Mode S link protocols accommodate linked Comm-B messages. As for the 
uplink case, the transponder is transparent to the linking protocol. A block 
of three consecutive BDS cojes is reserved for linked eo~~-B messages, one 
each for components 2 throul•h 4 of the linked Comm-B message. The data link 
avionics initiat~s a linked ~mM-B transfer by sending the firsL message 
component as an air-initiated message. The sensor detects the linking cod~ in 
the received Comm-B component and initiates a ground-initiated Comm-B transfer 
to read out the other message components. When the sensor has received all of 
the Comm-B components, it closes out the air-initiated message that began the 
sequence. Receipt of this closeout by the transponder serves as a technical 
acknowledgement for the entire linked Co~~-B message. TI1is protocol works 
with either the non-selective or multisite delivery protocols. In the latter 
case, the presence of a reservation during the entire delivery process ensures 
that all message components are read by the same site. 

· Comm-B Broadcast Messages 

The air-initiated Comm-B protocol described above is designed to deliver 
a Co~~B message initiated on board an aircraft to a single sensor. Certain 
types of messages may requi~e delivery to more than one sensor. In this case 
the broadcast Comm-B protocol is used. 

The broadcast Comm-B protocol uses the DR field to signal the presence of 
a broadcast Comm-B message that is available for delivery. Any sensor in 
contact with the transponder may read the message using the same coding as for 
an air-initiated Comm-B message. The key differ;~nce is that the sensor cannot 
clear a broadcast message; the message clears automatically after 18 seconds. 
During the period when the message is active, it can be read by every sensor 
:i.n contact with the transponder. 

Provision is made in the coding of the DR field to distinguish two 
different broadcast messages, i.e., broadcast message 1 and broadcast 
message 2. The transponder will send successive broadcast messages using 
a:ternate message codes. This permits the sensor to detect a change in a 
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broadcast message and therefore eliminates t~~ need for the sensor to read the 
message every scan. Thus, a sensor that h.iS read broadcast message 1 from a 
particular transponder on one scan can oafely avoid reading the same message 
on subsquent scans (until it times out) since the presence of a new broadcast 
message would ~e indicated by DF=5, i.e., "brofldcast message 2 is available". 

Provision is L'lade for an alr-initiated Comm-l:l r.~essage to interrupt the 
delivery of a broadcast Comm-B message. In this cage, the broadr.ast message 
delivery is resumed for the full 18-second period following t~e delivery of 
tlw air-initiated message. 

EXTENDED LENGTH UPLIN!\: r-'.ESSAGE PROTOt:OL 

The Extendec-Length Message (ELM) protocol prov!des for more efficient 
transmission of lon:; data link messa~es by permitt-ing the grouping of up to 16 
message 3egments into a single entity that can be acknowledged by a single 
reply. Each segment is included in a single Comm-C tra~smission (UF equals 
24). The limit of 16 segmentq refers solely to the manner in which the 
message is trar.sferreri ove!' the link. Longer meqsages t:an he a.::commodated 
through the use of a linking indicator within the message header in the first 
segment of an ELH. 

Basic Ground-to-Air Extended-Length Message Transfer 

Ground-to-,\ir Extended-Length Messages are transmitted using the Comm-c 
format with three different reply control codes (RC code = 0, I and 2). The 
three reply control cudes designate an initializing segment, intermediate 
segments and a final segment. (Note that the minimum length of a 
ground-to-air EL~ is two segments since the protocol requires at least an 
ini.tializing and a final segment). The transfer of all segments may take 
place without any intervening air-to-ground replies, as described in the 
following paragraphs. In this way, channel loading is minifl'lized. Hessage 
segments (one per Comm-c interrogation) may be transmitted at a rate up to one 
per SO ~sec. l'hiF minimum spacing '.s required to per>!'it the resuppression of 
ATCRBS transponders. Deli.very of t!le message may take place during a single 
scan or over a few scans depending on the length of the message, the channel 
interference level, and the sensor loading. Normally, sufficient time will be 
available within one scan to permit complete delivery of the message. 

(a) Initializing Segmer.t Transfer - The extended length message 
transaction for an N-segment message (segment numbers 0 through N-1) is 
initiated by a Com~-c interrogation with RC code = 0. The transponder does 
not reply. Receipt of this interrogation (in effect a "dial up") causes the 
ELM interface within the transponder to initialize its message storage and 
bookkeeping registers in preparation for a new EU! transfer. Also delivered 
in the initial interrogation is the text of the f1nal message segment in the 
MC field, and its segment number (N-l) in the NC field. This "last segme~t 
first" protocol is used to inform the transponder of t~e length of the 
message. If an initializing segment ie received before the co~pletion of an 
earlier ground-to-air ELM transfer, the effect is to 3bort the earlier .Essage 
and replace it with the newer one. If the EL~l processor f~lils to receive an 
initializing segment, it will not store any received segments. 
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(b) Inta·.QR€diate Segment Transfers - Message delivery proceeds with the 
transmission of intermediate segments (any sequence of N-2 segments chosen 
from segments N-2 through 0) via Co~~-c interrogations with RC code ~ 1 
(intermediate), again delivered without repll.es. Each message segment is 
identified with its segment number in the NC field. The £LM processor stores 
each segment in the appropriate storage location based on this n~~ber. In 
this way, the message processor ~eassembles the message:, and its bookkeeping 
function keeps track cf which segments have been received. Intermediate 
segments may be delivered in any order, once the EL~ processor has been 
initialized with segment N-1. If the entire message cons~sts of only t1·ro 
seg;aents, there will be no intermediate transfers. 

(c) Final Segment Transfer - The interrogator transmits the final segment 
of a Comm-C interrogation with RC code = 2 (final). Its s~gment number is in 
the NC field ;md the text is in the ~C field as before. This RC code elicits 
a 'Amm-D format (DF code = 24) with KE -:ode = 1 (.:>.cknowledgment in MD) and a 
cumulative transponder technical ackno;oledgement in the MD field. The 
cumulative transponder Technical Acknowledgement Subfield (TAS) consi::;ts of a 
!>it string (tu.:!:-~:imum length of 16 bits) that lndicates which sep~ent.s of the 
EU1 have been received. The first bit represents the state of t:1e first (N=O) 
segment, etc., with the states defined as; l =segment received, and 0 = 
segment not received. Thus at all times thi~ field represents the current 
status of segment delivery from the time of ELM initiation. If the 
irltPrrrgator does not receive a reply to the Comm-c interrogation containing 
t~e £in~l segment, this interrogation is repeated until a reply is 
S".'fccess.fully received. 

If one or more segments of the ELM were not ::-eceived Ly the transponder, 
this far.t is indicated by zeros in the corresponding bit positions in TAS. 
The interrogator retransmits the missing segments ~ith RC code = 1. except 
for the final one which has RC code = 2 to r.equ~st an updated TAS. This 
fCoceBs continues until the ground receives a cumulative TAS indicating that 
all segments have been delivered. 

When all segments have been re.::Eived b~, the transponder, the 
interrogator knows that its last tranaf~r was indeed final and closes out the 
transaction. 

The EU1 processor in ~he tra!lsponder transfers the message to the 
appropriate output device as soon as it senses the presence of all segments. 

Non-Selective Uplink ELM Protocol 

The non-selective protocol may be used when only one sensor at a ti~~ has 
the responsibility f~r delivering an uplink ELM messRge. Using this protot:ol, 
a sensor delivers an uplink ELM as described above and then terminates th~ 
delivery by sending a PC code = 5 (closeout uplink ELM) in a su::-veillanc~ or 
Comm-A interrogation. · 
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Multisite Uplink ElM Protocol 

The multisite uplink EL~ protocol is used to coordinate the activities of 
multiple sensors so that only one sensor at a time i'3 "reserved" for uplink 
ELM activity. Before beginning an uplink EU1, a sensor uses the multisite 
protocol to obtain a reservation by transmiti:ing a surveilJ.ance or Comm-A 
interrogation with: 

DI code 
MES code 
RSS code 
IIS code 

(Hultis1:e SD) 
(Uplink ELM reservation) 

2 (Report up:!. ink EUl reservation status in UM) 
the sensor site address 

The trans?onder reply to this interrogation includes the site address (in IIS 
subfield of the UM field) cf the sensor currently reserved for uplink ELM 
activity. A sensor seeing its own site address as the reserved site will 
proceed with the uplink ELH. If a different site is designated as the 
reserved site, uplink EU! activity is not initiated this scan and a 
reservation request may be attempted again on the following scan. 

When the uplink ELM delivery is complete, the reserved sensor clos~s out 
the de.!.ivery by sending a surveillance or Comm-A interrogation with: 

DI code 
MES code 
IIS code 

1 (Multisite SD) 
4 (Uplink ELM closeout) 
the sensor site address 

The transponder only accepts the closeout if the IIS field in the 
interrogation matches the reserved '-lplink El.!-1 IIS t:ode stored in the 
transponder. 

A reservation remains in effect for 18 seconds from the time of last 
delivery activity, i.e. the rec~rvation itself or any segr.ent delivery or TAS 
request. If delivery activity ceases for more than 18 seconds before ~elivery 
is complete, it is assumed t~at the sensor is no longer in conta<t and the 
reservation is cancelled along with any segments that have been delivered up 
to that point. The transponder is than able to grant a reservation to any 
other sensor that is currently in contact. 

An exampb of a multisite uplink ELH delivery is presented in Table 2-7. 

EXTENDED LENGTH DOWNLINK MESSAGE PROTOCOL 

The transfer of an air-to-ground ELM is similar to the ground-to-air 
process. ryifferences between the two protocols result primarily from the fact 
that (1) all channel activity is ground initiated and (2) the transponder can 
reply with longer communications formats only when given specific permission 
by the ground. As with the uplink EL'-1, provision is made for the linking of 
downlink El11s. 

Basic Air-to-Ground Extended Length ~~essage Tr<~nsfer 

Air-to-Ground Extended-Length-·Message:' are transmitted (under ground 
control) using the Comm-D reply (Df:24). 
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TABLE 2-7 

EXAMPLE OF MLJLTISITE UPi..I:-iK ELM DELIVERY 

Scenario: Multisite delivery of 3-segrnent uplink EL'1 by local site with 
interrogator addre£s = 6 

1

-----;-(a-.-) ,-----('a""""');.,----:k::-:,E:::-:L--:F:::::\-:--:, /\:-lT ,---------------------------

I NT ERR REPLY FIELDS l SIGNIFir.A~CE 

S or A DI=l 
MES=l 
RSS=2 

Multisite SD field 
UplL1k ELM reservation 
Request for uplink EUI reservation status 

in UH 

------+---::-----'t-I::--I ... S.""6 I Local _site's interrogator identification I 
S or B IDS~link EU1 reservation status is i~ IIS 1 

-~~~-+-~~~-~~=~~S=6( b ~ .~~~~-~~-~~e~c:_l_:_i te )~~the ~~:.~:_~ 
C RC=O Initializing segment delivery 

NC=2 Announces a 3 segn1ent ELM 
HC Segment 3 of uplink ELM 

--------~---:~--,_~~---~------~----~~~--~--~~------~-----D K£=1 HD contains technical ack~owledgement of 

TAs(c) 
uplink ELM in TAS 

Technical acknowledgement of segments l to 3 
I 

I DI=l Multisite SO field 

I 
M£S=2 Multisite uplink ELM closeout 
IIS-=6 Local site's interrogator identification 

S or B - Technical acknowledgement of closeout command 

Notes~ 

(a) S = Surveillance, A ~ Comm-A, B = Comm-B, C • Co~~-c, D = Comm=D 

(b) If IIS * 6, the local site is not the reserved site and no further 
action is taken this scan. The IIS subfield is in the lr.-1 field. 

(c) The sensor will resend any segment not acknowledged by TAS. 
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(a) Initi..i~i::ation - An N-s•!grnent air-to-ground ELM transfer is initiated 
by a r;urveillar.~e or Co!lh-n-B reply ·~ontaining DR code ) 16. The nu1!!ber of 
message segments CJ be transfp:·rt!d is equal to the DR code number minus 15. 

Thus a DR code of 21 ind!cat.:!s the presence of a 6-segruent downlink ELH 
ready for delivery. 

(b) Hessa~e Deliverv - TI1e interrogator requests the air-t~-ground 
transmissi:m ot EL'1 seg:::1ents using a single Cornm-C traflsmissi.on '<lith RC code 
= 3 (request Com~-D). In this format, the first 16-bits of the XC field ~orm 
a special 1'6-bit Seg-cent Request Subfield (SRS), in ~;!l.ich til~ Sll!:cessive bit 
positions correspond to segment ntlr:J~ers 0 through 15. The designated response 
is a series of Comm-D rt!plies cuntaining those message se~ments for wnich the 
corresponding SRS bit is set to one. (Tne transponder is thus not told which 
segments have been successfully received, but those which are to be 
transmitted.) The successive Comm-·D replies of the response are transmitted 
with a nominal spacing cf 136 usee between preambles (16 ~sec between the end 
of a reply and the succeeding prea:nble.) Although the precise spacing of 
segments in the response is kn0wn to the interrogator, each segment is 
transmitted as a full Corr.m-D reply \:ith a f-rearnble in order to resynchronize 
the reply decoder in rase the preceding segment is not correctly received. 

After the ~omplete response to the Cornm-c interrogation has been 
receivPd, another Con:n-c interrngatbn with an ui)dated SRS subfield is 
transmitted to request segments no:: yet received (either because they were not 
requested in the first response, or because they were received in error). The 
transponder replies again with the requested Eegments. The cycle is repeated 
until all segm~nts have been received. As with uplink ELM's this process may 
take place within a scan or over several scans. When all segments have been 
received, ti1e COll'plete mc'>sage is tr&nsfer.red to the designated recipient. 

Non-Selective Downlink EU~ Protocol 

wnen the non-selective protocol is used, a sensor delivers a downlink Eh~ 
as described ab:>ve. It then terminates the drlivery by sending a PC code = 6 
(closeout downlink EL~) i~ ~ surveillance or Comm-A interrogation. As with 
the air-initiated Co~-B message, the transp~nder will not clear a downlink 
EL.'f unless it has been read out at least oace. This is necessary because 
multiple closeouts can be received ~ue to downlink failure. Without this 
read-out requirement a second waitL1g nessage that has not as yet been 
transferred to the ground could be inadvertantly cleared. 

Multisite Downlink EL'f Protocol 

When the nultisite downlink EL.'f protocol is used, a sensor obtains a 
reservation before beginning the readout of a downlink ELM message. TI1is is 
done by ~ransrnitting a surveillance or Comm-A interrogation with: 

DI code 
:-iES code 
RSS code 
liS code 

= 1 (~ultisite SD) 
3 (Downlink ELM reservation) 
3 (Report dowlllink EL'i reservation status in UH) 

= the sensor site address 
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The transponder reply to this ir,t~:.:::-rogation includes the site address (in 
the UM tield) of the sensor currently reserved for do~o-nlink ELM activity. A 
sensor seeing its own site address as the reserved site will proceed with the 
downlink ELM transfer. If a different site is designated as the reserved 
site, downlink ELK activity is not initiated on this scan. A ne~ reservation 
request may be attempted next scan if the DR code indicates that a dc--nlink 
ELM message is still ?ending. 

When the do~o'nlink EU1 delivery is complete, the reserved sensor closes 
out the delivery by sending a surveillance or Comm-A interrogation with: 

DI code 
MES code 
liS code 

1 (Hultisite SD • 
4 (Downlink ELH Closeout) 
the sensor site address 

The transponder only accepts the closeout if the IIS fiel~ in the 
interrogation matches the reserved downlink ELM liS code stored in the 
transponder. 

A reservation will timeout if 18-seconds pass with no delivery activity. 
The transponder is then able to grant a reservation to another site for 
transfer of the do~o-nlink ELM. 

An example of a multisite downlink EL~ delivery is presented in 
Table 2-8. 

Air-Directed Multisi. te Downlink ELM Delivet·y 

The technique used for air-directe~ downlink ELM delivery is equivalent 
to the air-directed Comm-B protocol described earlier. 

MESS~GE PROTOCOL I\~EPENDENCE 

The Hode S co:llllunication protocols are defined in such a way that tt-.e 
Comm-A, B, uplink E~~ and downlink ELM protocols are completely indeoendent. 
This means that delivery activity for the different mt!SSage types can b~ 

freely interleaved without restriction. If the multisite protocol is used, it 
is possible for Conm-B, uplink ELM, and do~1link ELM rese~vations to be 
granted to three different sites. 

CAPABILITY REPORTI!:G 

The ground system must know what capability an aircraft has to accept and 
provide data link information. This is accomplished through the reporting of 
transponder capability. 

