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~/Lincoln Laboratory is assisting the Federal Aviation Administration in developing
a beacon-based airborne collision avoidance system known as the Traffic Alert and
Collision Avoidance System (TeAS). The version of TCAS intended for air carrier
use is called TeAS II. It provid~s traffi~ and resolution advisories and operates
in the highest traffic densities predicted for the end of the century.

TeAS II extends and replaces an earlier system known as BCAS (for Beacon
Colli3ion Avoidance System). Mode S surveillance algorithms developed for BeAS
are r.escribed in this report. These algorithms form the basis for TCAS algorithms
now under development at Lincoln Laboratory.
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•Lincoln r.Ahorlltory '5 I1s818t1n~ the FC'dC'nll Aviation Admlnl~tratlon 1n
the development o( a bcaco-,-b<Jlll:d 111rborlll' colllAloII Ill/olel/IIlCI' HY~lll'ln kllOWIl ;I~I

the Traffic A!frt and Collisi.'" Avoidance ~~stem (TCAS). The version of TCAS
ir'ended fer air carrier use 1~ c~lled TeAS II. It provides traffic and
r"solution adviso~le8 ~r~ operates in the highest traffic densitie~ predicted
for the end of the century.

TCAS II extends and replaces an ~arlier system J(nows as B··S (for Beacon
Collision Avoidance System). While designe1 ~o o;erate in a ~ch lower
traffic density, the Mode S surveillance alg~rithms developed for BCAS form
the basis for the TCAS algorithms under dev~lop~ent.

The purpose of this report is to give a detailed description of the
Mode S surveillance processing algorithms that served as a poi~t of departure
for TCAS II.
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11. HODE S SURVEII.LANCE OVERVIEW

The Hode S surveillance processing algorithms described herein examine
the relative position of each replying aircraft and, for e~flc1ency, track
only those aircraft found to be potential threats. The surveIllance processor
regularly reports each aircraft's range, range r:'te and rel~t~ve altitude to
the threat detection logic. Pr~visions are also included for sampling tl~

relative positions of aircraft that could not ,,~come threats in the near
future. This ls done in such a way that Rurveiil~~ce of the more immediate
threats is not compromised. The algorithms arc capable of operating in
real-time with a wide range of aircraft densities and velocities.
Validity-checking and intelligence are i~cluded to achieve high confidence
that established tracks are real and that track data are cont!nuous and
accurate.

2. Surveillance Process

The surveillance process invol.t" a series of steps in which p.ach
aircraft is assigned one of the states defined 1n Table 1. Briefly, the
processing steps occur as follows: The presence of a Mode S ai~craft 1s
detected from its squitter transmission and it is placed in the squitt~

state. Once its presence has been validated, three actions are possibLe:
(Tftargets outside the maximum altitude zone (:t 5000 ft) are retained 1.n ~r,e
squitter state; (2) targets within the maximum altitude zone (t 3000 ft) ate
placed ln acquisition, (3) an altitude rate is calculated for aircr,ft in the
t 3000 to 5000 ft zone'. If the time to coaltitude Is' 60 seconds or less, the
aircraft state is cha~ged to acquisition. In the acqui&ltion state
interrogations are sche~uled to determine threat range. Using thls range and
the maximum capable head-cn velocities of the two aircraft, a minimum closure
time is calculated. If this time is less than or equal to 43 seconds, the
target Is placed in the roll-call state, and it is actively interrogated every
second. Otherwise, the alrcraft is placed in the dormant state for a
calculated period of time.' After-release from the dormant state, the aircraft
is returned to the squitter state. The range,. range rate and relative
altitude of all aircraft in the roll-call state are forwarded in "track
reports" to the threat detection logic.

3. ~rocessing Features

Validity checks are incorporated ln the surveillance algorithms to
prevent false addresses or false ranges from entering the track file. At
least two transmissions having the same address must be detected before
interrogations are scheduled to the aircl"aft. This requirement reduces th".!
incidence of false addresses since an error in squitter tranRmission always
results in a corrupted aircraft address. Validity of the range measurement o!
an aircraft is checked by requiring that two replies correlate in rang~ befor~

the aircraft ID is placed in roll-call. This action prevents a range based on
• fruit reply from entering the track file.

2



TABLE 1 TRACK STATES

State

1. Squitter State A squitter has been
received but the 10 has
not as yet been validated
by receipt of a second
squitter,

or

Aircraft 10 is known but
it does not qualify for
dormancy, acquisition or
roll-call states.

Action Taken

Aircraft is purged from
surveillance processing if no
_quitters are receiv~d for 40
seconds after receipt of a
sq~itter or transition into
squitter state.

