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~SR NORTH D IREC TION A l.  ERRORS AN I) 111K 1 R
INFLUENCE O N RCAS 1~K RF ORMANC E

~ I I n  t 1 t’ ~ (t1 t ’ C I ~n

D u r i n g  t h e  p a s t  ~cvt ’i ’ i I ~‘cars , t h e  FAA ;md the i n d ust r i a l

e ’OUifltCII\ i t  v ~1 , f\ ’ t ’ b~ t ’ii i l i\ ’OS I I ~~ t I u i ’. in ~I t es I I nc ~‘:i ~ I o i ts  means t o  F

pr o  v i  it i i~~ a I i —  t o — a r co I I t  s I on a \‘0 I tI . l I \ c  0 0 I V  I co A r e t’ Oi l  t 1 y

i gti red & ‘ 1 .i~~ S 0 t S \ ‘S t e’IflS wh ich 1l , I S & ’ S  i t s v i  :ibl l i t  V Ofl the

~-tt r r o n t  ( , in ~t con C m u  Lug)  w i des pr e . id  I nip I onion t a l l  on of t h e  r ad~t r

be.li’t ltl C F . I( (S pt lil t I t ’ I’ I S t ’ (  I I Ot! I~C/iS , t o  r I~e~ii ’ i i — b , i s o d  (~o I i i  s ion

:\ \‘o I ~1, t i i ~ t ’ S~’s C

l h t ’ I ’ A ~- I t’l,11fl I ~~ti&’ t ’ail be.’ I ~~~ I OmoIlt Oti II) ~i fltlflil)er of w ay s  -

1 ’
,It’p eii~I I ti ~~ t i pon  C lit’ CII L ’ I S  lIT’ Oil (t ’i i t  ~kt t .1 u t  I I i ~‘a’&I by t he svst  em . The

S \ S C 0111 can be.’ p~ is S I \‘ t’ - t~ V t ect’  I V i  nu’, ila I a C roni var I ot is  s o u r ce s

~SSR in1 ’rrogat ors - a i r b o r n e  C u t I ) sp oI lors  - o t h e r  BCAS u n i t s )

01 t O~t U opt ’ i’a C t’ i i i  f l i)  cC i ye m ode j l v t r ausm I t C i  ng beacon

j f l t  C F i t l~~ .I t I ow; o o t h e r  I u’auspondt ’ t’~~ 11w Fe i cons I derab it ’
• I I  e x i b  i l i t  v in  t h e  los ign opt ions iva I l ab  I t ’ t or BCA S 5111CC 8

V a t  i et  v o l l l t ’j S  uremen I pa rame t C rs t’~lI i  bt ’ nri do a va i lab Ic C o the

S V S C (‘III .

Sevor: i I of the RCAS cantl i Wt 1 e des I (( SC measu r ern e ’nLs

of  the’ a~ imu th  of the prot O ct  ed :i I rcra ft (BCAS equ ipped)  and

the azimuth of  the thr~’at , or “targe t ” a l  i - c t - a f t  - This

LI (~- C  

--
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in i or m a t i o n  is watl t  a v a i l a b l e  to the a i r c r a f t  in the v ic in i ty

of the SSR by t-he t ransmiss ion by the  SSR ( sidelobe  suppression

a n t e n n a)  of a coded p u l se  o f RF t ’n e r fv  , ca l l ed  a Nor th  pulse .

as the  an t  onus ma in heani passes through North  - Conven t iona l ly.

C lit Air Route Surve i i l a u c t ’  Rads~ s (ARSR ’ s) are  ca l ib ra ted  to

t ,ru ’ N o r t h  and the Al rp or t  Su n -v e i l  l ance  Radars  (ASR ’ a) are set

• t o  m ag n e ti c  N o r t h .  However , the  v a r i a b i l i t y  of the local

magne t i c  Nor th  d i r e c t i o n  w i t h  bo th  location and time indicates

t h a t  su b s t a n t i a l  erroi- s i n n i a g n c t i c  N o r t h  may occur espec~ ai ly

at ASR i C - e s . These er r o i s  can cause  BCAS position determination

F errors w h i ch  mmiv dt ’c~~,idt ’ or I i m it  the  p er formance  of some or

a l l  o t t h e  1iCAS r t ’chn I qu i t ’s

fr
The pci rpost ’ of  t h i s  p aner  Is to f i r s t , describe the

f l a t  tire of  the  nia) ’.I i t ’ C i c vs r i  a t  I on or  dccl that ion conditions

t h r ou g hout  t h e  lin i t  o~t S C .iC es w i t  ii emp has is on several selected

h t c ,u d e n s i t y  lo cat i o n s  in  CONtI S ; second , de te rmine  reasonable

est  irna t es for  t h e  m a c n o t  I ~
- dod tha t  ion errors  app licable to 

‘ 

4

t h e  se lec ted  h t a ~I i d e n s I t~ ’ locat ions ; t h i r d , determine the

c ot -r e s p o n d i ng  p o s i t i o n  l o c a t i o n  er rors  for  these angular

t’rl’or s ; f o u r t h , asse ss th e  i n f l u e nc e  of these errors on

selected ICCAS t e chn iques ; and f i f t h , p rovide  some reconunendations

t o r  improv ing  or avo id ing  t h e  m a g n e t i c  d e c l i nat i o n  error effects

el SSR ’ s.

c—A
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C— 2 SSR Direct ions I E r r o r

C —2 1 D e f i n i t i o n  of Term s

The d i r e c t i o n a l  or rors  of SSR ‘ 5 WSV be S Op ~ I r at  od j U t  o

the following components:

a) calibration t ’r r o r
h) azimuth encod I ng round— o I I errot’s

c) transmission d e l ay  e r r o r

• d) Nor th  de t e r m i n a t i o n  e r ro r
e) magnetic North error

Addi t i ona l ly ,  user and t h r eat  ( t a r g e t  ) p o s i t  ton I o c , i t  ton er r o r s
I,

can be caused by the di f fe ronc  e in ni ;i g il t ’ t I c No rt 11 ~Ii rec L i on

~ (due to declination changes) be tween two si os s i n c e  there

• exists no fixed or cons I s to ut  di roc I i ons I rt ’ ft .’ r en ce . ’  bo tw oon

them.

C a l i b r a t ion  e r r o r  i s  t h e  t i i a t - c t i r ; i cy  i n  s e l l  i n c  the

center of the mainbeam of the r a d a r  t o  a des i ro~t t o  feu-ent’e

direc t  ton - This er ror  can be l a rge  bu t  w i t h  car t ’ and it  tout ion

can be made small - The az i m u t h  e n c o d i ng  r o u n d — o f  I e r ro r  also

is typ i c a l l y very s m a l l,  T r a n s m iss io n  d e l a y  e r r o r  i s  s imp i v

• the azimuth error  in t roduced at the r e c e i v i n g  loc~i t  ion  caused

by the time delay as s o ci at e d  w i t  ii t he  p r o p ; Ig , iC  iou 0 the

az imuth  and refe rence si gnals f r om the C r an s m i  C I I ng site to

to the receiver - This errot- also i s norma l lv nec.l i gibl v sina i I -

I;— ’
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North determination error relates to the accuracy with which

t rue Nor th can be determined , which generally is excellent .

Similarl y , m a g n e t i c  North error relates to the a c c u r a cy  w i t h

w h i c h  magnetic North can be d e t e r m i n e d .  T h i s  is a l s o  very

good , resul ting In small errors , however the magnetic North

d i rec ti on tends to change w it h t i m e  and i s  no t cons it en t from

location to location. The variation with location causes significant

d ifferences in the direction which two aircraft in the same

general v i c init y may perceive magnetic North. The general

chara cteristics of magnetic declination are discussed and the

magnitude and direction of these differences are anlv~ ed in the

fol low ing se cti on for several hi gh dens ity regions of concern .

After this , a br ief evaluation of the effects of these difference

w ill he presented .

C-:,: Magnet ic declination Characteristics

The overall ~-a riation of the magnetic declination

(differnce between true and magnetic North) over the continental

ti _ S. ranges from about 21 I” to 21 F , a change of some 42

(Reference C-I). Mean values for declination from a mathematical

model are plotted on magnet ic charts which are readily available

from the U.S. Geological Survey . There is a systematic

varia tion in declination caused by the displacement of the

Nor th magnetic pole t’rom true North , as well as

- —
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irregular variations in declination causes by regional

disturbances -

• In local regions the var ia t ions  are normal l y

charted as mean values . Addi t iona l ly ,  there are moderate

changes from the mean values caused by local disturbances

and other effects. These local influences may be either

artificial or natural; the latter being more significant.

A natural disturbance example is the Northern Michigan iron - 
-

deposits which cause appreciable variations in declination

even at moderate altitudes in this region .

Daily changes in the declination occur due to solar

effects and conditions in the ionosphere . These normally

involve changes of about 1-27., of the normal earth magnetic

field intens ity and result in declination var iations of

about 0 25° for a magne tically quie t day to a maximum of

about 1-2° for a magnetically active day (primarily due to

solar effects). This latter value may be exceeded about once

a month. However , ~~ese are gross effec ts, in that a very large

region , usually the entire continent , is influenced in a more

or less uniform manner. This effect is not a significant

• contribution to the differential error in declination between

sites .

F
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Figures C- i and G-2 illustrate the changing character

of the magnetic field with time for the United States. The

zero magnetic declination line is shown as it moved - si g n i f i-

cantly - during the past several decades . Data is shown ba ck

to 1785. Figure G-3 shows the variability with location of

the equa l declination contours for the United States .

6.2.3 Analysis of Representative Locations

Determinations of nomina l values of magnetic

declinations were obtained for the following regions .
I,

a, Los Angeles

b. Chicago
c. New York

ci. Atlantic City

e. Washington , D . C .
f. Houston

Figure G-4 is a declination chart for the Los Angeles area

which illustrates the changes in declination with location .

The chart shows the distance (20 nrni) which needs to be

travelled along the direction of maximum change to cause a

deviation of about 0.15° , corresponding to the typical ASR

antenna beamwidth (as a reference figure) - Figure G-5 shows

similar information for Chicago , Wash ington , NAFEC and New

York . The data for Houston is shown in FigureG-6,

C- 8
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The information obtained from the charts is summarized

in Table C-i . Additionally, an es timate has been made in the

final column of the table for the direc tion of maxim um air traffic

moving through the region. Surprisingly, this indicates that

in all cases considered , the maximum traffic is reasonably

well-aligned with the direction of maximum change in declination

an undesirable situation. For the East coast cities , the j

conditions appear leas t favorable in that a change of about

0.140 is obtained for a movement of only 7 miles along the

direction of maximum declination gradient . This correlates

to a 10 change for a distance separation of 50 miles . Houston

and Los Angeles area distance separations along the direction

- • of maximum declination gradient of about 120 - 140 miles

result in a declination change of 1° . 4

It should be recognized that the indicated chart

value (of an isogonic chart) for the magnetic declination of

a location may be in error by a substantial amount relative to

actual value. To stress this point , the following two

paragraphs are excerpted from the Coast and Geodetic Survey

Publication 718 entitled Magnetic Surveys, by H.H. Howe and

L. Hurwitz (Reference 
~-3):

“84. Interpreting an isogonic chart . - A
value of declination that has been read from
an isogonic chart is called a chart value .
Because of natural local disturbance (see par .
47), a chart value is usually not the actual 

S

G—1 4
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TABLE G-1

Maximum Magne tic Declination Change Characteristic s for
Selec ted Cities with Estimated ~~a x i n m m Traffic Direction

d(G) 0 en.m. De~~ s AZ.  T

Los Angeles 20 n.m. 150 140

Chicago 7 75 .0

New York 7 65

Atlant ic Ci ty (NAFEC) 7 65 ~0

W a s h i n g t o n , D . C .  7 65 45

Hous ton  1; 85 90

9, O r i e n t a t i o n  of d i r e c t i o n  of m a x i m u m  m a g n e t i c  d e c l i n a t i o n
change

d(6) , D i s t a n c e  a l o n g  0 for  m a g n e t i c  d e c l i n a t i o n  chanI:e of
of 0.14 (Beam Wid th of radar)

0 T’ Direction of maximum traffic at variou s citi e s (estimated)

(~- is

L A
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v a l u e  of  t e c l i n a t  i o n .  I n s t e a d , It i s  t - ou g h lv
equa l  to  t h e  a v e r a g e  for  an area  c e n t e r e d
at the p u int , w ith a radius —f some 10 mile s .
There is p e r h a p s  an even chance  t h a t  t he  c h a r t
value w ill agree with the actual value within
o n e - h a l f  deg ree :  o c c a s i o n a l ly , t h e y  d i f f e r  by
many d e g r e e s .

85 .  An e x t r e m e  c a s e  of s u c h  a d i f f e r e n c e
• occurs  at  R i s o n , A r k a n s a s . The chart value

( s c a l e d  fr om our i s o gn on i c  c h a r t  oi  t he Un ite d
States for 1960) is 6 42’ F . There are nine
places within a few m i l e s  of Rison at which declination
has  been measured; the observed values at these
s t a t i o n s  (reduced to 1960) range from 1 39’ F . to
21 i S’ F. It i s  not practical to show each of the
n i n e  ob s e r v e d  va lues on the char t - and i f we d i d , - 

-

the~ would still be of little use in estim ating
that value at a point where no observations had
been made .  The best value to use for any point
near Rison , tack ing observat ions at the exact
point , is t he  ch a r t  h a l u ~ of 6 42’ F. ( T h vi o u s lv ,
the compass i s not v er y  r e l i a b l e  in  t ha t  particular
r eg ion  •

“

The important point here is that actual measured values of

declination (such as at radar sites) may have a suh stati allv

g r ea t e r  v a r i a t i o n  t h a n  t he  a v e r a g e  of c h a r t  v a l u e s .  I t  i s

u n l i k e l y  t h a t  many  p l a c e s  i~i 1 l  show changes  of nea i - lv  20 in

the measured  values of declination at various locations In a

local si-en as near Rison , Arkansas , hut  It is not unlikel y that

a s m a l l  f r a c t i o n  of this (perhap s a few degrees ) may frequen tly

occur. The use of char t values is d earl y an optimi stic , and

possibl e unre alistic , approach if one intends to accuratel y

•‘stahlish the magnet ic declination of a location .

C l~

a ‘ 1
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G-3. D i r e c t i o n a l .  F~r r o r  E f f e c t s  on BCAS F’e r fo rmance

6 . 3 . 1  De t e rmina t i on  Techni ques

Ana lyses were unde r t aken  to determine the effect of

the a n t i c i p a t e d  d i f f e r e n c e s  in magnetic declination for

selec ted regions as well as t h e  various s i t e  p e c u l i a r

directional errors such as calibration errors  and an tenna

bean~~idth  accuracy e r ro rs  - The work was done both by means

of a computer simulation f o r  va r ious  1ICAS i m p l e m e n t a t i o n

techniques and verified by geonittrical analyses of selected

operat ing cond i t i ons  f o r  the BCAS techni ques .

C - 3 . 2  Cases Considered

The B~ AS s imu l ..i t  Ion cases cons Ult red w i t h  the para-

meters measured are shown In Table  C— 2 .  The e t ’i t era l  ~eoui& . t i v

for the BCA S technique , indie-at i ng t h e  measurements i n vo  I vt- d

is shown in Figure C-7 .

Tab 1 e C— p rovi des the  nomenc 1 a t  u re f or  t he’ 1ICAS

analyses . The de ta i l s  of the a l gor i thms  w h i c h  wer e  developed

will  not be presented but  the p a r t i c u la r s  of the input  d a t a

and test conditions wil l  be provided  as well as a summary of

the simulation results. Figure C-S i litis t rates the shift

in the relative direction of radar site 2 resultin g from

an error in the North re ference’ di  rt ’~-t  ton be tween Si *nd 52,

L
C— 17 
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GEOMETRY FOR BCAS TECHNIQUE OPERATION
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TABLE C—]: NOMENCLATURE FOR BCAS ANALYSES

Pj0 - Range from i’th radar to BCAS A/C.

aj 0 - Azimuth measured from i’th radar of BCAS A/ C

- Differential azimuth measured from i’th radar
be tween BCAS A/ C and j’th targe t AC.

t j  - Differential time of arrival at BCAS A/C between
-~ direc t signal from i’th radar and the same signal

transponded by the j ’ th targe t A/C.

~oTj 
- Range between BCAS A/C and j’th target A/C.

~
iTj 

- Range between i’ th radar and j ’ th target A/C

0 - Heading relative to North of BCAS A/C.
0

5 - Bear ing angle of j’th targe t A/C measured at the
i BCAS A/C (relative to North) -

S - Bearing angle of j’th target A/C measured at the
oj BCAS A/C relative to AIC heading.

~ik 
- Range be tween i ’ th and k ’th radars .

h - Al titude of BCAS A/ C .
0

- Altitude of J’ th target A/C.

0-20
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such as t h a t  ~.wsed !v  a e-l iange in the magnet ic  d e v i a t i o n

between the locat  Ions -

- 1 Summary o IT Result s

F’I gu cc’ C— 9 shows the geoiu ’ t r’.’ t-mp love ii in oh t a m i  ne~

RCA S s i m u l a t  ion result s ITo r represen t at lvi’ e~Of l d i  t io ns - Table

0-4 1t~ t~ the c o n d t t io n ~i assurne’d b r  the latcAS s imu lat ion 8 , both

b r  the  mea surements and the  measurement crror~ Tab le G—5

pro  V I des .i b r i e  C s umma rv o f t h e  RCAS s imu 1 at  ion res u 1 ts as suming

the  con di  I ions (:15 i n d i c a t e d)  of Figu re  C— 9 and Table 0—4 with

he I mp oat -t ant  at-c l at  ive’ .t I muth  e r ro r  of one degree Introduced
¼’

as a normal i lug  ass  umpt Ion . The simulat ion outpu t  represents

has Ica liv the e’ ifee of this ccl at [ye •- i~~ [ninth er ror  ( 10 )  and

to soim~ ex t e n t  the  e f fe ct s  of I he radar  an g u lar  e r ror s

and to a lesser extent the rang ing errors  a s soc ia ted  w i t h

both  t h e  r adars  and t h e’ aircraft t r ansponders  -

As indicated , the re i s  essentiall y a d i rec t  t r a n s fer

ot t h ’  a~~[muth  error to an a i r c r a f t  b e a r i n g  error  for  the

st n ~~1e - st t e  d et e r m i n at i o n  cases .  This  r e s u l t s  in a position

error a t the range emp loyed (10 IL nl t .)  of about 1000 f t . ,  w i t h

proport ionally sma ller errors as the range between the SCAS

A/C and the targe t decrease. In the dual radar site cases

(No’s 5 ,6,7 . 12), there is no range to target error in those

cas es where the B~AS A/C active ly provides this separatel y.

0— 22
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GEOMETRY FOR SCAS SIMULATION RESULTS
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TARLE 0-4

BCAS SIMU LATION CONDITIO NS

M easurement /Desc r ip t i on  Value

- Range f rom BCAS A/C to radars  50~~~mj .

°ik 
- Range be tween  radar  (p 11) 5 0n . m i

¼’

‘ OT 
- Range between BCAS A/ C  and  t a r g e t  A/C lO n . mi

- Bear ing  of t a r g e t  r e l a t i v e  to N o r t h  0 - 360 0
J (5° s t e p s)

Measurement Error /Desc r ip t i on

o (a) - Azimuth  angu la r  error  of radars  0. 18°

~ ( \ a ) -  D i f f e r e n t i a l  ~~~ a n g u l a r  er ror of radars 0. 2 5 °

a ( k ’) - Rang ing error , frc-m radars or A/C 100’

o ( t )  - Differential TOA ranging error 100’

o (a) M
_ Az imu th  angular  error  between radars  10

Note: This is an arbitrary vlaue for reference.

0-24 -
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TABLE G-5

SU~~1ARY OF BCAS SIMU LATION ERROR RESULTS

Assumed Conditions :

• Figure 9 Measurement Geometry

• Table 4 Measu rement and Error Values

• Azimuth Angular Error of Radar 1

Rela tive to Radar Z of 10 .

ALG BCAS Technique Ran~~~Error Bearin g Error Position Error

No. _Descrtption ° (p~~ ) “ (SOT) RSSo (p )+ro (~ )

Bias - Feet Bias - Degrees Bias-Feet
Av 

± 
Range ’ Av ± Range Av ± Range

¼’
I Sing le Si te 0 1.0 1050

Passive (5-7)

2 Single Si te
Semi-Ac tive (S-9) 0 1.0 1050

3 Single Site
Semi—Acitve (S-15) 0 1.0 1050

4 Single Si te
Semi-Ac tive (S-20) 0 1,0 1050

5 Dual Si te
Passive (PD-13) 740 ± 575 0 .7 4  + 0.5 1190 ± 580

6 Dual Site
Semi-Active (SD-13) 0 0.5 ± 0.35 530 ± 365

7 Dua l Site
Semi-Activ e (SD-26) 0 0.5 ± 0 . 3 2  530 ± 340

12 Dual Site
Passive (PD-26) 810 ± 600 0.76 ± 600 1260 + 600

0—25
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However , there is a significant effect on the relative angular

error between radar sites when TOA determination of pos it ion

is used (cases 5 and 12). The total posi t ion error as the

root sum of squares (RSS) of the range error and the range

component of bearing error (at 10 n m i .) is given in the

last column .

¼’
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APPENDIX H

The BCAS Antenna

11.1 Introduction

A circular phased array for BCAS is studied in de tail

in this Appendix. In Sec tion 2 , a mathematical model of the an-

tenna is formulated in order to calculate the antenna ’s far-field

radiation pattern . This result is used in the following sections ¼’

to study the performance of the antenna in various applica tions .

In Section 3, the use of sum and difference beams is

studied; on transmission , the sum and difference beams are used

to limit the region of possible replies , and on recep tion the

two beams are used for monopulse processing of the received

signals. In Section 4, alternative s for monopulse interroga tion

using d i f fe ren t  beam forming procedures and signal s t ruc tures  are

discussed.

H.2 Antenna Analysis

The antenna that has been modeled is shown in Figure 1.

It consists of N omnidirectional elements that are uniformly

spaced around a circle in front of a cylindrical ground plate .

H-l 
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Figure H-i. Circular Phased Antenna Array
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The cylindrical conductor has a radius R and each element stands

at a distance d in front of the cylinder , Here , is the free

spce wavelength at the operating frequency,

C H S ’ l-r
Th. antenna is to be operated as a phased array he indiv iduall y

controlling the RF phase at each element in both the transmit

and receive mode. This phasing is used for synthese’. of a de-

sired pattern , Ic , to steer a main beam and/or achieve g iven

d irect i v i ty .

1 . 2 . l  Fl ement Factor

¼’
The pattern created hr a single element adjacent to the

cylinder can be computed by the theory ~ f im a ges. In Ramo , et

- 
- al , (Reference U-i), it is sho~-n that to compute the fields in the

region external to the cylinder , the combination of the element

and the conducting cylinder is equivalent to the element and a

single Image of the element In the conducting cylinder. The

iaage is located on a radial line through the element at a

distance
R 2

r j ~~~

from the center of the conducting cylinder (fig. tl~~~). The element

and its image can be combined Into single equiv alent element which

ha s a p a t t e r n  a s ’o c i a ted  w i t h i t , w h i c h  is c a l l e d  the element factor.

With this , the array can be represented by N such elements of

proper orientation .

H- 3
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The equivalent element is located at the midpoint

between the element and its image. Defining the distance from

the center of the conducting cylinder to the element to be

re (R+d)X (11.2.3)

the midpoint between the image and the element is located at

R$ A . where

R~ — _L
~(r+r j)

R2+(R+d)2
2(R+d) (11.2 .4)

The element factor , representing the pattern of the single equiv- . -

alent element that represents the element and its image , depends

on the spacing between the element and its image ¼’

re
_r
i

_ d(d+2R)X

d+R (11.2.5)

The distance from the element to the cylinder d can be chosen

to yield any desired element - image spacing by solving (11.2.5)

for d and obtaining

d — (R
2 + 9 ) 2) (

~
. 
~

) (11.2 .6)

This value for d can be used to express the midpoint between the

element and its image
I r 2 1 ¼

— R + (~~~~~ ) j (11.2 .7)

In Figure 11—3, the  ca lcula t ion  of the element factor  Is illustrated .
When radiation is at an angle 0 , there is a phase difference of

11—4
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- cos 0 be tween each element and the midpoint between

the elements . The total radiated electric field is the sum of

the contributions due to the elements , and is

E(0) - -i--- [eu i~~s~os~ _ e
_j

sC0S0l (11.2.8)
2j J

— sin [nr 9 cosO]

A one-half wavelength spacing r 1 achieves maximum forward
S

gain for the single equivalent element. Figure 11-4 shows the pattern

for th is  spacing , p lo t t ed  in db.  The back lobe has the opposite

phase ot the front lobe , caused by the reversal in polarity of

the image wi th respec t to the element . A s ingle equivalent  ele- . -

n:ent contributes as much flux in the back direction as it does in

the forward direction . This is a resu l t  of the symmetry of the 
~
‘

conf i gura t ion  and the a s s u m p t i o n  tha t  the conducting cylinder is

lossless.

In summary , a m a t h e m a t i c a l  model of the array has been

constructed by rep lacing each element in the array by a single

equivalent radiator that represents the element and its image in

the cylindrical conductor. Mutual coupling effects between the

elements that might influence the radiation from the array by

modifying its current distribution have been neglected . The ra-

diation pattern for the equivalent  element , calculated in (11.2.8),

will be used in the following sections to compute the overall

radiation pattern of the array within the limitations of the model

that were described above .

H-b
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Ar ray Pattern

As indicated in Figu re 11—5 , the i-.th equivalent element

is loca ted at radius R~ and an angle O~~, and associated with  it

are an amplitude and phase A~ and •j. respective ly.

The phase delay between the i-th element and the array

phase center is nominally 2irR~ cog O~ , but is 21T R4, cos(O~ -8)

off boresight , resulting in a net element phase

— + 2
~
R$tcos(0j_0) - cos (11.2 .9)

For the case shown , the element angles are

- 1 2i~ 
¼’

= (i- —i—
~ 

—
~~ (H .2 .1O)

The total array pattern is the superposition of all the contri-

butions due to the elements :

P ( 0)  = E ( O~ - e)  A~e i (0)  (L2 .11)

Because each element has its own factor (a rotated version of

E ( 0 ) ) ,  it is not correct to compute the pat tern by mul t ip ly ing

an array factor by an element factor , as is done when all elements

have the identical factor .