Capability Report 

Basic transponder capability is reported in the CA field 
all-call reply (ryf=ll). TI1is field informs the ground system 
capability category as follows: 
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Scenari:.: 

INTERR 
I 

S or A 

~-~ 

S or A 

~ 

G 

EXAMPLE OF MULTISI1'E DOWNLINK ELM DELIVERY 

Mult!si.te delivery of 2-segment doo:.mlfnk EL."1 to local site trlth 
interrogator address u 2 

(a) I RELEVANT I 
REPLY l:'IELDS SIGNIFICANCE 

-
S or B 

1---
Ll\=17 Armounces preecnce of 2-segment downlink EL.'1 

I 
~ 

DI=l Multisite so field 
MES=3 Duwnlink ELM reser•;a t ion 
RSS=3 Request for Cor.u:n-D reservation status in W1 
IIS=2 Local site's interrogator identification 

s or B IDS=) Downlink EL'i reservation status is in liS 
IIS=2(b) Site 2 (the local site) is the reserved site 

--~-- i-· KG=)- MC contains request for downlink EU1 delivery 
in SRS 

SRS Indicates cielivery request for segments l and 

D KE,.o( c) Downlink EL'1 in ~!II 

2 

. I NC=O Indicates MD con cains segment 1 
HD Segment 1 of downlink ELM .. 'I • I 

I - .. 
D KE=o(c) Downlink ELM in !ill .. 

NC=l Indicates MD contains segment 2 
~...D Segment 2 of do•m.link ELM 

:) or A DI=l Multisite SD field 

• MES=4 Multisite do\o:nlink EI...'i closeo!.lt 
IIS=2 Loc~l site's interrogator identity 

S or E DR=Q(d) Downlink ELM closed out 

Notes: 

(a) s = Surveillance, A = Comm-A, B = Coll!Jl-B, C = Comm-c, D = Comm=D 

(b) If liS* 2, local site is not the reserved site and no furth~r action 
is taken on this message. 

(c) If all segments are not successfully received, the sensor will send 
another SRS requesting redelive.:-y :Jf oi.ssing segment(s). 

(d) If DR ~ 0 in reply to a downlink ELM closeout, it indicates the presence 
of another air-ini.tiated tnessage (either B or downlink EL..'i depending 
on the value of DR). 
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CA .. 0 signifies ao data link capability 
1 signifies Comm-A/B capability 
2 signifies CJmm-A/B and uplink EL~ capability 
3 signifies Coom-A/B, uplink EU1, and downlink EI1'1 capability 

for each category of capability, the transponder can handle both the 
non-selecti\·e and the muitisite modes. Additional details of the specific 
transpcnicr capability for codes 1-3 are obtained by reading the transponder 
Jata ll~,;; capability report via a ground-initiated Comm-B message, as 
described in the following section. 

A transponder reporting CA code = 2 can !oandle uplink F.Ui 's. This 
includes the ability to transmit the sir.gle Co::::;-0 format required for 
technical acknowledgenent of the uplink EU! transfer. 

A trans?onder reporting CA code = 3 has the communication capability of 
the upli:-tk E:L'l tran~ponder, and in addition it has the registers and logic to 
accept and process downlink extended l~ngth c~ssages, in addition to the 
h~gher duty cycle transnitter needed to send bursts of long Mode S replies. 

Data Link. Capability Rerort 

A sensor obtains the data link capability report of a transponder so 
equipped by sending a ground-initiated Co~cr-B request to read out BDSl 
code "' 1 and BDS2 code = 0. 

The data link capability report contains details that inform the ground 
of the S?ecific data~link capability that currently exists onboard th~ 
aircraf~. :his information is given in sufficient detail to unambiguously 
define tt:e services that the avionics can haadle. The capability is updated 
on board the transponder at least every four seconds to ensure that the 
reported capability reflects the current status of the avionics equip~ent. 

The data link capability l•iill normally be t·ead by a sensor immediately 
after the aircraft is put on the sensor's roll-call. In addition, any time 
~hat the transponder detects a change in aircraft capability, it causes a 
transfer of the data link capability report to the ground as a Comm-B 
broadcast message. 

AIRCRAFT l!JE~ITIFICATIO~ PROTOCOL 

All aircraft employ an aircraft identification code for air traffic 
control purposes. So~e aircraft (usually general aviation) ereploy the 
aircraft registration nu::nber that is painted on the aircraft. Other aircraft 
(principally those used for air carrier and military flights) employ variable 
air~raft identification codes based on the co::::lercial flight number or the 
military call sign. 
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Mode S transponders ~ith Comm-B capability could automatically 
report this aircraft id~ntificrttion data. Ge~eral aviation aircraft could 
permanently report the registration number. Other aircraft could employ a 
pilot input device to allow manual selection of the identification code fJr 
each flight. 

A sensor obtains the aircraft identification report by sending a 
ground-initiated Com•n-B req•Jest to read out BDSl code = 2 ana BDS2 cede = 0. 
If the aircraft icentification ccJe is changed in flight, the ground is 
notified by deliver-y of the aircraft identifir.ation message using the Com:n-·B 
broadcast protocol. 

~TILITY l1ESSAGE PROTOCOL 

The function of th~ l~ field has been previously described in connect~vn 
with the multisite communications protocols. If the content of the UM field 
in a reply is not spec.! fied by the interrogation, the UM field contains the 
site number reserved for multisite Cornt-B or downlink ELM activ~cy (if any). 
If both message protocols are in use, the reporting of the Conun-E reserved 
site takes precedence over the reporting of the downlink ELM reserved site. 

The specific activity (Comm-B or dmmlink EL.."l) being reported is defined 
by the IDS subfield (of the UM field). This is followed by the liS subfield 
that gives the site number of the reserved site. 

The voluntary reporting of reserved B and downlink ELM sites eliminates 
unnecessary attempts by other sensors to transfer a message if a reservation 
has already been granted. 
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CHAPTER 3 

THE MODE S SEt!SOR 

The Mode S sensor performs surveillance of Mode S- and ATCRBS-equipped 
aircraft within its assigned are~ of coverage, and acts as a COQIDunication 
relay for data-link messages between Mode S-equipp~d aircraft and ai~ traffic 
control fadlities. :n additj.on, the sensor may accept digital target re?orts 
from a collocated radar, and merge these into a co~~on surveillance output 
stream, correlating the radar and beacon reports when both exist on the same 
target. 

The sensor interfaces with the airborne transponders via the RF link, and 
(when netted) with adjacent sensors and ATC facilities via low-baud-rate 
digital co~munication circuits. 

The functional architecture of the sensor is illustrated in Fig. 3-1. 
Most sensor functions are conveniently categorized according to the time scale 
en which they operate, .ss follo~<TS: 

(a) Those that involve the generation and processing of signals, and 
therefore operate on a microsecond time scale; e.g.: 

• 

modulator/transmitter 
multichannel receiver 
Hode S and ATCRBS reply processors 

--(b) Tnose that involve channel transactions, and operate en a 
millisecond ti.ne scale co~nsurate with the dwell time of the 
interrogator antenna on a target; e.g.: 

channel manageffient 
ATCRBS reply correlation 

t (c) Those that are paced by the antenna scan ti~e, and therefore operate 
on a time scale on the order of a second; e.g.: 

surveillance processing 
data lir~ processing 
network management 
performance monitoring 

Two addi tiona! function::: 1 elements, which do not fall into the above c<~.te

gories, are the antenna systen and the clock. 

The remainder of this chapter describes each of these functioqs in turn, 
ar.d their major interactions. Because oi ~i..; --.;::;-~!:ral importance to overall 
sensor operation, channel management is considered first, follo~o.-ed by those 
functions responsible for the generation and processing of channel signals, 
and finally those involved in surveillance and data link message distribution 
and multisensor network coordination. 
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A"'lEHNA SYSTEW j 
S<M 
OFFERENCE 
OOH 

NOTE: TRACON 

ARTCC 

NADIN 

:OWEI.L PROCt:SSI>~; 
~--'--~ I 

I 
I 
I 
I 

,------1----. I 

Terminal ?~dar Approach Control Facility 

Air Route Traffic Control Center 

National Airspace Data Interchange Network 

Fig. 3-1. Mode S sensor functional block diagr~. 
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CHANNEL MANAGEMENT 

Channel manage~ent regulates all activity en the RF channel through 
cor.trol of the modulatot'/transmi ... ter and the ATC"R.BS and Mode S reply processors. 
Its principal f1..1nction i,; the s .:heduling of ATCRBS and I'1ode S interrogations. 

~hen confi6ured for back-to-back antenna operation, channel manageQent 
separately schedules interrogations for each antenna face, and ccntrols 
switching b~tween the faces. 

To provid~ surveillance of both ATCRBS-and Mode S~quipped aircrdft wi~h 
minimal mutual Lnterference, the RF channel is time-shared between the all-call 
modes and the roll-call mode as illustrated in fig. 1-2. 

ATCRBS and All-Call Scheduli~-

ATCRBS interrogations are scheduled at the beginning of an ATCRBS period 
as determined by a site adaptation input that defines the sensor time line. To 
reduce the in~idence of fruit and second-time-around target reports, t~ese 

interrogations can be psettdo-randonly jittered from the J1'nainal interrogation 
time. 

In any of the above modes, a range of ATCRBS interrogati0n ratee can te 
accommodated. In order to provide a maximum of channel tillie for roll-call 
activity, the sensor has been designed for a nomi.nal ATCRBS rate of two 
interrcgations per code, e.g., A,C,A,C per beam dwell. 

Following each ATCRBS interrogation, the s~r.sor processes ATCRBS replies 
for an interval corresponding to the maximum desir~d coverage range at the 
current antenna azimuth. lo.'hen the deslred coverage range is short, initiation of 
the subsequent Mode S interval may be: delayed to allow >:-eplics from longer-range 
ATCRBS targets to "ring out" so that they do not interfere with roll-call 
replies in the following roll-call interval. 

In order to conserve channel time, Mode S all-call acquisition is also 
performed during the ATCRBS listening period. Replies from unacquired Mode S 
and ATCRBS aircraft may be elicited one of two ways: 

(a) Through use of the ATCRBS/Mode S all-call interrogation. 

(b) By using a Mode S-only all-call interrogation followed by an 
ATCRBS-only all-call interrogation. 

The latter approach must be used with the site addressed acquisition, 
stochastic acquisiti~~. and lockout override functions because the coding for 
these functions is contained in format lfi=ll, the Mode S-only All-call. 
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Mode S Roll-call Scheduling 

Scheduling of Mode S roll call interrogations and replies occurs under the 
following principal ground rules: 

(a) Mode S interrogations are addressed only to aircra~t within the 
antenna beam. 

(b) Channel time is allocated to each Mode S interrogation and reply 
based upon a prediction of aircraft range. 

(~) Mode S surveillance anu data link procedures may require more 
than one interrogation to each aircraft. Theref-:>re, the sensor is 
able to reinterrogate an aircraft while it remains in tr.e beam. 

The sensor maintains an active target list:, compris!ng those ~todt:: S aircraft 
that are within the antenn~ beam, and makes repeated passes through this list, 
sc.heduling discretely-addressed Mode S interrog:ttions and replies on a 
nonconflicting basis. A single aircraft may appear on one or more of the 
resulting achedules of interrogations and replies, so that multiple surveillance 
and comrnunicati.on tasks can be accomplished. In the case of a failure to receiv~ 
a reply, the capability for repeated scheduling of interrogations Lo an aircraft 
provides a high overall surveillance/ communication reliability. 

The principal elements of Mode S roll-call scheduling are illustrated in 
Fig. 3-3. The intervals of tim~ devoted to Mode S roll-call activity are called 

·Mode S periods". During a Mode S period, one or morE! rcll-call schedules are 
produce·d. A schedule is a set of interrogation <md reply times that allows the 
sensor to carry out one interrogation-reply pair per aiccraft to som•2 or all of 
the aircraft on the active target list without ~roviding a second trafisaction to 
any aircraft. The interrog2tions are timed so that nonoverlapping blocks uf 
channel time are assigned to each individual interrogation and reply. If 
insuff~cient time is available to schedule all air.::raft on the list, the time is 
allocated to aircraft according to a preassigned transaction priority. 

Roll-call scheduling begins with the first (longest J:ange) aircraft on the 
list, scheduling an interrogation at the assigned start tim~ of the schedule; 
next, the expected reply arrival tlme is computed and a suitable liotening 
period provided. Subsequent aircraft are scheduled by placinz their reply 
listening periods in sequence and computing the corresponding interrogation 
times. A cycle is completed when the next interrogation, if so scheduled, would 
overlap the first reply. This interrogation is deferred to start a ne~ cycle. 

Several types of transactions must be efficiently combined in forming a 
Mode S schedule. Since the aircraft on the active target list are in various 
stages of completion, with respect to Mode S activity, each may require a 
different kind of transaction. Figure 3-4(a) illust~ates a typical cycle 
comprised of long and short interrogations, coupled with long and short 
replies. 

The cycles shown in Figs. 3-4(b) and 3-4(c) illustrate the inclusion of 
downlink and uplink ELM transactions. 
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: TRANSACTION 
I 
1 f--- c·rcLE -----1 
I 
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---i 
MOOE 8 PI!IUOO • 

• Thla MODE S pflriod comQ_riaea thr- schedul&c. 
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vroupad •n thru cycla• of 4, 3 ond 1 lron~ottiOI'>tl, 
fH9eCf1":11y. 

Fig. 3-3. Mode S roll-call scheduling. 
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REPLIES 

B 
W IHTERROGATIONS 

REPLIES 

(B) INTEfiROGA TIONS 

REPLIES 

• 
aHGGJ 

(C) PHTERROGA TIONS 

Fig. 3-4. Mode S cyctes 
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Channel Man~gement Organization 

The five subfunctions which comprise channel management are (a) channel 
control, (b) transaction preparation, (c) target list update, (d) roll-call 
scheduling, and (_)transaction update. 

The data flow between these subfunctions, and their interfaces wi.th other 
sensor functions, are illustrated in Fig. 3-5. 

Interfaces: ~hannel management receives inputs from surveillance pro
cessing, data-link proc~ssing, and network manage~ent. Surveillance processing 
provides channel management with the predicted position (azimuth and range) of 
Mode S ~ircraft. Data link processing provides organized lists of pending uplink 
messages for each Mode S aircraft. Network management controls the track state 
to define the kinds of service, both surveillance and communication, to be 
afforded each aircraft. 

Channel management has control over the modulator/transmitter unit and the 
Mode S and ATCRBS reply processors. Channel management communicates with these 
units by generating interrogation and reply control commands and by receiving 
Mode S reply data blocks. When an aircraft leaves the beam, a record of channel 
activity and downlink message content is passed on to the surveillance 
processing, data link processing, and network management functions. 

Channel r.ontrol: Channel control monitors the system real-time clock and 
the antenna poifiting direction, assuring that all ATCRBS and Mode S activities 
take place at the proper time and in the proper sequence. The other four channel 
management subfunctions are periodically activated by channel control. In 
addition, channel control regulates the flow of control commands to the 
modulator/transmitter and to the reply processors, and it directs the transfer 
of Mode s' reply data blocks fror:1 the Mode S reply processor to channel 
manage~ent. In the back-to-hack configuration, commands to the modulator/ 
transmitter include an antenna face designation. 

Transaction Preparation: At regular intervals, channel control directs 
transaction preparation to provide a list of aircraft about to enter the beam. 
For the back-to-back configuratinn, there are two such lists, corresponding to 
the two beams. Transaction preparation consults the surveillance file which 
contains predicted position, the pending uplink message data placed there by 
data link processing, and control information generated by network manageme<Jt. 
If uplink messages and/or downlink message requests ar-e pending for an aircraft 
entering the beam, transaction preparation will determine the number and type of 
transactions required to accomplish these tasks. 
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Transaction preparation creates a list of data blocks, one for each new 
ai~craft, contafning a co~plete specification of the required set of 
transactions needed to accomplish all pending surveillance and com~unJcat!on 
tasks. 

Target Ust Update: An acti.,e target list is up<iated regularly by the 
target list upd.::te subfunction. The entries on this list are the data hloc:ks 
which have been forr.1ulated by the transaction r,- !paration subfunction. D..1ta 
blocks on new targe::s, supplied by transaction ,'reparation, are merged into the 
list, ~hile old targets, either leaving the beam or completely serviced, are 
removed. 

In order to facilitate the computation of a non-conflicting sched·.1lt.> of 
interrog~tions and replies, an active target list is arranged in order o( 
decreasir.g target range. This ordering is maintained each time the list is 
modified. In the back-to-hack configuration, two active targe.t lists are 
maintdinccJ. 