2. Acquisition State Aircraft 1s close in
altitude but its range is
not yet knew.

Aircraft interrogated to obtain
range and determine a new
state. If after six scans of
interrogation no correlating
replies are received target 10
returned to _quitter state.

I
l

3. Dormant State

4. Roll-Call State

Aircraft is not of
immediate interest.

Aircraft is a possibl~

range and altitude
threa·;;.-

3

._----_....- ..

Aircraft made dormant for a fixed
period of time during which it
is not interrogated and any
_quitters from it are ignored.

Aircraft interrogated each scan.



Link rellabill ty is enhanced by the use of relnterror,at Ion 1n both tIl('
acquillition line! roll-Cllll Rtlltt'S. ThiR produceR It substlluttlllly hJr,hl'r report
reliability in areas where reply reliability is poor.

Interrogation rates and proceosing times are limited by: (1) scheduling
interrogations only to aircraft that are near in altitude, (2) placing
.lrcraft that do not represent a possible range threat into the dormant state
for a calculated period of time, and (3) limiting the reinterrogatlons to
aircraft in the ll:cqulsition or roll-call state through the uo;e of
interrogation control tables.
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III. SURVEILLANCE ~CAN PROCESSING TASKS

Th~ surveillAnce update cycl~ Is deR1Rnated a "scnn" and fR of c .e-~~~ond

duration. After ATCRBS scheduling and reply processing Ilave been cunplcted,
surveillance processing operates on all Mode S aircraft whose IDs are known to
the system and processes any squitters thet are received during the scan.
Upon cc~pletion of the scan, track reports for all aircraft with established
roll-call status are passed to the r.AS logic. A track iR not considered
~stablished until ranging is successful in t~o separate scans, i.e., the range
rate has been determined. The surveillance scan processing tasks are shown in
Fig. 1.

Surveillance processing involves the use of various parameters, counters,
flags and variables. These are defined in Figs. 2, 3 and 4. Figure 5
summarizes the track state transitions that are permitted to take place during
a scan for targ~t IDs previously known to surveillance processing.' Figure 6
9ummarizes the action that takes place when a squitter is received. FIgure 7
presents the track file information required by each track state.

A. Squitter Processing Upon Receipt of Squitter

Upo~ receipt of any unsolicited preamble detections and associated Mode S
message bits, certain filtering should be applied to the message bits. This
is done in order to reduce the number of garbled DABS messages as well as
false Mode S messages caused by ATCRBS fruit that can enter surveillance
processing. This filtering may be do~e in hardware or software and is
described in detail In the Appendix.

The filtering consists in assuring that the S-bit OF field in the data
block is that of an altitude-reporting Mode S surv~illance reply, and that no
illegal altitud~ bits or bit r.ombinaticns are present in the altitude field.
Additionar reduction ~n erroneous squitters can be achieved by applying an
upper acceptance threshold to the number of low confidence bits Associated
with the 56 data bits in the m~ssage.

Flow charts for the squitter processing that follows this filtering
appear in Figs. 8 and 9. Upon receipt of a squitter, squitter processing
calculates the altitude difference and determines whether a track state has

.previously been established for this ID. If the ID exists in dormant,
acquisition, or roll-call track state, the squitter Is ignored. If ~t does
not exist in any state, a track entry is made assigning a squitter track state
to the ID along with altitude differences and time-of-arrival. The squitter
drop counter, "counter c", is initialized at 40 and the acquisition failure
counter, -counter j", is aet to O.

If the ID already exists in the squitter state, counter c is
reinitialized at 40 and a determination made of the relative altitude zone
with which the aircraft should be associated. If the aircraft's altitude is
outside the mdximu~ altitude zone (± 5000 feet), the track state remains
squitter and the track data is updated with the new squitter tiMe and a~titude

difference.
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CALL ATCRBS

PROCESSING

UPDATE

DORMANCY STATE

ACCESS UPDATE
EACH SQUITTER ST.~TE

TARGET 10

INTERROGATIONS ..
CALL ACQUISITION

PROCESSING REPLIES

INTERROGATIONS
CALL ROLL-CALL

PROCESSING
_ REPLIES

SQUITTE SR
RECEIVED LISTEN CALL.

\o'OR SQUITTER SQUITTER

PROCESSING

DELIVER

TRACK REPORTS

TO CAS

F1~. 1. Mode S Surveillance ~can Pro('('!lsin~ Tm;\(l'I
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AHAX Max. alt. zone

AKIN Hin. alt. zone

AT Altitude Hin Tau

.PUrpose

Altitude limit for altitude
and/or range tracking

Used to limit surv~illance in
altf.tude

Used to limit surveillance in
altitude

Value

5000 ft.