Various patterns computed from (1) are shown in the

subsequent analyses -

- 5- 
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11.3 App l i ca t ion

The purpose of this section is to utilize the perfor-

mance model of the array that was presented in((H.2.l1) to  e v a l u a t e

various app lications of the array to ECAS .

11.3.1 Monopulse Interrogation

In the active mode , the BCAS aircraft transmits an ATCRBS

interrogation and determines both the ranges and altitudes of all

replying aircraft . With an omnidirect ional  t r ansmis s ion , such as

is used in the MITRE active BCAS system , no b e a r i n g  in for -

mation can be ascer ta ined from the rep l i e s .  Howeve r , a d i r e c t i o n a l

interrogat ion w i l l  e l i c i t  rep l i es  onl y f rom those a i r c r a f t  in a

restricted airspace volume ; this both eliminates a certain amount

5 of active garble and at least localizes the origin of each rep ly

to the volume wi th in  the beam . More precise  bear ing  i n f o r m a t i o n

is obtained by monopulse in the receive mode , to he d i scusse d

shor tly. The amount of directivity that can he achieved is li-

mited most fundamentally by the aperture , which for reasons of

practicality is on the order of lÀ - 2\ (30° - 60° BW). Further

tightening of the reply region requires additional technique .

An ATCRBS interrogation from a ground radar consists

of three pulses (P1, P2, and P3) transmitted as follows . P1
and P3 are on the main beam ; their spacing encodes the inter-

rogation as Mode A (ID) or Mode C (altitude) . The P-, is

H-Il
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transmitted in between P1 and on an omni antenna and the

received P1 /P2 ratio is used to test for SLS . The suppression

rule is

P2 > P1 : suppre ss

— P 1 
- 9dB : respond

P1 
- 9dB — P 2 < P1 : varies with transponder

The angular sector within which a i r c r a f t  wi l l  respond

to an airborne BCA S interrogation can be controlled by trans-

mitting the P1 and P3 pulses on the directive (E) beam and the

on a ~ beam at increased power level. Figure 6 shows typical

Z Rnd ~ beams . The ~ beam is even and fa irly flat; the ~\ beam

has an odd characteristic with a null at boresight. An air-

craft on boresight recieve s no P 2 pulse and always replies. 5

Off bores ight , the received P2 power increased rapidly and

eventually cove rs the sum beam , suppressing all transponders .

The grea ter the P2/P 3 transmitted power ratio , the narrower

the response region .

This narrow ing of the response region has a threefold

advantage . Active garble is reduced in proportion to the angular

width of the region . This reduction brings more than a pro-

portionate decreas e in the effec t of garbl~ on bear ing estima-

tion , since the error contributed by a garbling aircraft is

proportional to the angular separation between the target and

the garbler , and this maximum separation is reduced by limit ing

the response region . Finally , the segregat ion of responses by

11—12
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angle (rather than range , as in active Whisper/shout) may de-

crease the number of overlaps (garbles) among a fixed number of

rep lies .

11.3 .2 Sum and D i f f e rence  Beam Forming

A stud y of r es t r i c ted  scope was car r ied  out to determine

the sum and difference beams that can be formed using the array .

Beams were computed under the following conditions :

Bores ight direc tion bisec ts two elements
Eight element array (N = 8)
Equal amplitudes (A 1 1)
Elements phased for constructive interference at boresight

Element-image spacing — A/2

Ground cy linder radius X/2

The element phase s are adjusted to compensate for the element

fac tor  p o l a r i t y .  Figure 11-7 shows polar dB plots of the resulting

pattern . Several observa tions concerning these patterns can be

made irm~ediately.

I) Both the sum (E) and difference (A) patterns in Figure H’

7 show both large sidelobes and a large backlobe .

2) The peak value of the A beam is 5dB below the ~ beam

peak.

11—14
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A question of interest is to determine the difference

beam gain necessary to equate the sum and difference patterns a t

various fractions of a beamwidth. As a standard of comparison ,

cons ider the ~ and A beams forme d by a un i fo rml y i l l umina t ed

linear aper ture

1(x) = 
Sin lI X (11.3 .1)

1-cos ~xA ( x )  (11. 3 ,2)
1TX

where x is in beam width units.* The gain necessary to equate

the sum and difference patterns at various beamwidths is

G — — Sin 1TX 
(11.3.3)

A ( x )  1-cog irx
— 

which is p lot t e d  in Figure - 11—8 along with the aaia e- quan t i t y  for ¼’

the ~ + .\ patterns generated by the circular array . It is ap-

parent that within the first beamwidth (x< .44), the two analyses

agree quit e well , but as the direction gets farther away from the

bores ight , the linear array needs much more gain to equate the

sum and difference pa tterns . This effect is due to the relative-

ly aspect angle- independent properties of the circular array

versus the s trongly aspect angle-dependent properties of a plane

array .

One feature that has not been inve sti fat-e d is the steer-

ability of the main beam , particulary the difference beam .

The 3dB poin t of 1(x) actually occurs at x - 0.44. not 0.5
as could be achieved with a different normalization .

H-lb
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The results presented in Figure— 11.7 are useful in ap-

praising the overall approcah of monopulse interrogation . Con-

siderable A-beam gain is required to narrow the response region

to a small fraction of a beamwidth. A certain amount of gain

requirement is tolerable at no penalty in forward sum beam EIRP

because of the sum beam dir ec t iv i ty .  The maximum gain to be

expected from the apertures under consideration is about 9dB .

Thus any P2/P1 requirement less than 9dB still permits as much

forward EIRP in the sum beam (P1 and P3) as would be obtained

5 
with an omni antenna . Greater ratios require a decrease in

EIRP .

In view of this , the half-beamwidth sector appe rs

to be the smallest practical beam splitting on interrogation .

To achieve a quarter beam sector requires another 5dB , for

example , which cuts the interrogation range down by 567g.
- 

I Since even a modest amount of beam splitting requires a large

power differential , alternative means of response region nar-

rowing have been investigated .

H-I’
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11.4 Alternative s to Monopulse interroga t ion

11.4.1 Beam with Shallower Null

One reason that the monopulse interrogation requires

a large P 2 !?1 ra t io  is the infinite null in the A-beam at bore-

eight . A possible substitute for the A-beam is a beam which

is low at boresight and rises on e i the r  side . Again , P2,?1

ratio control is used to restrict the rep ly region , but the

objective is to form a beam which will cut replies off at a

given angle using less power than the .\-beam requires.

¼’

Figure 11—9 illustrates the i n t u i t i v e  bas i s  for fonniT~g

such a beam using an 8-element  a r r ay . The i-lenient s are separated

‘ into the two groups indicated (one group is connected by a soliti

line , the other by a dashed line) - The s o l i d  lint - group L s

phased for coherent reception from an ang le +~~~~ ~~ inns t on

the order of a beaniwidth . The other goup i s  phased  f or

The resulting pattern should resemble t h e  coherent sum of two

beams bores ighted at  +d~~~ . If is chosen properl y, there will

be a shallow null between the two peaks .

Figure t a H—iD and 11— 11 show two p at t e r n s  computed by t h i s

technique. In each case the sum beam is superposed for comparison . In

figure H—il , the  subarry boresight angle is ø o  — 600 ;

11— 19
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in Figure 11—11, it is — 45
0

• ~ n each case the general  pattern

shape conforms qualitatively to the design goal in that there

is a shallow null at the bores ight. In each case shown , how-

ever , the null is still too deep to alleviate the problem . By

boresighting the two subarrays closer to the main array boresight ,

a still shallower null could be obtained , it is felt that the

basic technique will work once an appropr ia te  subarray boresight

is determined , and this topic will be pursued in subsequent s tudy.

11.4.2 P1 and P3 on Separate Sum Beams

For a transponder to acknowledge that an interroga tion
¼’

has been received , it must among other things detect the presence

of both a P1 and P3 pulse at one of the proper mode spacings .

If the P
~ 

and P3 pulses are transmitted on sum beams which are

boresighted in different direc tions , then only in the region

between them will there be sufficient energy on both for the

transponder to declare art i n t e r roga t ion .

Figures H—1 2 and 11—13 shows the idea for sum beam. It is

assumed that the sector cutoff is the point 3dB below the beam

intersection . Since the compariscn here is on absolute levels ,

rather that relative levels (as in the P1 P2 ~-A method), there

is a wide range of variability in signal level relative to trans -

ponder MTL , and thus a corresponding variability in the location

of the responding aircraft. This technique can , however , be used

11-25
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in conj unc t ion  w i t h  a P2 t ransmission of con t ro l l ed  leve l and beam

pattern to introduce a measure of relative level control. This

is illustrated in a later example.

tn order to predic t how the P1 - p
3 technique would

work with a beam having a sharper cutoff , the response sector

is derived for a Gaussian beam as a function of the separa t ion

between the beams . Reference Figure 11-14 for the following dis-

cuss ion -

- - The Gaussian pa t t e rn  as a f u n c t i o n  of ang le in 3dB

beantwidth u n i t s  (x)  is

P(x) 2-2x ¼’

- . Assume the P 1 and P3 beams are displaced by amount ~ s
ymmetrically

around the boresi ght , i . e . ,

P1 (x) = P(x+~))

P3(x) 
= P(x-e)

The in te r sec t ion  is of course at x = 0 , and at tha t  point  the beam
~ampl i tude  is P ( e )  = 2 ‘
~~ , which is l2~~ dB below the peak .

The point at which each beam is N dB down from that is found by

solving

P (X+O ) = 10- O . 0 5 N  P (~~)

for x , which y ie lds

~~~~~=~~~~
X_ 

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

20 L 12
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which can also be written as

= + R -
where R is

R beam_crossing~~to-MTL ratio (in dB)

beam peak-to-beam crossing ratio (in dB)

N

120 2

The sector width , 2x , is plotted vs 0 in Figure 11—15

~~r the case in 
which MTL is 3dB below the beam crossing . The

graph show s , for examp le , that by bores ighting each beam 0.7 BW

on either side of the desired boresight , a ~~
- BW sec tor can be

obtained (20° out of 6 0 ° ) .
¼’

I
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- I APPENDIX I

BCAS Problems Solved via the Directional Antenna

BCAS is an area in which many problems of long

standing have thus far evaded solution. Introduction

of the directive antenna concept into BCAS provides an addition- - -

al degree of freedom which both creates new problems and en-

ables solution of old ones. Three such problems are considered

in this appendix. In each case , the key to the solution is

the directive antenna .

Section 1.1 solves a very old BCAS problem: deter-

minat ion of North reference of an ATCRBS beam without the use

of (i) a North reference pulse kit installed at the site , (ii)

a radar-based transponder (RBX) installed at the site , or (iii)

a multisite solution .

In Section 1.2., a new problem is addressed. One very

impor tant application of the circular phased array is the abil-

ity to de termine angle of arrival of a signal by off-boresight

monopulse processing . In both ac tive and pass ive mode s , the

accuracy of such measurements in the presence of interference

(synchronous garble) is of concern . The combined effects of
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limiting the region within which aircraft reply to less than a

beamwidth (using a special interrogation technique) and mono-

~~ pulse processing on receive are derived in this section .

A problem which arose in the (omnidirectional) active

BCAS experiments is the  occurence of phantom targets  generated

by garbling of altitude rep lies from a i r c r a f t  on the groun d

that have the i r  t ransponders turned on. In a range/al titude

system , phantoms cannot be de tec ted  with any certainty . The

addition of direc tivity allow ing measurement of bear ing and

bearing rate) opens many options for rapid and reliable de-

tection of phantoms . Some of these are exp lored in Sec tion 3.
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1.1 Determination of North Reference of an ATCRBS Site

This appendix considers the problem of having a BCAS

aircraft determine North passage reference of an ATCRBS beam

which is not equipped w ith any spec ial instrumentation for

this purpose (e.g. , North pulse ki ts  or an RBX) . The BCAS

aircraft is equipped with a steerable directional phased

array antenna which can employ monopulse techniques . The

[H directive antenna is used to determine the direction to the

site by measuring angle of arrival of the ATCRBS interroga-
¼’

J tions . Beam passage time at BCAS is measured by centermarking

on the interrogations . Using a compass-derived heading, BCAS

can infer time of North passage of the ATCRB S beam .

The primary analytical cons idera tion here is the

statistical characterization of the monopulse azimuth estimate ;

an assoc iated link budget is included which allows us to corn—

pute the accuracy for an illustrative operational situation .

Other system aspects discussed in this Appendix include a

determination of the accuracy of the ATCRBS beam centermark ,

an examination of a typical BCAS situation which employs

the above information , and the means for treating a specific

singular situation that may occur .

1-3
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Statistical Characterization of Azmiuth  E s t i m a t e

The s ituation we cons ider here assumes the abs ence

of all signals exclusive of the ATCRBS 1030 MHz interrrogation .

Each interrogation consists of two 0.8 its pulses appropriatel y

spaced in t ime with N such pulse pairs available to the BCAS

t~quipped aircr aft per ATCRBS sweep (4 seconds). The quantity

N is typ ically on the order of 16 to 32 and is a func tion of

several system parameters . A specific example is considered

later.

¼’
To proceed we first consider the azimuth estimate

obtained by processing a single sum beam-difference beam mono-

pulse pair. In accordance with [1 .1] the mean of the azimuth
A

e s t i m a t e , 0 , obtained from a single rece ived samp le is given

by:

= O
~~ 

- exp (_A ~
:K~

2)j (1.1)

where Os is the actual azimuth relative to the boresight di-

rection and the argument of exp ( . )  is the negative of the SNR

1-4
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in the sum beam. We see from (I-I) that t!~e estimate is biased
- • in the direction of the antenna boresight. For large SNR

(e.g., > 10 dB), however , the bias is negligible. This , in

t fact, is the case of interest here .

A— The corresponding variance of 0 is also given in

(11. The result is

A 2 l+k 20 2

var (0) (1 2)
2K 2A 2 k2

C s

where

k = (1-3

is the slope of the normalized difference pattern .

Since it is- possible that the accuracy of 1-2 will

not be sufficient , it may be desirable to form an azimuth es-

timate based on multiple independent observations . This would

consist of forming the sample mean
N

0 — — 
~~~, 

ei (1-1)
A i—i

where O~ is the azimuth estimate based on the ith observation .

Under such circumstances and for high SNR the mean of is

unbiased and the variance becomes , 

_ _- -

~ 

-
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var (~~~~) 
— _______  

l+k 205
2 

~~~ P. (1-5)
I 

- 
N 2 2KE

2AS
2 k2 1

i=l

where K
~
2A9

2/o 2 now represents the SNR corresponding to the

peak of the ATCRBS mainlobe beam while the set of tP~
) acco unt

for the SNR variations due to the ATCRBS antenna pattern .

To provide some feel for the accuracy achievable , the

situation considered here is one in which the BCAS aircraf t is

equipped with a directional antenna having a 4 50  3 dB beamwidth .

A link budget for transmissions from the ATCRBS site to the

aircraft is contained in Table I-i

The power budget of Table I - I  assumes the ATCRBS

mainlobe beam to be at its 3dB point relative to the BCAS

aircraft . In reality the ATCRBS beam is sweeping at a rate —

of one 3600 sweep each 4 seconds. This fac t , combined with

a 350-450 ATCRBS interrogation puLse-pair repetition rate ,

implies that numerous pulse pairs at varying ATCRBS beam az i-

muths will be available to the BCAS receiver . Thus , to ac-

count for the varying ATCRBS mainlobe gain , the following

Gaussian antenna pattern is assumed :

1-6
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Table I-i:

LINK BUDGET - ATCRBS-TO-BCAS A/C (100 NMI RANGE)

Transmit ter  Power - 24.8 dBW

ATCRBS Antenna Gain - 19.5 dB

ATCRBS Cable Loss - 2.0 dB

Off Center Beam Loss - -3 .0  dB

Path Loss (100 Miles) - -138.0 dB

BCAS A /C Antenna Gain - 8.0 dB

BCAS A/C Cable Loss - -3.0 dB

Received Power - 93.7 dBW

Received Energy (.8 u s Bit) - l54.7 dBJ

Rece iver Noise Power Density - -197.0 dBJ (7 dB NF)

Signa l Energy-To-Noise
Spectral Density , E/ N0 - 4 2 . 3  dB

BCAS A /C Receiver Implementation Loss - -3.0 dB

Net E/N0 
- 39.3 dB

‘-7 . 5
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P (0)  — e in 2(~ /l .65)? (1- 6)

where the exponent is based on the fact that the 3dB point

occurs at 0 — 
± 

1 . 6 50 .

To proceed , the number of pulse pairs available to

the BCAS aircraft must now be determined. By virtue of the

ATCRBS sidelobe suppression (SLS) capability, the BCAS air-

craft should receive pulse pairs for ATCRBS mainlobe gain

values that are as much as 9dB below that of the centermark .*

For simplicity , the conservative situation considered here is 
¼

one aircraf t receiving ATCRBS pulse pairs between the -5 dB

points on the beam . If ar, ATCRBS PRF of 360 interrogations!

second (nearly the minimum PRF used) , is further assume d in

conjunction with the 4 second sweep period , the conclusion

arrived at is that pulse pairs are 0.25° apart and that approx-

imately 16 pulse pa irs w ill be ava i lable to the BCAS aircraf t

in the ATCRBS 5 dB beam~.zidth . Employment of the beam pattern

of (1-6), in conjunction with the availability of 15 outs. oairs** ,
the following table of P(i~ ) — values is obtained:

*/ Considerations relative to centermark determination are
Freated later in this Appendix.

~~/l5 pulse pairs are used here to maintain symmetry about thecentermark -

1- S
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~~ 
(degrees) P~ (dB) O~ (degrees) P~ *dB)

0 0 ± 1  - 1.1

± 
1/4 -~~1 ± 

5/4 — 1 . 7

± 
1/2 — .3  + 3/ 2  — 2 5

± 
3/4 - .6 ± 

7/ 4  - 3 . 4

To obtain the final answer v i a  I-S the value of the

normalized slope parameter k must be a s L t r t a i n e d  from appro-

priate antenna patterns . Emp loyment of the patterns ~~ Ar pt~n d i~

H yie lds

k .01 (1-7)

Finally, use of (1-5) and the fact that N - 30 (15 pulse pair’~

leads to the standard deviation of being g iv c n  u~v

~ (~~
) .10 

(1- 81

Our conclusion for this illustrativc situat ion thcrcf~’~r~ i s

that the azimuth of the ATCRBS site may ht- det~~rmined to a

one standard deviation accuracy of approxima toly 0.1° !

*/ Since the SNR here is very high , 0 is L- h’ar~.y unb i a s e d .

‘-9
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I.-l.2 ATCRBS Centermark and North Passage Time Determination

Conversion of s ite az imuth to Nor th ref erence involve s

a BCAS a i r c r a f t  determinat ion of the ATCRBS centerinark . This is

required in order to determine the time at which the center

of the ATCRBS beam passes through some desired direction (e.g.,

nor th ) . Such information is necessary if a BCAS aircraf t is

to take advantage of the ATCRBS site in locating a target

(following subsection) .

The BCAS aircraft can centermark the ATCRBS beam

using the sl iding window detec tor algor ithm employed by the

ATCRBS reply processor . In fac t , the situation is much

simp ler here because the interrogation round reliability is
-5 5•_..

much higher that the rep ly round relieability . Centermark is

the average of the leading and trailing mainbeam interrogation

arrival times. Due to the ATCRBS SLS capability and the high

SNRs that are dealt with , all pulse pairs assumed arriving

above the SLS threshold are assumed to be detected by the BCAS

aircraft . Now , due to the ATCRBS pulse-pair repitition rate

(e.g., 350-450 per second), each pulse pair will be separa ted

by a fraction of a degree . For examp le , in the above s ituat ion ,

this separa tion was shown to be 1/40 . Beca use this “phase

quantiza tion” , and the fac t that the pulse pairs and beam sweep

rate are not synchronized , it is assumed that the centermark un-

cer tainty can be modelled as a uniformly dis tributed random

variable , O~~. in the range (-1/4° , +1/4°) . The corresponding

1-10
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standard deviation then becomes*

1°
C (1-.)

In comput ing the time at wh ich the ATCRBS beam passes North ,

both centermark and azimuth information must be employed. Thus ,

combining (1-8) and (1-9) we cnnclude that the to rms angu1~r
error , o(a) is

a(a) = )/(.
l)2 + (.15)2 .18° (1-10) ¼’

The corresponding rins time uncertainty , 0(t), in ATCRBS North

passage is then based on the sweep rate - i.e., 360° in 4

seconds . We thus obtain

0( t)  2 ms (1-11)

Thus , with one standard deviation accuracy we can determine

ATCRBS North passage time to within ±2 ms.

*1 Since SLS is not perfect a pulse pair at the beginning or
end may either be added or dropped , thus biasing the centermark
determination. For the present s i tuat ion the bias would be
1/80

1—1 1
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1.1.3 Application of Azimuth and Centermark Determination

The situation of interest is described in Figure 1-1.

Target CT)

ATCRBS 
~~~~~~~~~~~~~~~~~~~~~~~~ 

—

R3 BCAS A/ C (B)

Fi gure I- i :  Single Site Measurement Geonetry

¼’

Once the BCAS aircraft (B) has determined the ATCRBS

beam centermark and the relative azimuth of the site , B will
p

also know the times at which the centermark passes through any

relative direction. The word “relative” is employed here since

B’s computations are based on its heading information which

may be somewhat in error. In addition to heading error , fur ther

errors would be due to those described in the previou s two

subsections .

I
The SCAS determination of the Target ’ s relat ive

~t t r ion consists of three elements . First , B listens to T’s

- - - r~~~ t o  an ATC RBS interrogation and uses its knowledge

I - i ?  

S

-. —
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of ATCRBS interrogation times (which are separated by approx-

imately 2.5 ms), together with the fact that T is within 20

miles , to determine ~R—R 1+R2-R 3. Next , the angle 0TA is

measured by determining the time difference between center-

mark incidences at T and B. Finally, the distance R2 is corn-

puted via active BCAS interrogation . These three pieces of

information uniquely define the triangle of Figure I-i , whici~

then allows B to determine the relative position of T.

¼’

1,1. 4 ~~~~~~ Heading Error

It is clear that B’s determination of T’s position

is affected by the errors of the previous two subsections .

On the other hand , the impace of B’s uncertainty of i t s  own

heading has not been considered thus far. If the above development

Is examined , the conclusion reached is that only the 0TA and .\R

computations depend on head ing information . In other words ,

the time at which the ATCRBS centermark passes through a pre- -

scribed direction (e.g., ~orth) is based on the accuracy of

B’s North determination . It is observed , however , tha t B’s

heading never enters in an absolute w a y ; instead , both \R and 0TA
are determined via time difference measurements. Thus , any error

1- 
~~.j
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in B ’s heading will cancel. The conclusion reached then is

tha t any b ias* in B ’s heading informat ion does not impact

measurement of T’s position.

1.1.5 Imp~act of North Reference Measurement on
BCAS Function

In the BCAS mode to which the present discuss ion is

per tinen t , the only site visible to BCAS is the ATCRBS site

in question . Thus BCAS , although DABS-equipped , must reply to

ATCRBS . There is the possibility that in the process of re-

plying , some target  rep lies mi ght  be missed , since obth are

at the standard ATCRBS reply frequency , 1090 MHz .

As is discussed in the concep t descr iption , the

replies which would be missed would be those having less than

203 ps (the reply durat ion) differential time of arr ival .

These are in-beam replies from aircraf t which lie between BCAS

and the site. But this case of collnearty is exac tly the

singularity of the single-site solution , and it is solved in

this case just as in the others , by active interrogation . Ac-

tive interrogation , timed to occur when the main beam is away

from the targets in the singu1ar~ ty, provides full track on

those targets , and hence there is no loss in the failure to

passively detect their ATCRBS replies .

*7 This bias may be time varying due to magnetic North deviations .
The impact of magnetic deviations is not included in the present
cons ideration , but an overview of this general problem is
presented in Appendix C.

1-14
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1.2. Monopulse Bearing Estimation Accuracy in Garble

The effects of interference on the accuracy of off-

- . boresight monopulse have been studied in various radar con-

texts. The work of greatest relevance here was performed in

the DABS program at M .I.T. Lincoln Laboratory . In a ser ies

of memoranda , (References I— i and 1-2) have found the

effects of both ATCRBS interference and DABS m u l t i p a t h  on DABS

azimuth estimation . Their results are useful as starting

points for solving the corresponding problem in BCAS .

1.2 .1 ~4~ g~ e Garble  Resu 1t~ ¼’

The muiripath results appear to he most applicable

here in that they correspond to an interference wh i ch (i) ar-

rives simultaneously with the desired signal , and (ii) is per-

fe ctl y correlated with it. Any other type of interference

having the same power and direction of arriva l as the multipath

return will be less correlated and should have a s m a l l e r  effect.

Thus the use of mu l t i p a t h  r e s u l t s  is c o ns e r v a t i v e  in t ha t  i t

seems to overbound the error.

Approaches of va ry ing  c o m p l e x i t y  have been taken in

analyzing this problem. One t h a t  appears to he satisfactory

for  the present  problem in t h i s .  A monopulse angle est imate

is made on a target return in the standard way , by estimating

the signal content in a sum (E) and difference (A) beam and

invert ing the monopulse ~(B)/E (~ ) curve . It  i s  assume d here

1 15
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that the target and any garbling aircraft are located close

enough to boresight that the ~ beam is approximately linear.

This assumotion is quite reasonable here since the replies

to be measured were elicited by some active technique that

restricts the reply region to be a fraction (e g.; < 
~~

- )  of

a beamwidth.