Roll-call Schedulin~: As directed b:; channel control, roll-call scheduliug 
operates on the contents of .::m active target list to produce Mode S schedules 
according t•> the procedures described earlier. If i.1sufficient time remain:; fc·r 
a complete sch~dule (i.e., one transaction per aircraft on the active target 
list) then t.'1e available time is allocated based on 'ransaction priority as 
foLlows: 

Level 1 

l.Rvel 2 
Level 3 

!~vel 4 
Level 5 

Interrogations for altitude, AlCRBS ID, and high priority 
Comm-A/Comm-B messages. 
Hir;h t=-riority uplink F.l....'i 's 
Addttional (low priority) Comm-A/Comm-B 
messa~-:-s. 

- 'jr-link ELM's 
Dow., 1_ f nk ELM's. 

The outputs ~f roll-call scheduling are ~ode S interrogation contra\ blocks 
specifying interrogation time, power level, and data-block contents, and reply 
control blocks ~p~cifying expected reply time and addr~ss. 

Transaction Cpdate: If a target enters the beam with several transactions 
to be can·ied out. these transaction!; will normally take place on succe::>sive 
schedules. The transaction update function t'!xamines each rep!y and, if the 
trdnsaction was successful, modifies the target's data block so that the next 
pend\ng transaction will be carried out in the subsequent sch~dule. If the 
transaction was unsuccessful, it will be repeater! iu the next schedule, and the 
next pending transaction delayed to a later scheciule. Finally, transaction 
update indicates the com?letion of targets for which no further transactions are 
pending. 
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CLOCK 

Each Mode S sensor is equipped with a "time-of-day· clock that percits 
precisely-timed coordination of activities at different sensors. Site-to-site 
synchronization of + 2. 5 milli.sec.onds is r?quired for utilization of multi-site 
surveillance data. 

Sy!':':em time is continuously available to the modulator/t>ansrnitter, i·lode S 
and ATCKBS reply processors, and channel roanagecent. In addition, the sensor 
clock provid<.?s timing rei"erences for the generation of both Hode S and ATC!\BS 
interrogation waveforms, and the demodulation oi replies. 

HODULATOR/TRANSHITTER 

The modul3tor/transmitter (Fig. 3-6) accepts digital control inputs from 
channel management aod gener~tes the requisite RF interrogation signals. For 
each interrogation to be tr&nsmitted, the control inputs specify the mode, th~ 

transmission time (wlth l/16 us resolution), and, fer a Mode S interrogation, 
the contents of the <ata blc;::k prior to encoding. The modulator generates the 
sequence of parity check bits and combines them with the spe~ified discrete 
address. 

Mode S interrogations may be transmitted at low or high power (nom1nally 
100 or 800 watts respectively) under control of channel manage~ent. ATCRBS 
transmit power is site-ad~ptable with nominal •1alues ,.,f 300 watts for a terminal 
sensor and 800 watts for an enroute sensor. 

An auxiliary transmitte~ is required for the generation of the SLS con
trol pulses, since the Mode S SLS pulse (Ps) is transmitted simultaneously with 
the Mode S interrogation. 

ANTENNA SYSTEM 

The Mode S sensor employs a t·otating fan-be3m antenna having a sum o:) 
pattern and a difference (~) pattern (Fig. 3-7a). The interrogation is 
transmitted, and the reply received, on the Su!:! pattern; the reply is also 
received on the difference pcttern, and the ratio of the amplitudes of the 
signals received on the difference and sum patterns (Fig. 3-7b) is used to 
estimate the off-boresight angle of the target, Le., the ang·.1lar difference 
between the target position and the antenna pointing angle. 

In addition to the sum and difference patterns, the antenna system in
cludes an SLS control pattern. This pattern is used for the trans~ission •f 
the Pz and Ps sidelobe suppression pulses. It is also used on receive, where 
comparison of the amplitudes of the same signal received on the sum pattern 
and the control pattern permits rejection of signals received via a sidelobe 
of the sum pattern. 

To perform its function, the gain cf th: SLS control pattern exceeds that 
of the sum pattern in all directions ex~ept those corresponding to the main 
beam of the sum pattern, i.e., it should "cover" the sidelobes of the sum 
pattern. 
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Fig. 3-6. Modulator/Transmittt:!r. 
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Fig. 3-7. Sum and difference antenna patterns. 
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Historically a separate antenna has been used to generate the SLS control 
pattern which has nearly constant gain as a function of azimuth, i.e., is 
onmidirectional in azimuth; the control pattern is thus reh:rred to as the 
omni (n) pattern. However, other control pattern characte~istics are employed 
such as that associated with an SLS antenna designee as an "integral" part of 
the sum and d~fference antenna. Generally this approach employs an auxiliary 
control pattern radiator in the rearward direction to ensure adequate coverage 
of the sum backlobes. 

Antenna Configuration 

The Mode S antenna system mc,y ~ither stand alene, mounted on its own 
pedestal, or it may share a pedestal with a radar sensor. The latter will 
normally be the case when a Mode S and radar are ~allocated. 

When sharing a pedestal with a radar antenna, the Mode S antenna may employ 
a completely separate radi~ting structu~e, mounted, for exarn~le, above the radar 
antenna. On slowly rotating radar antennas (long-range air route surveillance 
radars which rotate at S to 6 rpm), tack-~o-back Mode S antennas may be used to 
realize a d.lt<I update rate ::wice that of the host radar. 

The back-to-back antennas may be mounted atop the collocated radar 
antenna if space permits. If space is restricted, such as in a radome, tile 
forward antenna may be chin-mounted on the radar f~cd support boom with the 
rearward antenna mounted at approximately the same hf.ight u':l the l:lackside of the 
radar antenna. 

Some en route interrogators operate jointly for the benef~~ of both the FAA 
and the Mi ~itary Air Defense Command. In this situation the antenn;t::; and 
associated microwave signal paths may be configured to allow the military 
exclusive use of one antenna (the front face) for their t-'..od.:! 4 surveillance 
purposes when requested. Each such military requ2st would generally encompass an 
azimuth wedge of from 10 to 30 degrees within a single scan. The enroute Mode S 
update race, would of course, revert to one-half of the normal rate during this 
interval. 

A block diagram of the configuration of a Mode S sensor and military 
interrogator operating jointly is shown in Fig. 3-8. 

Azimuth Pattern Characteristics 

The choice of azimuth beamwidth is constrained by two conflicting 
requirements. A broad beam results \n a higher target capacity, i.e., the sensor 
can provide discrete-address surveillance and data-link service to a larger 
number of aircraft (see Chapter 5). A narrow beam provides higher azimuth 
measurement accuracy. The most generally useful range of 3-dB azimuth beamwidth 
for the Mode S sensor appears to be 2.4 to 4 degrees. 

Both sum and difference patterns must have low amplitude azimuth 
sidelobes to minimize the effects of sidelobe interference on reply detecti0n 
and monopulse azimuth estimation. 
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Elevation Pattern Characteristics 

A rapid cutoff of the antenna patterns at the horizon 1s desirable to 
minimize the energy incident on, end reflected by, the ground, and thereby 
i:o: 

(a) decrease the magnitude of lobing; and 
(b) reduce the error introduc~;:d in the a:dmuth r><:asure:nent due to 

off-axis multipath slgnals. 

While the specific requirements on lowe . ..- ed~e cutoff are highly site-dependent, 
a cutoff rate of· approximately 2 dB per degree appears adequate for most typic~l 
site environments. 

Above the horizon, the Mocie S sensor must provide coverage to elevation 
angles of 30 to 40 degrees. Current beaco~ sensors use antennas having 
relatively constant gain with elevation .:tngle (termt~d sector beams); used with 
sensitivity-time control (STC), this ll'lnimizes the c:yna:nic :ang'! requirements 
of the receiver. A more tapered patr:crn (intermediat.'! between th~ sector beam 
and the cosecant-squared pattern (requently used in radar applications) is 
preferred for Mode S. The taperr~d pattern has greater gain near the horizon, 
providing a higher fade margin for long-range, low-elevation angle targets. 
Its lower gain at high elevation angles is balanced by the reduced range of 
aircraft at those elevations. 

Each of the above pattern characteristics is typified in Figs. 3-9(a) 
and 3-9(b). Fi.gure 3-9(a) illustrates the measured elevation pattern of a 
representative Mode S five-foot open array designed for constant ga:ln with 
elevation angle. Figure 3-9(b) illustrates the measured elevation pattern of 
a five-foot open array with a more 11early cosecant-squared cha:-acteristic as a 
function of elevation angle. Both antennas have a sharp lower edge cutoff. 
The peak--of-beam gain of the tn.pered pattern antenna is approxi:1ately 3-4 dB 
greater than that of the constant gain antenna (not shown in figures). 

MULTICHANNEL RECEIVER 

The multichann~l receiver accepts the three RF signala from the sum, 
difference, and omni (control) p.:1tterns of the antenna sys':em, ar!d produces 
three outputs for use by the ATCRBS and Mode S reply processors. These outputs 
are: 

(a) log 1: - the log amplitude of the sum pattern signal; 
(b) log n - the log amplitude of the ornni pattern; and 
(c) i(~/E)- a bipolar video signal proportional to the ratio of the 

amplitudes of the difference and sum pattern signals. 

The log 1: signal is the "principal" receiver output, used for the 
detection of reply pulses. Comparison of the arnpli tuJes of the log r and log n 
signals indicates whether a pulse detected in the log 1: output .,.as received 
via the mainlobe (log r >T* + log J) or via a sidelobe (log 1: <T* + log n) of 

*A preset threshold. 
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tho:! suo patt~rn. The dtgiti.!ed value of the f(!i/E) signal from each received 
pulse is compared with a prestorerl anter.na/receiver calibration curve to 
provide an estimate of the angle of arrival of the signal relative to the 
antenna boresight. 

Figure 3-10 is a block d~agram of a possible rtalizat~on of the 
multi-channel receiver. The figure illustrates the use of the so-called 
"half-angle monopulse processor" to generate a f(6/'f.) output 1<1hich is 
unambiguous (i.e., single-valued) over the full range of values of 6/'f., 
approximately acco:ding to the relationship: 

f(6/i.) = 2 tan-1 (6/E). 

The half-angle conopulse processcr provides a highly accurate and stable 
calibration characteristic over a ~ide range of input signal amplitudes. 

MODE S R~?LY PROCESS[~G 

Mode S reply processing operates on the multi-channel receiver outputs to 
detect and decode ~~de S all-call and roll-call replies, and to generate an 
es~imate of aircraft range and azimuth from each detected reply. The principal 
steps in Hode S reply r•rocessing are depit:ted in Fig. 3-11. 

Preamble Detection 

.. 
Modt S replies ate detected on the ba~is of the four-pulse preamble 

waveform pre~ecing the reply data block. ne prea~ble detector provides 
accurate time-of-arrival estimation for air::raft ranging and for synchronization 
of message bit processi~g and reply decodi1g. 

In the case of replies to roll-call itterrogations, channel management 
provides to the preamble detector an estimate of expected reply time and an 
unr.ertainty window. A reply is accepted only if its preamble is detected 
with:•n this winrio·:l. Since the reply processor cannot start decoding a new 
reply when it is st:ll decodin.; an earlier one, the use of this window 
minimizes the probability that the reply decoder will miss the de&ired reply 
due to Mode S fruit. 

Message Bit ProcessinF. 

Message o.a processing operates on sampled video waveforms to produce a 
sequence of demodulated Thessage bita, and a confidence bit (high or low) for 
each demodulated message bit. 

Since a message bit is transmitted as a pulse in one of two possible 
positions, depending on whether ;he bit value is a 0 or a l, bit decisim1s are 
based ~rimarily on the relativ·· amplitudes of the signals received in these 
two pulse pl'c.it::.ons. A sidelobe flag is use~ to help resolvE' ambiguous 
situationu ~hich a signal is received in b0th pulse positions. 
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Bit decisions are indicated as high confidence only when a mainbeam 
signal appears in one pulse position, and either no sigro>1l or a sidelobe 
signal appears in the other. 

Message Decoding and E!">:or Correetion 

Message decoding uses the parity check coris to detect errors in the 
dem0dulated message. Since the parity check bits :or roll-call replies are 
combinea with the transponder address, the decoder ~ust know the expected 
address (supplied by channel management) in order to perform error detection. 

Whenever a decoded reply contains errors, erroc ~orrection is atte~pted 
lf the total number of low-confirience bits in the reply does not exceed a 
preset threshold. The use of this threshold minimizes the possibility of 
erroneously "correcting" a reply that contains a vety large number cf e~rors. 
Error correction will te successful only if: 

(a) all errors are confined within a span of 24 contiguous bits, and 
(b) all errors occur in bits flagged as lew confidence. 

Garbling by a single strong ATCR.BS reply, which can result in bit decision 
errors spanning no more than 24 bits, usually results in a correctable error 
pattern. TI1us, with high pro~ability the Mode S data block will be correctly 
decod.,ed unless it: is garbled by more than one strong ATCRBS reply. • • 

ATCRBS R.EPLY PROCES3ING 

The ATCP~S processiDg subsystem has been designed to produce accurate, 
reliable target repo•ts at low interrogation rates in ord~r to maximize the 
channel tlme available for the roll-call mode of operation. Mono~ulse 
information i.s used both to determine target azintuth and to assist in the 
decoding of overlapped replies. Sidelobe fruit replies are detected and rejected 
by ~omparison of the slgnal 3mplitudes received on the sum and omni patterns. 
ATCRBS &des A and C replies are processed, and the extracted codes in.cluded 
in the target report. 

ATCRBS reply processlng takes place in three succassive steps (Fig. 3-12): 

(a) Reply decodir.~ operates on the three video ou:puts of the 
multict13n!1e1recei ver to detect ATCRBS replies, and, for ~·ach 
detected reply, provides an estimate of target range, azimuth, code 
and code confidence. 

(b) Reply correlation attempts to combine all replies received 
from an aircraft during one interrogator antenna scan into a Fingle 
target report containing target range, azimuth, code and code 
confidence for each mode (A,C) in which the target responded. 

(c) Report-to-track correlation edits, and corrects as necessary, 
target report~ by compar~ng them with a track file eenerated fro~ 
reports received on previous scans. This step assists in the 
elimination cf mainbeam fruit, the flagging of falsP targets, and 
the correction of missing and garbled code pulses. 
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The first two steps are de9cribed in the remainder of this section. The 
final step, report-to-track co~relation, is discussed in a later section on 
surveillance processing. 

~ Decodine, 

1~e major elements of ATCRBS reply decoding are illustrated in Fig. 3-13. 

Video Dieitization: provides a digital rtpresencation of puldes w~ose 
widths are within an acceptable range. This rE';;resentation includes leading 
edge location, a monopulse sample, and a sidelobe flag. ~1erly long puls~3 are 
ass1:med to have resulted from an overlapping oi pulses frro two replies, a~d 

pseudoleading edges are inserted based on the observed trailing edge 
position. 

A monopulse sample is produced for each pulse of acceptable width, except 
for pulses wh1 ·h are overlapped enough to rpsult !n garbled monopulse 
samples. 

Bracket Detection: is based on the detection of two pulses ~n the leading 
edge data stream that have the appropriate spacing (• 20.3 ~s). Rracket pulse 
pairs for which both pulses are flagged as sidelobe pulses ace not declared, 
and thus sidelobe replies ere not decoded. 

Garble Sensinr, and Phantom Elimination: Garble sensing is based on the 
time separation of two detected bracket pairs that would result in 
overlapping pulse decode regions for the two replies. The incorrect 
declaration of a bracket pair made up of ~ulses from two garbli~g replies is 
termed a "phantom." Phantoms produced by two garbling n~plies will be 
correctly elimineted if no additional garbling reply occurs for 20.3 ~s. 

Code E::tract1.on: Code extraction is initiated by the declaration of a 
bracket pair that JefinP.S the possible infor~atfon pulse locations. lnfoLmation 
pulses are associated wich a reply (bracket pair) on the basia of their l€ading 
edge location relative to the bracket pair and their monopulse sample values 
relative to a monopulse refer~nce. The initial monopulse reference is the 
monopulse sample of the first f~aming pulse, except when that pulse is in a 
possiblP. garble region of an earlier reply or is labelled as sidelobe. If the 
first fracing pulse is not suitable, the rr~nopulse sample of the second framing 
pulse is used as the monopulse reference •. If that pulse is also not suitable, 
the reply is rejected. 