3000 ft.

60 sec.

Reference

Roll-Call Processing
Acquisition ~rocess1ng

Squ1tter Processing

~quitter Processing

Squittter Processing

F Coast Limit Controls number of scans with no
reply permitted in Roll-Call
before track is dropped

10 Roll-Ca] >cessing

D Hin. alt. change Controls updating of squitter
alUtude

200 ft. Squitter Processing

N(f) Roll-Call Interrogation
Control Table

N(i.j) Acq. Inte~rogation Control

RT Range Hin. Tau

Limits number of interrogations
per scan for target 1n
Roll-Call State

Limits number of interrogations
per scan for target in
Acquis1tion State

Used to limit surveillance in
range

Fig. 18

Fig. 11

40 sec.

Roll-Call Processing

Acq~isitlon Processing

Acquisition Processing
Roll-Call Processing

Fig. 2 Parameters Used in Hode S Surveillance Algorithms



Symbol Name

c Sq~it~er Drop Counter

Purpose

Determines time in squitter
state. Reset upon receipt of
squitter. Decremented by 1 each
scan.

Initial
Value Reference

40 Squitt~r purging
Squitter Processing
Acquisition Processing

f Track Firmness Counts track coasts. Parameter
in Roll-Call interrogation control
table. Parameter in listening
window size.

Roll-Call Processing
Roll-Call Interrogation

g

i

j

t

n

w

Track History Firmness Counts previous track coasts.
Parameter in lister-ing window size

Acquisition Drop Counter Limits number of scans in
Acquisition State. Paramete~ in
Acq. Interrogation Control table.

Acquisition Failure Counter Counts transitions from Acq. to
Squitter state. Used as parameter
in AC~. Interrcgation Cont~ol table.

Reply Counter Counts replies in Scan for
correlation purposes

Interrogation Count~r Initialized from 1nterroration
control tables. Decremented upon
unsuccessful interrogation.

Antenna SWit~hing Counter Controls switching between
top and bottom antenna.
Reinitiated each scan.

)

6

o

4

N

2

Roll-Call Processing
Roll-Call Interrogation

Acquisition Processing

Acqisition Processing

Acquisition Processing

Acquisition Processing
Roll-Call Processing

Roll-Call Processing
Acquisition Processing

Fig. 3 Counters Used in Mode S Surveillance Processing
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AU

ALTO

AN

Defini tion

Altitude of aircr3ft

Own altitude

Antenna flag. Designates top or bottom antenna

CP Correlation pending flag

H Altitude difference • ALT-ALTO

ID Address of target aIrcraft

RACQ Range obtained during acquisition state

RCW Range for closing range window

RDSH Range rate

RH Measured range

ROW Range for opening range window

RPR Predicted range

RSH Smoothed range

SMO Max capable speed of own aircraft

SMT Max capable speed of target aircraft

T Time of receipt of squitte~'or reply

TE Time to endanger

TR Time in dormancy

TSA Time to same altitude

URE Early range adjustment

URL Late range adjustment

Fig. 4 Variables and Flags Used In Hode S Surveillance Processing
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CURRENT TRACK
STATE OF 10 PROCESSIrlG CONDITIONS NEW STATE

SQUITTER Decrement time (c) c > 0 No change
in squitter file c • 0 Remove

DORMANT Decrement time TR > 0 No change
in dormancy (TR) TR • 0 SQUITTER

ACQUISITION Perform acquisition Successful ranging
processing No aIt. threat SQUITTER

No range threat DORMANT
Range threat ROLL/CALL

Unsuccessful ranging
i > 0 No change
i • 0 SQUITTER

ROLL/CALL Perform Roll/Call Successful ranging
Processing No alt. threat SQUlTTER

No rallge threat DORMANCY
Range threat No change

Unsuccessful ranging
f < F No change
f • F SQUITTER

Fig. S. Scan Processing of each 10 in Surveillance Processing
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TRACK STATE
OF 'fARGET PROCESSING CONDITIONS NEW STATr:

UNKNOWN SQUI7TER

SQUITTER PerforM squitter Alt. threat ACQUISITION
processing no Alt. threat No change

ACQUISITION No action No change

ROLL/CALL No action No change

-
/

DORMANT No action No change

Fig. 6. Track State Transitions Resulting from Receipt of Squltter.
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.SQUITTER

ID address of target
T time of measurement
H altitude difference
c squitter drop counter
j ~cquisition failure counter

ACQUISITION

ID
T
H

TR

DORMANT

address of target
time of measurement
altitude difference
time in dormancy

ROLL-CALL

ID
T
H

RACQ
AN
w
i
j

address of target
time of measurement
altitude difference
interim range
antenna
antenna switching counter
acquisition drop counter
acquisition failure counter