The following definitions are used:

target signal bearing

= garble signal bearing

— RF phase difference between target reply and garble

= garble amplitude/target amplitude ¼’

The effective strength of the garble signal is

= (1-12)
~~ 0 )S

i.e., there is some sum beam attenuation when the target is

near boresight 1and the garble near the edge . When the garble

is closer in than the target , there is magnification . And

— in any case , the value of ~ 
should further be attenuated by

a correlation factor , as described earlier

In terms of these quantities , the monopulse angle

est imate can be shown to be [I-li
e + (0 + 0 ) p cos ~ + p 2 0s I I 

(1-13)
I + 2p cos 4 + p

2
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Equivalently, the error is

c = 0 - O~ = p(0 1 - 0~~) 

[1 

co: 
+ ~~21 

(1-14)

- - which can be written

e = K(p,~~)(01 — O~ ) (I~ 15)

It is instructive to look at various values of the coeff ic ient

K(p,4) vs 4’

K( p , 0) = (I-16) a

K’ ~~
- - ___— 1+~~~

K(p, ir) = ~2~_ (worst case) c

For values of p near 1, the wors t case peak error can be quite

large . However , (l6c) is not a very good indicator of perfor-
mance , s ince (i) the error peak is very narrow in phase , and

therefore quite unlikely and (ii), the large errors assoc iated

with wors t case phase can be truncated cons iderably because

they will indicate angle es timates which lie outside the known

reply region . Figure 1-2 , taken from (Reference I-1),shows the

behavior described above .

More meaningful measures for the case of garble per-

formance are the bias and rins errors averaged over both phase

and angular locations , 0~ and 01. The averages over phase

are evaluated in detail in Section 2.3 of this Appendix . What

is shown there is that the phase bias is zero unless the garble

exceeds the target strength , in which case the bias is

01 - O~ (i.e., the expected value of the estimate is the

azimuth of the interference).

1-17
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In summary

E~~(0)  =

~~ :~~~ 

(1-17)

or

0 P<l

E c) (1 18)
0 I 0 s - p>l

The er ror  variance over phase is also evaluated in Section 2.3.

When p <1 , the case of primary interest , we f ind

2 
(~~

) = (0 —D ) 2  (1-19)
4’ 2 ( l -p 2 )  I s 

- -

Both the target and interferer can be located anywhere

within the response region. Assume that the target and

interferer azimuths are independent random variables uniformly

distributed over 
~~°m ’ 8), 

where is the maximum off-bore-

sight reply angle; then (see Section 2.3)

0~ 
[(01 — 0~~)2] = ~ 0~ (1-20)

which makes the overall rms error equal

cp~~ 1 ~~~~ 
= 

•j ~f-5p 2 .v_:j_ (1-21)

1.2.2 MuItip~~~ Garble Res ults

Le t C~ represent the number of ac tive garbles which

would result from an omnidirectional active interrogation .

Assuming uniform angular distribution of garble , the number of

garbles within the beamwidth (3W) is

I BW
GBW = G0 j— (1r22)

3600

5 -
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If the reply region is restricted to a fraction a of the 3W ,

then is further reduced proportionately :

G = aC (1-23)
aBW BW

— We assume that each interferer contributes equally to the mean

squared error , i.e., that the total rms error is propor tional

to the square root of the number of garbles.

The maximum reply sector is bounded by 
± 

0m = 
± 

a/ 2 ,

which allows us to combine all the above into one error formula

Since we have been dealing with error in BW units , the expres-

sion must be multiplied by BW° to get error in degrees

a (e )  = 
p 1 (aB~ °)

deg ~~ 1 - p 2 2

= 104° 
(~~

l ~~2)
%1’

~~~~ 
(czBWo

) 

~ / 2  ( 1 - 2 4 )

Note that the error increases as sector width to the 3 /2 power.

This is because the error per garble increases linearly with

sector width , while the effect of the number of garble errors

goes up with the square root of the sector width .

Angular dependence on p has been left out of the

calculation , since it is slight (especially for a sector which

is narrow compared to the BW) and in any event the absolute

levels are difficult to predict because of power level varia-

tions due to the transponders , range , and signal-garble cor-

relation. For an average level of p = 3 dB , the signal

1-19
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strength term in (24) is unity . Thus we shall use the result

S

a (c ) 
deg 

= 
V~~ (~:) 2 

(1-25)

Figure 1-3 shows a plot of error versus sector size for a very

dense environment (LA 1985) in which it is assumed that as many

as 80 garbles may be present omnidirectionally.

No editing of anomalously large es timates has been

included in the derivation of the above error formula. The - -

need for this in heavy garble environments is evident from the

figure . Note that for sector widths greater than 13.5° , the ¼’

rms error exceeds half the sec tor width , which is unnecessa ri ly

large . Even an “ignorant” es timator that assumes each reply

to be located on boresight would make a smaller rrns error.

In general , there is a relationship between the

garble level and sector size which will tell whether estimates

can be ascer tained to any finer resolution level than the

sector width . Equation (I-25)- is used to find that relationship

by calculating the maximum sec tor width for wh ich the rms error

equals half the width . Letting 8~ represen t the sec tor w idth , solve

104 vc (
~

) 
~~/2 

(1-26)

for o~ and get

1078
0
5 

C 
(1-27)

1-20
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Thus for example , according to (1-27) , targets cannot be resolved
- 

- 
within a 20° sector if the omni garble count exceeds 54.

If sector limiting were incorporated into the rms

error calculation , a smaller rms error would be calculated , and

therefore a larger usable sector size would result.

11.2.3 Details of Monopulse Accuracy in Garble Analysis

A foruula for the accuracy of n....nopulse azimuth es-

timation in the presence of garble was presented in Section

- . 2.1 based on the work of McAulay and McCarty (Reference 1-1 and~ I-2~

= 
~

0
I 

- 
~ 

p (cos 4’ + p) (1-28)
~ 1 + 2p cos 4) + p 2

where

c error (BW)
01 = az imuth of interferer

= azimuth of targe t

• = RF phase difference between target and interferer
signals

p = interferer amplitude/target amplitude

When dealing with a large number of garbles , it is of interest

to know some of the statistics of ~ with respect to phase.

Those statistics are derived in this Appendix.
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The phase averages are s implified by the observation

that

p(cos + ~~ = Re [f(Z)] (1-29)
1 + 2p cos 4) + p 2

where

f(Z) Z (1-30)
l + Z

Z = pe~ 
(1 31)

To carry out the averages , the differential mapping between

the complex variable Z and the real variables p and 4’ is needed:

dZ = e~ dp + i pe~
4’ d4) (1-32) ¼’

Phase is treated as a uniformly distributed random variable , in

which case the integral of interes t for evaluating bias is

b(p) = 
1 p (cos 4’ + p) (1-33)

2r l + 2 p  cos 4 ’ + p’

When transformed to complex variables , the variation is over

• alone and not p ; for this special case , then , the differen-

tial is

dZ = jpe~ d4’ 
(1-34)

or

dZ
jz -

since dp 0. Then

b( p ) = Re 

{

~~~~~L 

~~ 

dZ 
Z~ 

(1-36)
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By the residue theorem of complex variable theory , the con tour

integral equals 0 or 1 , depending on whether or not the pole

lies inside the Contour of integration . Since the pole is at

— Z -1 , the resul t is
0 : p < l

b(p) = 
1 : p > i  

( I - 3 7)

and consequen tly the bias is
0 : p<l

E
4)

(c) = 
0 1 

— o : p > l  
(1-38)

The mean squared value is evaluated similarly.

What is needed is a function whose real par t is C
2
: the fun ction

g(Z)  f ( Z )  ÷ f*(Z) 2 

(1-39)

is adequa te for this purpos e because it is equal to the square

of the re al part of f(Z). Then

= Re dZ g(Z) (0 - e~ ) 2  (1-40)
21TJ Iz l =~ 

Z

Expanding the square in (1-59) yields

g ( Z )  = 
~~ 

+ 2f(Z)f*(Z) + f2(Z)*1 (1-41)

Integrati-
~
’ (1-40) termwise , we see that the f2 contribu tion is

L~~~~~~dZ z

2lTj 4(Z+l)2 (1-42)

which is zero for p<i because there are no poles inside the

contour . The same is true of the (f*)2 term . Thus for p<l ,

the ff* term contributes the entire mean squared error . The

1-23
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integration is easily accomplished using the partial fraction

expansion of ff*~

I 2
f(Z)f*(Z)

(l+Z)(l+Z*)

= + ___  

(1-43)

2(l-1Z12) l+Z l+Z~

Since the integration is over fZ (=c , the error integral may be

written as

E (c 2) = ~~ J dZ f(Z)f(Z)* ( - e )
2

2irj 2Z S

= ______  _±.. f 
~~~~~ + i_ z* J 

~~~ 
- 0 ) 2

4(l-p 2) 2itj Z l+Z l+Z*j 
S

2
= 

2 (l—p 2) ~
0
~~ 

— 0~~ )2 : ~<l (1-44)

When p > l , the evaluation of the integrals is somewhat

different. All the terms in (f+f*)2 contribute . The f2 term

is found from the Residue Theorem :

i f z — ~ — 1
— dZ 

4(Z+l)2 
- 

~~~~~~~~ 

~~

This is also the f*2 con tribution . For ff*, the integral is

~~ J dZ = 
l-Z + 

~ 46
2iij t z — 

Z(l+Z) l+Z Z 
-

—

~~ z=o z=-l

= -l

Thus

E~ (c
2) = - 

2~~~~ p 2 ) 1  ~°1 
- o~~) 2  

(1-47)

2p 2 1  
(0 — 

~~

2(p 2 —l) ~
1-24
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Since the bias is 01 
- O~~, the variance of c

2 is

a E
~
(c 2) - E~ (c)

a 
1 

_________ 

(1-48)

2(p2 -l) 2(l-p )

This last expression shows the symmetry in the azimuth measure-

ment process. When the interference is the larger signal , the

target amplitude is c (<1) relative to the interference , and

the variance about the interferer location is the same as in

the p<l case, with p replaced by p .

H
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1 . 3. l t ~~~t ton of  Ph an ton t l’ u~~e t s

I • 3. 1 t n t r o d t L c  t i  on

Ofle’ ot : t he p io h l e ’n i s t h a t  t a c t ’ s t he’ BCAS svs t ern  i s  the

~~‘cur  r I ~ce ’ ~ I so t~a l i e d  ‘‘Phantom ’’ t a rge t s  . For examp I c

it  is  p o s s i b l e  for  seve ra l  a i r p lanes  on the ground to produce

:1 put’ious si gna l  at  he I~CAS a t i c  t , t  ( t  t h at  is I n t e r p r e t e d  as

- i p o t e n t i a l  t h r eat  at  a non— ~~et - o a I t  i t uck ’ . A d i s t  I n gu i sh i n g

I cat  ure of t he ’ Se ’ phan tom t ar g e t  s i t hat .  t hey  have a vel oc ity

that i s  t o o  s ma l l  t o t  a l iv i ng  a i r c r a f t  The ob ject  ly e  of t h i s

~:ec t i on  t o ~t e te rn i ine  he’ it ’as f b i  1 1 tv  of m e a s u rIn g  the  vel —

oc I t  V o a t a rgt’ t and i n t e r p r e t i n g  th e’ t a rge t  as a ph an t o m  I f

I ~. ~e b e ’  i t  y is he’ Low a c ’  r t a  In  t h reshol  d . :-he ’ has I~’ I uaccur —

• 
~~~~ 

j~~~ i i i  s u c h  a d c t e ’r m i n a t  ion w i l l  be’ anal yzed , and the thres-

h o l d  f o i  h i s  dcc i s  ion w i l t  be ca Icu l  a t  ~‘d

It  i s  import  an t  o s t a t e  t h a t  t h e  purpose here is t o

11 u st  r a t e  two p o ss ib l e  p r o c ed u r e s , one ot  which  is based on

s t  at  I s t  ic:d dec i st on  t he” orv  f o r  dci e’ct in g phantom t arg t ’t s  As

shown he ’ low . t h I p r o c ed u r e  co n s i st s  of u s i n g  re I a t  i V t ’  ci  os lug

sp eed dat a in coti l unct  Ion w i t h  a s in g le  shot  c’s t i rnat  t’ o t the

a l g e t  v e l o c i t y  and a z i m u t h .  Since’  mea surement  of re ’ 1st 1 ye

c l o s i n g  speed requires observ ation over some per iod of t ime , i t

I s  c l e a r  tha t  mor e than a s i n g l e  shot  estimate of target velo-

city and azimuth is a l ready  a v a i l a b l e  for  use.  Acco rd ing ly ,

it should  be emphasized tha t the following anal y sis intends

on ly  t o  in t r o d u c e ’ a sped ftc t e c h n i q u e  w h i c h  Is amenable  to

1-2 IS
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refinement . An examp le of a p h a n t o m  t arget d e t e c t i o n  proce-

dure which employs an estimate of the targe t airspeed based

on tracked range , range rate , bearing , and hearing rate is con-

sidered second.

~ 3 2 
Analysis (Decision Theory Applied t o S in gi~ Ve loc i ty. . component)

The geometr y to be s t u d i e d  is i l l u s t r a t e d  in F i g u r e

1-4. The BCAS aircraft is assumed t o  have a v e l o c i t y  V0 and the

target aircraft a velocit y VT. The’ BCAS system measures a

range R to the target , a bearing angle’ a~~, measured f rom the

direction of flight to the range Vector R , i a  the p lane of the

BCAS air craf t , and a range’ rate ~~. , w h i c h  i s  t h e  c l o s i n g  speed

between the BCAS aircraft and the target. The range rate is

the difference between the p ro ject i ons  of t h e  two v e l o c i t i e s

V0 and VT along the range vector R. The o p e r a t  ion of pro i c c i  ion

utilizes the three dimensional angles a and t~ as d e f i n e d  in

Figure 1—4 . Usin g  t h e  geomt ’ t rv  in  F i gure’ 1 — 4 , t he r an g e  r i t e  R is

a — k~I cos t~ - IYT I LOS 
~

The angle t~ is derived from the measured parameters

h — altitude of the BCAS a i r c r a f t
0

hT — apparent altitude of the ta rge t
— bearing angle to the target

to he

— [  cos i (1-SO)
½

1 -2 7
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Inserting this expression into (1-49) foT the angle B, the com-

ponent of the closing speed of the target along the range

vector becomes

cos a

(YT I LO S a N~I 2 ½ 

- R ( I - S i)

~~1+ (h o;
h
T) J

This allows the BCAS aircraft to determine whether or not the

target is actuall y moving towards it. All of the quantities

that appear in equation (I-Si) are measured by instrumentation

on the BCAS aircraft. The range R , the range rate ~~~~, the ap-

parent altitude of the phantom hT, and the bearing angle a~
are measured by the BCAS system itself . The quantities h0
(the altitude of the BCAS aircraft) and V0 (the magnitude

of the velocity of the BCAS aircraft , which is its ground

speed when it is flying parallel to the earth) are assumed to

be avai].able from additional instrumentation on the BCAS air-

craft .

The threshold value for the decision as to whether

or not the tareet is a phantom is based on the following de-

cision rule : Given that measurements of the necessary para-
A

meters are used to provide an estimate V of the target closing

speed using equation (1-51) , the probability of a zero closing

speed given the estimate is compared to the probability of a

non-zero closing speed given the estimate , and a threshold for

the decision is set to minimize the probability of error . If

1-28
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A A
these probabilities are denoted P(zerolV) and P(moving~V),

respective ly, the decision rule is

A
P (zerolV) ( 1•52)max
P(moving~V)

Using Baye ’s rule , these probabilities are

A A
P(zerolV) — P(Vlzero)P(zero)

A A
P(Vjzero)P(zero)+P(Vjmoving)P(movjng)

A
and similarly for P(mov ing (V) . (1-53)

The quantities P(zero) and P(moving) are the probab -

ilities that a given target is a phantom or a moving target , and

are not known a p r i or i .  It is reasonable to assume that the pro-

bability of a target being a phantom is high in the vicinity of

an airport , or that the probability that a targe t is mov ing is

high away from an airport , but is is not possible to quantify

these probabilities any further. For the purposes of this calcula-

tion , it is assumed equally likely that a given target is a

phantom or moving , so P(zero) = P(moving) — . Equation (I-Si)

for the closing speed of the target is used to calculate the
A A

two probabilities P(V j zero) and P(V~tnoving). This expression

gives a relation between the estimate of the target closing
A ft A A

speed V and the estimates of the other parameters k , 
~~~~

, a
~ 

and

As a worst case analyses , the BCAS aircraft altitude

and the apparent altitude of the target are assumed to be equal.
A

With this assumption , the function that yields the estimate V is

1-30 
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A f t  A
V — cos a

~ 
- R ( 1- 5 4 )

• A
This estimate V is equal to the actual value of the closing

speed plus some error.

A
V - VACTUAL + 

( 1- 5 5 )

where the error c is approximately given by the Taylor expan-

sion of (54)

— 
_____ S + t + ~V c’ (1-56)

~~~~~ 
~z

and 
~~~ 

and , and are random variables that are the

measurement inaccuracies on the parameters ~~~~ a~ , and R.

They are taken to be uniformly distributed , and are illustrated

in Figure 1-5. Using (1-54) to evaluate the partial deriv~itives

in (56), the error c is

c — cos a
Z 

)

_ 

~~~ 
sin azsa - 

(1 5 7)

The probability density function for the error c is obtained

by convolving the densities for c , c and Three
~~~

sample calculations will be presented to illustrate the Baye ’s

Rule detection procedure . In all cases , the following para-

meters values will be used (see Figure 1-5).

V0 — the maximum error in the BCAS aircraft speed
error — 10 knots

a2 — the maximum error in bearing angle — 6 degrees

• the maximum error in the range rate — 10 knots

1-31
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0

Figure 1-5

P r o h a h i l  i t v  d ens i ty  Functions for the random variables u

c . and
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Also , we arbitrarily assume that if a ta rget has a c los ing ve l-

oci ty of 50 knots or more , it is deemed a moving or real target ,

V and if it has a closing ve loc i ty  less than 50 knots , it is

a phantom target. Given the preceding data , the t h r e s h o l d  value

for such a decision using Baye s rule in (1-52) will be calcul-

ated.

Case 1 Bearing Angle a 2 — 0

In this case , the error c is

£ 

~~~~~~~ 

~~ (1-58)

The interpretation of this result is that when the target

appears to be directly in front of the BCAS aircraft , small

errors on the bearing angle are unimportant . The probability

density function for c in this case is illustrated in Figure 1-6 .

Using this density function to compute the densities P(~ I zero)
ft A

and P (V ~moving) , the aposteriori probabil i t ies  P ( z e r o l V )  and
A

P(moving~V) for this case can be calculated , and are illus-

trated in Figure 1-6. In this case a decision is easil y reached ,

as all of the estimates indicate either a moving target or a

phantom . The threshold is arbitrary in the region 20 knots

< V < 30 knots.

1- 3 3
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Figure 1-6: Probability density function for the error c

when the bearing ang le is zer o .
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Figure 1-7 : The aposteriori prob ibilities for the Baye ’s

decision in (I-S2) , for bearing angle - 0.
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Case 2 Bearing angle a2 = ! (Target aircraft ia broadside
2 to the BCAS aircraft)

In this case , the error c is

- 1Yo 1 5a
~ 

- (1-59)

and the density function P(c) is given in Figure 1-8. The
A A

aposteriori probabilities P(zerolV) and P(moving~V) for this

case are given in Figure 1-9. Here , the Baye ’s decision rule in-

dicates that the minimum probability of error is achieved when

the threshold is set at 25 knots .

Case 3 Bearing angle a2 = ~ (Target aircraft is at 450 to
~ the BCAS aircraft)

In this last case , the error c is

1 1 ~= 

~~~ 7~~ 
l~

1O I~~ 
- 

(1 60)

—0 
Z

The primary difference between the probability density of Fig-

ure 1-8 and the one pertaining to (60) is the slightly increased

smoothness of the latter . This further implies that the cor-

responding aposteriori probabilities have slightly different

shapes. Analysis , however , once again shows the threshold value

of velocity to be 25 knots.
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!tre 1— 9: The aposteriori prohabilit ies for  t t t t ’ maximum

l ikelihood deListon In (‘2) for a bearing ang le
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1.3 . 3 Estimation of Target Airspeed

As in the previous section , the analysis will be done

in two dimensions , assuming the worst case situation , ECAS and

targe t at equal al titude .

Referring back to Figure 1-4 , we see that target vel-

ocity components other than the one along the range vector can

be solved for given the data in the active tracker (r, ~~, B ,

and ~~) .  The BCAS veloci ty vec tor and the range vec tor R

are related to the bearing B as follows

R — 1Y 8 1r cos B ( 1- 6 1 )

where

r — (1 62)

Assuming V~ to be a constant , we can dif fe ren tiate bo th sides

of (61) to get

R — ~~I ( r  cos ~ - r8 sin ~) (1-63)
0
R is of course the difference in the target and BCAS velocities ,

— 

~T 
- !B 

( 1- 6 4 )

By substituting the above in (1 63) we can solve for VTB, the

target velocity component along the BCAS velocity vector :

VTB 1T 
(I~:I)

• V + r cos B - rB sin B
(1-65)
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wher e
A

V~ — IY~I (T-6~a)

This result complements t h e  one d er i v e d  in  ~~~~ ioi~

1 . 2 for  the component along the range v e c t or ,  in t e r m s  of our

n o t a t i o n , tha t component is id e n t i  f l e d  as

VTR 
= r + V~

Know ing VTR and VTR, the speed of  the targe t can be

t’S t imated. Since we a re  work ing  in an ohi ique co o r d in a t e  sys —

em ( t  he components  measured are along vect o r s  s e p a r a t e d  by

ang le’ ~) , t h e  t a rge t  ye l oc ity  vector  is  found by L a k i  ti~~ a I i n —

ea r comb i u~t t ion of the  basis set which is h tort hogona I t o

and K . Those vec tors  have magnitude csc t~ and t ’p.~ r . t t  Ion n —

i t  t . a l l o w s  t h a t

I I 
2 

— ~~~~~~~~~~~~~ [v T~ 
- 2V TB V TR et a : ;  I VTR]

0 a a

VB + 2V Br cos ~ + r~ -+ rt~~r~ — .‘V ~~~ sin ~)

(1 -68)

A thre shold test can be made directl y on (68) t o  tIe’-

te c t presence’ of phantoms ; suf Etc t en t  ly  low a i r speed  (e ’ .

50 k n o t s )  im p l i e s  t h a t  the  t a rge t  is  a p h a n t o m .

1-40
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1.3.4 Conclusions:

As a result of the calculations in Section 1.3.2 , it is

tempting to conclude that the major factor that affects the value

of the threshold for the decision as to whether a target is a

phantom or not is the apriori probability that the target is a

phantom.

Once a threshold value has been calculated , it seems

to be relatively independent of the other parameters in this 
- 

-

problem, such as the tolerances on measurement of the BCAS

aircraft velocity or the bearing angle a2. So, in an environ-

ment where the probability that a target is a phantom is high

the threshold for deciding the identity of a target is also

high, and conversely in an environment where the probability

that a target is ‘actually moving is high .

The result of this decision is that the target is or is

- 
- not moving towards the BCAS aircraft . A further decision

must also be made , in that it is possible that the target is

moving parallel to the BCAS aircraft . Formulas for that deter-

mination are given in Section 3.3. One has then a choice of

developing algorithms which use the two velocity components in-

dependently or making a simpler test based on estimated airspeed.
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APPENDIX J

Reply Processor Supplementary Detail

Section 4.2,4 outlines the overall structure of the

BCAS reply processor in general and does not develop much

detail. In this appendix we present the details of reply

processor/trackers for two BCAS modes :

(i)  Ac tive Mode

(ii) Semi-Active ATCRBS/RBX Mode

Active Mode-ATCRBS Target

An active mode BCAS which can form range/altitude

tracks has been designed and tested. The reply processor /

trackers for this system has been documented by Referenre ~~~~~~~~~

and much of the following is an extension of Clark ’s work

J-l
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which accomodates the c a p a b i l i t y  of t a rge t  heaz ’thg mea surement

v ia  the s t ee r ab le  c i r c u lar  phased ar ray .

$ Act ive  mode t a r g e t s  ar t ’ acqui red  by p r o c e s s i n g  t arge t

reports out of the returns from a succession of active inter-

rogations . Ideally , an active mode target report consists of

range , altitude , and bearing . In the tracking logic set forth

here , bearing estimates are given various confidence level s

which affect their impact on track initiation , extension , and

termination . ~4t t h i n  this scheme , target reports which have

no bearing estimate are permitted , and target tracks based on
1’

such est  imate s  may he ‘‘coast  ed’’ in hearing for short time

periods . The rules eat ex t e n s i o n  and t e r m i n a t i o n  w i l l  d e f i n e  —

t h e ’ r e l evan t  c i r c u m s t ances explicitly .

3 . 1 . 1 Track Initiation

Track i n i t i a t i o n  requi res  a succession of target

reports. Thus we must first define a target report and how

its constituents are determined,

Target Reports

In response to  an act ive in ter rogat ion , the ~CAS

receiver seeks to i d e n t i f y ta rget  repl ies  by de tec t ion  of

bracket pairs , i.e., F1 F1 pulse pairs separated in arriva l



time by 20.3 i~s. When a pulse arrival is detected itt the sum

beam , the difference beam is formed and an angle of arrival

estimate is made on the pulse. The arrival time is measured

and stored and used to ensure that the pulse slot occurring

20.3 ~is later is examined for a possible pulse. If a pulse

is found in the F1 slot , its angle of arrival is also measured

and the appropriate intervening locations are examined for

pulse content so that an altitude or ID code can be read.

Angle estimates are not made on the code slot pulses .

In addition , an interference detection statistic

is formed from the complex sum and difference beam outputs

(Z and ~) on each of the bracket pairs as follows :

I - I z+j~~I - I~ -i~ I

This statistic has been discussed in Reference J-i , and is es-

sentially a measure of the relative phase distortion that oc-

curs between E and ~ when interference is present . The inter-

ference statistic is compared to a threshold , and if the thres-

hold is exceeded , a garble flag is set for that bearing estimate .*

The interference statistic is used conservatively in the
reply processor because it can be shown that whereas a large
value of I definitely indicates presence of interference , a
small value does not as definitively indicate absence . Certain
phase relationships can occur which cause failure to detect
even large garbles .

3 - 3
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For each pulse pair found at the F1 F., spacing ,

the ingredients listed above arc formed into a target report

is follow s. A range (r) is computed based on the pulse pair

ar r i v a l  t ime r e lat i v e  to the t ime  of interrogation . For the

hearitag ’~ computation , there a re’ available both an F
1 and

ant i  F , b e a r i n g  e s tim at e  and a ga rb le  f l a g  for  each .  By the

pi ~~e ’ e’dure shown in Figure 3-1 , a single bearing and a 4-leve l

c on f i d e n c e  f a c t o r  are e x t r a c t e d  from the d a t a .  The procedure

b a s i c a l l y  i n v o l v e s  comparing the F 1 and F1 hear ings, checking

that they are within coverage , and deciding in favor of the

‘ cieam’r ” hearing in cases of d i sagreement .

The bear ing computation has three possible  outcomes.

‘I’lw norma l outcome is the ca lcu la t ion  of a Level I or Leve l 2

iao ar iii- ,’, . In some cases ( e . g . ,  both garble flags are set , the

b e ar i n g s  are unequa l but both within coverage), the bracket

pair is retained but it is impossible to assign a meaningful

hear ing and a null code is entered into the bearing field of

the t a rge t  report . The third possibility (e.g., neither flag

is set- , the  bearings agree but are out of coverage) is tha t

the enti re po int is rejected on the basis of bearing and no

target report is generated.

In this section , “bearing” is defined relative to the BCAS
aircraft heading , not ma~’netic North .

3~~~ 14

~

- 



~ _ - -u

~~

-

~~~~

,I

~~~

The four levels of bearing confidence are as follows :

Level. 1: Both F1 and F2 are ungarbied

Leve l 2 :  One of F 1 and F 2 is garbled

Level 3: Both are garbled , but bearings agree

Level 4: Bearing is rejected

The altitude or ID code is appended to the target

report. For altitude , the Gray code is retained for future

altitude data processing (if desired , binary altitude may also

be stored). For each target report , altitude is retained even

if it corresponds to an i l legal  code on the chance that the

target report wil] correlate with other reports carrying legal

codes during track initiation.

.1. 1.1 ,2 Correlation of Target Reports

.1.1.1.2.1 Range Correlation

Track initiation can begin after target reports from

four consecutive interrogations in the same antenna beam have

been obtained . Track points will be identified by an age index ,

e.g., r1 is the mos t recent range and r4 is four samples old.

J-5



Since range is probably the most reliable of the

active BCAS measurements , the first selection for points to

be assoc iated in a track file is based on range . The first

- 
‘ 

step is to find all range pairs r2~~
’
~ r 3

(1
~ (r

2
(1) is the

i-tb point in the r2 list , etc.) whose difference could cor-

respond to a real target of interest, The difference

o 
— 

( j )  (k)

is a rough estimate of range rate . Closing targets are natur-

ally of great concern for BCAS , and these have negative range

rates . However , cross-range or slightl y outbound targets

(especially close ones) are of interest too , so the range of
0

acceptable r is from a large negative value (e.g., -1200 knots)

up to a small positive one (e.g., 50 knots) ~*

Every pair of points satisfying

-
~~~ < 

( j )  (k) <~~_ r
2 

r
3 — +

is retained as an i n i t i a l  track candida te .  The next  step is to

develop trial 4-point tracks by associating two endpoints from

the target report file , r1~
1
~ and r4~~’~ ,with each ~~~~~~ r3~~~

pair passing the test. A straight line is fit through the

two middle points (r2, r3) and all points (r1, r4) lying within

some ± ttr of the linear fit are determined. If there are none ,

no track is formed. Or , if there are r1’s but no r4
1 s (or

vice versa), no track is formed . Each (r1, r4) pair that

The lower limit can be varied in accordance with the
maximum SCAS airspeed.