Each information pulse decision is accompanied by a confidence bit (high/ 
low confidence). A pulse is decoded as high confidence, '1', if it [alls 
within one of the acceptable pul&e decoding regions of the reply being decoded 
and its monopulse sample correlates with the monopulse reference of that reply 
and not with any garbling reply (if any). A pulse position is decoded as high 
confidence, '0', if no pulse iR detected in its decode region and no pulse 
leajing edge ls detected in the sa@ple position just ahead of this decode 
region. 
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Fig. 3-13. ATC~S reply decoding. 
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Monopulse Esti~ation: Each pulse which lies within a valid information 
pulse position of a detected ~eply and which correlates with tne monopulse 
reference of that reply is used to update the reference by averaP,ing the 
reference value and the sample value. Tt1e monopulse estimate for a decoded 
ATCRBS reply is the final value of the manopulse reference for the reply at the 
time the Fz pulse has been pro~essed. In order to avoid an erroneous Monopulse 
estimate because of a bad reference sa~ple at the 3tart of pulse decoding, an 
ATCRBS monopulse esti~ate is not declared unless it includes at least two 
monopulse samples. 

~ ply Correlation 

The function of reply correlaticn is to combine all replies recEived from a 
transponder in one scan into a single target report. Each reply received from 
reply processing is correlated (compared) in range, azimuth and high-confidence 
code pulses with existing target report files. If a reply doen not correlate 
with any existing target report file, a new file i~ started with the reply. 

Code correlatiot• is done by comparing only high-confidence code positions 
of a reply with the r.igh-confidence code positions of the code estimate 
contained in the ta...-get report file. Th.is code estimate (Hode A or C) is 
updated by forming a 1-:ew estimate consisting of the composite of the current 
file code estimatP and the high confidence code positions of the correlating 
reply. Likewise, the composite confidence bit sequence for each repl:,. mode is 
updated by adding to the high confidence positions in the target report file ar.y 
new high confidence p0sitions in the correlQting reply. 

The azimuth estimate provided in a target rep~rt consists of the azimuth 
estimate of the reply closest to boresight when replies are received only on 
one side of boresight, or the average of the azimuths of the two replieq which 
straddle boresight. 

SURVEILLANCE PROCESSI~G 

Surveillance processing maintains target files on all ATCRBS, Hod~ S, and 
radar-only aircraft within the sensor's coverage volume. Its principal 
functions are: 

(a) To predict next-scan position of Mode S aircraft for interrogation 
scheduling; 

(b) To edit and correct ATCRBS target reports based upon data from 
previous scans; 

(c) To perfonn radar/beacon correlation of target reports from a 
collocated radar; 
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(d) To filter radar-only target reports based upon data f::-om previous 
s ca:1s; 

(e) To disseminate composite ATCRBS/~·adar, -"'one S /radar and rad'lr-only 
surveillance riaca to ATC users • 

The dat.l flow between the prind.pal element'> of surveillance processing 
is illustrated in fig. 3-14. 

Mode S Surveillance Processing 

Mode S surveillance processing (Fig. 3-15) o~erates on the set of Mode S 
replies received from an aircraft during a scan to produce a target report on 
that aircraft and a predir.tion of its position on the next scan. 

A single Mode S report for a given address is selected to represent the 
sur~teillance data for each track. !-'.any replies w:!:h the same address may be 
present, either because of m~ltiple roll-calls for data-link activity or because 
thi~ aircraft is just being acquired and has answered an all-call. The report 
selectio~ process includes finding the reply that is near beam center to 
maximize azimuthal accuracy, and also finding t~e reply at shortest range to 
exclude false (reflected) targets. 

The Hode S all-r.all reports whose addresses '.io not match an existing track 
are examined in the track initiation process to deter~ine if an a~d~ess match 
can be made with uncorrelated reports held over fro~ the pr<!vious scan. When 
a mattc•h is found, a t·~st for false track due to reflection is made; if the 
test is negative, a ne~o~ly-initiated track is entered into the surveillaPce 
fi~~. The 'still-unmatched repor::s are saved for one scan and are also used in 
radar correlation. 

The occ•trence of synchronous garble of Mode S all-call replies is sign:(fied 
by the receipt of two or more undecodable all-call replies at a consistent 
range during a beam dweE. Whe;-, this condltion is detected, an acquisition 
tr,ck is initiated at the range and azimuth of the detected reply. Channel 
management will then schedule stochastic Mode S-only all-call inter~ogations for 
this track wh~n it appears on the active target list. If a successful reply 
is received, the aircraft will then he discretely incerrogated and locked out 
to re:::~ove it: from the garbling set. Acquisition tracks are only retained for 
or.e scan since continued garbling will result in generation of a fresh 
acquisition track each scan. 

Finally, all Mode S reports that match with t~acks, nnd radcr reports that 
correlate with coasted tracks, (i.e., tracks that were not matched to a Mode S 
report this scan), are used to upda~e and proj~ct the Mode S track ahead one 
scan. This new projection is used by channel management to dete1~ine when to 
schedul·~ the next roll-.:a.ll interrogation to the aircraft. 
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ATCRBS Surveillance Processing 

ATCRBS surveillance processing (Fig. 3-16) edits, and corrects as 
necessary, ATCRBS targ~t reports by comparing reports received on the current 
scan with target tracks derived from reports received on previous scans. Editing 
includes eliminating residual fruit replies which may have been plsse;\ by the 
ATCRBS reply e:orrel:1tor, and flagging reports &uspected of being :iue to 
reflections, i..e., false t3rgets. \./hen target reports correlate with an exi£ting 
track, missin;~; or low-confidence code bits may be corrected by insertion of the 
corresponding bits from the track file. 

The lack of a unique identity code as part of each ATCRBS reply (as opposed 
to Mode S rep:..ies) makes necessary a report-to-track correlation function as 
the first steo in ATCRBS slJrveillance process1.ng. Report-to-track corrP.lation is 
based upon the several attributes of the report. A report is said to be 
associated with a track if it falls within a specified range, azi~uth, altitude 
association it)terval. Then, if only one A'ICRBS report associates with a single 
track, th3t report/tract: pair is declared correlated. For those cases where more 
than one report associates with a track, or mote than one track associates wit:, 
a r.eport, or both, report and track correlations are based upon the following 
fac:tors: 

(a) code match 
(b) nt~ber of replies in the report 
(c) altitude match 

, (d) track maturity 
•. ·(e) distance parameter • 

. During track update, a special code situati.on is sensed. If the Mode A 
code of the report does not match the code of the track, it is assumed t:.at a 
code change has been made in the aircraft and a transition situation is noted. 
After three scans of consistent new code, the track file code is updated. 

ATCRBS fruit are discarded by rejection of all reports that do not 
t correlate with a track and which are comprised of a single Mode A reply, a 

single Mode C reply, or two replie~ - one Hade A and one Mode C. 

The test tor determining whether a report is f.alse (i.e., due to a 
reflection) is initiated by comparing the ATCRBS report azimuth with a stored 
table of reflections zones. If the reoort is in one of the reflection zones, 
then an image location is calculated and compared against known ~reeks. If a 
known track with matching altitude ~nd Mode A code could have caustd the report, 
the report and any track started from it will be tagged as potenticlly false. 
Each scan thereafter, the false track is examined to see if it contlnues to 
satisfy tha "false track" criteria. 
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Radar/Beacon Correlation 

The last step in beacon surveillance processi~g prior to data disse~ination 
is the comparison of radar reports from a collocated radar with the result of 
Mode S and ATCRBS r~port processing. 

A radar report correlates wi~h a beacon report or track if it satisiies 
certain distance criteria. When a radar report and a beacon report correlate, 
t'·~ beacon report is sai.d to be radar reinforced. When a radar report correlates 
Wl. '1 a beacon track for which no beacon report was received dun.ng the current 
scan, the track is updated using the radar report, and a radar substitution 
report is disseminated. 

Radar Surveilla,ce Processing 

Radar surveillance pro.::essing (Fig. 3-17) compares curr·:nt scan radzr 
reports with those receiveJ on previous scans in order to filter out repCirts 
Jepresenting false alarms from clutter, birds, automobiles, or other system 
.~ffects. Only radsr reports not correlating with beacon reports or track> 
enter into this process, thus oreveuticg two track& from oeing created for one 
aircraft. Only radar reports co:relatir.:>; with existing radar tracks are 
output, thereby prevF.nting a high false alarm rate from affecting 
surveillance lin!<. tltroughput. 

Since radar reports have neither an identity code nor an altitude, both 
the report-to-track correlaLfon and track initiation procedures are nore 
subject to errGr than with ATCRBS reports. The proce:;s of association :.s 
essentially one of range and azimuth testing, although the presence of doppler 
velocity in an MTD radar system provides another, although weak, association 
attribute. 

T:> overcc:nc the higher false alarm rate and lack of correlation c.riteria, 
radar tracking is more cautious than the ATCRBS version. In particula1·: 

(a) more reports are required to initiate a track, 
(b) reports are flagged in certain site-dependent areas 

known to contain roads or severe clutter, 
(c) more smoothing is enployec in the prediction equations. 

Surveillance Data Output 

At the completion of surveillance processing there are several .;lasses of 
reports to be disseminated. These are: 

(a) beacon, radar reinforced; 
(b) beacon, not radar reinforced; 
(c) radar correlated with coasted beacon traeks; and 
(d) correlated radar. 
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Reports are selecte1 for dissemination to connec~ed ATC facilities through 
the use of a site adaptible dissemination map. 1his disseurlnation map defines 
the are&s of interest for each ATC facility in tr:ru:s of a clnimun. and maximum 
range and altitu~e for each 11 1/4° azimuth sector. 

DATA LINK PROCESSI~G 

Data link processing regulates the flow of c~ssages on the air·~round link. 
This is accomplished through the maintenance of a file, called the active 
message lis·t, "'hi.::h contains a record of all of the pending communications 
activities. Entries in thi3 file are organized by Mode S address and are used by 
channel manageoert to determine the number and type of interrogations and 
replles to schedule for an aircraft when it is available in the antenna 
main-beam. 

As shown in Fig. 3-18, the two major subfunctions 0f data link processing 
operate to update the active ~essage list. Input p~ocessing handle3 message3 
received from ground users of Mode S and in general is involved with arlditjons 
of ground-to-air messages to the active message list. Outpct processing examines 
the transaction record prepared by channel manageme.1t. The transaction record 
together witl• reply message contents indicate which co~munication activities are 
complete and which, if any, ~ransponders are requesting an air-to-ground message 
transfer. 

Input Processing {Fig. 3-19) 

Communication messages (Ref. 6) a~e received from the ATC interface. In 
order to be considered for Jelivery during the current scan, a mess~;,e must be 
received by the sensor at least t:wo sectors (22 1/2°) ahead cf the azimuth at 
which the addressed aircraft will enter the antenna beam. A test is made to 
determine the status of the addressed Mode S air=raft in the local surveillance ~ 

file. If the Mode S aircraft is not Lontaine~ in the file, an immediate message ~ 
reject notice is generated and sent to the message originator. If the Mode S 
aircraft is in the file but has not replied to interrogations for one or more 
scans, ':equests for uplink deliv£::•ry will be accepted but t:1e sender will be 
iss~ed a message delay notice. The message type is det~cted and the active 
message list is updated. This up<i::~.ting takes pla~e according to Rn implicit and 
a usee-defined priority. The implicit 'itructure of da::a Unk processing and 
channel management ~laces downlink extended length message~ at a lower priority 
than the !il":orter, standard messages or uplink EL.'i's. Further priority 
assignment can be made by the ATC authority. If a message is flagged as 
priority, then it enters the active message list for the addressed aircraft 
ahead of any pending lew priority messages of the same category. 

Output Processing (Fig. 3-20) 

Mode S replies from the current scan are checked for an indication of 
successful uplink message delivery and for requests for new air-to-ground 
message trans-fers. Downlink messages lncluded in the replies are d~tected, 
flagged as complete, and routed to intended recipients as indicated by 
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information stored i.n the active message list (for ground-initiated r.~essages), 
o• to all appropriate ground facilities (f0r pilo~-initiated ~essages). In the 
latter case, the dissemination rules depend on the character of the downlic~ 
message (as defined in a message definition subfield) and on aircraft positio~
The final task involves updating the list to r~flect additlong and cornpletioPs 
this scan, and the generation of delivery notices. 

NETWORK MANAGEHENT 

Network m3nagement provides· for continuity of surveillance and data lir.k 
services in situations where aC:jacent sensors have overlapping coverage. {.;!-;,:::: 

netted, Mode S sensors exchange surveillance data tc hand off tareets betwee~ 
sensors and to maintain surveillance continuity and rapid target reacquisitior 
in the event of a temporary link interruption. This multis(.nsor ::oordinatior, _. 
directed by the network management function, operating under ti:e control. of :.::~ 
sensor coverage map. 

An overall block diagram of the network manageMent functir,n is presented -1 

Fig. 3-21. Once each scan, each Mode S ~rack is processed by coverage 
coordination to determine if a boundary crossing has occurred. For uon-net::e:: 
sensors, this event will cause the coverage coordination fun~tion to man3ge 
Mode S lockout status in order to perrr:it acquisition via all-(;all 
int<:!rrogations. In the C'ase of netted sensors, a check :l.s made for a bound::;r" 
crossing-or a track state change. Either of these events will ca:Jse cont.ro'
message handling to initiate a sequence of messages. Tne former results tn a 
flow of tra=k deta to the sensor whose boundary was crossed; the latter resu::~ 
in a request, or cancellation of a p=evious request, f0r surveillance data :0 
fill in during a link interruption. Control message handling a1so processes 
network ~ontrol messages from adjacent sensors an~ ATC facilities and retrieJ~! 
or stores data in the surveillance file as required. 

n,e Coverage Map 

The extent and type of covera~e to be provided by each sensor is 
controlled by a data file known as the sensor coverage map. In general, tw,J 
~ajor boundaries are d~fined by this map; 

(a) the maximum range at which the sensor ic; to provide 
surveillance coverage, and 

(b) the area where the sensor is assigned primary responsi~illty 
(for uncontrolled ai,craft only). 

Th~ coverage map is implem~.1ted in o. p - 6 grid as shown in Fig. 3-22. For e<J ~: 
element of ~he grid, terme~ a cell, a sensor pr~ority li;t is specified, wit~ 
a lower altitude cutoff defined for eac!1 s~nsor. The position cf a s<>"\.;or in 
the list specifies its surveillance functjnn !n that cell; pri~ary, s~~ondary, 

or backup. Sensor coverage boundaries are thus defined by a cha~~e in uenso~ 
ordering between adjacent cells. For each co~trolled aircraft, a ~essage frc~ ... 
ATC facility assigning pr~mary •'r secondary status has the ef~ect of 
overriding the map designation • 
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Fig. 3-22. Coverage map grid structure. 
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In the event of a sensor failure, that sensor is flagged as inactive, 
effectively deleting it from the sensor priority list. In this way the primary 
and secondary coverage areas of active sensors are automatically enlarfled to 
take over (to the extent possible) the area formerly serviced by the failed 
sensor. In the event of failure of sensor-to-sensor comm1•;1icatioas for a netted 
sensor, the sensor affected is temporarily treated as n~n-connectcd. That is, 
aircraft are unlocked to Mode S all-call interrogations at the surveillance 
boundaries of this sensor in order to permit acquisition by its normal all-call 
interrogations. 

Coverage Coordinaticn 

Figure 3-23 illustrates the elements of the coverage coordination 
subfunction. The curre:1:: position of the track is used to determine the present 
cell index. If the cell index has not changed since the last scan, and no 
failure/recovery of an adjacent sensor has occurred, no further action on 
co~erage assignment is done. Otherwise, the sensor priority list for thln cell 
is retrieved from the coverage map, deleting those sensors that the performance 
monitoring function has declared to be in a failed state. Tne resultinl! sensor 
assignment is compared to the previous assignment (stored as part of the track 
record) to detect the occurrence of a boundary crossing. If one is detected, 
the action depends ~>upon whether or not the sensor is netted to adjacent 
sensors. 

Netted Configuration 

In cont'igurations where the local and adjacent sensors communicate via a 
common ATC facility, an indication is passed to control message handling to 
initiate the appropriate sequence of messages. 

The present track state is then compared to the previous state to detect 
~he beginning or end of a link interruption. Agaln, an indication is passed to 
control message handling to begin or terminate the flow of adjacent sensor data. 
An additional check is ~ade to determine if the track was just initiated as a 
result of the local sensor's .:.11-call interrogatiocs. If so, surveillance data 
on this track is disseminated to the other assigned sensor(s) in the cell by 
control message handl.;.ng, using the same message sequence &s for a surveillance 
boundary crossing. 