10
T
H

RSH
RDSH

AN
NI
w
f
g

address of target
time of measurement
altitude difference
smoothed range
range dot
antenna
new track flag
antenna switching counter
track firmness
track history firmness

PIg. 7 Track File Inforaation Required by Each Track State.
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( ENTER)

i
(receipt of Cilt~rcd Rquitter)

MAX ALT. ZONE

+ 5000 feet

RP:A!l 11l. T,

All. AN

CALCULATE H •
ALT - ALTu

YF.S

40 ... c

YES

Place 10 in Squitter
NO State with T and H

40 ... c. 0 ~ j

KIN ALT. ZONE

+ 3000 Feet

NO

9)

Fig. A. Squ1ttcr Proccs~lng.
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RETURN
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~(Frn. Fl,_ 8)
MIN. ALT. CHANGE

FOR TRACKER

0-200 FT.

TSA-
H (T-TO)

(HO-H)

NO
HETURN

HO - RELATIVE ALTITUDE OF
PREVl ntis S011TTTER

;' TO - RECEIPT TIME OF
PREVIOUS SQUJTTER

mill ALT!TUDE TAU
FOR ACC!UISITION
AT • 60 SEC

NO UPDATE SQUTTTER FILF.
WITH T AND H

YES
t-------1~B

(From Fig. 8)

C~GE TARGET STATE

TO ACQUISITION

10, AN, j
6 .. i

RETURN to surveillance
processinp, tasks

.
r

J.
1
1.

Fig. 9. Squitter Processing. (End)
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· If the tBr~et is within the minimum altitude zone (± 3UUO fept), its
track state Is changed to acquisition. AN is set 1.0 indicnte tile antenna that
rec~ived the Bquitt~r and the ~cquisftion drnv counter, "counter i", is
initialized at 6.

If the target relative altitude (H) is between the minimum and maximum
altitude zones. the estimated time to same altitude, TSA is computed, provided
H has changed by at least D (± 200 feet). If D is not satisfied, the squitter
Is ignored.

If TSA is less than 0 or greater than AT (60 sec.), the relative altitude
and time-of-arrival are updated with the new information. If the minimu~ tau
criterion is satisfied. the target track state is changed to acquisition.

B. Processing of Target In Squitter Stat~

The squltter state Is assigned to a target if its 10 is not yet validated
by receipt of a second squitter, or if it is not currently an altitude threat,
or if it has made a track state transition from dormancy, acquisition, or
roll-call. A target both enters and exits surveillance processing by way of
the squitter state.

Counter c (associat~d with the ID) is decremented by 1 each Bcan, and if
reduced to 0, the ID and any information associated with this ID are removed
from memory.

c.. Processing of Target in Dormant State

A target is placed in the dormant state if it is sufficiently distant not
to be of immediate :nterest. In this case the time to endanger (TE).
calculated in acquisitio~ processing or roll-call processing, has been found
sufficiently large to safely ignore the target for a time TR.

Each scan, TR is decremented by 1. and··when reduced to 0, the target
state is changed to squitter state.

D. Acquisition Procp.ssing

The acquisition processing algorithms are exercised each scan for each
target in the acquisition state. Acquisition processing schedules
interrogations to a target, sends a formatted message to the modulation
control unit (MeU) and operates upon repli~8 passed from the reply processor.

Upon entry to acquisition processing with a target 10, the antenna
switching counter, w, associated with that 10 is initialized at 2 (Fig. 10).
If this is the first scan of the acquisition Btate (i-6). the intermediate
range ~~CQ is set to zero. The maximum number of permitted unsuccessful
interrogation~t N. is obtained from the acquisition interrogation control
table using the acquisition drop counter i and acquisition failure counter j
a~ entries. The acquisition interrogation control table is given in Fig. 11.
The counter n is initialized wi:h the value from t~e table, The correlation
pending flag is initialized at zero and the counter 1 initialized at 4.

15



ENTER

[ INITIALIZE
ANTENNA SWITCHING

2 • W---""T'"'------'

ACQUISITION

INTERROGATION

CONTROL TABLE
N-N (1,j)

c

NO,,,
N .... n

FROM ACQUISITION INT.
CONTROL TABLE

o -+ CP
4 -+ 1

YES
0'" Mer'!

(From Fig.
Fig. 15)

o
(From Fig. 15)

NO

n-1 .... n

CALL
INTERROGATION

SUB;\OUTINE

YES
1-1-+1

to surveillance
proce~sing tasks

.
(
•t
~

..