3-6
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qualifies is used to initiate a track . Thus if there are 2 r1’s

and 6 r4
’s, 12 tracks are started using the given (r2, r3) pair.

Once a tentative range track is found , an improved

estimate of can be obtained;
(i) (L)

— 
r 1, -r4

3

is one such estimate . Its standard deviation is one-third

that of the initial one . A second one is the slope of the

best linear least squares fit , which can be shown to have corn-

parable accuracy .
I,

Although it may seem excessive to start tracks on all
- ‘ 

- (r1, r4) pairs through each eligible (r2, r3) pair , it is more

important to find all true tracks initi-~1ly at the expense of

retaining a number .of short false tract.s. In addition , if gar-

ble flags have been set on either or both of the r2, r3 points ,

then it is quite likely that there are multiple tracks passing

through those points,making it especially important to

test all possible initial tracks . This point is kept in mind

in determining the integration of bearing data into track in-

itiation .

J ,, 1.1 . 2 .2 Bearing Correlation

There are several paths that can be followed in using

3-7
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bearing data to select initial tracks , depending on the nature

of the available data. Recall that there can be some target

reports retained without a bearing entry . And those bearings

which arc available can have varying confidence level assign-

ments. Below we trace the procedure for all the pos8ible cases .

The major subdivision between cases is based on the number of

bear ing poin ts  in the t a rge t r epor t s  making  up four range points

which have passed all the range tests.

Case 0: No Bearing Points

When no bearing is available , tracks are initiated

on range and altitude alone .

Case 1: One Bearing Point.

An isolated bearing point is useless for track cor-

relation , so in this case track initiation is also based on

range and altitude alone .

Case 2: Two Bearing Points

Compu te a bearing rate according to

_j- I
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I
and test i t  for track realism by comparing to a threshold .

It exceeds the threshold , the initial track may be dr opp ed .

If it. passe’s the test , retain the track. Note that the thres-

hold should be a decreasing function of ji-j~ , since the slope

Is more ’ ac c u r a t e  when the points are more distantly separated

A I so  , i I e i her or hot ii bear ings  are Leve l 3 , the bea r i ii i ’,

r e s t  should  not he app l ied  and i n i t i a t i on  based on range

and altitude w i l l  s u f f i c e .

— Case 1: ‘l’hrce Bear ing  Points

With three points , make a least squares fit and

pe r fo rm a test on the slope ; retain the track if the t r a c k

passe’s the test. At option . the total squared deviation from

linear can be tested and required to be sufficiently small.

LI the i-point test fails , test all three 2-point fits to

see’ i f  exact l y one of these passes the test. If so , retain

the track ; otherwise it is dropped. The vacant spot in t h e ’

track file that is set up can be filled with the least

squares point. But the leas t  squares poin t  shou ld  not  he added

to the targe t report , because that point may be involved it’

initiating other tracks as well..

Case 4: Four Bearing Points

Beg in as in the previous case , i .e., find the least

squares fi t and perform the slope test. If it passes , r et a in

J-9

- —



.---- ——-—~~ - ,—‘-——‘—

- - -- 
- --

. ~~~
-

( t i e  t rack II not , tie’ I e ’t e’ I l i t ’  I owe’s t cola I I eie ’Iat ’e’ I i’\’e I po int

‘,t it ’s a i c  t - c s o  1 vc ’d by ek ’ I c ’t I ug t he’ po.i iii of  l owe’s coi t  I I deu ce ’

wh i e ta t~ a I so I c u t  he ’ i t ’s t t’u ’om t tie’ I i ’as I square’s I i t  ~ and i v

he i—point i t t  anti t t e’s t 11 t his 00 t a t is , t h e ’ t rack is

~~~~~~ mean s r et  cut  I o t t  o l  (tie’ I i :ick , it I tack at ’ -

~
‘ ‘

~~~ 
t s t ic i ’ i s  b a s e d  ot t  t he ’ I - i ’o I itt t c’s I , the ete 1 i ’t  ‘d h e ar i n g

vs I ut’ I a rep  I acc~l by C he h’s a t  aqua i c ’ s  I i t  p o i n t  In  t he new

t ra ck f tie , ta ut not iii he a t  ge ’ t re t~o I I  -

,I I . . .
‘ 
• 

I A l t it ude ~~t c  i c c  Let I oti

The isa in I as  tic ( i t  a It ((ti t le ’ c, ’ r re’ 1 a t  I on I a de ’e~:i iI ~ I I tag

j t tie ’ I cpu e~$ • tao t ace ’ e l l a  t I’ ( ‘St  I ma I ion o I :e I I i t  c~ le’ ~net a it It title

1:1 e’ - ‘l’httt s t tie ’ (our a It it t ic i t ’  et i ele a a i~~’ rodti& ’e’tI 1 0 5 5 1 tag it ’

e ’Oe te ’ lay log  I e~s it y ‘‘and I t ig ’’ t he’ code ’s h it — I or — I a I t ‘I’ti is w i l l

I •‘ : e v e ’ a .~ ‘.‘ i t ’  In t he t i ’ a i t  It ant e ’e ’ttt ’ I n  any p u 1  at ’ pos It ion wh I eta

S bOWS a t ie ’ I cc t c ’ ci :e ’ t o  In  t he cor  re’s 1iot ~~l I ug ~~OS It I on 01 any o I

£ l ie I c i t i r  I a ~~~ I t ’e I ) t t r t  code’s . ‘l’h Is t c’ ’hit I ‘tm’ expl o it a I l i e ’

ohs c’ lV f l  I ton tti ~ dt ’ maiiv p 1 ace a Iii I l ie ma iii I t’x t I, e’ . . , t~t’ c t Ion

4. .‘ . 6’I I list iii :i ).‘.a t h  It’ c mv I rOfltfl t ’t i t  , :1 t I e ’ I cc ted ‘‘.~c ’ i o ’’ t i ao

p u t  se ’~ IS V e ’ rv  l i k e ’ iv te a he’ t tie ’ c’ e ’ t t ’ cc code ’ d i g i t  , whereas

:1 cIct c c l  eel ‘‘one’ ’’ c at i  ~‘I t  be t  h~’ C tte i c o t r e c t  p u l  at ’ 01 Ii f i ll — In

restil I I h g  t r out gat -t~ it ’ - The’ new C rack Is :.c ’e ’p t  eel or

de ’pi ’iul  I tag on wite’ t Iii’ t t lie ’ ant ic ’ ci a It it tide ’ 1 a ~ 1 ega 1 t’t’tle ’ and

11 i’s wit h i  ii a ci ’t I sin hand t,sav ‘i OO ()  I t  ‘) a round I he’ ItCAS

:i I i  I t ti tl e ’ - It is I- t’cet gn I .~t’d I h at  1 Ii ( a  ant i  I uu~ e’t’hn I que’ coul ci

_ t if -I

,
~

44



roduc e ’ e r F e ’ l t e ’OtIS resul ts i f app lied ever p e r t  etets 01 t tine

longer than t h e ’ 4. involved in i n i t i a t i n g  an act ive’  mode track -

0
Alt I t U d e la t e  Is h i t  i~u I I.~e’c1 at ~~ 

i) .

Naturally, Mode A-onl y targets will provide no al-

t i t  titl e re’ turns , and such t ar ge’ t a can he ’ ( n i t  tat ed and tracked

iii u s t tge ’ and he ’s u I ng on ly

~~~~~~~~~~~ 11) C o rr t ’l a t  ion

LI) is the’ 1 e’aa t r e l i a b l e ’ t rack (tag h~~u rat1t e’ t 1.1 b ecause

codes are  o t t  en changed b y the  ground e’tant it ’ tie r , 111t1 t e e t A’l’CRiIS

the’ ID ’ $ are  f ar  f r on t  ccc i i  q tie’ (mac t v  low — a l t  i t  title ’ t a rge t 5 w i l l

c isc ~~ dt ’ 1 .‘t)t)’) - The’ I l~ codes o I all mode A rep les 5Cc’ ttnded

t oge t h er t o gem era I c t h e t cac ’k ID. No act ’ t’l ’ t i t ’ t ’ c t t c at  5 51 C ’

appi ictt to the ’ r e s u l t a n t  code’ .

The Track File

When a set ot  t o u r  points has sat (sift e’d a l l t h e

track inittat.ton t e st  p r ev i o u sly  described , a t rack t i l e  i s

se’t up t o r  the target . Targets will he t cat ’ke’d In range’, hear-

ing , and a l t i t u d e  us ing  second-orde r l in e a c  prt’~I tct l vi’ t racking ,

.uch as ,a . t~ ) t r a c k in g . The t r a ck  f i l e ’ must  he m i t  tat i~~e’d

fo r  the (ci • t i)  t racke’ t us i ng t tat’ data obtained dur I tag tnt t tat ion .

One’ single method ol  (nit i s i  I z a t  Ion I s  i l l u s t r a t e d

he’ re t o  r t s t age ’ , b e e t  app it es t o the e ’t he’ r two e~oo rd inst CM 55
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w e l l . The range r 1 and the recomputed range r a t e  can he ’ input

o t he (a , ~ )~is i n i t i a l  cond i t ions  and the  t r a c k e r  can s t a r t  to run ,

takinp r 1, , r 2 and then r1 as new i n p u t s .  The p re ch i  ct ed  (smoot heel )

points output by the tracker can replace the initial track

points , and extensions to the file can be made as new data

come s in. This will he discussed in detail in the next section .

For bearing , the filter initiation may have to he

m o d i f i e d  since some target  repor t s  may not have h e a r i n g .  The

simplest idea is that when future target reports have hearing

data , a hearing track can be initiated. If no consistent

bea r ing is found , the t rack w i l l  even tua l ly  he dropped .

Each (a , ~) tracker continually estimates one coor-

d ina t e  and i t s  d e r i v a t i v e, and thus  cu r ren t  e s t i m a t e s  of r ,
0 0

~ , ~ . , z, and z will he available. lit addi t ion , the active mode

t racker  mus t  keep ID ( i f  ava i lab le)  and a beam index i n d i c a t i n g

which antenna beam the track is found in. Use of the beam in-

dex wi l l  cons iderably  s impl i f y t he  search  p rocedure  i- ts1uired

in track extension; by looking at a single number (beam index)

it is possible to determine whether a new da ta po in t shou ld he

tested against a given file , without going into more elaborate

coordinate matching tests . Note that the beam indexing mus t

he adaptive t o  aircraft heading , be cau se a BCAS turn n t a t a e c i v e r

will move the beam relative to the t a r g e t s .  Recau se of t i - t i s

and target motion , some targets will occasionaflv tr ansition

i— I . ’
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from one beam to another. An algorithm to detect impending

beam transitions should be easy to formulate and its output

should be an (old , new) pair of beam indices indica ting which

two beams the target is likely to occupy . The track file must

provide space to store both indices .

J.l ,,3 Track Extension

In this section we will only deal with those normal

extensions which occur when a track is fully initiated , i.e.,

all data (including bearing) is present. Special cases re-

lating to starting up with missing bearing information are

under study as work is in progress,

Track extens ion bas ically occurs as follows : the

(~ , B) tracker for any coordinate contains , as part  of i ts

state vector , a current est imate of the coordinate derivative

and a prediction of the next value to be taken on by the coor-

dinate . The use of these is i l l u s t r a t ed  for range .

Given the data up to time 1, a prediction 
~~ 

of the

range at time 0 is made by the smoothing filter . This is com-

pared to the measured target range r0 (forget , for the moment ,

that in a multi-target tracker there can be amb iguity as to

which measured range should be associated with the given track),

and the prediction error

J~~ 3
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c = r  - r
0 0

is fed back into the f ilter in order to predic t the next point .

In the process of generating 
~~ 

a rate estimate for time 1,

is also generated. The predicted points and the internally-

estimated rates (~~ , ~~) constitute the track for that coordin-
ate.

Obviously, the crux of the track extension problem

for active mode BCAS is the correlation of replies with the

correct track . We shall continue to assume , as we did in track

initiation , that range is the most reliable coordinate in gar-

ble , because it is measured by arrival time of a reply bracket

pulse pair; garble is unlikely to destroy either framing pulse ,

but is rather more likely to simply jitter the arrival times in

a way that can be smoothed in the tracker . Monopulse-determined

bearing can fluctuate over a significant fraction of a beam-

width due to differential phase effects in the superposition

of pulses ; altitude codes can be garbled but at least have the

virtue that real altitude does not change frequently or rapidly ,

so that many samples can be jointly processed in the attempt to 
—

read true code .

In simple terms , three elementary principles govern

track extension :

J- 14
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(i) If you find a new target report that matches

your track , use it;

(ii) If no matching target report is found , coast

the track;

(iii) If a track has been coasted for too long , dr op
it.

The subsections which follow show how each of these princi ples

(and their exceptions) can be incorporated into the active mode

track extension logic.

3 . 1. 3 . 1 Tes ting for Matching Extens ion

The range test for matching extension is relatively

easy. A track is selected from the track file and its beam in-

dex is (or indices are) noted ; initially assume there is but a

single index. Entries in the Time 0 target report file whose

beam index matches the track beam index are tested to find

those reports whose ranges are within tCr of the predicted range

for the track in question , Put another way , those points which

give rise to a range prediction error )
~ 

are retained.

Simultaneously , a similar search is conducted over

bearing . The bearing search is only slightly complicated by

the fact that the admissible prediction error is tested against

two limits , A81 and ~~2 
(~ B2>~ B1). Points outside the larger

J- 15
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l imi t are not re ta ined , those wi th in  the smaller limit are

re ta ined . Those in between are viewed as probab l y consistent

with the given track , but which have a larger than normal

garble bias . The (assumed) garble bias can be dealt with in

a number of ways . As an illus tra tive examp le , any targe t

bearing giving rise to a ~~~~ satisfying

can be truncated so that the A~ corresponding to the truncated

bearing equals .\;~~~~ in magnitude ; of course the truncation is 
- 

-

done in the way that retains the original algebraic sign of

A device which performs such an operation is known

as a slew rate limiter. The rationale for slew rate limiting

is to eliminate anomalous data which indicates target kinematics

incompatible’ with the phys ical targe ts be ing tracked . Realize ,
1

of course , tha t  the measurements under discussion are in a

BCAS-referenced coordinate frame and this must be taken into

account , for example , by feeding the current SCAS airspeed into

the reply processor/tracker as an input to determination of

the slew rate thresholds . A slew rate limiter then takes data

which is intermediate in quality between perfectly acceptable

and unacceptable and gives it the benefit of the doubt by

slewing.it into the acceptable class. Obviously, slew rate

limiting is a sensible data processing technique only when

J-lh
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I
smaller rec tangle is extended without modification because both

the range and bearing lie within the unconditional acceptance

window . The five other points in distinct partitions show

all the remaining options . The six total options are all

combinations of

Extend Extend
Range : Bearing : Slew

Coast Coast

As indicated earlier , more than one point lying in any

of the r , $ reg ions po ten t ia l ly indicates  a multiple extension .

Final outcome of course depends on the remaining tests , but

when multiple extension occurs , the track file is copied into

a new file location N-l times (for N extensions) and each ex-

- - . 
tension is treated as a new track . Since tracks tend to pro-

liferate from both the initiation and extens ion processes ,

means to eliminate false tracks and duplicate tracks must be

made available . This will be discussed subsequently.

Returning to the extens ion algorithm , we mention one

additional procedure which is invoked before range and/or bearing

is to be coasted. If the track has a second beam index stored ,

the current bearing is near the beam edge , and the bearing rate

is consistent with motion into the adjacent beam sec tor , then

target reports from that beam should be examined for possible

extension before a decision to coast is made .

J- 19 
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If neither range nor bearing extension is possible

within the track beam , then a point in the adjacent beam which

matches in either range or bearing will be accepted , and the

• unmatched coordinate is coasted. If range is alread y matched ,

then only a point matching in both range and bearing will be

taken . However , an initial bearing match can be discarded in

favor of a new target report that has range match and bearthg

tha t is close enough (A~3 2 < A B < A~~~). The bearing will still

be coasted ,

3.1 .3.2 Coasting 
- -

When it is determined that a track coordinate should

be coasted , the procedure is easy, The predicted coordinate is

used to rep lace the missing measured coordinate in the ci ,,8 filter.

In other words , zero predicti n error is fed back into the filter ,

which w ill cause it to projec t linearly for the next prediction

at the most current rate estimate. The coordinate rate estimate

is unchanged by this. Thus the data processing for coasting is

quite simple .

J,l,3,3 Altitude Extension

Altitude ex tens ion in the abs cnce of garble should try to

cap italize on two features: (i) altitude changes slowly (less

than 100 ft. between ECAS measurements) and in some cases m ire—

quently, and (ii) adjaL~nt altitudes have 
codes differing in only

- 1iU_*~~~ ~—
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one bit (Gray code property). The active tracker (reference J—fl

•xploiti these features by rounding the altitude prediction z0 to the

nearest 100 ft., and then looking for the codes corresponding

that flight level ± 100 ft. A third principle also used in

[J.17] i8 that newly discovered zeroes in an altitude code

should be given fairly strong weighting , because it is likely

that those occur due to the disappearance of ~ garble pulse.

Coupling altitude level checks with garble correction should

produce reliable altitude tracks .

When an altitude code changes , some changes are more

preferable from the tracker point of view than others , in terms

of what they mean about the code garble condition . The most

- — - . favorable changes (ranked in decreasing preference) are :

(i) An uncovered zero which changes z by 100 ft;
(ii) An added cne which changes z by 100 ft;
(iii) An uncovered zero which changes z by only a few

hundred fee t;

(iv) An uncovered zero and an added one which change
z by only a few hundred feet;

(v) Two uncovered zeros that change z by only a
few hundred feet;

etc. The cases of concern are when the uncovering of a single

zero produces a large change in altitude . This may imply that

the altitude code which is being tracked is garbled and highly

erroneous.

J-21
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The tracker deals with the problem of garble by

correlating the target report altitude code with the predicted

code and the ± 100 ft. incremental altitude codes . The cor-

relation process is rather complex and involves counting the

number of garbled ones and dropped ones in the code to estimate

the correlation statistics (see Clark [3.1]). When there is

good correlation with a local code , i.e. within ± 100 ft. of
prediction , that has no new zeros , a normal extension is made .

If a new zero occurs that generates a non-local code , an

altitude corrected extension is made which involves resetting

both z and & (reference J—1)

The decision to extend (normal or corrected) or coast

is made on a sample-by-samp le basis in the tracker. More

accurate garble resolution should be possible if a number of

successive altitude codes are retained and examined for changes

in the garble environment . Development of procedures to do

this is work in progress.

j . 1 , 3 .4 ID Extension

ID can be used as a track label , although since ID

can be garbled it is not a perfectly reliable indicator. After

the range/bearing extension has been accomplished , ID should be

checked . If it matches , there is no concern , If not , successive

ID’s on the extension of the given track should be examined.

J- 22
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I - .~ Track M o i r e ’

Af ter now t ,irr~’t report have’ been rocoi \‘e’tI , ne’w

t rack ft  Ee ’~: set tip , anti at I t r a c k s  ext ended , a t rack nic ’t gc

procedure’ must be’ ent  e’re’d t o  e I I m I  n a t e  (h ip I I cat t ’ I i , t c k s  - Thi s

• w i 1 I he cons I tit’ n ib Iv ‘as i c r  t h a n  i n  in etimi I di  nec  t I owi 1 ac’ t i ye

racket ’, hecatus e on lv rack t~a I i’s l t,i vi iie~ I d e n t  I ct I beam Indices

t t t ’ t ’ d be conupa Fe ’ ti • The’ pit rpos 0 o C t he’ compa n I ott  I s t o do t  cc

t r a c k s  which a N’ I l c ’a rI v I den I I ca I and el I m i t t  at  c a t  1 but  one ’ o f

those. A ptoct’~i t t 1 e ’ for thl s is de’scrf bed below -

‘I’he unos t I I k ci v p I act ’ t o r  dip I I c a t  i On 1 0 OC(’tI~ is In

fo rming  :u new track fot- a targe t a t  roads ’ In  t r a c k  . To dt ’t e c t

bc ’s e clup II cat es , rack ra irs cons I t I ng of one now t rack and

one’ e’ X C  ended t rack I: aken f rom one boa in are’ &‘omp a red • The

comparison consists of comparing range , range rat e , hcarln 1’,,
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he’a u h i M  ta I e , ant i  .ul t It te~tt ’ .tlt it title r at  e I ~ not  used i’t’~~~ u~~~
0
-
- t a set cc l tt,i i C 0 ~eI’ o to a h e W  C ra oh ‘ , ‘l’he ’ c ’ r it cr1 a used in

d ot e  run t  n i n g  whe ’ t he ’ r t he’ I r ack  a a no dup I I cat e shoti Id be i’s C her

I ax to this cast’, be’c a u i a t ’  ~~~ .t I i i  C h e ’ new 1 t a c k  t i l e ’ has not

had the’ bette Ii t o t much a moot ii l u g  I I me’ - The’ ct - IC en I a can he’

t I gh C cne ei l:t ci’ when tWo eat ab ii slit’ ci i-acks a u t ’  conip a red -

‘1’~o c’ouiup:i u’i s  on t e’ohn I qut ’s a i t ’ out tine ’ ci be [o w.  In the

first , f iv e ’ coo i’d I tia t C’s a it ’ ‘ompn r ed 11 i’.’ c ’ t I v by I t ire s  h o l d i n g

on t he’ niagn It title’ of t h e ’ i n  d i  I l e t  e’ut cc ’ - ‘I’tte at ’ ca t i  be’ done s t’quen—

i a I, ly . t e s t  in g  00 ( itt ’ m ote ’ r o l l  , ih i t ’ ( i t ch  ca t  o r f i r s t  . For

e~ amp it’ , t he i’a t lc ,c’ t e a t  c ’an be made ’ -h id I I t he cit f fe’rt’ttce’ Is

too 1 .1 ni~t’, th e compa F isout ~‘aut be Ic  r m t n z u t e d  i mntt’dt at t’ I y - i~ear ing ,

t’anr,c’ r at  o , and bo at -  m c , t a t  e a t o  se ’qtLt ’t t t  l al lv t o: ; I e’d In the’ same

w ay - 11 ’ I he’ t r ac ’k ni, i t c’he ’s [it a i t t I ie ’ se ’ , a It it ude’ i s t c’s ted iand

the e t U t c ’ouUt ’ is C i .o.u C eel as l o l  low s : I I mat oh , t he’ t rack i s a

ch o p I Ic  ate .it t d I he’ new t t a c k  I a ~l i’oppt’ d It t he t’t’ I s an a it it. ude

misniatch , t he’ u~ ’w C r a ck  may he a chip  I i  c a t  e bu t  I s  not  dropped

b ec a u s e ’  the’ m i  ama t cit uuia v be’ duo t o a c, ,i rb it’d b i t . As the t rack

1 a c u t  ~i t ~cl I n t o  the ’  o l d  t r ack  t~i i t ’ , It I s  I I agc , c’d w i t h  t h ’  name

o t  t t s companion  t r ac k  I o t a mci re ’ dot  :t I led conupa r i  attn on sub—

st ’qile ’nt  me rgd ’s . Deta I la 01 such a pt’oce ’chune ’ c’onst it itt e’ work in

pr oc  m o a n

A se’cond idea Is  t 1i g e nt ’ t a t  e’ C’S t I niat c’s o I the’ t arget

p os  I C ton zinc! Vt’ l ot ’ I t  V vce ’t OVS 1, 1 tt e ’st ’ can be’ it’ I at I it ’ t o  RCAS

j •“l
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for C he pros e’n pit rpos e ) - ‘i’hi t ’:; 0 C ’s I I II,i t Os c li t l ’e ~‘, t ’ L i t ’ I - i t  C’ ci

0 0
t r om F , F , I~ , : i t td i-~ - lilt’ coutp a  i i  soil is C i i e ’ t i  im a c l e ’ I i  r a t  c i fl

posI t ion , then Vt ’ 1 oc it v - A l t  i t  tide’ ca i i  he’ c l i ~’ c ’ L~~d I l u s t  . l ; I t i

tool iid~ cI In  the’ po sit I on c’a I on I a t  i o n  i I I ltt’l’t’ I : ;  - ‘ ni _ i I ~-h ,

c’X c ’ I uck’d I I t he’ no I s not  . A cot iupa t’a I I V t ’ St  i t c i \ ’  c i i ’ I he ’ ~~t ’ t ~~~ , i u t d

- 
‘ a i ml 1 a r t’echn I ques is  r e q u i r e ’ ci t o fi tin i i  .‘ o t it  I a p i ta  a t ’ ot l il t ’ til t ’ r I d ’ -

All new t racks which s m m n v  I V t ’  t h e ’ I im ’st  ithase , i i  t l ie ’

mel’ m , e’ ar e ’  e n t e r e d  i n t o  t he  old (or  exist jog 1 t rack I I I c ’ . I Io ;~-~’ v -  m

thi s is  n o t  done t int  ii the second ph a se , ciest ’rl  bed he I ow , a

counp le ’t e’d

1’ite seco n d  jilt.is t ’ o l  I t ie ’ illergc’ i s t o  e.’ompa i t ’ t ’ a t  I tu ~

t r ack p a i r s . Tracks  of low . I m ~ t ’ I nele’x are cxc l uded  f m ont I it  i a

conp~l t I son - Lii t l i l a  t c ’s t . t iii ’ a C .m t t c i , - m t ’ds o:In be nmo t ’ t ’ a I m c t

bt’c . u m a e  t he ’ t r a c ks  b a i t ’ be’t’n snmoo t  hod an t i  . tr e more ’ ac ’ t ’t i t . m t  c ’

I e i e nt i c . - i I  I t’.ie’ks -ma y not  h a ve ’ bee’it p u rg ed  Iii t lie Ii ra t j ’liase ’

bet’ a i m s  e’ t he new t i- a t -k po i n C  a , .-ilC hotigh I den C i c’ 1 1 ~~F 1 01’ t 0

s m o ot h i n ,c, , , m u - c not  ne’c’e’aa. i t l i v  i den t  I c u t  it  t i i t ’ (c , ~1 o m i t  1 i t t t

due t o  t h e ’  cli f f cr e r i c t’ In t r ac k  h i  s t  o n ’  in  th e ’  O t t i  , i m i c i  utt ’\~’ I u m ~~ka

The’ coun p . i i  sort p r oceclti re’ c’nn he’ a 1 muos t t hi t ’ a . i m u t ’ - I:; i i i  l’has e 1

except  tha t t r ack  age’ can t ie’ in c  IudeeI Itt C i t e ’ comp .mt  i son . Whie ’ti

ch ip I I c ’ :iI  t~a ci C di l i e  t’e’n t a f e ’  , l t ’ e ’ d i  Sc ’ O Ve ’ F e’tl , t i l e ’  c i t  t ie ’ i I u ,i ~‘k i a

ret i I  n o e l  ( t h i s  logic max’ be e’x pattcle ’ti 10 i n c l u d e ’ t c ’s I s  t e l  a t  ed

o number  c i t ’ c’oas t s anti a It it  t ic l t ~ c ’o r t e’c t lo u t : ; ) -
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Treatment of tracks identical except in altitude is

as in the first phase .

j 
~~, ~ Track E l i m i n a t i o n

Track elimination is the process of deleting false

tracks from the track f i l e . Tracks are eliminated for one of

the following rt’aaOnS

(i) The track extension test has recentl y resulted
in a coast , slew , or altitude correction too

o f t e n  because ma t ching coord ina te s  in the
t ar g e t  reports were not found ;

(ii) The target kinematics have become such that

the target is no longer of interest (e.g.,

outs ide  the coverage’ volume or turned outbound ,

etc.);

( i i i )  The t r ac k  has been di an t i  ssed because it has
been determined not to be a real  ta rge t ( e . g . ,
a phantom target)

E l i n u i n a t  log  Tracks w i t h  Poor Ext ensions

The bas ic  idea here is to assign a confidence index

to a track as a function of the track parameters and to retain

or eliminate tracks as a function of the behavior of this index.

Confidence begins at zero and increases as “good” data comes in.

The confidence counter saturates at some leve l and stays there

J — 2 b
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as long as the data stays good. Imperfect data will decrement

the confience count , and when i t  reache s a cer tain low leve l

(not necessarily zero) the track is eliminated and its file

space is made available for other tracks .

The various tests on the track can cause different

size increments or decrements ; it is not the purpose here to

des ign a full conf idenc e algorithm , but merely to identify a

set of appropriate tests which could he involved in the

algorithm.

When one or more points on a track is coasted in

extension , this is evidence of a certain amount of mismatch

between the track and the new target report. For each coasted

coordinate , a certain confidence decrement can occur . Thus ,

an extension in which  both range and h e a r i n g  are coas ted

decrements the coun t by more th an  one which coasts only range .

Extensions  i n v o l v i n g  a b e ar i n g  s l ew can a l so  decrement

the count , possibl y by a lesser amoun t t han  for  a coast. In the

case of slew rate limit violations , the confidence count mus t

be handled carefully A succession of slews of opposite polarity

could correspond to bearing swings caused by garble which will

eventually be averaged out and will ultimately not perturb the

measured track greatl y. To prevent a succession of such slews

.1- 2 7



from caus ing the confidence count to continuall y decrease , the

polarity of the firs t slew can be stored and o n ly  s u b s eq uen t

slews in the s ame d i r ec t i on  w i l l  decrement  the count ; those of

opposite polarity will increment it. A long s t r i ti g  01

a l t e r n a t i n g  slew v i o l a t i o n s  c e r t a i n ly  is an indicator of inter-

fe rence , and could be an input  to the al gori thin which dot e r m i n e s

when to ra ise  the ac t ive  garble f l a g .

A t h i rd  fac tor  which can e f f e c t  c o n f i d e n c e  coun t is

a l t i t u d e  cor rec t ion . I f  is not i m m e d i a t e ly  obvious how to

treat this. Certainly a succession of track points requiring

altitude correction is a garble indicator , but i t  may also

be the case that the garble environment is “clearing up,”

• that is , the changes that are occurring arise f rom two super-

posed rep lies that are separating and will enventuallv not

overlap . Thus , it is recommended that any ru le’ for governing

confidence count based on altitude correction also include

range information , perhaps as follows .

If a track shows a high enough altitude correction ratio

over some interval exceeding a minimum length , then ,i p o r t ion  o t ’

the track file should be searched to find .11 1 o t h e r  tracks within

the same beam which have e i the r  ( i)  a r an ge  ~‘oon c l i n a t o  indic;it lop,

overlap w i t h  the a l t i t u d e-c o r r e c t e d  t rack (less than •~f)

differen tial round trip time) , or (ii) a hi gh alt itude ’ cont ’e’ct ion

J- 28
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ratio . If a track is found which has both (i) and (ii), the

differential range rate between the two targets is computed

(difference in the two coordinates). This range rate will

indicate whether the tracks are actually separating in range ; if

they are , the tracker should be lenient in decrementing the

confidence coun t of either track , since i t  appears t h a t  both

tracks are real and are simply garble victims at the current

time . If , however , no other track within garble range shows

altitude fluctuations , then the original track is probably

suspect and its confidence should be permitted to decrement.

J.l .5.2 El iminat ion  of K inemat i ca l ly  U n i n t e r e s t i n g  Tracks

There are three general ways in which a rea l track

becomes kinematically uninteresting :

(i) The range goes beyond 20 nmi (ou ts ide  the
pro tected volume) ;

(ii) The range rate becomes positive (outbound

target);

(iii) The altitude differential becomes excessive
( targe t is too far  above or below BCAS to be
a potential threat) .

Testing for each of these conditions is relative ly straigh t-

forward . In each case , one parameter of the test ought to be

specified , which is the time that the tested parameter e.g.

3-2 9
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range in (i), exceeds the appropr iate threshold . A track is

el imina ted when any of the three stated parameters exceeds its

threshold for the stipulated time .

• 3.1.5.3 Elimination of Phantom Targets

One kind of tihantom target is a false track generated by

garbled al titude codes of two or more aircra f t on the ground ,

e . g .  at an airport , which indicate  an airborne target. Detection

of phantoms is investigated in detail in Appendix 1.3 , where two

solutions to the problem are outlined. In one , the component

of target velocity along the BCAS-to-target range vector is

observe d over a period of time , af ter which it is dec ided whe ther

the evolution of that component corresponds to a moving or a

stationary target. The alternative approach is to use data in

the track file to generate instantaneous estimates of the target

airspeed; targets consistently y ield ing an airspeed es tima te

below that possible for an airborne platform (e.g., 50 knots~
are el iminated.  Onl y vehicles such as VTOL ’s or helicop ters

coulei £ cvtrc~~ ciy’ ~e ~iii~inated by this test.

When all the above procedures have been completed , the

targe t repor t f ile and track f i le for the given interrogation are

updated and ready for the next inputs . The track file is opened

to the Confl ict Detection and Resol ution Al gorithm to upda te the

threat  s ta tus .

This concludes the supp lement detail on the active mode

repl y processor and tracker.

J- 30



—