Where the new cell data indicate a primary/seconrlAry status different from 
the one in effect for an uncontrolled aircrdft, a primary coordination message 
exchange is initiated. A typical prir.1ary coordination exchange involves .1 lo-::al 
sensor initating a request for primary assignment to an adjacent sensor when an 
aircraft first enters the local sensor's primary coverage area. If the ndjacent 
sensor has not as yet acquired th~ track then it will respond with a "primary 
approved" message. If the adjacent sensor has the aircraft in track anci 
assigned primary (due to the overlapping primary assignment needed for 
continuous primary coverage) then it will send a "primary di!.approvcd" message. 
The coordination is completed when the adjac$nt sensor's map no longer ir~dicRtes 

primary status for this aircraft. The adjacent sens0r sends a request for 
secondary assignment to the local sensor and assigns itself secondary when an 
"accept primary" response is received. 
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Certain events cause a sequence of messages to be exchrnged between Mode S 
sensors. TheSE' events, and the resulting messages, are listed i.1 Table 3-1. 

Messages on ATCRBS targets are licited to an exchange of track data on 
request for Mode-c equipped aircraft. The sequence of ATCRBS control m~ssages 
used to establish this exchange is similar to that shown in Table 3-1 for the 
Mode S track state change event. 

Non-netted Configuration 

In configurations in wl1ich an adjacent assigned sensor does not communicate 
with the local sensor (either permanently or temporarily because of 
communications failure), it is necessary to provide another means of 
surveillance handoff. This can b.: acco<:plished by using Sl.te-addro:ssed all-call 
interrogationq or, alternatively, by inter~ittently unl0cking each Hode S 
aircraft to all-call int:errogations for a few scans. The parameters for a cycle 
of unlock and lock periods for the latter appro~ch are ch0sen so as to minimize 
possible interference while providing adequate opportu!:.i ties for acquisition. 
Communication coordination for either configuration is handled by the 
transpo~der multisite communications features • 

. .. 

~:vent .-
Surveillance Handoff 

Track State Change 

All-Call Acquisition 

Primary/Secondary 
Coordination (for 

uncontrolled aircraft) 

TABLE 3-1 

CONTROL MESSAGE HANDLING 

Message Sequence 

Send Data Start to 
Send Track Data to 
Receive Cancel Request from 
Send Data Stop to 

Send Data Request to 
.Send Data Start from 
Receive Track Data from 
Send Cancel Request to 
Receive Data Stop from 

Send Data Start to 
Send Track Data to 
Receive Cancel Request from 
Send Data Stop to 

Send Request for Primary/ 
Secondary ~signment to 

Receive Primary Approved/ 
D~gapproved/Accepted from 
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To/From 

The New Active 
Sensor in the Cell 

The Other Active 
Sensor(s) in the 
Cell 

The Other Active 
Ser.sor(s) in the 
Cell 

The Other Active 
Sensor(s) in the 
Cell 
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PERFOR!>'.ANCE MmaTOR!NG 

The ability of the sensor to perform its surveillance and communication 
tasks is continuously checked by the performance monitoring function 
(Fig. 3-24). Three categories of ~necks are performed: 

(a) Overall checks for proper surveillance and data-lf.nk operation. 
(b) Internal checks on the status of the sensor hardware and software. 
(c) E:{ternal checks on the status of adjacent sensors (when netted) and 

thPir ability to provide the local sensor with correct surveillance 
data. 

The results of these checks are evaluated once per scan to determine the 
status of the sensor. Possible status conditions are: 

(a) Normal operation (condition green) - no abnormal indications. 
(b) Marginal operation (cJndltlon yellow) operational but 

becocing marginal. 
(c) !''ailed state (cond17.ion red) - sensor operation ceases. 

Declared sensor status is reported once per scan to the ATC interface along 
with condition codes that define the reason(s) for the yellow or red 
condition. A st~plified version of this message indicating only the declared 
condition is sentbto all netted adjacent sensors. 

The sensor ~rformance monitoring funct!0n interf::!cc~ ·.:ith th,; FAA 1
t.l 

remote maintenance monitoring subsystem (RMMS). The R!·fHS also receives t~e 

sensor status c~ssage and, in addition, has the capability of remotely 
controllinR sensor functions such as initial loading and start up, parameter 
modification and the switching of redundant elements. 

Calibration Pet for~ance Honitoring E~ent (CPME) 

The CPME is a transponder-like device, several of which are deployed in 
close proximity to each sensor. 

CPME's serve as the basis for the overall operational surveillance checks 
by providing replies from "aircraft" with known identification and position 
(range, azimuth, altitude). Overall operational communication checks are 
performed by loop tests with the CPHE. In these tests an uplink test message 
delivered to the CPHE causes it to initiate a downlink message with the same 
text as contained in the uplink message. 

The ability to obtain surveillance data from an adjacent .letted sensor is 
also checked using the CPME. In this case, the local sensor recuests data on 
the CPME of an adjacent sensor. Data received in response to the request are 
checked against the stored data to verify correct delivery. 

MESSAGE ROUTH:G ~.A~iAGEMENT 

}!.:=:ss.:1ge handling between aensor funct!~ns and the external interfaces ts 
performed by the sensor message routing manav,ement function. The principal 
flow of messages is from the external interfdce to the local network 
management, perfon!lance monitoring and data link procP.ssi.ng functions. 
Additional tas~s are performed on outgoing messages, particul~r.ly to support 
requirements of data link userH not connected to ATC facilities • 
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CHAPTER 4 

THE !-!ODE S TRANSPONDER 

The Hode S transponder receives and decodes ATCRBS and Mode S 
interrogations, recognizing which Mode S interrogations are addressed to it*. 
BaseJ upon the type of interrogation, and the contents of the control field in 
the Mode S interrogation, the transponder formats and transmits the appropriate 
ATCRBS or Mode S reply. As in the case of an ATCRBS transponder, inputs from an 
encoding altimeter are required for altitude reporting. 

For data link transactions, both standard and EL~, the transponder acts 
as a modem. Uplink messages, once verified**, are passed on to external 
display devices. Do~tlink messages are accepted from external message input 
devices, encoded by the addition of parity check bits, and transmitted. The 
transpo~der does not interpret or modify in any way the contents of such 
messages. 

By keeping most data lir.k functions external to the transponder, the 
complexity and cost of the basic transponder can be kept at the minimum 
required for its surveillance functions. The additional costs associaten with 
the dat~ link functions are incurred only by users desiring those services. 

"'""""F" 

Mode S ti~nsponderd may be equipped with a standard message interface, 
providing outputs to standard message input/output devices. Only transponders 
used in installations with data link devices will need the additional logic and 
control functions required for accepting and transmitting extended-length 
rne3sages. 

ThetPilot Interface -Controls and Indicators 

Figure 4-1 depicts the controls and indicators of a Mode S transponder as 
they might be arra:1ge:i on the front panel of a general aviation transponder. 
(The same functions would be provided for an air carrier transponder, but as 
part of a rem~tely-mounted control head.) All normal ATCRBS controls and 
indicators are retained, including: 

4096 code selector 
!dent button 
ATCRBS reply indicator 
Power switch 

*Each Mode S transponder must be able to recognize the discrete address set into 
it, a~1d the address used in Hode S-only all·-call interrogations and one-way, 
broadcast transmissions. 

**Recognit\on of its address is implicit verification that the contents of the 
interrogation were correctly decoded. 
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In the "ON" position of the power switch, altitude reports are included 
in Mode C and Mode S replies. A "NO ALT" position is included to inhibit 
altitude reporting in both Mode C and Mode S. 

Each time the pilot changes the transponder's 4096 code an alert code is 
automatically set in the next Mode S reply. The interrogator then reads out the 
new code which possibly could report an emergency condition. This scheme 
allows ::he 4096 code to be used for Umited air-to-ground co;nmunication. The 
alert code is transmitted to the ground for 18 seconds unless the 4096 code set 
by the pilot indicates an emergency, in which case the alert persists until the 
emergency code is removed by the pilot • 

Performance Characteristics 

Tne performance characteristics of a Mode S transponder are similar to 
those of an ATCRBS transponder designed fer the same class of service. In fact, 
when operating in the ATCRBS mode (receiving and replying to ATCRBS 
interrogations), the Mode S transponder conforms to all requirements of the 
ATCRbS transponder Technical Standard Order. Po;..rer output and sensitivity 
requirements for Mode S transponders are as follows: 

Minimum Power Output 

Maximum Power Output 

Sensitivity 

Max. altitude ( 15000 ft 
Max. speed < 175 kt 

18.5 dEW 

27 dBW 

-74 ±3 dBm 

All Other Aircraft 

21 dBW 

27 dBW 

-74 ±3 dBm 

The values for ser.sitivity and power are measured at the antenna end of 
the cable between the transponder and antenna. 

Two important performance characteristics peculiar to the Mode S 
transponder are: 

(a) The Mode S reply delay (the time between the sync phase reversal in the 
Mode S interrogation and the beginning of the reply) is 128 ~s. This 
provides sufficient time for t.1e transfer of the message contents of 
the interrogation to an external device before beginning transmission 
of the reply. 

(b) In order to enhance Hode S link reliability in the presence of 
interference from ATCRBS interrogators, the Mode S transponder is 
required to recover its sensitivity for }bde S interrogations rapidly 
following the receipt of an ATCRBS P1-P2 suppression pai·, and to 
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decode Mode S interrogati.ons in the presence of interfertng pulses 
whose amplitudes are at least 6 dB below that of the Hode S 
interrogation. 

Block Diagram 

The principal elements of the Mode S transponder, and their 
interconnection, are depicted in Fig. 4-2. Many elements are similar or 
identical to the corresponding elements of an ATCRBS transponder. In 
particular, the RF units, comprising the receiver, trar.smitter, and modulator, 
are essentially identical to the corresponding ATCRBS units • 

Diver~ity 

All aircrc>ft types exhibit nulls in certain directions in their transponder 
antenna patterns due to aicframe shielding. While these nulls are generally 
confined to angles above the horizon, and thus do not seriously affect the 
ground-to-air link when the aircraft is in straight and level flight, the)' can 
cause degradation of the link when the aircraft is in other fltght attitudes. 
These nulls can cause failure of the air-to-air link used by airborne collision 
avoi.daflce systems. . -

··- lri order to mai~tain adequate link reliability, large aircraft may 
he equipp-ed with a diversity transponder. Two antennas located so that at least 
one is visible from any direction, are connected to the transponder. Probably 
the simpl-~st form of the diversity transponder is one that employs two 
receiver~, selgction logic, and a switch to connect the transmitter to efcher 
antenna (Fig. 4-3). The selection logic examines the interrogation as received 
on each antenna, selects the stronger signal and switches the transmission to 
th~ corresponding antenna for the reply. 

Data Link Interfaces 

Mode S transponders used for data link transactions may have two types of 
interfaces. 

Standdrd-Length Message interface: A transpond~r with this interface is 
capable of transfering data in both directions using the CGmm-A and the Comm-B 
formats. Hence, the interface must also be capable of supporting all of the 
requirements of the Comm-B ai.r-to-ground message prc-tocol. One feature of this 
protocol is that it requires the transponder to reply to an interrrogation with 
data that is designated or selected by the contents of that interrogation. 
This requirement can be met in either of two ways: 

a. The transponder can be designed to buffer the content of the air
to-ground data link messages internally, or 

b. The tran~ponder can be equipped with a data interface that trans
fers the contents of an interrogation out of the transponder before 
the reply is generated so that these contents can be used by an ex
ternal device to select the appropriate data for inclusion in the 
reply • 
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Extended-Lenf!th l·{essage _Jnterf~: A transponder equipped for extended 
length message operatiGn 1~ capable of receiving, verifying, &toring and 
acknowledging an uplink ELM transmission and also may be capable of as.;emb::.ing 
and transmitting an EL.'i dow'llin:-. message. The content of an FLM message enters 
and leaves the transponder ~ia an interface tailored t~ the data handling sy&tem 
of the aircraft. 

• 
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CrtAPTER 5 

PERFORMANCE 

To adequately support an increasingly automated air traffic control system, 
Mode S must provide reliable and accurate surveillance and data link 
communication for large numbers of aircraft. This chapter s~marizes three 
particularly important aspects of !icde S performance: link reliability in the 
presence of interference and fading, the azimuth measurement accuracy achievable 
with off-boresight monopulse, and the target capacity of a sensor using 
roll-call interrogation. 

LINK RELIABILITY 

The term link reliability is used to denote the probability of a successful 
link transaction ~uch as a surveillance update or delivery of a Jata link 
message. Limitations on link reliability are prim'arily due to interference and 
fading. This section summarizes these effects, illustrating the link 
reliability achievable under various typical conditions • 

Link Power Budget 

Table 5-1 gives Mode S link power budgets for an aircraft at 50 nmi range 
and 0.5° elevation angle, and using a typical antenna for 3 terminal 
interrogator. Two uplink power modes are shown. Most interrogations are 
transmitted at low power to minimize uplink interference. In the high power 
mode the uplinK and downlink have essentially equal fade allowances, and this 
equality coatinue~ to hold at all other ranges and elt>vation aoi6les. 

Interrogator Antenna Lobing 

The character and magnitude cf ground-reflection-induced vertical lobing 
for interrogator antennas having different rates cf lower-edge cutoff are 
illustrated in Fig. 5-l. The figure compares the performance of (1) the ~ntenna 
used with the ~~de S Experi~ental Facility (MJDSEF) at Lincoln Laboratory, 
(2) an ASR-7 antenna fitted with an SSR feed and (3) the conventional 
"hogtrough" antenna. Vertical lobing depends on, among other things, the extent 
of flat ground in the vicinity of the antenna; the case represented in Fig. 5-l 
is moderately severe in ttis respect, although not unusual. Oscillatory 
behavior of the pattern is evident, -.i.th the worst fades occurring at about i 0 

in elevation. Moderate changes in antenna height will shift the frequency ~f 
this oscillation within approximately the sa~'Je envelope. The smaller null-depth 
of an antE>nna having a vertical pattern with sharp lowe~-edge cutoff is evident 
(Refs. 6 and 10) • 

Aircraft Antenna Fading 

Installed aircraft antenna fading in free space is illustrated in Fig. 5-2, 
based on scale model measurerr.ents (Refs. 7, 12, 13, 14, 15). Each curve shows 
the probability of fade greater than a given ffiagnltude for a particular type 
aircraft in a particular phase of flight (le•:el or turning). The data in this 
figure are shown in separate plots according to whether or not the aircraft a.re 
equipJJed with antenna diversity and whether or not they are in strair,ht or 
turning flight. 
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TABLE S-1 

l10DE S LINK POWER BUDGET (TERMINAL SENSOR) 

PARA.."!FTER 

Trans~itter Power 

Coupling Loss, 
Sensor to Antenna 

... 

CoupHng Loss · : . .. 
Transponder to Antenna 

Peak 
Ground 
Ant~r:na c:levation 
Gain ~ ~actor (0.5 deg.) 

Aircraft Antenna Gain (nom) 

1'ree-space (SO nmi) 
Path Loss 

Atmospheric . 

Received Power 

Mini~~~ Triggering Level 

Nominal ~.argin 

I 

UPLINK 

HIGH POWER LOW POWER 
MODE MODE 

59 dBm 50 dBm 

-1 dB 

-3 dB 

21 dB 

-5 dB 

0 dB 

-132 dB -132 dB 

-0.5 dB -0 •. 5 dB 

-61.5 dBm -70.5 dBm 

-77 dBm -77 dBm 

15.5 dB 6.5 dB 
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DOW~l..lNK 

-~ 

57 dBm 

-132.5 dB 

-o.s dB 

-
-64 dBm 

-79 dBm 

15 dB 
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Fig. 5-l. Vertical lobing. 
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It is evident that there are substartial differences among various aircraft 
types, and for the system to be tolerant to those aircraft-to-airc:-aft 
differences and still provide useful levels of link reliability, it is 
necessary to have at least 10 dB power margin just for aircraft antenna 
fading. 

Interference Effects 

Interference effects on link reliability are illustratPd in Fig. 5-3. This 
figure shows miss probability for a single interrogation/reply versus received 
signal power level with and without interference. A heavy ATCRBS interference 
environment is assumed, representative of the interrogator and traffic der.sities 
predicted for the Northea5tern United States in the mid-1980's time period. 

At nominal received power levels, the round-trip miss probability due to 
interference is only a few percent. However, link fades, when they occur, cause 
power to drop and miss probability to rise substantially. For example, when 
received power drops to a few dB above the "minimum triggering level", roundtrip 
miss probability increases to about 40% (the bulk of this increase being clue to 
the large amount of interference that exceeds a signal of this amplitude). 