WAIT FOR INTERROG~TION INTERRUPT

~ (Fig. 13)

Fig. 10. Acquisition Processin~ (B~~in).
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N!i.j) • Haxi~um number of interrogations with no reply permitted in
1 scan.

i • acq. drop counter
j • acq. failure counter

i j • C j • 1 j • 2 j • 3

6 3 2 1 1

5 3 2 1 0

4 J 2 1 0

3 0 0 0 0

2 0 0 0 0

1 0 0 0 0

Flg. 11. Acqu1.ition Interrogation Coocrol Table
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If the countC'r n 1'1 non-zt>ro, it llJ !il'creml'ntpd hy t Ilnd lin lnt('rrol~atl()11

is schcdul'?d to the tar~ct by the interrogilt ion subrout inc (Fig. I?). Tht'
reply processor operates on nny replle~ ,~ this int<,rro~atlon and interfaces
back to acquisition proc(,Aflin~ at polnt F (FiR. tJ) wlll'r<' corn>l.1tlon tC'!Hs
lilt! performed if the reply is n vnlld ()Ill'. Cor ... ! 1.11 1011 "'lIl~ 1'l)Ill\I~1 III

determining whether an earlier reply has been received during the scan with a
received range within 0.5 no! of the current reply. A correlating pair of
replies must be received in the same scan for successful acquisition to be
accoMplished. This is done to prevent fruit or multipath returns from being
accepted and causing tracks to be initiated based on false ranges. If the
interrogation fails or does not produce a correlating reply, the program
returns to point C (Fig, 10) where n is again decremented by I, if it 1s still
non-zero, and another interrogation is scheduled.

If a reply was received but further correlation is necessary (Fig. IS),
the interrogation subroutine is called imm~diately without decrementing n.

Interrogations are scheduled to the target until either a satisfactory
correlation is found or counter n i9 decremented to O.

I, Acquisition Processing - Interrogation Subroutine

This subroutine is called by acquisition processing each time an
interrogation is to be transmitted for acquisition purposes (Fig. 12).

The range window is opened from zero-range out L~ ~ maximum range of
60 nmi. The interroRat1on message is formatted and ~ent to the ~odulation

control unit. The aircraft ID and window ranges are sent to the reply
processnr wh1ch returns control to acquisition processing p.fter compl~ting its
task of processing replies to the interrogation. The i"terrogation is
transmitted on the antenna indicated by AN.

2. Unsuccessful Acquisition

In the event that the reply processor does not return a valid reply at
point (F), the antenna switching counter 101 is decremented by 1 and if 101-0, the
antenna flag AN is changed t~ the other antenna. and the switching counter 101

is init1alized at 2. Processing returns to point C (Fig. 10) where the
counter n is compared to O. If n ~ 0, another interrogation 1s scheduled •

If n • O. th~ acquisition drop counter, i is decremented by 1. If i ~ O.
the ID is kept in the acquisition state, and interrogations will be scheduled
when the 10 is accessed during the ne~t scan by acq~isition processing.

Should the counter i be decremented to 0, the acquisition phase h3s been
unsuccessful and a track ptate transition ta~e8 place. (Fig. 14)

If RACQ _ 0, at least 1 reply was received durinR the total acquisition
period of 6 scans. The time-to-endanger (TE) is calculated based on this
range. If TE ) 43 seconds. (RT + 3). the target state is changed to dor~ancy

with TR • (TE - RT) seconds. If TE < 43 leconda, the target state i8 changed
to squitter.

18



( ENTER ) (From Acq

DEFINE EARLIEST AND

LATEST WINDOW RANGES

ROW = o nm!.

RCW = 60 nOll!.

t

FORMAT MESSAGE. SEND

DATA, AN, TRANSmSSIOH

TIME TO MCU

SEND In,

WINDOW RANGES TO

REPLY PROCESSOR

( RETURN )

uisition ProcessinK)

t

(To Acquisition Processin~)

Fig~ 12. Acquisition Proce.sing-Interrogation Subroutine
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(From Fig. 10.)

l
!

Yes

CALCULATE ALTITIJDE

DlFFERENCE H

YES

o ....1
RM .. RACQ

NO

"'-1 .. W •

NO

ENTER SQUITTER

STATE
o ... j 40 ... c

YES SWI rCM AN
2 ... W

(Fig. 10)

20

Acquisition Processing (Cont.).

G (Fig. 15)

Fig. 13.