~~~~

-‘-- -— .
~~

-- - ‘  

~~~~

• -

~~~~

-‘- 

~

—--—-—

3.2 Semi-Active ATCRBS/RBX Mode

This mode has a few features not found in active mode .

The f i r s t  is processing of passive rep lies , which involves the

use of coordina te frames othe r than (r , ~ , z). A second feature

is the use rep ly runs in generating target reports . The third

is the mix of active and passive data in forming tracks . Each

of these is dealt with in the appropriate place in the following.

3.2.1 Track Initiation 
. -

In this and the fol lowing discussion we will ass ume tha t

at least one target in the singular region of the single site

RBX solution is to be tracked , as tha t will force cons ide ration

of the mix of active and passive modes .

3.2 .1.1 Tat get Reports

Targe t repor ts are generated separa tely for the active

and passive data. In fact there are two active reports being

generated here , but one of those is the result of interrogating

the RBX for range-to-site and data , and is thus input to the

Radar Tracker. Thus we will assume that BCAS range-to-site is

available from the Radar Track File whenever needed. The

other active report comes from interrogating the target , just

as in pure active mode. The structure of that report is just

as given in Section 1 of this Appendix .

3—31
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The passive report is obtained differently. When the

ATCRBS beam passes the tar get , a ser ies of rep lies will be

generated (a re~~~ run). When these are received at BCAS, the

run must be processed for differential time of arrival (DTOA)

and target differential azimuth. Both of these computations

involve centermarking the beam , and as a result the passive

raw data file is much larger than its active counterpart.

A portion of the Raw Data File is allocated for rep lies

to each mainbeam interroga tion . The stored da ta for each reply

is the bracke t pa ir arriva l time , and the ID (or altitude ,

depending on the in terroga tion mode). Each section of reports ,

for a given mainbeam interrogation is labeled with an ACP index,

indicating beam position at time of transmission .

Generating a passive target report mainly depends on

loc ating and process ing rep ly runs . In the roughl y 2.5 ins

between interrogations , the targe t and the BCAS can only move

a few feet , corresponding to a few nanosecond of change in

arrival time and differential delay . Since the pulses are

0.45 ps long , there is almost no perceptible change in the

garble environmen t ove r a rep ly run of 8-16 replies. Nonetheless ,

there is garble resolution information available in the returns.

Identification of a reply run is easy without garble.

Rep lies to the different interrogations are correlated on the

basis of arrival time . Arrivals should be within a few

3—32
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an~’seconJs  of one ;t n o th e r . * A st r i ng  of  rep lies l y i n g  within

he  a r r i v a l  t i m e  w in d o w  can be tern -t e d a rep ly run  i f  i t  satisfies

~~ r t a in cond i t  i ons - The ATCRRS rep  1 v proces or has a r a t her

i n v o l v e d  al p or i  t h in  for detecting rep ly runs. The BCAS a l g o r i t h m

can he s i nip icr , and can be stated as fol lows

(t~ The run length mus t be between a stipulated

minimum and maximum ;

(ii ~ The run need not be solid —— single repli es

may he missing, but not two or more consecu t ive’

(, i i  i~ Bec,inning and end of the run are de fined t ’v
t w o  or more missint~ replies

\~i thout t~arhle , the ID codes in the liode :~ re’p l ies

s h o u l d  n e ver  ch:iu~~’ a c ros s  the  run ati d altitud e should Va rv

at  m os t  i n  one d id  t when the aircr aft i s  n e a r  a t r an s i t io n

a l t i t u d e . t,)t her c l i ane.os i n  a l t  i t u d e  or ID are g a r b l e — i n d u c e d .

and t he Targe t Report (‘,enerator can at  temp t t o p rocess  t h e m

out . Garbi~’ can cut t’t t h e  midd l e  of a reply run i I a second

t . n-~~et  w i t h i n  t h e -  b e a m  hut  at a di f f t ’r ~’nt az imu t h  beg i n s  to

rep i v  - S ince’ the m o s t  l i k e l y pe r tu rha  t ion  to  the code

*

If RC~AS we ’re f l v i n ~ an outbound radi;i l and the’ t a r g e t we’re
inbound on the same radial , both at  Mach I , DTOA of ~ ns wou ld
he me’.t ~; ure ’tj
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is the insertion of extra pulses , the altitude or ID code

which is the 1~~ ,ical “and” of the individual codes is the best

code estimate for  the rep ly run .

When there are , for example , two targets at the same

DTOA but different azimuths , the end of one rep ly run overlaps

the beginning of the second . The azimuth “end effect” described

above can he used to sepa ra t e  the two . On a Mode C r e p l y ,  fo r

example , three altitude codes would sequentially occur . The

f i r s t would be t rue  code for  Target 1 , the third true code for

Target  2 .  In between a garb l e  region would occur , most l ikely

generating the logical “or” of the two codes . The leading

ed ge of the garble reg ion marks the beg inning of repl y run

and the trailing edge marks the end of reply run #1.

A full azimuth end effect algorithm is flagged as an

issue in process of reso lu t ion  (Sec t ion  8 ) .

Once rep ly runs are de termined , the runs are center-

marked to generate the DTOA and differential azimuth f
~~t the

t a rge t  r e p o r t .
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3.2 .1. 2 Correlation of Target Reports

3.2 .1.2 .1 DTOA and Azimuth C or r e l at i o n

Target reports are accumulated over a set of mainbeam

passages. Some time after each passage , the Track Initiator

• looks at the files of active and passive reports for the most

recent four passages (interrogations for active) , to form new

tracks . When geometry dictates that semi-active tracks are

to be formed , tentative tracks based on range onl y are formed

from the active data; the procedure used is exactl y as described

in Section 1. Simultaneously , tentative t racks in DTOA ( t )  and

differential azimuth ( a )  are formed. In garble , the DTOA is

likely to be the more reliable coordinate of the two , because

the azimuth data depends upon garble resolution in locating rep ly

run barriers . Thus the passive t r a c k  is se t  up for  active mode ,

as follows :

(i) The DTOA correlation is performed analogous ly

to range correlation in the active mode; and

(ii) The azimuth correlation is performed

analogously to bea r i n g  corre  I a t  ion (Case 4 :
Four B e a r i n g  P o i n t s )  i n  the  act  iv e  mode.

(Case 4 in the a c t i v e  mode bearing track formation is the  case

in which a l l  four targe t reports  have bear ings  a t t a c h e d ) .
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• • ‘~~‘~~i ..’ . ’ A l t  i t i t t l e ’ i i t t l  11) (~e~i t t ’ 1 :it loll

A I t  i t i i d e ’ ;ini l  i i)  a re  j ) rese’ l it  i n  bo th  the ac t  1 Vt ’ and

p - I v,  ‘ d. t • i . ( o r  II ’ 1 at i oti I n a c t I ye mode has  boon do -; c t~ I he ’d

~ i OtIs I \ (~~~~‘ e t 1011 1 . I - - En pass I v~’ mode , i i  t i t  tRIO and 11)

cot e I :! t on ~; l i ~ iii ci he utu ch eat-i ier att(} tnor& ’ re’l ia l)  i c’ t h a n  i i i

~
) ( ,  4~~. f  I ~‘ c ; i : ; o  , h o c ,u i s e ’ t lit’ . t . ’. i t t i t i t t i  ~~ e1 e f t e c t  5 W i l l  g i v e  at

t o . t 4 1 ow C I t ’a 0 rep 1 los i n  : i I l  h u t  t h e  w o r s t  garble’ s i t  n a t  i otis

1 o ’ I c,t I n id  I n , o f  t he ’ codes will so ff ice for  t r a c k  liii t i at ion .

No a t  I i t t i d e  i i  to is c o m p u t e d  at  t h i s  p o i n t

.1 , 2 , 1 . 1 (~o t 1 o  t a t  I oil o f  A ct  [ye a r id  P a s s i v e  T en t  i t  l ye’ l i a c k s

At t h i t ;  p o i n t , a sot of act ive t e n t a t I v e  t r a c k s

; i i t t l  8 epa t i t  C’ S Ot  I) I 1St- i  VV 1 Vt )  1 .i t i V~ I ~~i ck s ha Vt ’ 1) 0011 Co rinod -

I’li ~~~e ’ nuts  t he iu t ’shod  I t i t o  a I t i-c It’ ne’w t r a c k  I I st  be f o r e ,  C u r t  he’r

- c k in  cat i p t o  coed . o f  c o u r s e  . i C t he tuode is  p ;ts i ye’  — o u t  v
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es t imate of targe t pos ition can be made from the pass ive data

alone , from which an estimate of the target range can be obtained.

- . Going through the active data file , only Mode Reports showing

ranges lying within a window about tile rough range are accep ted

to be paired with the passive points. The s i:’ e of the window

for this comparison can be a function controlled by the geometric

logic of the mode . Obvious ly targets whose range vector is

• perpendicular to the instantaneous beam direction can have a

small range window , while for those in the same beam as the 
- -

• SCAS , the window must be quite large , or ano ther compar ison

method mus t be used . A t the expense of additional processing

complexity , active bearing can be used in the correlation

procedure .

For the geometry under  considera t  ion , p a s s i v e

a l t i tude  and ID are more r e l i ab le  than  ac t ive  and should he

given pre ference in the correlation .

3.2 .2 The Track File

New t racks forme d in Track I n i t i a t i o n  go to :1 New

Track Buffer to be held for Herge . Target Reports generated by

the coalescing of Hode Reports are ready to be tested against

existing tracks in the Track File for Track Extension , to be

described in the next section .
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There are two Track Files in the processor. One is

the Master Track File tnwhich track data is stored in the

preferred (r , c , z) frame . The second , the Mode Coordinate

• Track File , has tracks stored in Mode Coordinates to ease the

Track Extension tests.

• 3.2.3 Track Extension

The i n i t i a l  phase of t rack extens ion is performed in

the mode coordinates. These are the natural coordinates for the

data which is measured , in th i s  case , r , t , a , and z. This is

to avoid performing coordinate conversations to the standard

(r , ~i , z) frame on unsmoothed data. Procedured for range matching

were outlined in the Active Node section of the appendix , and

the same techniques app ly here ; t and a are extended as r and

~ were in active mode .

Next , Geometric Reconstruction converts the  track i n t o

s tandard  (r , ~~~ , z) coordinates . This  is smoothed w i t h  one of

the at  f i l t e r s  and stroed in the Master Track file.

J. 2,4 Track Merge

Following Track Extens ion , Track Merge is performed.

First the new track/old track merge is performed , and second

the old track pair merge tests are performed. In decid ing

which track pairs to test , only tracks whose ACP indices

are within a two beamwidth limit ever need to be tested.
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Track Elimination
• Track elimination is based in part on the Confidence

Index which is gencr~ ted in Track Extension . The criteria are

exactly the same as in Action Mode . However , due to diffe rences

in data rate and geometry , the weighting factors on each in-

cretuent or decrement may differ , as may the levels set in for

saturation and track rejection .

The kinematic criteria are the same as in ac t ive  mode .

Large range , diverging range rate , or large altitude diff erential

w i l l  r e s u l t  in e l i m i n a t i o n .

Wh i le may phantom tracks may be eliminated by failing

• . confidence , the specific phantom addressed in Appendix I can

be tested for. This is the phantom which is created by garble

altitude codes from aircraft on the ground. Since such rep lies

w ill only be generated on the active replies , their occurrence

should be far less frequent in this semi-active mode .

Preparation for Next Track Update

Once the Mas ter Tra ck Fi le is cleared of any track s

to be el iminated , some updating is done to prepare for the

next extension . Each track in the Master File is converted

back to mode coordinates by an inverse of the geometric recon-

struction log i c formulas . The inverse formula may differ front

one track to the next as a function target position (moving out

J- 39
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of a singularity, fo r example). The full set of mode coordinates

must be regenerated even if they are redundant , beca use these

match the coordinates in which target reports will be presented

for extension .

The first step of ~~ filtering, the prediction step,

i s  performed next , and the p red ic t ions  are saved in their own

file. Upon receipt of the next set of target reports , these

predicted points are fed back into Track Extension , and the 
-
.

cy c l e  descr ibed  in this  sect ion repeats .

op

This concludes the single RBX site semi-active mode

rep ly processor descrip i ton .
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APPENDIX K

BCAS COLLISION AVOIDANCE

- • ALGORITHMS

E— 1. O V E R V I E W

This section describes a basic set of BCAS
collision avoi dance algorithms designed to operate
in both the active and the passive modes. The
algorithms have been kept general enough to permit
the use of several display types.  In addi t ion , an
interface with the ATA RS ground based collision
avoida nce system has been presented. No logic has
been defined specifically for a semi—active mode
of operation as the required algorithms would not
differ substantially from those defined.

The logic has been designed to support three types
of com mands , positive ‘‘do ’’, neg at ive ‘‘don ’t ’’,
and vertical speed limit commands. In addition ,
two types of Intruder Position Data (IPD) messages
are provided——flashing IPD’s and ordinary, non
flashing IPD ’s. The logic also supports a third
type of IPD in which the bearing of the intruder
is known , but the relative altitude is unknown. A
method for coordination for command selection is
provided to guarantee that BCAS command selection
will be compatible with commands displayed by the
intruder and with any commands already in the
aircraft display. Although the method of
coordination has been designed to work with both
ATARS and BCAS originated commands , the exact
method of reselection of an incompatible com man d
in a multi aircraft environment has not yet been
provided..

The logic presented here can drive three types of
cockpit displays. The first is the Airborne
Collision A voidance System ( A C A S)  display wh ich is
used with the logic contained in Reference 1. The
second is the baseline Intermittent Positive
Control (IPC) display described in Reference 2.
The third display is a general purpose Plan View
Display (PVD) which can present a pictorial plan
view of intruder aircraft in the vicinity of the
protected aircraft in an own—aircraft—centered and
own—h eading——oriented framework.

In this document only skeletal logic has been
provided for certain elements of the BCAS

Ic- I
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interface. In particular , the logic required to
drive the display has not been specified . Also,
the interface has been provided for the multiple
aircraft logic responsible for choosing a
complementary command when the initial command is
re jected; but the logic itself has not been
provided.

Figure !ç— 1— 1 shows the relationshi p of the BCAS
logic to the other parts of t” e airborne system.
The Surveillance Processor re~.eives and decodes
me ssages addressed to this aircraft and
surveillance replies. ATARS ~ages and BCPiS
Coordination ?~essages are dir ~d to theCoordination Function describec in Appendix L.
Raw target reports are correlated with tracks by
the surveillance processor and BCAS target reports
are issued into the Surveillance Report Buffer .
The BCAS logic reads reports out of these buffers

• and performs resolution of any potential
conflicts. In this process the BCA S logic may be
required to coordinate with other aircraft or to 3
determine systems responsibility. To do this ,
BCAS sends messages to the Coordination Function.
BCAS writes commands and IPD’s into the Display
Request Queue and the DISPLY routine reads the
queue and upda tes the Display List. The display
Driver translates the vectors in the Display List
into lights on the CAS display.