~ jiqce to a good approxi~ation the occurrence of interference is 
independe!'t from one try to the next, the ability to I!lcke multiple attempts in 
tl'!"E!" e\•ent of. a miss (ac!a?t!ve reinterrogation) can substantially reduce its 
effect. 'The residual miss probability of a maximum of five tries is shown in 
Fig. 5-3. The miss probability with interference is now approximately the 
same as ~o.'ithout, i.e. • with noise alone. With adaptive reinterrogation, 
therefore, link reliability is dete~ined by fade statistics rather than 
interference statistics; to a good a?proxi~ation, the link reliability is the 
FJOh~hility that fading is no worse than the link margin (Refs. 8 and 9). 
Furthermore, since reinterrogations, if ~~y. are transmitted in the high-power 
mode, it follows that link relia~ility is determined almost entirely by the 
link budget in the high-p0wer mode. 

Net Lin~ Reliability 

Combining fade statistics with the available link margin leads to 8n 
estimate of link reliability in varioas·cases. In the example considered above 
(Table 5-l), at 50 nmi and 0.5 deg. elevation, the nominal margin is 15 dB, 
which must be &ufficient to offset adverse deviations due to vertical lobing, 
aircraft antenna fading, transponder sensitivity deviations, etc. Allowing 7 dB 
for vertical lobing and transponder ?arameters, the rei!laining 8 dB when applied 
to the "typical" aircraft characteristic (shown as a dotted line in Fig. 5-2) 
results in a link reHability of about 99% for straight flight, non-di.versity. 

Similar calculations have been carried out for numerous values of range and 
altitude, leading to the results shown in Fig. 5-4. These calculations are more 
elaborate than the simple calculations given above: the model includes a 
population of transponder powers and sensitivities (over the tolerance ranges 
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given in Chapter 4), statistical representation of vertical lobing, and a mix of 
turning and straight flyinr; aircraft. The two-scan link reliability plotted was 
adopted because it is a more useful figure of meri.t for characterization of a 
Mode S sensor due to the following: (1) in·of!"'Jrning situations the geometry is 
continually changing with time, the result being that it is somewhat unlikely for 
a miss to occur for two scans in succession; (2) in most contexts, the adverse 
consequences of a si.ngle missed scan are not severe relative to the consequences 
of two missed scans in succession. 

Results are given in Fig. 5-4 separately for diversity equipped aircraft 
and non-diversity aircraft. Note that performance degrades at longer ranges, 
but a useful level of perfor.nance is maintained out to about 100 nmi even for 
the terminal sensor. In the case of an enroute sensor, antenna gain is 
typically 4 dB more than the example considered here, and thus comparable levels 
of link reliability are provided out to ranges greater by a factor of about 1.6. 

In summary, reliable link operation is possible in a severe interference 
environment, the level of reliability being set primarily by fade statistics. 

MONOPULSE PERFORHANCE 

AAs described in Chapter 3, the rnonopulse receiver-processor makes an 
estima\~~ of the off-boresight angle for each received pulse of the ATCRBS or 
Mode S reply, and then combines the individual measure~ents to provide a single 
esdm.ate f.or the whole reply. 

The four r.tajor sources of error in the monopulse estimate are: 

(a) receiver noise, 
(b) processor inaccuracy, 

) , -' variation with elevat:.on. anglt!, .:md \CJ 

(d) multi path and interference. 

Receiver Noise 

The effect of receiver nois~ on rms azimuth error is illustrated in 
Fig. 5-5 for an interrogator antenna having a ~/E beamwidth of 4°, i.e., ~IE 
= 1 at ± 2° off-boresight. For pulse signal-to-noise ratio (SNR) as low as 20 
dB, a few dB above the operating threshold of the interrogator receiver, the 
rms azimuth error on each pulse is less than 0.2°. Averaging over N pulses in 
a Mode S reply, or in one or more ATCRBS replleE. from the same target, will 
reduce the noise-induced rms error of the overall measurement by IN. Note that 
the azimuth error for a given signal-to-noise ratio increases relatively 
slowly with off-boresight angle out to ~/E = 1, more rapidly fo4 larger off
boresight angles. 
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Processor Inaccuracy 

The monopulse recelve:r-processor must operate over approxireat~ly a 60-dB 
input signal range and must accommodate a ±3 'lliz variation in the center 
frequency of replies. While the processor can be precisely calibrated, and this 
calibration maintained by closed-loop techniques, for any one cperating point 
(signal and frequency), sone variation in off-boresight esti~ate will occur as 
the parameters of the received signals deviate from ::his calibration point. As 
in the case of receiver noise, the errors due to tho~e effects increase with 
off-boresight angle, gradudlly out to ~/E = l, and more rapidly thereafter. 
With c~reful design, practical monopulse processors can be realized which 
exhibit processor-inducerl ~rrors substantially less than 1/40 beamwidth (0.1° 
for a 4° beamwidth) averaged over the range of expected received signal 
amplitude and frequency. 

Variation with Elevation Angle 

The monopulse receiver-processor measures ~/E and translates this into an 
estimate of the off-boresight angle according to a prestored calibration curve 
for the antenna. The calibration curve is strictly valid only at the elevation 
angle at which it was measured, typically one or two degrees above the horizon. 
For targets at relatively high elevation angles (15° and above), a change in the 
slope of ~/E versus off-boresight angle can cause significant errors in the 
off-bore&ight angle measurement for targets near the beam edge. However, since 
such high elevation angles can occur only for relatively short-range targets, 
the resulting cross-range error is small. Thus, it is not necessary to 
compensate measurements on such targets for the measurement error resulting from 
their high elevation angle. 

Multipath and Interference 

Interfering signals overlaying the pulses in the desired reply can cause 
significant error in the monopulse estimate even if their amplitude is 
substantially less than that of the reply. Such interference may arise from 
replies, generated by other transponders, which are received in the mainlr:>be or 
sidelobes of the interrogator antenna, or from the desired signal arriJing by 
one or more alternate paths. 

The most important multipath effect is reflection from the terrain between 
the interrogator and transponder. If thi~ terrain is essentially flat, it will 
not effect the apparent angle-of-arrival of the signal but can affect its 
amplitude. A reduction in received amplitude due to an apparent null can lead 
to an increased error in the monopulse estimate due to other causes, for 
example, receiver noise. 

If the terrain causing the reflection is tilted, the composite signal 
arriving at the interrogtor antenna will appear to come from a different 
direction than the actual target azimuth. In this case, the azimuth estimate 
will depend on the relative amplitude and phase of the multipath signal, as 
shown in Fig. 5-6 for the case of a target on-boresight and the reflector 
(interference) a half beamw1.dth off-boresight. For a given amplitude of 
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interference, the error is largest when the reflected (interference) signal is 
out-of-phase with the direct signal. For this worst case of out-of-rhase 
interfere~ce, the error as a function of the rel3tive azi=uth of the 
interference is shown in Fig. S-7 for an interference/tar~et amplitude ratio of 
0.5. Errors from multipath are minimized by na~rowing tt~ azimu~h b~amwidth of 
the interrogator antenna and sharpening the 1 Jwer edge of the antenna beam, 
thereby minimizing the amplitude of the sign ls received from the terrain 
reflections. 

The magnitude and frequency of occurrence of reflecti-:>u·-induced errors 
are highly site-dependent. Particularly troublesome sites may require 
resiting of the antenna and/or special antenna configu<ations to provide 
adequa~e per.fo-mance. (Note that the magnitude of reflection-induced errors 
using monopulse direction finding is comparable to those 0f the sliding-window 
detector/estimator used in curn:nt ATCRBS interrogatcrs, ?.ef. 11). 

OverlApping signals from other transponders (fruit) ?roduce singie-pulse 
azimuth errors similar to those caused by multipath. Lar~e interfering signals 
will cause correspondingly large errors in the azimuth (:3timate. However, 
unlike multipath interference, fruit interference will be incoherent from 
pulse-to-pulse, and in general will not affect all pulses of a reply. The main 
protection against such interference is to sense its pr~s~nce (the confidence 
flag) and eliminate that particular ceasurement from the computation of the 
azimuth estimat~.>J. for the reply. The relatively small errors caused by weak 
interference can be treated as additional receiver nois'"• and averaged out over 
a sequence of received pulses. 

CAPACITY 

The capacity of a Mode S sensor is most generally cefined a~ the number of 
aircraft to which a sensor can provide discr~te-address q~rveillance and 
data link service. With thi3 broad definition, capacitj ~epends not only on 
the sensor operating characteristics, but al£o on the nu~~er of interrogations 
needed for each aircraft and the azimuth distribution, or bunching, of 
aircraft around the sensor. 

A simpler definition of c~pacity, and one providing a more easily 
interpreted point of referenc~, is the number of transactions (interrogation/ 
reply pairs) a sensor can make per degree of azimuth. ~3lng this definition, 
analysis and simulation of the Mode S interrogation scheduling algorithm have 
led to the following expression for capacity in terms of the sensor operating 
parameters: 

Na 
n = 18.~ [T- 360 --(2R/c + ta)J 

a 
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where: 

n a number of transa~tions per degree 
R ~ operating range 
T interrogator antenna scan period 
e interroeator antenna beamwidth 

Na = n~ber of ATCRBS interrogations per beamwidth 
ta ATCRBS listenir.g period 

c • speed of light 

Figure 5-8 presents plotc of capaci:y vs. interrogator antenna bearnwidth for 
various values of operating range. Typical values are used fo~ scan time 
(4 seconds) and ATCRBS intcrrogati:"ls per beamwidth (four). Exco::pt on the 
longest (200 nmi) range, the ATCR35 listening interval 1.1as set ar: 2 ms to allow 
time for ATCRBS replies from dista~: targets (outside the oper~·~ng range) to 
ring out before the beginning of tte roll-call periods. 

The very large capacity of the ~ode S sensor is evident fr,)u; these curves. 
For anticipated interrogator anten:.a. beamwidths (2.4 ° - 4°) and coerating 
range, the channel can accom:nodate :~ore than 40 calls per degree, a number 
fully sufficient to accommodate ex;~cted sePsor loading, including effects ot 
azimuth bunching and multiple interrogations to each aircraft. 

·• 

• 

118 

"t-tQLW 



-------------------------------------------------

60 

50 

40 

:30 

0 L..-..-U.-L-..L--'--~---l-----.1..--~ 
1 2 

8EAMWIDTH 

Fig. S-8. Capacity plots. 

119 



CHAPTER 6 

SURVEILU>.:~CS PERF0R11A~.;CE VALIDATION 

Initial validation of the Mode S design was performed at the Xod~ S 
Experi~ental Facility (MODSEF, Fig. 6-1) loc-"ited on a hill adjacent to Lincoln 
Laboratory. The XODSEF is a flexible beacon test f.tcility that is capable of 
performing :'iode S and ATCRBS processing functions. 

FH::..o K~ASL"R.EHP1TS FR.OGRAM 

While validation at XODSEF was a necessary first step, it was not 
sufficient to validate the H.:>de S design since t10DSE~ is a very benign site in 
terms of problems frequently encountered at operational sites such as high 
traffic density, fruit, m~ltipath and false target reflectors. For this 
reason, a Transportable f>l.easurer::ents Facility was built and operated at a 
number of sites across the United States. 

The D'...F, described in Fig. 6-2 and is basically the "front-end" of the 
Mode S se'i1~cor. including a choice of two antennas, a trans;nitter and a 
receiver. Tne.output of the receiver is ~igitized video, which in an actual 
sensor ·~uld Qe interfaced with the ATCkBS and Hade S reply processors. In 
the T~F, this digitized video is recorded, along with timing and other 
information. The T~ data thus recorded at the operational sit~ lo~ation was 
returned to Lincoln Laboratory for data reduction and evalution. This 
included playback of the recorded dig!tized video through si~ulated ATCRBS and 
}lode S reply processors. The resulting target reports were then operated upon 
the sur,y,;ai!J.ance processing r·outines. Analysis of the outputs of these 
progracs served to validate and charac~erize Mode S design perfor~ance. 

The ~~ was operated in problem areas that ~ffer high traffic densities 
and unusual siting difficulties (Ref. 2). A list of selectee sites along with 
the rationale for site selection is presented in Fig. 6-3. In addition, 
measure~ents were also made at Salt Lake City, Utah to aid in the selection of 
a new ATCR3S sensor site and at ~arwick Pillode Island as part of a multisensor 
experiment with the MODSEF. The complete set of TMF locations is shown in 
Fig. 6-~. 

Experiments conducted at each site generally included data collection for 
a period of 20 minutes to one hour. In all, a total of over 350 experiments 
were run at the collection of TI1F sites. 

At ea::h of the operational sites, the TJ>I" was positioned near the 
e~istin~ SSR sensor in order to experiP~-e similar environoen~a! conditions. 
k. each of these sites, several experiments were run with si~ultaneous data 
recording performed at the existing Aut0mated Radar Terminal System (ARTS). 
The resulting set of data provided the opportunity to obtain a side-by-side 
comparison of the ATCRBS mode of Mode S with the conventional ARTS processor. 
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Fig. 6-3. TI1F site selection criteria. 
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Fig. 6-4. Transportable measurements facility (TI{F) sites. 
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~XPERIME~TAL RESULTS 

Results typical of ARTS/Mode S ATCRBS mode comparison are shown in 
Fig. 6-5 and Fig. 6-6. Each figure shows a dot corresponding to the 
unsmoothed, measured position of a single target report, hence the seqvcnce of 
dots represent the flight paths of aircraft. A comparison of the figures 
readily sho·ws the improved p0s1.tional accuracy and track continuity of }1ode S 
ATCRBS mode versus conve~tional processing. The improvement is ffiOSt obvious 
in the case of crossing tracks. 

Figur~s 6 through 7 show a quantitative comparison of surveillance 
performance representing an average of typical data for each of the following 
sites: Boston, Washington, D.C., Philadephia, Los Angeles, Salt Lake cii:y and 
Las Vegas. The 1uantities compared are defined as follows: 

Blip/Scan Ratio - the probabUity of generating a target report during 
one scan. 

No Altitude - the percentage of Mode C reports that did not contain a 
valid altitude. 

No Code 
code. 

the percentage of Mode A reports that did not contain a valid 

• Range Error - the standard deviation from a second order polynominal fit 
to a sliding sequence of range measurement points, centered on the report 
being evaluated. The error is calculated only for established 
straight-line tracks at elevation angles between 0.5 and 40 degrees and 
at ranges ~etween 2 and 45 nmi. 

Azimuth Error - so~e as range error, but in the azimuth dimension. 

SUXXARY 

These results indicate that both range and azimuth accuracies applicable 
to Mode S or ATCRBS surveillance are 4 times better than those provided by 
current terminal ATCRBS equipment. Blip/scan ratio for monopulse ATCRBS is 
98~ or better, and remains high in crossing track situations where the 
performance of existing equipment is observed to degrade. Significantly, this 
impr0vement in ATCRBS p~rformo.nce was accomplished with 1/4 the PRF of the 
present equipments. 
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ARTS I SSR MODE OF MODE S I 

ALL CROSSINGS ALL CROSSINGS 

.BLIP/SCAN 94.6% 86.9% 98.0% 96.6% ... 
T .. N~ A~TIT{JDE 2. 74 8.3% 1.4% 3.0% 

NO CODE 1 <:-;-
... J. 7.4% 0.7% 3.0% 

RANGE ERROR (lcr) 124 ft. 24 ft. 

J AZI11UTH ERROR (lcr) 0.16 deg 0.04 deg 
1 

Fig. 6-7. Surveillance performance comparison, average site. 
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APPENDIX A 

.. f I COMPREHENSIVE INDEX OF FIELDS 

r ~ 

. . 
' ·. 

Bit Nunbering and Sequence. 

The bits are numbered in order of their transmission, beginning with 
bit l. If numerical values are encoded by groups (fields) of bits then the 
bit transmitted first is the most significant bit (MSB) unless otherwise 
stated. 

Fields. 

Information is coded in fields which consist of at least one bit. The 
decimal equivalent of the binary code formed by the bit sequence within a 
field is used as the designator of tl.e field functio& or command. As an 
example, the 5-bit UF field is used co designate the uplink format type. The 
surveillance interrogation with iden1"ity is designated by a UF code of 00101. 
Since 001012 = 510• th;s format is designated as UF=5. 