~ETURN to surveillance
processing tasks



"....~"'.- .. -
""""'"

NO

RM

(Fr(\m '·'le. 10)

YES

NO

YES
j+1 -+ j

TE------
S~f:' + SMO

YES

TR • TE-RT

NO CHANGE TARGET

srATE TO SQUITTER
40 -+ c, H, .1

CHANGE TARGET STATE

TO DORMANT

WITH TR

Fig. 14. Acquisition Processing (Cont.).

21

RETURN to surveil!
processing t



If RACQ· 0, no replit>s were rt!cp.tved dlJrtng the total "cCJul~fttol1

period. The acquisition faUure counter J is Incremented by 1 and tilt' ti1rr.c't
stlltp ('hnl\~~d to Rl')lIftter. Tht'BCl')ufRltlon flltlure countpr II; !I!il'd lo rt>duce
the number of acqulsitiolt lntl'rrogationll Hclll't!IlI"d III l:Jrgl'lH h:lhll ...t1ly
failing in acquisition. Generally, such targets are beyond the 60 mile range
window, and if this 1s the caAe, cannot be acquired.

Successful acquisition is accomplished if two replies having ranges
within 0.5 nmi of each other are received from interrogations made during the
~ame scan. Two replies satisfying this requirement are referred to as a
correlating pair.

If an interrogation elicits mor~ than 1 valid reply, any later replies
are assumed to be either multipath or fruit and therefore ignored.

When a valid reply is received from the reply processor at Point F (Fig.
13), the altitude difference is calculated. If the target is outside t'.c
maximum altitude zon~, the target state is changed back to squitter with the
acquisition failure counter,"counter j" initialized at 0 and the squitter drop
counter initialized at 40.

Should the target be within the maximum relative altitude zone, the range
is stored in RACQ, and in the temporary range buffrr so that correlation
checks may be made (Fig. 15), and counter 1 decremented by 1.

If this is the first valid reply this scan for the target (1 • 3),
processing returns to Point 0 (Fig. 10) to schedule another interrogation.

If the reply correlates with a previous reply, and this is
valid reply (1· 2) I the range is considered: to be correlated.
moves to Point H (Fig. 16).

the second
Processing

If the reply correlates, 1 ~ 2, and th~ correlation pendir.g flag has been
set (CP # 0), this last correlating range is ac~~pted as correct.

Should the correlating pending flag CP • 0 and the earlier uncorrelating
range be greater than thecorrelaUng pair, the correlating range is accepted.

Should the earlieruncorrelating range be shorter than
pair, and CP • 0, the correlation pending flag CP is set to 1
returns to Point 0 to schedule another interrogation.

the correlating
and processing

t

I

I

If the al~itude of the correlating reply (ALI) is less than 10,000 feet,
the maxim~m capable speed of the target, SHY, is limited to 300 knots.
Similarly if own altitude (ALTO) is less than 10,000 feet, own maximum speed.
SMO, is limited to 300 knots. The minimum time to endanger is then
~alculated. This is the earliest possible tim~ a collision could take place
(assumes head-on encounter with both flying at maximum capable speeds).

If TE > 43 8e~ondsl(RT + 3), the target state Is made dormant, and TR is
set to (TE - RT) seconds.
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(Frnm Ff~. 13)

YES

STORE RF.rLY IN RIlFFEH
1-1 -+ t

NO

YES

YES

1 -+ CP

(Fig. 10)

D

C

(Fig. 10)

CORRELATION
SUCCESS

It

(Fig. 16)

Fig. 15. Acquisition Processing (Cont.)
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MEASURED RANCE , , , ,

NO

NO

(From Fi$:. 15)

YES

NO

YES

NO

300 .+ SMT

RM
TE .------

SMT + SMO

TRACK TRANSITION

TO ROLL-CALL

1 f
3 g
1 NT

JUf ... RSH

YES

TR • TE-RT

ENTER DORMANT
STATE

ID, '!'R. H. T

RETURN to surveillance
processing tasks

Fig. 16. Acquisition Processing (End)
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If TE < 43 seconds. till' tllr~(!t is placed in the roll-call track ~t;lte.

The traclt firmness r Is set to I, thr trnck history ({rmlll'lIs r. (S !I('I. to ) alllt
thl' n(Ow trllde fl,,~ NT fill SI·t to I. IntprroRntfonfi IIrf> f1clll'rlulf'd on thl:' nf'xt
scan to this target by roll-call processing.

E. Roll-Call Pr~ce8s~

The roll-ca11 processing algorithms are e~ercised each sc~n tor each
target 10 having roll-call track status.

Upon entry to roll-call processing, the antenna switching counter w is
initialized at 2 (S~e F~g. 17). The maximum number of interrogations
permitted this scan N(f) iq accessed from the roll-call interrogation control
table (Fig. 18) and the roll-call interrogation counter ~ is initialized at
N(t) •

If n 1 0, it is decremented by I, and the roll-call interrogation
subroutine is cslled to schedule an interrogation to the target.