K- 2
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Th i s  sec t ion  descr ibes  the data structures assumed
in writin g this document , the overall flow of the
logic , and  t h e  ~h~tai led interfaces between the
external programs and h~ B CAS collision avoidance
logic.

~~~~~~~~~~~~~~~~~~~Structures

There are four malor data items assumed in writing
th is d o c u m e n t — — t h ~ own  a i r c r a f t  st a t e  vector , the
i n t r u d e r  s t a t e  v e c t o r , the display vector and the
Collision Avoidance system Indicator Register
(CIR). In addition , minor ~.ata s t r u c t ures ,
decision tables ati d p a r a m e t e r  l i s t s  ar e  presented
in later sections of this document. . -

The own aircraft state vectoz , presented in Table
K— 2— 1 , contains all data pertaining to own
aircra f~ which must be retained for some period of
time . Local variables not used outside a single
subroutine are not a part of the own aircraft

I- - s t a t e  ve ct o r . This  same vector  is used for both
the active mod e and the passive mode. The X and Y
position and velocity fields are not used with the
ac~ ive mode logic are supplied from a direct ional
a n t e n n a .

The int ruder state vector , presented i n  Table

~—2- 2, contains all data , from own a i r c r a f t ’s
point of view , that is unique to an individual
intruder. This state vector is also used with
both the act ive mode and the passive mode of
operat ion.

The display vector is p r e s e n t e d  a n d  described in
det~~i1 i n  Section ~ —€. A common  display vector is
use~1 to driv e any of the displays that might be
used with t h e  BCA S logic. The display vector
contains all of the data pe rtaining to a s ing le
intruder that would be needed to drive a display.
Data for several intruders can be displayed
simultaneously to own aircraft. In this case, a
separate display vector will exist for eachthtruder,

K-4
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TASI E K-2-l

I~WS A I RCR A FT STATE VECT OR

SYMBOL ~
-•T I L l  ~ r I ~‘N

tT\~WN i den t i t i c at i on  ~ t ~wn a i r c r a f t

Own a1r ~- r a f t  tt~i~- i~i~ 1 p~’s tt  i’- n c oor d i n ~~t e~
(P s s l~~ -e  ‘1~ de Onlv~

XDOW N wi~ aircraft tracked v~-l ~~-~~t v  coordinates
( r ss t~ e ~L~de On 1v~

IDATA l ime t o r  which the  t r a k~~1 p os i t ion  and ve1~ c t t v

c oor d i n a t e s  a re  p r t -~ en t e d

SI .EVEL flt~st ’n~ i t  i ~at  i~ n leve l  i n d i c a t o r

RTRANS Ran ge ~~ own air cva t t from the cl~-’s~~st ~ r~~~nd
t rai sp

~
’n

~
t o r  use d t ~‘r desensitization

IN DE X I ndex ~-orrespondlng to des~’nsitlza t ion ‘Lev e l
use d fo r  e nt er i n g  t~’e •~ x m a t r i x  ~ t v a lu e s
for  th t ’ ~e t t ab l e  p ar amet e r s

I
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• TABLE K - 2 -~

IN TRU DER STATE VECTOR

SYMBOL U TILIZATION

ID IN T I d e n t i f i c a t i o n  of the i n t r u de r

T IN T in t rude r ’s t racked pos i t ion  coordinates
lINT ~X & I for  passive ~~de only)
~INT

• XD INT In t ruder ’s tracked velocity coordinates
Yt ) INT ~X & V fo r passive mode on ly ~
.~ )INT

R Tracked range to the intruder

RD Tr a c k e d  range rate of the intruder

TDATA Time for which the tracked position and velocity
coordinates ar e  represen ted

TREP T Time of the last set of target reports for this
• in truder

8C ATARS/BCAS Control Variable

KHI T Own intent status indicator with respect to this
in t r uder

JNPEX Index co rresponding to  intruder ’s equi page used
for entering the 3 x . matrix of values for the
settable parameters

FLASH Flag indica ting whether own aircraft has a
f lashing IPO f o r this in t ruder

C~~SAV Co~~ and being d isp layed to own aircraft due to
this intrude r (Coding is the same as DPLY but
value may he differen t from DPLY)

NTENT Own A/c intent with respect to this intruder

- 

TPOSIT Time a t  which DPLY is set to a positive eot~~and

A
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Own aircraft maintains an intruder state vector on
all aircraft that are potential threats to own
ai rcraf t . The criteria for maintaining an
intruder state vector are considerably broader
than the criteria for issuing commands or disp lays

• of intruder position data. in this way,
sufficient time to establish tracking on an
intruder will be av ailable before commands or IPD
messa q~~s must he displayed for that intruder.
Hence , there will not be a
one-for—one --correspondence between display vectors
and  i n t r u d e r  s t a t e  ve c t o r s .  The r e l a t i o n s h i p s
between the four data structures are shown

• pictorially in F i a u re  K-2 - - 1.  A r r a y s  of
sufficient size to cover the expected traffic - 

-

scenario should be set aside in global memory for
each of the data structures. When a new intruder
becomes a potentia l threat to a given aircraft , an
intruder sta te vec tor is activated and p laced in
the list of intruders. When a display message is

• generat ed l-y own airc aft for a given irtruder , a
new display vec tor is activat ed and added to the
list of disp lay vectors , and to the CIR (for
commands) .

Although each in truder will hav e a row in the
Arra y of Intruder State Vectors , it is not true
th at each intruder will have a row in the d R  ol-
in the Disp lay List. Only those intruders for
which a message (a command or IPD) is currently
displayed will have a row in the display list. In
t h e  C i~ ~ a row w i l l  appear for only those aircraft

• for which a positive or negativ e command is
ac t ive . IPD ’s do not  appear  in  t h e  d R .  In
genera l , t h e  A r r a y  of I n t r u d e r  State Vectors will
ha ve more entries than the Display List which will
have  more  e n t r i e s  t h a n  the CIP.

Messages in the display list will be in the f o r m a t
shown in Table K— 6— 1 with the exception that IPD’s
issued by ATARS will contain all zeros in the

• in truder ID field to indicate that the IPD was
• issued by ATA RS.

k-7
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In addition to the three data structures written
by B CA S , a buffer containing the surveillance
reports received during the BCAS cycle will also
be read by the BCAS logic.

~~~~~~~~~~~~~~~~~~~~~~~~~~
The call to the B CAS routine is supported by the
surveillance processor and the display driver.
When a surveillance report is received , the report
is decoded and buffered by the surveillance
processor. During each BCA S cycle the logic will
read the buffer to see what reports have been
received since tbe last BCA S cycle. The logic
takes a report from the buffer and performs
aircra ft tracking in the routine TRIPAS. The
surveillance processor is responsible for buffer
manage ment and the BCAS logic uses the information . -

in the buffer to update it’s Array of Intruder
State Vectors.

The Display Routine and the display driver
operate at the other end of the BC A S logic. The
routine reads requests from the Display Request
Queue and  wr i tes  vectors in to  the Display List .
The Display Driver translates the vectors found
there into signals which light the appropriate
di splay. The structure of this driver will depend
on the type of display used.

• At several places in this document , two sets of
flow charts are presented for the same
subroutine——one tor use with the active mode logic
and one for use with the passive mode logic.
Although for clarity they have been separated
here ; it is left to the discretion of those coding
the BCA S logic as to whether the subroutines
should be coded separately and one selected at
subroutine call time , or whether a union of the
code from the two sets of flow charts should be
coded as a single subroutine with enbedded tests
to bypass  unnecessary  logic.

Once per BCA S cycle the own aircraft state vector
will be updated by the B C A S  tracking routine
BTRACK. Althoug h this routine is referred to as a

K-9
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tracking routine tracking in the x , y coordinate
system really does not take place here. Rather ,
BTR A CK receives current x, y coordinates and
curren t x , y rates as input. The tracker smooths
the altitude report to estimate the actual
altitude .

In addition to updating the own aircraft state
vector the tracking routines perform the important
f uD c t i on  of adapting the BCAS parameters to the
airspace . This level of adaptation can be
specified by the ground ATC or can be determined
dynamically by the BCAS logic itself. A further
de scription of this procedure is given in Section
K— 7.

The routine B CA SDT represents all of the logic to
be performed by the BCAS collision avoidance logic

• upon receiving a report from an intruder that has
been determined to be in potential conflict with

• own aircra ft. A high level flow chart of this
rout ine is presented in Figure K— 2—2. Only the
high level flow is presented here. Individual
tasks are represented as subroutines and are
described individually in other sections of this
document .

The BC A SDT routine performs intruder tracking,
threat detection and resolution , limit command
determination , IPD determination and display
functions. Interlaces are provided to coordinate
BCAS with ATARS. The progra m tests various option
switches to de termine which command and display
option s have been selected. The selectable
optio ns  are s u m m a r i z e d  in Table K — 2 — 3 .  Except for
PA FLG , NOHO R , and NOHPOS , the option is selected
if the switch is set equal to 1 and not selected
if the switch is set egual to zero. The

• operational values for these switches have been
specified in Table K—2—3.

The program initially sets the display indicator
to  “ no command ” (D P L Y  = 0). The first test in
th is  r o u t i n e  is pe r fo rmed  to see if the BCAS
logic has been disabled by the ground ATC system.
This is indicated by S L E V E L  = 4. If so, som e

K-1O
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TABLE K-2~ 3

SELECTABLE DISP LAY AND LOGIC OPTIONS

a
OPERATIONAL

OPTION SWITCH VALUES

Positive and Negative Commands PNCOM I

Passive or Active CAS Logic PAFLG Varies

(0 — passive) (0, 1)
(1 — active)

Limit Commands LINCOM 1

Horizontal Commands NOHOR 0

(0 horizontal commands are
allowed)

Positive Horizontal Commands NOHPOS 0

(0 ho rizontal positive
commands are allowed)

Clock/Relative Altitude IPD Data CLIPD 1

Plan View IPD Data PVIPD 1.
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control variables are initialized and only the
display vector subroutine is called so that any
BC AS activity that might have existed prev iously
wo uld be deleted . It is expected that setting
SLEVEL=4 would be exercised only at 1 or 2 miles
from an airport. The BCAS logic would be shut off
to avoid nuisance alarms from stationary aircraft
on the a i rpor t  or f ro m a i r c r a f t  in VF R v isual

• patterns at the airport.

If SLEVEL is not equal to four , the BCASDT routine
calls T R I P A S  to t rack the  i n t r u d e r ’s data  and then
proceeds to determine the type of command , if any,
wh ich should be displayed. The program then tests
INDEX to determine whether BTRAC~ ha s disabled the
BCAS logic. If I N D E X  = 4, the program then tests
PNCOM to determine whether positive and negative
commands have been selected. If so, the progr am . -

then calls DRACT or DRPAS to perform the threat
detection and resolution functions. Here BCAS to
BCAS and BCAS to ATARS coordination is performed
to gua rantee selection of compatible commands and
to determine system responsibility. Multiple
aircraft conflicts are resolved by branchiag to an
as yet undefined multiple aircraft logic. The

• logic sets the display indicator DPLY to the
desired display code. Regardless of whether or
not the detection and resolution have been
bypassed , BCASDT tests DPLY to see if it is set to
either a positive or a negative command. If so,
the limit command logic is automatically bypassed.

• If the limit command logic is entered , fur ther
tests are made to determine the type of limit
com m an d, if any, that should be displayed; and the
di spla y indicator DPLY is set accordingly. Next ,
the program resets the control variables , IPDFLG
and FLSHFL and then tests to see if the IPD and
vector logic should be entered. Command vectors
are written only for those aircraft under BCAS
control (e.g. BC = 3) . Depending on the display
option s selected , the VECTOR rou t ine  computes the
disp lay vec tor and loads it into the display
request queue. This list is subsequently used as
input to the display routine which writes vectors
into the Display List. The Display Driver

K- 14
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period ically reads the vectors in the Display List
• and lights the appropriate symbol on the aircraft

• display.

Multiple IPD’s and c o m m a n d s  m a y  r e su l t  f r o m  the
severa l displa y vectors in the Command Display
List . Examination of the CIR during command
selection will have insured the compatibility of

• displa y vectors containing positive , negative or
limi t commands.

The BCAS logic has been designed to interface with
the A TARS system through the d R—controller
coordination function described in Appendix L.
This interface sets the priorities of the systems
so that , in genera l, A T A R S  has priority over BCAS

• in providing commands to pairs of conflicting
aircraft within the ATARS airspace . Whenever two
or more d R—equipped aircraft are in conflict
within A TA RS airspace , A T A R S  wi l l  issue IPD’s and
commands to provide collision protection for that
pair of aircraft. B CAS provides additional
coverage around the edges of A TARS airspace by
protecting against pop—up intruders. The

- 
~

- coordination bet ween B C&S and A T A R S  is carried out
in a pairwise manner through the d R ’ s of the
c o n f l i c t i n g  a i r c r a f t .

When an intruder not equipped with a dI E  is
en countered , this coordination cannot be carried
out . Unless  an A T A R S  message has a l r e a d y  been
issued for this aircraft BCAS cannot tell if the
i n t r u d e r  is inside or ou ts ide  of A T A R S  coverage .
BCAS musk then assume that this is a pop-up

• intruder and determine the appropriate BCAS
command .  The f rec uency of t h i s  occurance is
limited by two factors that in practicality
guarantee ATA RS priority. First , all PCA S IPD ’~’
are suppressed within the ATA RS airspace. This
gives ATARS additional time to recognize the
conflict and take action. Second , the PCA S
pa rame te r se t t ings  can be a u t o m a t i c a l l y  a d j u s t e d
within A TA RS airspace to give even more time fcr
ATAR S to assume control of c o n f l i c t s  i n v o l v i n g
un equipped intruders.

K-- i S
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This section summarizes all external interfaces to
the BCAS logic . BCA S receives inputs from several
sources. Correlated target reports are extracted
from the surveillance report buffer in the format
shown in Table K—2— 4 and used in TRIPA S to update

• the intruder track record . Own altitude reports
and x and y r a t e s  a re  requ i red  f r o m  own ai r c r a f t
(alt hough in the relative coordinate system
ab solute x and y coordinates are not required) .
The CIB controller provides inputs to the BCAS
logic in response to coordination requests. These

H inputs consist of a compatible command and a
BCA S /ATA RS responsibility variable. The command
is translated into a display vector and displayed
to the pilot , provided that the responsibility
vector indicates that B CA S is in charge of the
conflict. Finally, the BCAS logic requires two
external inputs. These are the current clock
time , TCUB , and the sensitivity level, SLEVEL , - 

-

from the ATC .

The BCAS log ic provides outputs to three sources.
The primary output is the vector written into the
Display Request Queue for even tual display to the
pilot (see Section K—6) . A secondary output
consists of messages to be sent to the ground ATd .
These are provided through the Coordination
Function which sends own aircraft’s CIR to the
ground on ever y OA FS sensor scan and this
i n f o r m a t i o n  can be used by AT C if desired. The
final output of the BCAS logic consists of the
messages to the CIR controller. These messages
are sent to the controller when the ECAS logic
wishes to initiate coordination and presents the
Coordination Function with a provisional command
(the variable NTENT) and the intruder ID (IDINT) ,
when own aircraft A bit is requested , an d when
ATCRBS track updates are provided to the
coordination function.

The B CA S logic processes an i n t r u d e r  only  when it
finds a target report in the Surveillance Report
Buffer. The surveillance processor must provide
BCAS with target reports. A hit (RPTFLG 1) is

K-i 6
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TABL1~ ~-2-4
REPORT TO BCAS LOGIC FROM SURVE ILLANCE PROCESSOR

VARIABLE INTERP RETAT ION 
- _____

IDINT ID of the intruder A/C

XRINT Relative x—coordinate report of Intrude r A /C

YRINT Relative y—coordinate report of intruder A/C
I

ZRINT Absolute z—coordinatc (altitude) rt~p or t  ~f
intruder A/C

RR Relative range t~~ i n t r u d e r  A / C

EQ 2—bit intruder equ ippage  i n d i c a tor
00 ATCRB S
Ol~~~~DABS w/o disp lay
lO~~~~ DAB S w / d i sp lay
11 ~ BCAS

only the A / C  equippe d w i t h  BCAS is r et . ’rr ed
to as equipped for desensi tiz~ition purposes

PAF LAG l—~~this track maintained in active mode

D FLAG l—~~drop this track

RFT FLG Report flag — 1 if surveillance report received
- O i f  track coasted

K-17 
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provided when the surveillance processor
correlates raw target reports with own track. A
mi ss (RPTFLG = 0) is provided when the
su rveillance processor receives no correlatable
raw report when ex pected. When BC AS receives a
mi ss the tra ck ot that particular aircraft is
coasted.

Special action need not be taken when a new
• intruder first begins to satisfy the potential

• conflict criteria. The BCAS logic will recognize
th at no track previously existed for this aircraft

• and will start a track in the Array of Intruder
-
- 

• 
State Vectors based on the target report. Conflict
detection and resolution will begin after two
target reports have been received. similarly when
a conflict ceases to exist an intruder will be
dropped f r o m  the A r r a y  of I n t r u d e r  State  Vectors
upon receipt of a drop command from the
Surveillance Processor. Initiation and
termination of intruder tracks takes place in the
tracking routine TRIPAS.

Table X—2-5 summarizes the external interfaces of
the BCAS logic. The variables in the calls to
BTRACK and the variables in calls to TRIPAS , are
described in Section K—7. PAFLG is determined by
the type of surveillance report received and is
passed to the BCAS logic so that the proper
version of the i esolution routines can he
selected. If PAFLG indicates high quality x , y
data acceptable for choosing commands , XRINT and
TRINT will contain data but RH will be empty. For
low quality data RB will contain relative range.

A description of the display vector can be found
in Section K—6. See Appendix L for a further
description of the interface with the CIR
Controller through the coordination function .

K-I ~3
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TABLE K-Z- 5

INP UTS AND OUTPUTS OF THE SCAS LOGIC

INPUTS

E
~

fERNAL

TCUR SLEVEL

FROM OWN A/C

IDOWN RTRAN S ZOWN ZDOWN YDOWN ZDOWN

FROM THE SURVEILLANCE REPORT BUFFER (INTRUDER A/c)

IDINT RPTFLG X~~NT YRIN T ZRINT EQ HR PAFLG DFLAG

FROM THE CIR CONTROLLER COORDINATION FUNCTION

~~N “A” BIT BC NTENT

OUTPUTS
- - .  

. DISPLAY REQUEST QUEUE

IDINT BC AUD COMACT CLKACT CLOCK RELACT
PVACT RANGE BEAT ALT EQ SCALE

CIR CONTROLLER

1) IDINT NTENT EQ
2) “A” BIT REQUEST
3) ATCRB S TRACK UPDATE

I(-19
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K — 3 .  D E T E C T I O N  AND ~E S O L U T I O~Z LOGIC FOR ? C S I T I V E  A N D
NEGA TIVE C O M M A N D S

This section presents the threat detection and
resolut ion logic that is used to determine
positive and negative commands. Two separate
rou t i ne s  are employed to select the best command :
when the P A F L A G  indicates that the x , y da ta
received from the s u r v ei l l a nc e  processor is of
high quali ty the DFPAS routine selects the best
positive or negative horizontal or vertical
command. When lower quali+ y x , y data is re~_eived(as indicated by PAFLAG ) D R A C T  selects the best
pos i t ive  or nega t i ve v e r t i c a l  c o m m a n d .  The D R P A S
logic is presented first (Figure !c—3 -1 ) and is
described in some detail. Since the DRACT logic
is largely a subset of this it is then easily
understood.

Mote that DPLY is set to zero before entering the
positive/ negative command logic. The output of
this subroutine is conveyed by DPLY. If no
pos i t i ve  or n e g a t i v e  c o m m a n d s  are r e q u i r e d , DPLY
r e m ai n r zero.  O t h e r w ise , OP L Y r ep r e sen t s  the
c o m m a n d  to be d i s p l a y e d  a c c o r d i n g  to t h e  cod ing
p re sen t ed  in Sec t ion  K — 6 - - 3 .  A m a p p i n g  N DP L Y
be tween  the va lue  of the  v a r i a b l e  NTE N T , own
aircraft intent , and the value of DPLY has also
been provided here.

Coordination among BCAS equipped aircraft and
between the BCAS and ATA RS Systems is provided
during the command determina tion phase by the CIR
controller intertace function. Commands , said to
be pro visional upo n selection by the BCAS logic,
are  passed to  t h e  CIR c o n t r o l l e r  f o r  c o o r d i n a t i o n
w i t h  c o m m a n d s  a l r e a d y  i n  t h e  own a i r c r a f t  d i sp l ay ,
and  w i t h  c o m m a n d s  in the  d i sp l ay  of the  t h rea t
aircraft. The controller returns a compatible
command to the BCAS logic. In the simple two
airc ra ft scenario this involves only verification
that the command selected by BCAS does not
conflict wi th any commands already displayed in
either aircraf t. An unspecified mult iaircraft
logic called by the CIR Coordination Funct ion is
assume d to be ab le  to h a n d l e  t he  case of c o m m a n d
conflict.

K— 20
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No positive or negative command
requested for this A/C.

UPDATE

Displayed for 
Comm and Previously KHIT=3?

NO cuR~~
‘T PD$ZT,T~~MlN

YEs 

i ~~~~~~~~
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NTENT=0

--- K
CALL
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DPLY =

NDPL Y
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EXIT

i a I ( nntin ’i.A ) 
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An important characteristic of the detection and
resolution logic is that most of the parameters
are variable and are determined by own aircraf t’s
location and by £ntruder ’s equipage

The idea is that different types of airspace
de serve differen t types of collision avoidance
protection. Just as separation standards now
differ at different altitudes the BCAZ logic has
the ability to select a set of parameters that
adapt the collision protection to the surrounding

• airspace. Although this selection takes place as
a part of aircraft tracking (Section K—7) the
parameters are used in the detection and
resolution logic presented in this section. The
choice of the paramete r set de pends on the
variables INDEX (set in BT R A CK)  and  J N D E X
representing the intruders eqiIipage (set in
TRIPAS ).

• When these are used to set detection thresholds,
INDEX can take three different values and JNDEX
can take two different values. For convenience of
access, the six values associated with a parameter
are stored in a doubly—dimensioned array which is
referenced using I NDEX and JNDFX. Thus , for
example , the modified tan distance DMOD , is set to
DMOD (INDEX , JNDEX) . Setting the values of the
setable parameters is the first function per formed
in the detection and resolution subroutines.

After initializing the parameters , the threat
detection logic determines whether the intruder
po ses a threat warranting either a positive
command request or a negative command request. If
such a request is warranted , the logic also
determines whether the maneuver should he vertical
or horizontal.

Figures !c—3—2 and ~—3— 3 show the protection

K- 28
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a f f o r ded by t h e log ic  i n t h e r e l a t iv e
range——relative range rate plane and in the
relative altitude——relative altitude rate plane,
respectively.

A command is requested by the logic when the
following three conditions are satisfied
simultaneously:

1. the relative range and relative rdnge
rate are such that the point defined by the
pair lies within the protected area in the
R— PDOT plane ,

2. the r e l a t i ve  a l t i t u d e  and a l t i t u de  r a t e
are such that the point defined by the pair
lies w i t h i n  the  protected area in the A— ADOT
plane , and

3 the projected horizontal miss distance is
less than a certain threshold.

As shown in the flow chart , the first condition
involves either a modified range—tan test or an
immediate range test. The second condition
in volves either a vertical—tan test or an
immediat e altitude test. Finally, the third
condition is tested by computing the square of the
horizontal miss distance (MD2) and comparing it to
the threshold NDCMD .

If all three conditions are satisfied , the logic
proceeds to det€~rmine the type of command to be
requested. This involves deciding whether the
maneuver should be vertical or horizontal and
whether the command should be positive or
negati ye.

As shown , the logic requests a negative vertical
c o m m a n d  if t h e  v e r t i c a l  mi s s  d i s t ance  V N D  is
greater than the limit ALIM2 . The program sets
V N D  to the prolected miss distance A + ADO’!’ *
P (1AUR) A if the aircrafts are vertically
separating* (i.e., if A > 0) and to the linear
projection A + ADO ’! * TVPCND if the aircrafts are
vertically closing. Note that , if ADOT < 0, VMD

K-il
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wi ll be negative if the product of the rate ADOT
and the tiuie TVPCND is larger in magnitude than
the  c u r r e n t  separa t ion  A (indicating that a
vertical crossing occurs in the TVPCMD interval).
If V M D  > AL IN2 , the program sets CFLG = 2, thereby
requesting a neg~tt ivc vert ical maneuver , and then
exits the detectx~in logic to  process the request .

Howe ver, if the vertic al miss distance is smaller
than the limit , further tests are made to
determine the type of request. From here , the
logic will select either a positive or a negative
hori zontal maneuver or a posit ive vertical
maneuver. If ND2, the square of the horizontal
miss distance is qicater t h a n  an dcceptable value ,
ND POS, t f lt ’ s 7 1 l t i V e  horizontal command is selected.
If i t is less t h a n  t h i s  value a positive command
(vertical or horizontal) must be selected.

From here the flow chart shows different pat hs for
eq uipped and for unequippe d intruders. For
intruders not equippet~ to do coordination the
ve rtical rate is checked against a threshold. If
it is greater than ZDTH2 and a check of the signs
indica tes that the intruder is closing then a
positive horizonta l command is requested.
Otherwise , a test is made of the square of our own
(horizontal) speed . If this is greater than VTHSQ
a pos i t ive  ver t i ca l c o m m a n d  is normally requested.
If , however , the vertical, tan indicates that a
coaltitude condition would occur at about the same
time that the aircraft would begin to maneuver , a
positive horizontal command is requested instead.
If our own (horizontal) speed is smaller than
YTHSQ, a horizonta l command is normally requested.
Howe ve r, if the vertical miss disk ant-e is nearly
as grea t as the des i re d threshold , a vertical
command is selected.