(a) Essential Fields - Each Mod~ S transmission contains two essential 
fields: One describing the format and the other a 24-bit field which contains 
either the address or the interrogator identity overlaid on parity. The 
format descriptor is the fiP.ld at the beginning of the transmission and the 
24-bit field always occurs at the end of the trans~ission. The formats are 
described by the UF (Uplink Format) or DF (Downlink Format) descriptors. 

(b) Mission Fields - The remaining coding space is used to transmit the 
mission fields. For specific missions, a specific set of fields is prescd.bed. 
Mission fields have two-lett~r designators. 

(c) Subfields - Subfields may appear \.,rithin mission fields. Subfields 
are labeled with three-letter designators. 

Field Descriptions. 

The fields are described in aiphabetical order in the following 
paragraphs. An index is provided in Table A-1. 

1. AJ, Address, Announced. 

This 24-bit (9-32) downlink field contains the aircraft address in the clear 
and is used in DF=ll, the all-call reply. 

2. AC Altitude Code. 

This 13-bit (20-32) downlink field contains the altitude code and is used in 
formats DF= 0,4, 16 and 20. If the M-b:it (26) is zero, the pattern of 
ref 4, 2.7.13.2.5, is used in the remaining bits in the sequence: Cl, Al, C2, 
A2, C4, A4, M, B1, zero, B2, 02, B4, D4. Zero is transmitted in each of the 
13 bitG if altitude information is not available. If the M-bit (26) is set to 
"one", metric altitude is contained in this field • 
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Ref. 

1 
2 
3 

4 
5 
6 
7 
8 
9 

"' 10 
11 ...... 
12 
13 
14 
14.1 
15 
15.1 
16. 
16.1 

17 
18 
19 
20 
21 
22 I 23 
24 ' 

25 
26 
27 

Sub 
Field F:!.eld 

AA 
AC 
AP 

AQ 
CA 
DF 
DI 
DR 
FS 

• ID 
II ... 
KE· 

.. 

MA 
HB 

AIS 
MC 

SRS 
MD 

'£AS 

MU 
MV 
NC 
ND 
,·, r~ 

PI 
PR 
RC 
RI 
RL 

I RR 

TABLE A-1 

FIELD INDEX 

Bits Formats 
U"'Up 

Name No. Positions D=Down 

Address Announced 24 9-32 D 
Al t i ~ude Code 13 /.0-32 D 
Address/Parity 24 33-56 U/D 

24 89-ll2 
Acq • .nsition 1 14 u 
Capability 3 6-8 D i 
Downlink Format 5 1-5 D 
Designator Identification 3 14-16 u 
Downlink Request 5 9-13 D 
Flight Status 3 6-8 D 
Identification 13 20-32 D 
Interrogator Indentification 4 10-13 u 
Control EL'1 1 4 D 
Message, Comm-A 56 33-88 u 
Message, Coom-B 56 33-88 D 
/.ircraft Identification Subfield 48 41-88 D 
Message, Comm-C 80 9-88 u 
Segment Request Subfield (RC=3) 16 9-24 u 
Message, Comm-D 80 9-88 D 
Transmission Acknowledgement Subfield 16 17-32 D 

(KE,1) 
Message, Comm-U 56 33-88 u 
Message, Cou:m-V 56 33-88 D 
Number, C-Segrnent 4 5-8 u 
Number, D-Segyaent 4 5-8 D 
Protocol 3 6-8 u 
Parity/Interrczator Identity 24 33-St. D 
Probability of Reply 4 6-9 u 
Reply Control 2 3,4 u 
Reply Information 4 14-17 D 
Reply Length 1 9 u 
Reply Request 5 9-13 u 



'· ,.; 
·~~ ;:·. ,. .... 

fl 
~ .. : r . . . 
~:-.. .. . . 
~.:~ 

(~ ,.. 
~ ... 
...... . -. .. 
--~ 

~ .. · .. . . . . •.· ... · .. 
,:''· .. ~J 

tl 
,·. 
' . . 
··.: 

. -,~ 
i"-.. 
~· 
,.J ~' .. , .... 

~i 
;~,~ 

Sub 
Ref. Field Field 

28 SD 
28.1 liS 

28.2 LOS 
I 28.3 MBS 

28.4 MES I 28.5 RRS 
28.6 RSS 
28.7\ TMS 
29 (JF 

30 I UM 
30. 1 IDS 

30.21 liS 
31 vs 

TABLE A-1 (Continued) 

-- !Formals Bits 
U=Up 

Name No. Positions D=I:o~rn 

Special Designator 16 17-32 u 
Interrogator Identif1cation Sub!:ield 4 17-2.0 u 

(DI=O, 1 or 7) 
Lockout Subfield (DI=1 or 7) 1 26 u 
Multisite Comw-B Subfield (DI=1) 2 21,22 u 
Multisite ELM Subfield ( D I= 1) 3 23-~5 u 
Reply Request Subfield (DI=7) 4 21-24 u 
Reservation Status Subfi~ld (IJI=1) 2 27,28 u 
Tactical Message Sub field (DI=1 or 7) 4 29-32 u 
Uplink Format 5 1-5 u 
Utility M,·ssage 6 14-19 D 
Identifier Designator Subfield 2 18,19 r. 
Interrogator Identification Subfield 4 14-17 D 
Vertical Status 1 6 D 
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3. AP Addr~ss/Paritv. 

This 24-bit field (33-56 or 89-112) contains parity overlaid on the address 
'lnd appears at the en.:i of <ill transmissions on both uplink a:td downlink with 
the exception of format DF•11. 

4. AQ Acquisition, Spe~ial • 

. This 1-bit field (14) c'.;s:!.gnates formats UF=O, 16 as acquisi.tion transmissions 
and is repeated as received by the transpor.der: :l.n bit 14 of th~" RI field of 
DF"' 0, 16. 

5. CA Capability. 

This 3-bit (6-8) dow~link field rep0rts transpon~er capability and is u~ed in 
Df~ll, the all-call r~ply. The codes are: 

0 = No data lir.k capability rep0rt available 
1 • Comm A/B and data link capability report available 
2 Comm A/B, uplink EI...'1, and data link capability report available 
3 Co1JIIll ~/3, uplink EI11, d.o.,.'Tilink £1..'1, and data link capability 

r~pcrt available 
\-7 ·= Not assigned • • 

6. DF !).:'wnli-nk For!tat. 

This field is the transnission descriptor in all downlink formats and is coded 
according to Fig. 2-6 • 

7. DI Designator, Identification. 

This ~-bit (14-16) uplink field identifies the coding contained in the SD 
field in formats UF=4, 5, 20, 21. The codes are: 

0 = SD not used except for liS 
1 = SD contains m~ltisite information 

2-6 = :lot assigned 
7 = SD contains extended data readout request 

8. DR Downlink Req~esr. 

This 5-bit (9-13) downlink field is used to request ext·raction of downlink 
messagas from tne transponder by the interrogator and appears in formats 
DF• 1~, 5, 20, 21. The codes are: 

• No do•'Tilink request 
• Request to send Comm-B message 
= Reserved for TCAS 

0 
1 

2-3 
4 Comm-B broadcast me.c;sage 1 available 
5 = Comm-B broadcast message 2 available 

6-7 2 Reserved for TCAS 
8-15 2 Not assigned 

16-31 = (used for do•~link ELM protocol) 

Codes l-15 take precedence over coden 16-31. 
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9. FS Flight Status. 

This 3-bit (6-8) do~~link field reports the flight status of the ~ircraft and 
is used in forcats Dfx 4, 5, 20, 21. The codes are: 

Code Alert 

0 no 
1 no 
2 yes 
3 yes 
4 yes 
5 no 
6 and 7 are 

10. ID Identiftcatio:o, 

no 
no 
no 
no 
yes 
yes 

not assigned 

4096 code. 

yes 
T'.O 

yes 
no 

either 
either 

no 
yes 
no 
yes 

This 13-bit (20-32) downlink field in DF 2 5,21 contains the "4096" 
identification cede r~porting the numbers set by the pilot. 

11. II Interrogator Identification. 

This 4-bit ( 10-13) uplink fit l_d identifies the interc()gator and appears in 
UF=ll, the Mode S-<:nly all-call. The sa;-:-e information nlso LJaY appe.:>r in 
the liS subfields pf the SO and L~ fields. 

12. KE Control, ELH. 

This 1-bit (4) downlink field defines the co:-ttent of the ND and I1D fields in 
Comm-D replies, DF=24. If KE=O, MD is part of an EL.'1 reply; if KE=1, MD 
contains the acknowledgement for an upli:1k EL!1. 

13. ~~ Message, Co~-A. 

This 56-bit (33-83) uplink field contains ~-essages directed to the aircraft 
and is part of Comm-A interrogations, UF=20, 21. 

14. MB Message, Co::rn-B. 

This 56-bit (33-88) downlink field contai~s messages to be transmitted to the 
interrogator and is part of the Comm-B replies DF=20, 21. 

14.1 AIS Aircraft Identification Subfield in MB. 

If a surveillance or Coom-A interrogation (UF=4, 5, 20, 21) contains RR=l8 and 
DI other than 7, ~he tr3nsponder will report its aircraft identification 
number in the 48-bit (41-88) AIS subfield of MB. 

15. MC Message, Con3-c. 

This 80-bit (9-88) uplink field contains one segment of a sequence of segments 
transmitted to the transponder in the EL~ (extended length message) mode. It 
may also contain a command to cieliver ~.D segments for a downlink EL.'t. NC is 
part of Ul''=24. 
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15.1. SRS Segoent Request Subfield in Mv. 

If a Com~-c intertogation (UFa24) c~ntains RC=3 it also contains a list of 
s~gment requests in the 16-bit (9-24) SRS subfield. Starting with bit 9, 
whlcr. denotes the first segment, each of the bits is set to one if the 
transmission of the corresponding segment is requested. 

16. ~10 Me~ sage, Cor.m.-D. 

This 80-bit (9-88) downlink field contains one segment of a sequence of 
se~ments transmitted by the transponder in the ELM (extended length oessage) 
mode. It l!lay also conte.in a summary of received MC segments of an uplir.k ELM. 
MD is part of DF=24. 

16.!. TAS Transmission Acknowledeement Subfield ia MD. 

This 16-bit (17-32) subfield of the !1D field reports the segments received so 
far in a Comm-C sequence. Starting with b!t 17, which denotes segment number 
zero, each of the bits is set to one if the corresponding segment of the 
sequence has b!:!en received. TAS appears in MD if KE:a! in the same reply. 

17. MU tlessage, Cornm U. 

This 56-bit (33-83) uplink field contains information used in air-to-air 
exchanges and is part of the long speciJl surveillance interrogation UF=16. 
This message field does not use the CoJE-A protocol. 

18. Message, r~~-V. 

This 56-bit (33-83) downlink field contains information used in air-to-air 
exchanges and is part of the long special surveillance reply DF=16. This 
message field does not use the Comm-B protocol. 

19. NC Number of C-Segment. 

This 4-bit (5-8) uplink field gives the number of a segment transmitted in an 
uplink EL~ and is part of a Co~-C interrogation, ~F=24. 

20. ND Number of D-Segment. 

This 4-bit (5-8) downlink field gives the numter of a segment transmitted in a 
downlink EL.'1 and is part of a Comm-D reply, Df .. 24 • 



21. PC Proto ... ol. 

This 3-bit (6-8) uplink field conta~ns operating co~~nds to the transponder 
and is part of sur•Jeillance and Comm-A interrogations UF=4, 5, 20, 21. Tne 
codes are: 

0 a ~~ cha•ges in transponder state 
1 "' Non-St:lective all-call lockoL•t 
2 Not assigned 
3 Not assigned 
4 m Comm-B closeout 
5 Uplink ELM closeout 
6 Downlink EL~ closeout 
7 Not assigned 

22. PI Parity /Interrogator IdentHy. 

This 24-bit (33-56) downlink field contains the parity overlaid on the 
interrogator's identity code. PI is part of the reply to the Mode S-only 
ail-call, DF=ll. 

23. PR Pco~a~ility of Reply. • • 

This 4-bit (6-9). uplink field contains commands to the transponder which 
epecify .. the. proba hili ty of reply to the Xode S-only all-call interrogdtion 
UF=ll that contains the tR. A command to disregard any lockout state can also 
be given. The assigned codes are as follo~s: 

0 = Reply with probability 1 
1 ,-a Reply with probability = 1/2 • 2 Reply with probability = 1/4 
3 Reply with probability = 1/8 
4 = Reply with pt'obabili ty = 1/16 

5,6,7 fu not reply 
8 = Disregard lockout, reply with probability 1 
9 = Disregard lockout, reply with probability 1/2 

10 Disregard lockout, reply with probability 1/4 
11 Disregard lockout, reply with probabJ 11 ty = 1/8 
12 Disregard lockout, reply wlth probability 1/16 

13,14,15 Do not reply 

On receipt of a Mo~e S-only all-call containing a PR code of 1-4 or 9-12, 
the transponder executes a random process and makes a reply decision for this 
interrogation in accordance with the commanded probability. The random 
occurrence of replies enables the interrogator to acquire closely spaced 
aircraft whose replies woulci otherwise synchronously. garble each other. 

24. RC Reply Control. 

This 2-bit (3,4) uplink field designates the transmitted segment as initial, 
intermediate or final if valued at 0,1,2 respectively. RC=3 is used to 
request Co=-D downlink action by the transponder. RC is part of the Comm-C 
in1:errogation, UF=24. 
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25. RI, Reply Infor~ation Air-to-Air. 

This 4-bit (14-17) downlink field appears in the spe-.:ial surveillance replies 
DF~O,l6 and reports airspeed capability and type of reply to the interrogating 
aircraft. TI1c coding is as follows: 

0-7 Codes indicate that this is the reply to 
non-acquisition interrogation. 

8-15 = Codes indicate that this is an acquisition reply 

8 = No maximum airspeed data available 
9 ~ AirspeP.d is up to 75 knots 

10 Airspeed is between 75 and 150 knots 
11 = Airspeed is between 150 and 300 knots 
12 = Airspeed is between 300 and 600 knots 
13 = Airspeed is between 600 and 1200 knots 
14 = Airspeed i3 more than 1200 knots. 
15 = Not assigned 

an air-to-air 

~it 14 of this field replicates the AQ bit of the interrogation resulting in 
the coding scheme above. 

26. RL Replv Length. 

This !-bit (9) uplink field in UF=0,16 commands a reply in DF=O if set to 0 
and a reply in DF•16 if set to 1. 

27. RR Reply P~quest. 

This 5-bit (9-13) uplink field contains length and conttnt of the reply 
rtquested by the interrogation. RR is part of the surveillance and Comm-A 
interrogations UF=4, 5, 20, 21. The codes are outlined in the table below: 

I RR Code R.eryly Length MB Content I 
0-15 Short -----

16 Long Air initiated Comm-B 
17 Long Data Link Capability 
18 Long Aircraft ID 

19-31 Long Not assigned 

If the first bit of the ~~ code is a one, the last four bits of the 5-bit RR 
code, if transformed into their decimal equivalent, designate the n~~ber 
(BDSI) of th~ requested source. BDS2 is assumed to be zero if not specified 
(by Dl=7 and RRS). 

28. SD Special Designator. 

This 16-bit (17-32) uplink field can contain control codes affecting 
transponder protocol and is part of surveillan~e and Com~-A interrogations 
UF=4, 5, 20, 21. The content of this field is specified by the DI field • 

• 
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The structure of the SD field for D~s1 and DI=7 is shown in Table A-2. 

28.1. liS In:errcgat0r Identification Suhfield in SD. 

This 4-bit s~bfield (17-20) appears in the SD fields for DI=O, 1 or 7. IIS is 
the interrogator identification. F0r a giv~n interrogator, the sa,e code is 
used for liS and II. 

28. 2. LOS LocKout Subfi.;ld in SD. 

Thls 1-bit subfield (26) appears in the SD field if the DI code = 1 or ~ from 
the interrogs~or indicated ln liS of the sa~e interrogatio~. If set to 1 LOS 
initiates a multisite all-call lockout to Mode S-only all-calls (UF=ll). If 
LOS is set to "0", no change in lockout state is commanded. 

28.3. MBS Multisite Co~m-B Subfield in SD. 

Thi.s 2-bit subfield (21,22) appears in the SD field if DI code 
used in the multisite Comm-B protocol as follows: 

0 No Comm-B action 
1 Comm-B reservation 
2 = CJmm-B clcseout 

28.4. MES Multisite E~~ Subfie1d in SO. 

This 3-bit (23-25) subfield appears in the SD field if 01 code 
used in the ~ultisite ELM protocols as follows: 

0 ~ No ELM action 
1 = Uplink ELM reservation 
2 Uplink ELM closeout 
3 = Do~~link ELM reservation 
4 
5 
6 
7 

Downlink ELM closeout 
Uplink ELM reservation and d0wnlink ELM closeout 
Uplink EL~ closeout and downlink E~~ reservation 
Uplink ELM and downlink EL~ closeouts 

28.5 RRS Reply Request Subfield in SO. 

1. It is 

1. It is 

This 4-bit (21-24) uplink subfield in SO gives the BDS2 code of a requested 
Comm-B reply if Dl code ~ 7. 