I. Roll-Call Interrogation Subroutine

This subroutine is called by roll-call processing each
interrogation is to be sent out for tracking purposes. (Fig. 19)

time an

If this is a new target (NTtO), the acquisition range is usp.d as the
predicted range, and the early and late range adjustments are each set at
1.6 nmi. If this is not a new target (NT-a), the predicted range is
extrapolated from the previous range using the range dot RDSM. The early and
late r~nge adjustments are computed using the track firmness f and the track
history firmness g. The constant A used in the equation is a function of the
target altitude and range.

The message is formatted and sent to ,·the MCU along with time of
transmission and antenna flag AN.

The range window limits are then calculated using the early and late
adjustments about the predicted range. Any Hode S preamble decoded during
this window will result in either a valid or invalid reply.

The target 10 and window ranges are sent to the reply processor which
will process any replies received. Upon completion of its tasks, the reply
processor returns control to roll call processing at Point K, Figure 20.

2. Unsuccessful Interrogation

In the event that the reply processor does not return a valid reply at
point K, the antenna switching counter w is decremented by 1. If w • 0, the
antenna flag AN is changed to the other antenna, and the switching counter w
is initialized at 2. Processing returns to Point J (Fig. 17).

If D ~ 0, it is decrement1d by I and another interrogation is scheduled
to the target.
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ROLL CALL

INTERROGATION

CONTROL TABLE
N- N (f)

INITIALIZE ANTENNA

SWITCH COUNTER
2 -+ w

---- N .. n

.J

(From Fig. 20)

YES

UPDATE TRACK FILE

WITH RPR AND T

f+l-+f

NO

n-l-+n

CALL
INTERROGATION

SUBROUTINE

WAIT FOR

INTERRUPT FROM

REPLY PROCESSOR

YES

ENTER SQUITTER STATE
o .. j

40 -+c

NO

(Fig. 20)
to surveillance

processing tasks
RETURN

Fig. 17. Roll Call Processing (Begin).
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f N

1 5

2 4

3 3

4 2

5 2

6 2

7 2

8 2

9 2

10 2

N • maximum number of interro6atlons permitted in 1 scan.

f • track firmness

Fig. 18. Roll-Call Interrogation Con~r~l Table.
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( ENTER)

TO • TIME OF PRE~IOUS

REPORT R~H

_.... ­----

NO

RSM + RDSM (T-TO) • RPR

1.6 "!' URE
1.6 -to URL
~SM -> RPR

, YES
/

/
/

I
/ INTRUDER INTRUDER A

ALT (ft) RANGE (nmj)

< 10000
>4

1

> 10000 4

< 10000 16
<4

> 10000 64

I

j
I

,
t,
~
i'
r

CALCULATE RANGE ADJUSTMENTS
(nlll!) 2

URE=0.1(1+f/g)+.005(f +fg)

VRL-O.l(1+f/g)+.02A(f2+fg)

-

FORMAT MESSAGE, SEND

DATA AND TRANSMISSION

TIME TO Meu

CALCULATE RANGE WINDOW
LIMITS
ROW • RPR - URE
RCW • RPR + URL

SEND WINDOW LIMITS, ID
TO REPLY PROCESSOR

( RETURN )

(To Roll-Call Processing)

F1~. 19. Roll Cnll PTOccRPtn~ - JntC'Tror,ntlon Suhrolll flH'.
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~~,

(Frolll RC'I\)v l'n"'I'~Sllr)

NO

CALCULATE ALTITUDE

DIFFERENCE H

1"\01 • w Nil

YES

SWITCH A.~

2 .. W

. NO

NO

YES

ENTER SQUITTER STATE

0" j
40 .. c

NO

YES

YES

(Fl~. 17) .T

REll!RN

to surveillance
processinR tasks

300 .. SMT

300 .. SHO

Fig. 20. Roll Call Processing (Cont.)

f.
~,
l'

I

NO

COMPUTE TIME TO RM
ENDANGER n:- SMT+SMO

YES

(Fig. 21)

NO

TR - TE - RT
ENTER DORMANT

STATE T, H
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If n • O. roll-cAll proccsa1n~ has fatl('d thIs Rcan. Ttli' truck flrmlll'sH
f Is incremt'nted by I. and if f ..... thl~ trllck is dropped and I til still" [~

chltn~ed to squitter. 1h(' Rquitter drop counter c is Initlnlizpd At 40 And till'
Acqul~ttlon failure counter j initialIzed at O.