When the intruder Is equipped , the intruder ’s
(horizontal) speed is cons ide red  in addition to

* The predictive function P is defined in Section
8.
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own speed. If either aircraft has speed greater
than the threshold , vertical is selected , unless
the p rev ious ly  men t ioned  c o a l t i t u d e  cond i t i on
would occur at about the tine of maneuver. If
both aircraft are slow , horizontal is selected ,
unless the vertical miss distance is near the
desired threshold.

~~~~~~~~~~~~~~~~~~~~~~~~~~~
As j ust seen , on e poss ib le  output of the detection
logic is a request for a positive command. The
logic for processing such a r e q u e s t  is shown
im mediately following the detection logic. It
determines whether and when a positive command is
displayed.

If a positive command was displayed on the
previous scan (i.e., if KHIT = 3) the program
calls the C I R  controller coordination function
with the value of N T E N T  eq u al to that found in the
intruder state vector for this aircraft. The CIR
coordination function sends an interrogation
message to the tnreat aircraft , refreshing his
di splay,  ret urns  t h e  compa t ib l e  c o m m a n d , ( the  sa me
value of NTENT) and the value of BC , the B and C
bits f r o m  the  CIB row , determining the system
respon sible for separation assurance. This
coordination gua rantees that an A T A R S  originated
command will be main tained until cancelled by
ATAR S or until BC A5 ~ no longer detects a conflict

• and ATARS coverage has ceased. But if no positive
comman d was displayed , the log ic is mo r e
complicated. The logic for initially displaying a
positive command requires that the command be
requested on two consecutive scans or on two scans
separated by a third. Furthermore , in the case of
an intruder, equipped with a CIR the logic calls
the CIR Coordination Function to determine whether
the positive command requested is compatible with
any displayed by the intruder.

The variable KHIT is used to imp lement the
two—out—of—three logic for initially displaying a
positi ve command. KHIT is initially set to zero
when the aircraft state vector is created and
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upda ted af ter each h i t  (Le., request for a
positive command) and after each miss (i.e., no
request) according to the rules shown in Table
K— 3-1. The four integer values that can be
assume d by KUIT are explained in Table F~—3—2 .
Note that KilT = 3 indicates that the
two—out—of—three condition has been satisfied and
that positive commands are displayed. The NTENT
register codes corresponding to these commands are
shown in Table K—3— 3.

From here , intruders not equipped with B CAS , A T A R S
or eve n DABS are handled in the same manner by the
BCAS logic. The CIR controller is called to
d e t e r m i n e  A T A R S  or B CA S S y s t e m  r e s p o n s i b i l i t y .

For the purpose of coordinating positive commands ,
and de termining ATARS/BCA S S y s t e m  r e s p o n s i b i l i t y
each BCAS or ATAR S display equipped aircraft is
provided  w i t h  a d R .  The CIR acts as a c e n t r a l
re p o s i t o r y  for c o m m a n d  i n f o r m a t i o n ;  it c o n t a i no
intege r codes describing commands curren tly
disp layed to the pilot. The Coordination Function
( A p p e n d i x  L) p rov ides  the  i n t e r f a c e  b e t w e e n  the

BCAS c o l l i s i o n  a v o i d a n c e  logic a n d  the d R .  It
receives provisional commands from the B C A S  logic
and returns finalized commands to the logic. As
shown  in DEPAS flowchart the coordination function
is explicitly called when a positive command is
selected.

K - 3 .3 .2~~~~n e qu i ~~~ed _ I~~t r u d e~~~Case As s h o w n , the
processing for the intruder not equipped with BCAS
is e x a c t l y  the same as that for the equipped
intruder with the excep tion th~~t differen t values
of the parameters specified in Section K—8 are
used . The Coordination Function must be called to
d e t e r m i n e  BCPIS to A TAR S System responsibility.
Si nce u n e q u i p p e d  i n t r u d e r s  do not h a v e  a CI R b i t
the  u sua l  m a n n e r  of a l l o c a t i n g  t h i s  r e sp on s H - i l i t - y
through examination of intruders ‘A’ hit does not
apply. Rather , ATA RS is provided every
op portunity to assume control of the conflict
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TABLE K - 3 - l

NEW VALUE OF KUIT AS A FUNCT ION
OF OLD VAL~JE AND HIT OR MISS

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NEW KilT

OLD KilT HIT MISS

O 2 0
- ~: 1 3 0

2 3 1

3 3 3

K- 35



AD AODI 919 FCD€RAL AVIATION ADMINISTRATION WASHINGTON D C ocFIc—Etc F/S 17/7
FAA BCAS CONCEPT. VOLUME III B. APPEJCICES F — M.ItJ)
APR 76 E J ICOENKE

UNCLASSIFIED FAA—EM—Y e—S—Ill—a p4.

• _ _ _ _  _

_ _ _  

•tiUO~~~O

_ _  

!DS~OUI N’
_ _ _  

____t
______ 

II



.:

A S .

1.0
—— : lL~
Ii

~I I8

lllhI~25 llI~I~i~ II~II



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~ _____

- z = ~ -=-

~ 1

TABLE K -3 -2

THE VARIABLE KHIT AND ITS STATES

VAL UE S OF KilT MEANIN G

0 NO PREVIOUS COMMANDS , NO PREVIOUS
HITS

1 A RI’T l~ O SCANS AGO AND A MISS
THE PREVIOUS SCAN

2 A HIT ON THE PREVIOUS SCAN - 
-

3 2-OUT—OF— ) RUL E HAS BEEN SATIS-
FIED AND POSITIVE COMMAN D IS
DI SPLAYED

K-36
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throuqh il .t’lay of RCAS processing by selection of
t h e  B C A S  pa ra me te t s  f o r  the unequipped intruders
to ht~ .maller t h a n  t he AT A RS paramete rs and by
supprent;ion of BCA S PVI’ s w hen own aircraft is
rt’ci’i vinq A TA R S cove r age. These maneuvers allow

• A T A R S  to rema in the pr imary sys tem while retaining
fl CAS prn t i’et ion  aga inst pop-ups of unequipped
tnt r

~~ ~~~~~~~~~~~~~~~~~
in  t ht’ case vh~~tty own a i rcraft  or threat aircraft
Is threaten ed by more than one int ruder the
command •ust It t’ selected to be coap~ tible with the
in tent of all intruders. A special register is
used to m aintain information on the intent of all
intruders. This storage location , the  CAS
(Collision Avoidance System) Indicator Register 1
or d R  is also used to provide A TARS to ECAS
coordination . I t t ;  structure is shown in Appendix
L.

A m iss is said to have occurred if the detection
logic does not. request a positive command. As
show n, t he var i a b le ~H IT , w h i c h  tracks the
hi t-mi ss and display status of positive commands ,
is updated to reflect the miss and then tested
(KHIT = 1) to determint’ whether  a positive command
w a s  d isplayed on the previous scan.

If ~H I T  1,- t h ’  logic tests whether  the com.and
has been displayed for the minimum length of time
required , n a m e l y ,  TPOMIN seconds. If not, the
progra m exi ts with the positive command still
displa yed. Bit if the current time TCUR > TPOSIT
+ TPOMIN , K H I T  an d  the intent regis ter  are both
i-e~~ t t  to zero , thereby wiping out the command and
r e — i n i t i a lizing the t w o — o u t — o f — t h r e e  logic
described prev iously.

If ~HI1 < I, t he intent register is reset to zero
and the coordination function is called to delete
this command from the d R .  BC is returned to set
lICkS teupons ihil ity for removing the vector from
the display.

~~
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l og ic  s imi lar  to  t nat  iu-;t de;~cLihed for
p t o i - eu~ ;t nq a in i us t unt -r td wh& n a noqat i ye
command is rcque~ ted by the detection logic. This

• I it t ’ t ;c t  i l e t  in the nex ~ sulsect ion.

K— ~~. ‘ t4e j~~ t ~~~e Lornman il Rt utu-•tu

At t e t  p r o ir t s s i  ~ ‘l tb .  m iss, the ptojram proceeds to
I t ’ ~;t C F l.1 to dot i t  ml f l t ’  whe t her t hi’ 1~~t cc t ion logic
requested a nt’q ative command (provilfd the program
lid not exI t b e  to a p re—e x ist in g positive
command) . I t  C F L ;  4 , a negat i ve hor izontal
m aneuvet (i.e., don ’t turn) was requested. The
Ii rect . ion of t he Ion ‘t  Turn is interred from the
pos it i VI~ m an.uv .•r ut lectt ’l by the subrout ine ‘

HORN AN , Fol examp le , it HORNAN select s turn
ri qh t , h. iii splay in~uicat or DPLY i set  to 14 to
m d i  c.t t .’ don ’t tu rn  l e f t .  It CF LG = .~~, a nega t i v .
Vt ’ i t  I t~~i 1 flu It .‘U Vt ’ r wa s t c q  nested , I n w hich case ~

‘

0 P L Y  i n  I t o  one or two t o  d isplav eit her a
ibon ’ t c i  imtt or ~. don ’ t  descend ‘cording to
whether the intruder is prolected to be above or
below own a i t : .-rai t. The progr am exit s after
n et t i n g  the d isplay  indicator to the desitid
l ieqat i v. ’ command ond cooidiii ~it ing th i~tuj h the dIR
C O o i i I 1 f l~~ t~~ Ofl Function.

Lb

The computation of the best pair of positiv i
hori zontal maneuv ers for the intruder and own
aircraft is shown in the flow chart (Figure K—3— )
for the subroutine HORNAN. The log ic was borrowed
from A TAR S , and ex cept for initializat ion ot
variables and the addition of the entry point
ENTFR IIO I1MA N , the tlo~ chart was taken from
Reference 2. The variable CT X TH = COS(TXTH)
should he initi ali zed outside this routine .

The hori zontal resolution ~ilgorit hm receives as
input the X and y posit ion and velocity
coordinates of tue two aircraft requiring
resolution commands. The estimated coordinates of
the t w o  conf l ic~~inq a i rc t~~f t  may fal l  int o thut’&

--
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mutually exclusiv e classes: (i) the aircraft are
se parat ing ( i .e . ,  t he re la t i ve  range is increasing
with time) ; (ii) the aircraft alt’ converging
(i.e., the re la tive range is decreasing w i t h  time)
and the t rack  cross ing angle is between TXTH (a
s y s te m  parameter ) and 180 degrees; (iii) the
a i r c ra f t  are converging and the t’.ac k crossing
ang le in between 0 and TXTH. The t rack  crossing
anqle is the anqle between the t w o  ve locity
vector s , .‘xprt’nneil ,j;; a posit ive angle b e t w e e n  0
and 180 deqtees.

This third class above is furthe r subdivided into
three “ubcla-;ses as follows. Let TTX1 and TTX2 be
the times to track crossing point of aircraft 1
and aircraft 2, respectively. The track crossing
point is the intersection of the two tracks
def ined by the two  ve loc i ty  vectors .  Compute the
two quantities , 5k and SB.

S \ ( I  \ I  - Ft ~f l \ ) .  ( f l X ~~- I 1 M t  TX )
si;- FF\ 1. r~X 2

TIN FTX is a threshold with nominal value of 10
seconds . The three subclasses are iiia) SA < 0,
t u b) SA ~, 0 and SB < 0 , iiic) SA ~ 0 and SB ~. 0.

The t-o nIi t ion that po sittvo commands would be
required when the a i r c ra f t  a i e  already separating
is an abnormal one , hut may arise due to the
reso lu t ion  logic ror one nonres~ ond ing a i rc ra f t
when t he a i r c ra f t  have come within the range for
declaring an immediate conflict. If the aircraft
are separating , the turn command to be issued to
one aircraft is that one which turns that aircraft
away from the second aircraft. In other words , if
the second aircraf t is in the lef t hemispher e as
viewed by the pilot of the first aircraft , the
f irst aircraf t  is given a “Turn Righ t” command.
Bo th aircraf t ar e given command s according to this
same rule w hich is called Resolution Rule A.

If the a i r c ra f t  are con verging and the track
crossing ang le is bet ween TXTH and 180 degrees the
command to be issued to one aircraf t  is that

K- 4d
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command which instantan eousl y increases the
pro lected hor i zon ta l  d is tance  of c losest approach.
The p r oj e ct e d  ho r i z o n ta l  distance of closest
approach is the minimum horizontal separation
betwee n aircraft that would exi st in the future if
both a i r c r a f t  wel , to maintain constant velocity
vectors. Both airc ra ft are ~j i v c n  command s
accord inq t o  this rule which is c5t  led Resolut ion
Rule B.

A th I rd t u t .  ~se 1 l.d Resolu t ion Rule i ’ is also
used. in th is  rule , the ~ itcra ft which has the
larger tim .’ to t L a ck  c ro s s  ing point is issued the
command which i nstantaneausly increases the
pro lt’cteub horizont a l di s t a n ce  of closest approach.
The at ht’ r uti t c r a t t  is I s n i t e u t  the oppos i te  comman d .

The ~uIes used for the thir d class of geometries
are ’ :

Csonist~y

film (SA<O) Rule C
tUb (S~2O, SB<0) Ruls C
iiic (SA�O , SB~0) Rttl e A

The’s.’ rul es al t ’ displ ayed graph icat ly in Figure
~~ — l— 4 •

The commands to 1. issued are determined
mat hema t icct l ly in the foll ow i ni  w a y .  compute

IX • X2 — xl

• Y2 — Ti
V R X — X D 2 — X D L
VI,! • YD2 - YD1

Let C1’XA be the cosine ot the t rack  crossing
an gle. Then

~~2~~Wl + YD Z YD L
— I ~~QL VSq2

If CTXA < con (TITH) , the t rack  crossing angle is
grater  t han TX T H.

K~- 4 1 
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TU~~ AC2 TO tNCIZASE ICI~ThTflt SZPA3AXION
TU’~ I AC1 ~ 4 OPPOSITE DI3!CTION

0”
S3 < 0

rr~~ - 5

TIIBZ4 A~2 TO ~~C~~ASE )WIID1UX SEPAWION.
TURN Ac3. IN OflOSITE DtR~crION

tile 

g 

~~~~~~~~ 2

TURN ROTH AIRCBAF~ AWAY

FIGURE 11-3-4 .

RESOLUTION RULES TOP. LOW TRACK CROSSING ANCLZS
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Compute

DOT • X.v’Y + RY~ VR~

The two aircraft are converging if D OT in  n e g a t i v e ’
and are separating it DOT is po sitiv e . The time
to t ra ck crossing point can he c o m p u t e d , t o i
a i rc raf t  I and 2 , as:

•U YD2 - RY .XD2

~~l.TD2 — TD.t.~~2

• RX.TDl — ~~~.XD l
— YD1.XD2

Compu t e

C — BX~T~l —

I,
C has the sa me sign as the cross p roduct  b e t we en
t he ve loc i ty  vector  of A i r c r a f t  1 and the relative
posi t ion vector measured from A ir cr a ft 1 to
Aircraf t 2. The sign of C i n d i c a te s  i m m e d i a t e l y
whethe r Aircraft 2 is in the left hemisphere or
the right h e mis pn e r e  as viewed by Aircraft 1 and 4
indica te s i.mediately whvthe’ i a ri ght or left turn
is required by A i r c ra f t  1 to  turn .w ay  f rom
Ai rcra ft 2. If c > 0 , A i r c raf t  1 m u s t  t u r n  le f t
and if C < 0 , A i rc r a f t  1 must turn right.

For A i rcraft  2 , compute

C • U.TD2 - B!.~~ 2.

I! C > 0 , A ircrait 2 must turn i ight  t o  turn aw a y
from A i rcraft  I und if C < 0, A i r c r a f t  .~ must turn
lef t. This specifies Rule A.

The ca lculation of Rule B is new discussed , let
the veloci ty magni tudes of the a i i c ra f t  he V i  and
P2 and let the angles of the ve loc i t y  vectors
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measure d positive counterc lockwise from the
posi t ive I—axis be ~~1 and c’(2. The direction in
wh ich each a i r c ra f t  should turn to cause an
i.mediate increase in the prolected horizontal
distance of closest approach wil l  be determined by
comp uting

a~~ a~~

wh ere ~D represents the horizontal distance of
closest approach.

VU — V2 cogo’2 — VI. coCa] .

• V2 •inaZ — Vi. eisa]..

Let S = Sign (RX . YB ! — BY V B X). Then by the
familiar constant velocity formula

- 
S. (!tX . VRT - RY VRX)

L +

• S (RX.V2.sina2 — RX’Vl.sinai — RY .V2 ’coso2  + RY. Vl.cos~-1)

+ V22 
— 2V1.V2 .(sin.a]. siua2 + coma]. cosa2)

The following derivatives are found.

— 
s .c ‘V]..cosol. + RY.Vl•siao1)

iv~x
2 +vR

+~~~ 
(Vi•cosai.V2.sino’2 — i.sisa].•V2’cosaZ)

~~~
2

~ND S~ (RX.V2 .coso2 + RY .V2 .s ina2 )

V1V1X2 + VR!2

— 
MD(Vi’coeai’V2’sino.2 — Vi’sth~~i.V2 cosa2)

V& +W f2

11-44
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Then. pa  rti~~l d e L  ivativ t ’s can he computed in the
following manner.

A - BX.VRY -

H 12~~~m
2 + vRY2

MD-V

D ~~ i’YD2 YDt~~~2)

~MD S.~ RX.~~fl + RY .YD1)
B + D

ai~ S .ARX.~~2 + RY.YD2) — D

If ~aj is p o s i t  i ye , A i r c ra f t  1 i s  comm a nd ed to
turn left and it negative to turn right , and
simil arly for Aircraft 2.

Ru le C uses t h e  so re approach as derived above to
de te rm ine the d i rec t io n ot turn for the a i rc ra f t
fo r t  he’ i from the’ t rack  c r o s sin~j point.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ !2~~Y~rtAc~~ c~~~~~~sn1i
The f low chart in Figure ~— 3 - 5  presents t he logic
used to  select vertical only commands. This log ic
is used Inst ea d of the previous logic when the
PA FLAG indicates that the quanlity of the I, Y
data is not good enoug h for horizontal comm and
select ion. As the flow chart show s, the detection
and resolution logic for this mode is essent ia l ly
a simplifica t ion of the logic for the sys te m
de scribed above. It is simpler primarily because

~-45



___________________________ -

~~~~~~~~~~

-~~~~

f l D~~~~ t X .J~ DEX)
Rt~ R .R T N E t ~~~~ LX . J~Wt Z ~
Z T t R — Z T N E ~ sc)t- L . J’I~EX)
ZDl~ R—ZDTHK • JNtaE X) •

T Ta4R.TV11~R ( t N D L ~( .JNDEX )
ALL M1 A L I M 1 ~~~~~~ X , DE).~
TUav-TL’ttV~ I DLx .J~I~ x)
RZ— ZO ~ N -ZLNT
R.ZD-ZDOWN-ZDIWT

RZ~O?