28.6 RSS Reservation Status Subfield in SD 

This 2-bit (27,28) subfield appears in the SD field if 01 = 1. It requests 
the transponder to report its reservation status in the u~ field as follows: 

0 No request 
1 = Report Comm-B reservation status in UM 
2 = Report uplink ELM reservation status in L~ 
3 = Report downlink ELM reservation status in L~ 
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• TABLE A-2 t ,. 
• 

STRUCTURE OF SPECIAL DESIGNATOR' ( SD) FIELD 

Structure of SD if DI=1 

Position !No. of Bits 

17-20 
21-22 
23-25 
26 
27-28 
29-32 

6. 
2 
3 
1 
2 
4 

sub Held 

liS 
HllS 
MES 
LOS 
RSS 
TI-!S 

Structure of SD if DI=7 

Position No. of Bits Sub_iield 

17-20 4 IIS 
21-24 4 RRS 

25 1 Not assigned 
26 1 LOS 
27-28 2 Not assigned 
29-32 '• TNS 

Name 

Interrogator identification 
Multi!.lite Comrn-B 
~!ultisite ELH 
Lockout 
Reservatio~ Status 
Tactical Message 

Name 
I 

Significance 

Identification of Interrogating Site 
Reserve/Closeout Multisitc Co:·:tm-B 
Reserve/Closeout Multisite ELM 
Multisite Lockout Control 
Reservation Status Request 
Comm-A Linking 

~ ~nificance 

Interrogator Identificatio~l Id~Ptification of Interrogating Site 
. Reply F.equest S~<>::ifies BDS2 Code of Requested HB 

I 
Messar,es 

Lockout Multisite Lockout Control 

Tactical Message Comm-A Linkinr, 
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29. UF Uplink Format. 

This field is the transmission descriptor in all uplink foroats and is coded 
acco~ding to Fig. 2-5. 

30. C~ Utilitv Messa~~ 

This 6-bit (!4-19} downlink fi~ld in DF= 4, 5, 20, 21 contains control and 
status information. The structure of the UM field is shown in Table A-3. 

30.1 IDS Identification Designator Subfield in UM. 

This 2-bit (18-19) subfield of the L~ field reports the type of reservation 
made by the interrogator identified in liS. Assigned coding is: 

0 no lnformation available 
1 Comm-B reservation active 
2 Uplink EU1 reservation active 
3 Downlink ELM reservation active 

30.2 liS, Interrogator Identification Sufield in UM. 

This 4-bit (14-17) subfield of the UM field reports the identity of the 
interrogator that has~made a ~ultisite reservation. 

31. VS Vertical Status. 

This 1-bit (6) downlink field in I'F=-0, 16 inc:licates (when set to zero) that 
the aircraft i.s airborne and indicates (when set '.o one) that the aircraft is 
on the ground. 

• 
A-ll 

', 

' , . 
• I 

! 

~~ 

'~l·~·"'."\.~ :''11'!-"_ .... ~ ~ .. ' ··~'-··'> ''/~~~,.-...:. ,.,_ .... ~-~-_ .... -;,-,~: .... v:..l'M~~r\..,..,.,., ..... ~~' ~,.,,:~-,."14.,,/\ ':~·~--.~"«,.,.,. ...... '"f.. -..,.-r.;,_•.-...... v. ...... ;, .. -: .. -~~ ......... "-~ ....... r· .. --..~--/< .. }'·· .. , , ... ,~ ... ~~-. ........ ,,.... "'tt'·"' "' .. ·-."' "'· ".." "' .. ' ~_..,_-)~. 

L .• ~;..,&li.8"'!14;X;;:&\:L:;:·.;;:,;i.¢.~~.;;>~:,~(';"k;;;;z.~z;;;:;:.;;;~;~~;~;~z;;;;:·~~:·~·~·:::(?::·:>~::····'·~~~·-~?(:·.· .. ~~:::·::::::~:-;;.~·:~ ... ~.:.:.;· ·. 



__ ,.., 
-! 
• 
' ·; 

:; 
·.; 

:,j 
... , 

; .... 
: .< • .... 
·'I 

'• .. ,, 
··~ 

::;~ 
~t.,.~-"\ 

t~:<~:~ 
:.:.,.·f-1 
:·>) 
>.~<~ 

.. , l 

·.·. ' ·~ 

;~, ·~,·~~ 
'·t "~:·~t:s 

~~;;;~ 
" .. .r: .. J') 

·(:~~:-:; 
.;',-:~ 

~::{~ 
•!.",..,""""., 
~~;·:~;.~ 
'•-'ir·"t 

;~/j 
,.• ··'\, 
;.~.,~- ·'.: ... 1 •,,.· s 

~}1 
'•""'!/~~~ ........ ,, ,. ~ 
~" • ·' -t 

> .\~"1 

:r ..... 
N 

TABLE A-3 

STRUCTURE OF UTILITY MESSAGE (UM) FIELD 

Structur£: of L"M 

14-17 

18-19 

* 

Name 

4 liS Interrogator Identification 

2 IDS Interrogation Designator 

If DI=1 and RSS ~ 0: 

ill1 content is specified by uplink RSS code. 

Otherwise, if Multisite Comm-B or Downlink ELM Active: 

cance 

*Reserved Site No. for Multisite 
P~otocols 

*Reservation Type - Comm B, 
Uplink ELM, or Downlink ELM 

UM contains Comm-B reservation status (if active) or else Downlink ELM reservation Status 

Otherwise, if Multisite Comm-B and Downlink ELM are Inactive: 

UM field contains all zeros. 
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Table 
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I B-2 

B-3 
B-4 
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A. • • 

APPENDIX B 

SIGNIIICANCE OF INTERROGATION A.'W REPLY FIELIJS 

Format 

Mode S-Only All-Gall Interrogation 
All-Gall Reply 
Surveillance and Comm-·A Interrogation 
Surveillance and Comm-B Reply 
Comm-c Interrogation 
Comm-D Reply 
Air-Air Surveillance Interrogation 
Air-Air Surveillance Reply 

B-1 



TABLE B-1 

SIGNIFICANCE OF MODE S-ONLY ALL-CALL INTERROGATION FIELDS 

Field Significance 

Uplink Format • Identifies interrogation as a Mode S-only all-call format 
(UF) 

Probability • Specifies the probability to be used in generating a reply 
(PR) 

0 Used by the stochastic acquisition and lockout override modes 

~ 

Interrogator $ Contains the site number of the interrogating site 
Indentification 

(II) • Used in conjunction with multisite lockout 

Address/Parity 0 Error detection coding combined with the "all ones" all-call 
(AP) address 

B-2 
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I 
I Field 

Downlink Format 0 

(DF) 

Capab:Uity Q 

~CA) 

e 

----
Addressed 0 

Announced 
(AA) 

Parity/ 0 

Interrogator 
Identity 

Gi 

TABLE B-2 

SIGNIFICANCE OF ALL-CALL REPLY FIELDS 

Significance 

Identifies reyly as an all-call reply 

Indicates communications cap.::1bility of the transponder as: 

None (CA=O) 
Standard message uplink and downlink (CA=l) 
Standard message plus uplink ELM (CA=Z) 
Standard plus uplink and downlink ELM (CA~3) 

Indicates presence of data link capability reporting 
(CA=l,2 or 3) 

Contains the aircraft's 24-bit Mode S address 

Combines error detection and the site 
number of the interrogator that elicited the reply 

Site ntmber equals zero if non-selective interrogati0n i@ used 

I 



TABLE B-3 

SIGNIFICANCE OF SURVEILLANCE AND C0!1N-A INTERROGATION FIELDS 

Field Significance 

Uplink Format • Identifies interrogation as s urvE: i llan-:e (UF=4,5) or 
(UF) Comm-A (UF=20,21) format 

• Indicates whether reply should contain altitude (UF=4,20) 
or ATCRBS code (UF=S, '21) 

Protocol • Controls non-selective lockout 
(PC) 

• Clears non-selective Comm-B and ELM message transactions 

Reply Request ~ Indicates whether the reply will be short (RR<l6) or long 
(Rft) (RR>l6) 

. .. - ·• 0 Specifies BDSl code of requested Comm-B message 
•. 

Designator ID C) Indicates the struct~re of the SO field 
• (DI) 

• 
0 Contains coding used for: 

- Multisite lockout and communications protocols 
Special 

Designator - Specification of the BDS2 code (if non-zero) of a requested 
(SO) Comm-B message 

- Linking of Comm-A messages 

Comm-A Message () The 56-bit uplink mt!ssage 
(MA) 

Address/Parity • Combined error detection and. Mode S address coding 
(AP) 

0 Zero address defines Comm-A broadcast 

B-4 
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•, .. 

Field 

Downlink Format 
(OF) 

Flight 
Status 

(FS) 

Downlink 
Request 

·' (DR) 

Utility 
Message 

(UM) 

Altitude Code 
(AC) 

Identification 
(ID) 

Com:li-B ~..essage 

(MB) 

Address/Parity 
(AP) 

TABLE B-4 

SIGNIFICANCE OF SU~\'EILLANCE AND COI{M-B REPLY FIELDS 

Significance 

0 Identifies reply as surveillance (DF=4,5) or Comm-B (DF=20,21) 

• Indicates whether reply contains altitude (DF=4,20) or A'!'CRBS 
code (DF=S,21) 

0 Indicates alert status of aircraft if 

- ATCRBS code is changed (alert condition will ::ime out) 

- ATCRBS code is an erllergency code (a lett condition will 
persist) 

0 Indicates if pilv~ has activated the transponder SPI button 

ct Indicates whether the aircraft is airborne or on the ground 

0 Indica ten presence of waiting air-initiated Comm-B <.•r downlink 
extended length message 

"' Identifies reserved site for multisite Comm-B, uplink ELM, or 
downlink ELl'f protocols 

0 Altitude coded in 100-foot or 25-foot increments 

u Aircraft 4096 ATCRBS code 

0 The 56-bit downlink message 

0 Combined error detection and Mode S address coding 

t 
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TABLE B-5 

SIGSIFICANC!:: OF COK'i-c INTERROGATIC'~\ FIELDS 

--------------~----------------------------------·------------------------------

Field 

Uplink Format 
(UF) 

Significance 

• Identifies interrogation as a Co~~-c format 

-------------+--------------------------------------------~------------------\ 

Reply "c•ntrol 
' (RC) 

~-

• 

Number, 
C Segmel'\t 

o;c) 

Message Cot~:1-c 

(HC) 

• Indicates initializacion of an uplink El~ (RC=O) 

- ~C contain final s~gment and NC segment number t0 indicate 
message length 

- L1structs t~ansponder not to respond to this interrogation 

• In:iicates intermediate segment of uplink ELM (K.C=l) 

- ~C contains intermediate segment 
- Instructs transponder not to reply to this interrogation 

0 Indicates segment -~elivery with tech.r.ical acknowledgement 
request (Rt.>2) 

- Me contains message segment 
- Instructr: tran!'ponder to reply witt, Coffi!Il-D format with HD 

containing technical acknowle~gement of uplink ELM 
delivery 

e Indicates request for downlink ELH segments as indicated in 
segment request subfielct of HC field (RC=3) 

• Iden\:1 fies the cegment number of the uplink EL!'i segur,nt 
cc~tained in the HC field 

• th~ 80-bit uplink Co~-c message 

Adcfres!l/P'lrity • Cvm:>1:ted error detection and. Hode S address coding I 
(AP) 

-----!-----------
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I 
I 
I 
I 

Field 

-
Do\ffilink Format 

(DF) 

Control, ELM 
(KE) 

Nur:1ber, 
D-Segment 

(~D) 

.. 
Messsgc, Comm-D 

(~D) 

Address/Parity 
(AP) 

• 

0 

• 

"' 
" 

0 

• 
i 

TAI:LE B-& 

SIGNIFIC.U1CE Of' C0:·!:'-1-D REPLY FIELDS 

Significance 

Identifies reply as a Com:n-0 format. 

., 

Indicates that ND and HD are part of a downlink ELM (KE=-0) 

Indicates that :10 contains acknowledgement f~r an uplink EUi 
(KE=l) 

Identifies the segment 1111.101ber of the downHnk EUi segment 
contained in the !·llJ field 

The 80-bit downlink Comm-D messag:= 

Combined error detection and Mode S address coding 

-
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TABLE B-7 

SIGNIFICANCE OF AIR-AIR SURVEILLANCE INTERROGATION FIELDS 

Field 

Uplink Format 
(UF) 

P.cply Length 
(RL) 

Ar.quisition 
(AQ) 

Address/Parity 
(AP) 

Significance 

~ Identifies 1nterrog3tion 3S a short (UF•O) or long (UF•l6) 
special surveillance for:11at 

o Indicates whether the trans 1,onder is to reply with a 
short (RL=O) or long (RL•I) special surveilla;"tce reply 

., Indicates if this is an air-to-air acquisition interrogation 
(AQal) or a non-acc.;uisition "interrogation (AQ=O) 

~ Controls the contents of the RI field of the· elicited reply 

•J The 56-bit r:essage from the CAS aircraft to the interrogated 
aircraft (pre&ent if L~·l6) 

_. Combined en:or detect-ion and Mode S address coding 
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TABLE B-8 

SIGNIFICANCE OF AIR-AIR SUR\"EILLANCE REPJ.Y FIELDS 

Field I Signi!it::ance 

Downlink Form.:~t • Identifie-s the reply as a short (DF:sO) or long (DF .. 16) 
(UF) special surveillance reply 

!Vertical Status 0 Indicates whether the aircraft is airborne (VS•O) or on 
(VS) · the ground (VSsl) .. • 
Rkrply • Contains maximum airspeed data for ~n acquisiticn 

Infon::ation reply (RI>7) 
(RI) 

0 Contains CAS data for a non-acquisition reply (RH7) 

Altiturl~ Code 0 Altitude coded in XOO-foot Clr 25-foot increments I 
(AC) 

-
1-'.essage, Comm v 0 The 56-bit message from the replying aircraft to the CAS 

(l1V) aircraft (CAS present if DF-=16) 

-
' I 

Address/Parity 0 Combined error detection and Hode S addn•ss coding I (AP) 

I 



I 
,__-------- I' 

/ 
I ! 

y I 
~------=----•s--G~-- I 

/ 
l 
t;_---

1 
II! 
tl 

l 
} 

~L/ 

/ 
I 
I 

""~- I 
l 
I 
I J 

I 

7 



j 
" 

• 

' • 

\ 

C) 
LO 
0) 

t .. 4;~• 
·J 

I'~ 
.......... 

'7'( 

' 0 
.,-#"'f .... ~..,. V.A. Orl:mdo 

P.H. Drot:.i lht:t 

l:;:t;'~;...._.~~ .. ~~..,t:Det"'iN:~-..~"::""'"'~"-'·~!r,._t..ti~-2·.-t~::..·~~-~~..-~;:'ll'«"'!l:~---Q.~k.~~,.~,.:·r~~..,. .• r·c-:...o:~~.:n-E·:-~~r~~~-~ • .mo<~ 

"P.r • 

_!i_4}J ~~ 
~ 
i 
~ 

~ 
~ 

...;.'?,."J:"""""~~.~-··-·.t.: .. ~ .. ~'\*"'""'llt':~-." , ..... _.l"!!i·~,.,,,,~ ,\'S:~~·'?>r".....:t'."''·~·~·::;M,:.1f<""::.O...-.~··~·.n:~~~'l>l~~~~~q··,>-..:k-··~~lr.flllllt!~j·~.erHj!l 

LU 
·-~-! 
r, 
,'; ~--

...... 

!ld:~·ur·!:·,~t ~-. U' ·4dtt.bff· te tl,·:· puhl•f' r.hnJ~Jgh 

lfu· ;~~..;!;~Pt.~ ~ ~·:.·hn~.:·~~• ~ ·:)f')rJ'PH~ion :---.u·r\fc·e. 

.• . 

.,_ . 

. \ . . . .:..~: .. : . ·. __ ~ .... .· '. . .... " ... . . 
A ? 11., ~ ' • .. Ill J. • .. • .. -

~ . · ......... 

.· 

,. 

l 

• 

... 

.· 