In the event that n • 0 and f - F. the target retains its roll call
state. the range being updated by RPR. the predicted range. Interrogations to
this target will be scheduled aguin the next scan by roll-call processing.

When the reply processor returns a valid reply
roll-call processing calculates the altitude difference.
outside the maximum altitude zone. the track state is
state with counters j and c initialized at 0 and 40.

to an interrogation.
Should the target be
changed to squitter

'.

Should the altitude difference fall within the maximum altitude and the
altitude of target be less than 10.000 feet. the maximum capable speed of the
target SHT is limited to 300 knots. Similarly, if own altitude is below
10.000 feet. own maximum capable speed SMO is limited to 300 knots.

The time to endanger TE is calculated, and i£ greater than 43 seconds
(RT + 3). the target is dropped from the roll-call state. The track state is
changed to dormancy with a time in dormancy set at TR • (TE - RT) seconds.

Should the time to endanger be less than or equal to 43 seconds, the
range rate is calculated (Fig. 21). Thp track history firmness g is set to f.
the track firmness f set to I, and NT set to zero. A target report on this
target ID is then available for issuance to the threat detection logic.
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....,

I

I
fl

L
r

r.

t

(RM - RSM)
RDSM •

(T - TO)

0+ NT
RM + RSM

f + g
I + f

,

( RETURN )

Fig. 21. Roll Call Processing (End)
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APPENDIX - HODE S REPLY PROCESSING.. --_ .._---- -_ .. -- .... _---- ----------
Thfll "ppt'ndtx ('ontain" II ~l'n('lr"l tlt'Rcrtptlon of t!1t' Morll' S r<,ply

Itructure and the reply processing wlllch supply rlillge lllld datil in/Urination lor
Hode S equipped targets to the TeAS lurveillance processor. Details of the
Hode S .ignal-in-space formats including the message Itructures may be found
in the Hode S National Standard.

Hode S Reply

The Hode S received eignal consists of a preamble and a data block.

The preamble is made up of four 0.5 microseconds pulses that are spaced
1.0. 3.5 and 4.5 microseconds respectively from the first preamble pulse.

The data block begins 8 microseconds after the first preamble pulse and
contains either 56 or 112 one-microsecond bit intervals. Surveillance
processing is concerned only with 56-bit data formats.

A pulse width of 0.5 microseconds is transmitted in the first half of a
bit interval to indicate a binary ona and in the second half of an interval to
indicate a binary zero.

Preamble Detector

The preamble detector
synchronizes the receiver
demodulation.

Data Bit Declaration

senses the presence of an incoming
for the purpose of range measurement

reply
and

and
data

The data bit is declared by comparing the pulse amplitude in the first
half of the bit interval to the pulse amplitude in the second half.

Confidence Bit Declaration

The comparisons of the pulse amplitudes in the first and second
the bit interval are made a number of times during each interval.
declaration is assigned high- or low-confidence depending
consistency of the .sampling results.

half of
Each bit

upon the

\!
t

I
Error Detection

The last 24 data bits in the Hode S data block contain the address of the
aircraft and an encoding parity that is overlapped in the same field by the
transponder.

When the message is decoded by the reply processor. the parity is
re.aved. and if the me.sage i. received as it wa. transmitted. the resulting
addre•• field contain. only the address of the Mode S aircraft.
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If IIny corruption of the dllt.1 block has taken place sinc~ thl'
transmisaion, a non-zero error syn~romc (l.e., sct or comhinntion of
error-fndir.llt tnR hi tA) will IlPPl'Jlr AupnrimpoAl'd on thl' nddr(1AA. .

In the case where the Hode S message is a reply to own interrogation, the
aircraft address i8 known snd errors are therefore immediately apparent.

In the case where the Hode S message follows a preamble detection that
was obtained while listening for squitters, the aircraft address is not known
and It 18 impossible to determine whether a non-zero error syndrome Is
present.

Rejection of Invalid Squitters

The probability of
8ubstantially reduced by
incorrect or that have
with the data block.

accepting a squitter with a corrupted address is
rejecting messages that contain data blt~ known to be
too many low confidence bit declarations associated

~ .

I"

t.

Squitters are rejected if any of the following conditions exist:

I) Inappropriate DF Field. The first 5 bits of the data block do not
contain the code 00100 which designates an altitude reporting
standard Hode S surveillance reply.

2) Illegal altitude code. The 01 bit (bit 28) in data block has been
declared a one, or CI C2 C4 (bits 20, 22 and 24) assume one of the
illegal combinations 000, 101 or Ill.

3) Excessive numbe- of low-confidence bits. Hore than 34 of the 56 data
bit declaraticn~ have been assigned low confidence.
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