4 R 1
A~R2D j.- RiD

1’RO T HR ? YEs R~ RT f lR?  YE S 
2

NO 
(NO REQUEST 101
Pos rrzvm OR WIG-

‘ ‘flY! CoectulD
RR>

i.-RDTHR~ 
NO t(.-RDTWI RPA RM 2

YES

YES 

~~~N0

IAUR__ (R_ 0~~)0) TAUR—TL. AIGE

(NO POSITIVE OR
NEGATIVE REQUES TS)

TAUR ’TRTRR ? ~~ 2

YES

3

FIGURE 11-3-5
DETECTION AND RESOLUTION FOR POSITIVE AND NEGATIVE

COMMANDS- “Act ive Mode”
-DR.ACT-
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A.ZT}~~?

NO

NO

TT V A l

IAUV~ TVTNP. NO

(NO POSI TI VE OR NE GATIV E
YES C~~*’.A5D REQUESTED)

NO A~o? 
?ES~~

(VERTl CAtLY ~ ,CLOSU1G) 
_________________________

COMPUTE PP~O3ECTED VERE • EVALUATE FUN CT i ON P(T ~UR)
Miss D~ STAKCE ASO SET
V~W-k4A•TIME V V~O-k+j *P(T AUR)

1~
(ES NO (RE Q UEST NE GATI VE CO?Q4AND) 

‘

(REQUES TJ~?O SITLNt  
___________

CF!.G— 3 1 COaCtAND) 
Cr1.0—i

(PROCESS POSITIVE (PROCESS NEGATIVE
COa*IAN D REQUEST) CO1*tAND REQUEST)

FIGURE 11-3-5 (CONTINUED)

DETECTION AND RESOLUTION FOR POSITIV h A1~i) j~tGATIVE COMMANDS
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on ly v e r t i ca l c o l l i s i o n  avo ida ia& -v m aneuver s a te ’
conmidereti. Thus, the• con fi le t resolut t on  log Ic
Is considerably s im p l i f ie d .

This $*(~t iOfl a1~ e’~ ho t  d is cUS s  the logic In de ta i l
since the dircussion would only be an abb reviate d
repetition of the pt~~v ious sect ion.  The f low
chart of this logic should t t ’ iut i  e ItO addit lona 1
exp lanat ion for the t eader fami l iaL’  w i t h  the
previous s a c t i o n~ s d iscuss ion. As shown , the
parame ter adaptation Is Identic a l except for t he
de letion of t w o  p a r a m e t e r s  (viz., N D CMD and
NDPO S) • the subst i tut ion o f ALI MI  for ALI!12 and
the addition of the parame ter  T I M F Y .  The
detect ion logic ta the s ame except tot ’  the  ct tase ’ nce
of two horizontal mlsb  d istance tests and the
logic for reques tin g horizon ta l commands. Tab le
M- 3— I4 shows the condition s under which bot h
horizon tal and vertic al command s a t e  selected.

k-SI
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TABLE 11-3-4

HORIZONTAL AND VERT ICAL COI*iAND REFERENCE

HIGH QUALITY LOWER QUALITY

DATA DATA

(?AFLG — 0) (PAFLG — 1)

G~nera,l Coo~anands Vertical Vertical - ‘

(Positive and Negative) and Only

Horizontal

Vertical Miss Distance Negative Negative

> ALLM Vertical Vertical.

Vertical Miss Distance Positive

c ALL’I and Vertical

1) Horizontal. Miss Negative
Distance > NDPOS Horizontal.

or
2) Horizontal Miss Positive

Distance < MDPOS Horizontal
(See Figur e 11—3—1) or x

Vertical

11-52 
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Fi d o r a ’  K— 4— 1 pi e’se’  ta t a; the f l o w  elsa t at f the’ log ic
wh ich d a t e ’ t  ii in a a; w bet he a a V t  it  i sa l  l imi t  c o m m a nd
sit ott Id be ’ iii splayed.  Thi a; s ubrou t  i tat ’  i S on 1 y
t ’ xecut ed it Ito P°5 it j vi’ oa n a g  at iv ca )55~ l It ti a: ha V t ’

• boon t’e’quoa:t e si t o t  t h  i: m t  rU tlot . N o t e  that O P I Y
is a 1w a y a; ze ro w ncn a i tt et  i tag t his sat t ’ iout I tao . it
no l imi t  command ;. ate ’ req uire’d , then DPLY a a; ?e I  0
On exi ting t he’ subroutine . Othe ’rwi se’, DPLY
represents the limit command to be’ disp layed a;;
coded in Section K-8- l.

if the v e r t i c a l sopat a t  ion A I;; ve ry  la rge  ( i _ a ’ .,
it A ~ LA !  T) , limi t commai n itS . a t  not rat ’t ’dvd • and
t he’ program ex i t s .  ilut i t  A is  not as large a;;
L A L T , but is as Ia’ go as 1. ~O0 the n t he’ ve ’rt i ca l
ra tes of own aircraft and the’ jU t rudet’ are’
chocked.  If both the.~~e’ a rc  su I t  l i t e ’ t a t  ly small
(e.g. , < ~~ 2) t taci t the pro~i a am e x i t s , hut it
e’i titer t a t e  is too  laiqe’ , the ’ prog ra m  compu te ;;  t he
modi fi ee l—tau  var iable ’ TAU2 anal com pare s it t o  I he’
pa ramete r  T AU2L as a f u t’thc i  t e s t  o f  v h e t h e ’t a I’limi t command is re’qu i t ed .  it  not , the ’  program
exits with the disp lay ita l ia -~t t o r  I1PLY 0 to
indicate no a’oinmatid .

However , if the test  s hows  the ’ need f o r  a l i m i t
command , t he p Fog t a m  pt oea ’e al ; I o corn putt ’  t he’
propet Ii s it  a had it a; di a c e  I t on  ( i . e • , up 01 di) W I t )
It t he’ ve rt  ic~ 1 sa ’para t ion A ~loe;; not e’ xa ’e ’ e d
BAND 1, and B A N D ~~, the F c i t a ’ ~~; limit ed t o  a max i m um
of t000 to o t / m inute’ . O t h e rw i s e , A i a ;  b e t w e  e n
BA ND 2 and LALT , in w h i c h  S c i S t ’  the I c t t e ’  iS  lim it ed
to a ma x imum of 2000 f e e t / m i n u t e ’. The’ limit
command is c i t  hot a h u t  ci im la  ot  a 1 t m i  t descent
to t he’ rate  determined by the Y e t  t led  s e ’ p a ta t  ion
A , the dire ction being de’ t t ’ rmine’ d by w he ’ th c r  the
hat ruder is above ot below o w n  a ii St c it I . Pa’to i  a’
exiting, the ’ progr am se t s  DPIY to the ’ disp lay code’
correspond m g  to t he’ l imit comm a nd lu;t  ,;e les t eel .
No coord m a t  ion is provi ded t hrouqh the  CIR
Cont roller Cooretitaat ion Punet ion for V e ’ t t  L e a  I
speed limit (VSL) comma itt ;; . It is f e l t  t ha t  t host ’
cannot be’ incom pat i bi t’ wit ha a’ i t  hot posit  i VC 01
nega t i ye’ commands. Si m o l t  a n e o u s  d i sp lay  o t  ,i V S L
Command and a positive command w o u l d  l i m i t  t he’
required climb or doa ;ea ’n I to th at Sit ed ’ i t t  e’d in the ’
vs t.
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a ; ~U . .  a . J;.~~ X
• , ‘ .. ~~d , J;IDLX

i.; .: • . .. .‘ : ; , z . JaitE x

A • 1111

A LAL T? EX I T

YES (t a il W ITH D~tY—O)

YES
A<L300

NO
ZDOWN/.C VR2 EXIT

EXIT

YES

i~~SMALL 1’

R.—steu.1

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

YES t o ?

IA UJ;TAU2L ? TAU2~ TAUZ1..?

EXIT

(EXIT W ITH DPI.Y.O)

(DETERMINE LIMIT CO~WNO)

Figure K-4-l
Logic For Determining Lim it Commands
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.~~~~~ t~~~~~Q~iTi~ .N p~L~_~Q~ic
Th i a; e’c t ion p it ’:;a’ t a t ; ;  t he’ 1 Pt~ logic t hat
ileterm ita t’;; w he t itet or not 1o : j t  ion da ta  w i l l  he
cii splaye d for a pai t icu jar in t r ude r .  It is
e ’nte ’re’ai only a t  owl; a i t c ’t . t tt  is taot ie ’ceiVing
A T A R a a ’ rV  la ’e’  or it  PCA S dot e’ct a SOIt t 1 act
t e ’q Ii i t ing post t i Vt ’  , 01 neil a i Vt ’  coMø ~ n d;;  cl ue t o an
ai t c r a  I out si ala ’  o h  A TAR S c ov e r a ge ’ . Ti’ i a ; q i vt’s
A r A s s  t ha t ’ p i ’imai y t. e: p o n si b i l it y  f o r  ‘iPth~~s within
it a; cove  rage a Led • ‘Tb. ’ logic is not dependent
upon any c,a [cu t at  iota j ’ e i t o t m e ’ d in the previous
command d etect iota log ac. it can be’ use d whenever
X , V da t .a  dt’ e’ av a ila b l e ’ , without re’te’ret at.’c’ to the
quality of that dat ‘i and so clot ;; not che ck PA FLA G .
The ’ bight level logic t e s t s  the  v a r i ab l e ’;; CLII’ D
(cloc k type ’  di splay i n  CiSc ’ )  and flY 1 P1’ (p lan v i ew
type’ d i sp lay  in us e’ ) p i ’ i o t  t o  e iatc ~ ing the ro ut ine
t~ d a t  e rmine ’ i f  IPI) ‘ a ;  should he Ca lou latest . Since
t he ’ta ’  a a :  no provision it t  t he  A C A S  d i s p lay  for
ra’pt e ’;;a’ it t a t  ion ot I Pit ’s the ’  t out j ue  is not enter ed
if t h is  type  dis i l ay  bci ral w~~re’ is used.

The IPD calculat to t ; ;  i n v o l v e  a num be r o f
pa rame t a t  de ’t or mi neal by t he aae’n;; it iv it y level ,
na me’ [7 ,  DM00!’ , RTI1 PO, RT HPF , TIrDO , TIPD F , RZ IPPO ,
B Z I P D F , and ND1PDF’ . Nos it ta l  va lue’ s of these
pci ra m e ’ ta ’rs art ’ I.i;;ta’ al in Sa ’ct ion K — 8 — 2 .  A s  w i t  it
ot he’ t p a  ra mete ’  1;; at ,;a ’ tl i n  t he comma ta d dot  oct ion
logic’, t he’so paramete i s  ca r t’ set as a t ut act  ion of
th e ’ cons it iv it y love 1, te ’p rc ’se a ;t  ed by I NUEX , and
the •‘e~uipaqc of the i n t ru de r , re presented by
.TND PX . IN D EX is sot in the own data tracking
; ;aahrout ij nc , a nd  .TNDFX is set i n  the intruder
tracking subroutine. The IPD subroutine outputs
the’ t w o  f Lag;; I PDFIG dfl tl FLSHFL. If it is sot and
DCA S has assume’d con t rol through a x a m i  nat ion of
i t s  A bit the IPDFIG flaaj will cause p os i t i o n  data
for  t h is  m t  ruder to  be displayed. If FLSHFL is
ae t , t he’ intrude r position symbol wilt flash;
ot herwi se’ it will re ’ ma in s t e a d y .

DIII e’ i a’n t chock;; a t ~ pe r t  ormed tot ordinat y
non- t’la sla i nq IPDs and for flashing IPDs. The
ord in a ry  I P D  l i k e  A TA RS , involve s only a
range/altitude cutoff with the t’anqe gate based on

k-5b



‘ -••—~~~~
- -  

~— .- ,~~~~~--~~~~
- —‘•-—- , 

‘-‘--.-‘--. - - ~~~~~—-- ---- -,-‘-- ‘ -— .- . -

--_ _ _  - 
-~~ - -~~~~~~

aircraft speeds. The flashing IPD involves ThU
and miss—distance tests.

A lthough an IPD is issued for a non—mode C
intruder , the relative altitude for the non—mode C
aircra ft is unknown. Consequently an altitude
filter has been provided that will display these
IPD’s only when own aircraft is below a certain
altitude . This will reduce the number of non—mode
C IPD’s by eliminating those that are unlikely to
be at co—altitude with a high flying aircraft. An
appropr iate mechanis . should be provided for the
disp lay of this message.

Wa
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N t ’ . Pt  ~ P 1 P a Y l.O,’,lc

Tha ’ log ic  I a ’g Ui l t s l  t o  d i j v e  t h e  a i r c r a f t  di sp l a y
‘a at ~ i ci eat i t t  t a; tha t as’ piece ’;;. ‘l’he sub rout i Ut’

YF CTE ) 1~ t o t  ma ; pa ;  t of the ~CA S logic ata d writes
ahi ;p l~a y  i e ’ que ’st;; into the Display Request Queue
t o !  ,,cla a t ;  ~‘t,af t pr oce ssed by ICAS. The rout in e
Pt  S P IA  V ~a a t  S I n~le’pa’ndent ly of th e PCA S logic to
~ e ’ad A ’ I A R S  and 1~CAS displ~iy tt ’quc sta; from the
gat e a~’ ,and w a i te ’  d i s p lay  v e ct o rs  into t h’  D isp lay
Li a ; ’ . The’ Disploy Dr i ve ’; — — a l s o  op er at  inaj
a n d e pa’nh’ nt  ly of t he’ DCA S logic——reads the Display
t .t  a t  e t a  .‘nd liqht;; the’ appropr i,a t e l ights on th e~
t a  r c;~ a f t  dj ; I ’i tv .  This oct jon da’ :;c~~ils’s the
l og ic ’ ma k i ng  UI’ th e ’ t i rs t  t w o  p ie ’ce’c of the
I i  ( a La v t i  0cc ’ ;;;; . The t h i a .~i ~‘; e ’ ce — — t  he Dis play

~ L V a !  ;; le~ ’a ’a; le a; t on the’ ac t ua l  d isp lay  used and
I; a c a a ;a a d e re ’al to be la rge ly  hardw iu e ’d ;  i t  is not
1.’ sc I t  l a s t  ~ t hi;; sect iota

h I’. I ~ ; p 1 cv i~ c’a; Ue ’ ; t

I a ’ t a t ;  t e ’ a ’tt pr~~V i d t a t  in t hat ’ a oaa t i ne’s VECTOR and

~ 1 S!’l.A V t ‘ aIr i vi’ br ec’ tv ~‘ t S  ~‘t cii spla ys , name’ ly ,
the’ A a \  t i a p l a y ,  th a IP~’ d is p lay ,  anal the PVD

~~. The A l  it c a ne  Co I Ii;; i on A vo i chance ’ 5 vs tom
(A C A  5) al t ;; p 1 cv , aha ’sci i bash i n r a’ t a  re ’ t ? c a ’ 1 iS
a ’t I’ t L lt ’ a~~ a t t s p l , t v a n g  Ch.I~~ la , D F ~~CF ND , DON ’ T  C l 1~~l,
~L’ N ‘T t~F SI ’ FNI) comm ,cn ~ a; .a nat I i  mi t vet t i cal r a t e
co mmands .  It c.tut ; a’t d is p lay  i nt r u~li’t pos i t  ion
hat , . The’ l t a t o t m i t t ~~t;

4 Positive ’ Control (1PC)
ii spl ay, w it i cit a a; ate’ a’ t i t ’e ’ ,I ; n i of c’; eat  ~‘t’ .‘ , can

d i s p la y  po s i t i v e’  ot  n e’ qa t iv e  h o r i z o n ta l  oi
v e r t i c a l  co mma t a i s .  i t;  ,al~i it ion , it can d i sp lay
in t i ud a ’ a  p os it i on  d at a e’~~p i e ’s~~a’al in own—h e ad ing
t ’ L le ’f l t t ’ai c lo c k  p o si t i o n  anal qualit a tive relative ’
c a t  t i tua la’ i i ; t o r m c t  iota ( in t t ’ ud er l ’elow , at same
ii’ Va’ 1 OF 1 t’o Ye’) . ‘the t hi i d  d I s p lay  t ha t  can be
it i von is a a; o w n — h e  ~ad i nq  — o r i e n t  i’d p i tt; v i ew
cli ;;p1~; y ( PYP ) i n  w h i c h  oue’ or more ’ ~ut raiders can
be’ prc si’ ta t t ’d a t  oh,’ i’O i I, ’c’t t e ’lntl V t ’ hearing anal
t a  taq e’ w i t h  caci d i t iona 1 c haal , a c ’te ’a ~hc ta presented in
a d a  La h i  ock c t  t ac he’d to t he i ut ru dot ’ S pos i t  ion
cv mb ol

It ;;hou It.l he’ noted  t h it  t h e  h e a ti ng  displayed in



the IPC or PYD d isplay is r e l a tiv e  to  own a ircraft
track , ra ther than own aircraft heading, thereby,
disregarding wind effects.

A s ingle output display vector is used to
interface with all of the displays. Th is is shown
in Table ~—6— 1 . Several intruders may be
represen ted by IPD’s posi t ive, negat ive  or limit
commands a t one time.

The VE CTOR subrout ine shown in Fi g ur e ~— 6-1 forms
a part of the BCA S logic , it js called to format
the result s each ti me BCA S proce sses an intruder
ai rcra ft. A request for action by the DISPLAY
rout ine is wr i t ten  into the Display Request Queue.
As shown in the figure VECTOR tests CIIPD to see
if the clock type IPC display is used and if so,
then VECTOR determines the appropriate relative
altitude, R E L A L T , and clock position CLOCE. If
the clock type display is not requested the VECTOR
branches to the test for the PVD type display.
Aga in a check is performed and if this display
type is requested then the Range , Rear ing,
Al titude and other PV P fields are filled in the
Display Request.

As a final act VECTOR wr i tes  t he display request
into the Display Request Queue.

The Display Proce ssor Routine (DISPLY) reads both
A TARS and BCAS messages out of the Display Request
Queue and Updates the vectors in the Display List.
It per forms sim ple proce ss ing for BC A S commands to
determin e the paper settings of audible alarm and
flash flags bu t A TARS commands and IPD’s are self
cont ai ned and do not require this processing.
These are simply matched w ith vectors already in
the Display list prior to being written into the
list . If a vector w i th  this a i rc ra f t  ID already
exis ts  in the list it is overwritten by the new
ATA RS vector ; if no such vector sxists , the DI SPLY
routine adds the vector to the bottom of the
Display Lis t. A command is erased fro m the
displa y by generat ion of a reques t for a null

K- 59
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TABLE K- 6-1

E NT R I ES IN DISPLAY LIST AND DISPLAY REQT.1EST

ITEM 

— 

INTERP RETATION ~~~~~~

[DINT In t r u d e r  ID x x
BC System Respons ibilitY Switc h X X

D PLY Ceiawaan d X X

CLKACK Flag Indication use of IPD Display X X

CLOCK IPD c l a ’ck position X X

RE IJILT IP D re lat ive ~ ItItude X X

PVACT Plan V i c w  i ) i s p 1~~a F l ig  X X

RANG E Range to Intraad e’r X

BEA R ~O e a r i n g  t a ’ Intruder X X

ALT Intruder Alt itude X X

EQ F1~i~ ;~ i i a j t  in~a Intruder l a s
BC a5 ATA ~~~~; flABS

SCAL E PVD S c a la  X X

IPDFLG F1.t g indicating Ac t i v e  IPt) X X

FLASH Flag in d i c a t i n g  Flashing Message X

M’D Flag indicating Audible Al.s rm X

FLASHFL F l a g  indicating Flashing Mess age ’ X
Requested

K- t’O
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command. The first action taken by the DISPLY
routine is a housek eeping task that
delete s all null vectors from the Display List.
Next DISPLY reads a request from the display
request queue. If this is an ATAP S originated
comm and display, DI SPL Y sim p l y  searches the
Di splay List for any other vector with the same
intrude r ID. If one is foun d , it is overwritten
by the new vector; if no vector  is found , D I S P L Y
adds the new vector to the bottom of the list.

BCAS commands must be processed to determine the
settings of the audible alarm and flash flags.

The first step in this is to interpret the command
that will be displayed for this intruder. This is
represented by the local variable CMDNEW . Next ,
the audible alarm flag in the display vector is
determined using a look—up table. One index into
the ta ble is obtai ned from the previous display
state for the intruder as determined by C$DSAV and
FLASH , both of wsich are stored in the intruder
state vector. The ot her index is obtained from
current displa y information , specifically from
CNDNEW and FLSHFL , which are computed by the IPD
logic. The table is presented as Table Jc—6—2.

No audible alarm is given for limit commands.
Audible alarm selection rules , consistent with
A T A P . S a re g i v en be l ow:

1. a transition from no command to a
positive or negative command takes place ,

2. a transition from a negative to a
positive command take place,

3. a transition from one positive command to
anothe r poc it ive command or from one negative
command to another negative command takes
place ,

~$. a transition from no flashing It’D to a
flashing IPD takes place.

Note that only data applicable to a single

K- 63
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in truder goes into this decision. The existence
of com man ds or IPD’s for other intruders does not
preven t sounding the audible alarm for one of the
above e vents for the given intruder.

Ne x t , the FLASH flag in the display vector is se- .
This involves a simple tran sfer of the flag
FLASHF L (Section K—6. 1) from the Display Request
to the Display List. If BCAS It’D’s are selected ,
the int ruder ’s positi on symbo l f l a s h es if
positive, nega t ive , or limit commands were
desired , or if 4he It’D tests indicated 4he need
for a flashing IPD.

The final two tests on CLKACT and P V A C T  simply
transfer variables from the Display Request to the
Display List.

DISPLY then returns to process the next request
from the Display Request Queue. If all requests
have been processed , the DISPLY routine should
activate the Display Criver.

The func tion of the Display Driver is to read the
Display List and to light the appropriate lights
in the aircraft display. This is done by
comple tely erasing the aircraft display and then
lighting the ligists correspond ing to the vectors
in the Display List. When all vectors have been
processed the Display Dirver re turns con trol to
the DISPLY routine and a new display cycle begins.
This comple te cycle  from the start of DISPLY
through the Display Driver and back to the start
of DISPLY should be repeated frequently to give
prompt display of any commands. Suggested cycle
t ime is 100 milliseconds. The display itself
should appear to be continuously lighted.

K- 65
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K — 7 .  TRA C~~1NG LOGIC

This section presents the tracking and airspace
adaptation logic used by the BCAS collision

• avoidance logic. Tracking is perform ed st para~ ely
for own aircraft and for intruder aircraft.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Tr acking of own aircraft takes place once per BCAS
cycle , whether or not a potential conflict exists.
Here the altitude and the horizontal and vertical
rat~~s are updated using simple fixed parameter
tracking. Figure K— 7—1 gives a flowchart of the
trackin g algirithm and Table K—7—1 lists the
arguments in the call to the subroutine.

AL FP~~, A L F A Z , BETAX and BETAZ are parameters and
are listed in Section ~—8—2 . TDATA is a variable
in own aircraft’ s state vector which gives the
t ime for which tue coordinates in own aircraft’ s
state vector are represented. Other names are
either local variables with obvious meaning in own
ai rct’af~~’s state vector.

This ~;uhroutine also contains logic to determine
the set the of BCAS logic parameters. Since this
~s’t  is a funct ion of own aircraft’ s location , this
can be done ~nce per RCAS logic cycle in this
rout ine. The te~ U1t is contained in the variable
INDEX , whi ch is stored in own aircraft’s state
vector for use during the remainder of the BCA S
cycle . The level of adaptat ion can Ic set  by the
ground ATC system through data link or it can be
dt’t. i~~ j nea l  by th L PCAS logic itself.

Its the f i is t case , ATC can select one of four
possil’ le levels by set t ing the input variable
SLEVEL to 1 , 2, 3 or 4. If ATC sets SLEVEL to 4,
th e collision avoi dance logic is shut—off and the
trac kinq program is not executed. In normal
operat i n , however , only the first 3 levels are
,~le ’ c t t ’1. The Inst level (SLEVEL = 1) j~normal ly  s t ’ l ect & ’ d whe n own airc raft is at high

altitu de . The se(:ond leve l (SLFVEL 2) is
‘;t ’lp ctt-d when owls aircraft is at low a ltitude l’ut

K- u6
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Figur. ~-7-1 Tracking Own Aircraft (Active and Passive Modes)
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r~ s ’:\LI. TO STRACK

SY~tBO L ~tEA~4t ’l C

Curant t ime

O~j n  a i r cr ~t f t  ? — report

X IX~W N Os.-n s I t’ ~- u t X — s - a t  ~-

~ wn uIj’~-rssft \‘ — rate

S LFVL ~!. ~w ss a i r c r a f t  s e n s i t i z a t i o n  level

RT RAN S Own a t r ~- raf t  ran~ a f rom t i x e d  ground
transmitter uaed for ~h’sens1r1zat ion

¼’
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far out. Finally, the third level (SLEVEL = ~~
selected when own aircraft Is at low altitude and
close in. As indicated , the groun d can select  any
one of these lev€ls 

~
y set t ing  S LEVE L to the

proper positive integer.

Ho weve r , a s sh o w n , i f  SL?V!L = 0, the program
it self selects one at the fit . st t hri’~ levels or
shuts off the collision avoidance logic. The
logic ba ses its selection ott o w s  alt it udt ’ , lUWN ,
and distance , R1CRANS , from a ground-ba sed terminal
area , choosi tsg otw 01 the fo llow i ng:

1. the higu altitu de ~ct ti nq if °OWN >
2 DES EN ,

2. The low altitu d e hut tar o u t  setting if
ZOWN < ZOESEN and RTRA N S > RDESFN ,

L the low altitud e and close in settin g it
ZUW N < ZDESEN and HOFF < TRTANS < EDF.SFN.

4.  tb. co l l is ion avoidance logic- is shut-ott
if FOWN < ZDFSFN and RTPANS < HOFF.

So t hat the adap ta t i on  pa ra mete r  se 1,-ct ion is
ba sed on distance from a terminal  area the value
of the variable RTRAN S received from the
surveillance processor should tetlect the range to
a ground station that is to he- use d for selection
purposes. This would not he the case with all
radar beacon transponders (RPX) . The intent is
that crowded te rmina l  area s r eq u it e  a d i f fe r e n t
type of adaptation than relatively unctowded en
ro ute or uncrowded terminal  areas. t iplinks f t - a m
the ground station should contain a bi t ind icati n-~• whether or not tuat station is to be used as a
basis for paramete r adapta t ion .  The s u rv e i l la n ce
processor should decode this hit and use it to
dete rmine the value of RT RAN S.  RT RA N S should he
the range to the closest ground s ta t i on  that  has
the bit set. Some t ime-out feature should be
provided to insure that RTRANS does not change
values rapidly as codes are received from m u] t i p l~
st at ions causing RTRAN S to oscillate l~,ick ~~~
forth.
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If one of the first 3 levels is selected , either via
ground control or program selection , each parameter is
set to one of six possible values according to the
desired sen sitivity level and the intruder ’s equipage
w ith BCAS. (Although an intruder may be equipped with
DAB S and a CAS display he is considered to be
unequipped for parame ter choices if he does not have
BCA S.)

The following table summarizes the five integer values
that can be assumed by the input variable SLEVEL:

SLE V E L VAL U E N E A N I N G

0 Own aircraft selects level

1 ATC pick s level (high
altitude setting)

2 ATC picks level (low
altitude/far setting

3 ATC picks level ¼’

(low altitude/close setting)

LI ATC shuts—off  collision avoidance logic

Pro vision should be made in the surveillance processor
to reset the SLEVEL parameter to 0 whene ver an update
from ATC has not been received within a specified time
period. This protects against an ATC failure or an
aircraf t leaving coverage with the SLEV EL remaining
fixed by &TC.

T he f low chart for this subroutine is presented in
Figure (—7—2 and the arguments in the subroutine call
are given in Table (—7—2. This flow chart contains
logic to create or eliminate a state vector for the
given intruder. The intruder is droppe d if the drop
f l a g ,  D PLA G is set, and a state vector is started when
an initia l report is received. Reasonability tests
will be applied to all raw reports by the surveillance
processor before they are passed to the ECAS logic.
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CREATE AN IN TR UD ER STATE VE CT OR
SET IDINT . EQ , A~ID MTENT TO VALU ES
GIVEN IN SUBROUTINE CALL.
X INT = X R I N T
V INT YR INT
Z INT = Z RINT
XDINT 0
YD INT = 0
Z D I N T - 0
TDATA = TCUR
TREPT TCUR
JNDEX EQ+~

L
~~~) _ _ _ _

R X = X I N T
RY • Y I N T
VRX = XD IN1
VRY ,~ YDINT.

R = \/j~
24Ry2

RX .VR~+RY~ VR Y

EXIT

F igure  K- 7 - 2  -~cluded) Track i .g Intruder Aircraf t
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TABLE K- 7-2

ARGUNENTS IN CALL TO TRIPAS

SYMB OL MEANING

TCUR Current time

IDINT ID of Intruder aircraft

RPTFL G Flag indicating whether a
surveillance h i t  has been received

rho Repor ts for I nt r uder
(Relative ran ge and bearing.
absolute altitude t

EQ 2—bit flag indicating eqstippage of
Intruder

OFLAG Drop flag indicating that this
track should be dropped

k -73
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The flow chart includes logic to coast an intruder ’s
track when a miss is reported by the surveillance
processor ; all position coordinates are linearly
extrapolated and the velocity coordinates are left
un changed .

The surve il lance processor (SP) acts as a front end to
the BCAS logic by correlating raw target reports with
tracks in its own track store. When a successful
correlation is achieved the SP generates a PCAS target
repor t which it wri tes into the surve illance repor t
buffer. The flag RPTFLG is set to indicate that this
is a reported hit. That is, that successful
correlation has been achieved. If the SP does not
receive a raw target report for some time or if it is
unable to decode a report the SP will generate a
reported miss for that aircraft and write this into the
surveillance report buffer. The BCAS logic will then
coast the intruder track based on this MISS. Thus ,
BCAS operates on only those aircraft for which it
receive s re ports from the surveillance processor.

W hen a new intruder first appears , TE IPAS checks the
Array o f Intruder State Vec tors to see if a t rack
alr eady exists for this intruder. Upon finding no
track TRI PAS sets up a state vector for this intruder
and writes it into the array. The track is started by
using the reports directly for the position coordinates
and by starting all velocity coordinates at zero. (HIT
is also set to zero. A track is dropped when the BCAS
logic receives a report with the drop flag, D F L A G , set.
At this time the BCAS logic drops the track by deleting
it frosts the Array, of In truder State Vectors. A null
command should also be generated , (e.g., DPIY = 0) to
remove any pre—existing commands from the CA S display.
When a report on an ATCRBS threat appears the d R
Controller Coordination Func tion mus t b e called to
upda t e the track data in the dIR row for this threat.
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(—8 SUPPLEMENTARY INFOR MAT iO N

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Table (— 8— 1 has been provided a~ a reference to be
used to determine the compatibility of a
provisional command w i th  command s already
displa yed in own a i rc ra f t  and w i th  commands
displa yed in intruder aircraft as indicated by

— . entries in own aircraft d R .  The lower half cf
the table give s compatibility (indicated by C) for
commands generated within own aircraft or received
from an intruder air~~ a,~t wi th commands already in
exista nce on own aircraft display. The lover half
of the table gives compa tibili t y of comm ands
genera ted within own aircraft with commands
alread y existing in intruder aircraft disp lay.
Interpretation of the values of NTENT is given irs
Tab le (—3 — 3 .

Table (— 8—2 identifies system pa rameters of the
logic described in this document and br ief ly
describes their utilization. Nominal values are
given to assist understanding the logics. Most of
the parame ters are used in both the passive and
the ac tive logics, bu t  a few are special to only
one logic. If a parame ter is used in the pas sive
logic , an X will appear oppos ite t he parame ter in
column P. Similarly, if a parameter occurs in the
active logic, an X w ill appear in column A. There
are 6 nominal values for each paramete r affecting
desensitization : the first 3 values apply to the
unequipped case, and the second 3 apply to t he
equipped case; they are store d in ord er of
increa sing desensitization withi n each grouping of
3.

Table (—8— 3 gives the values of the variable DPLY
and the associa ted nrn~in~ t~~~ t - will be 1 t 3 i~5.’ujeI
in own aircraft.
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TABLE ~-8 l

TESTING OWN INTENT FOR C0MPATIBI.LIT~
WITh OWN DISPLAY AND WITh INTRUD ERS INTENT

OWN INTENT (VALUE OF VAlUABLE NTENT )

o ]. 2 3 4 5 6 7 8 9 10 11 12

,~ 0 C C C C C C C C C C C C C

~ 
1 C C I C C C C I C C C C C

~ 2 C I C C C C C C I C C C C

~ 3 C C C C C I I C C I C I I

~ 
4 C C C C C I I C C C I I C

~ 3 C C C I I C 
~~~~~~ 

C C I I C I

~ 6 C C C I I C C C C I I I I
~ 7 C I C C C C C C C C C C C

~ 8 C C I C C C C C C C C C C

8 9  C C C I C I I C C C C C C
10 C C C C I I I C C C C C C
1]. C C C I I C I C C C C C C
12 C C C I C I I C C C C C C

COM)IAND SENT

OWN INTENT (VAUTE OF VARIAB LE NTENT )

O 1 2 3 4 5 6 7 8 9 10 11 12

~ 0 C C C C C C C C C C C C C

~, 1. C I C C C C C C I C C C C

~~ _ 2  C C I C C C C I C C C C C

~~~~~ 
C C C I I I C C C C C I I

~~~~~~ C C C I C I I C C C C I I
,.~~~~ 5 C C C I I C I C C I I C C

~~~~~~ 
C C C C I I I C C I I C C

~~~~~~ 
C C I C C C C C C C C C C

“
~~~8 

C I C C C C C C C C C C C

~~~~~ 
C C C I C 1 C C C C C C C

~~~~10 C C C I C I C C C C C C C

~
_ u C C C I I C C C C C C C C

~ 12 C C C C C I I C C C C C C
4.4
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TABLE K-8—3

DISPlAY INDICATOR CODES

DPLY ~ONMAND DISPlAYED

0 no cot and selected

I. don t climb

2 don’t descend

3 level off

4 (not used)

S climb . -

6 descend

7 don’t i llmb faster than 500 ft./min .

8 don’t climb faster than 1000 ft. /min .

9 don’t climb faster than 2000 ft ./uiin .

10 don ’t descend faster than 500 ft./min.
1]. don ’t descend faster than 1000 ft./cain.

12 don’t descend faster than 2000 ft •/min .

13 don’t turn right

14 don’t turn left

15 turn left

16 turn right
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Table  K— 8— 4 t r a n s l a t e s  values  of the va r i ab l e
N T E N T , i n d i c a t i n g  own and intuder intent into
d i sp l a y codes D P L Y .  The f i r s t  c o l u m n  gives
t r a n s l a t i o n  for  pos i t ive  c o mm a n d s whi le  the second
coltnn n gives t r a n s l a t i o n  fo r  nega t ive  commands .
Notice that several values of NTENT may be mapped
in t o  a p a r t i c u l a r  v a l u e  of DPLY by the f u n c t i o n
ND PLY.

V e r t i c a l  liss Di s t ance  When  A > 0 and  Index = 3

The f u n c t i o n  P (T) is eva lua ted  at t ime  T = T A U R  in
orde r to c o m p u t e  the  projected vertical miss
d i s t a n c e  VND in ¶ I A U B  seconds f r o m  the  c u r r e n t
t i m e . The d is tance  VND is set to A + A*P(TAUF.) . -
and then compared  to the  th reshold  ALI II to
determine whether a positive vertical maneuver
should be given.

P ( O )  = 0 since the cu r r en t  ve r t i ca l  separat ion is
A. Furthermore , since A > 0 , P ( T )  is an
inc reas ing  f u n c t i o n  of t ime .  However , to be on
the  sa fe side in p ro jec t ing  the  ver t ica l
se para t ion  and deciding whe the r  to request a
pos i t ive  c o m m a n d , P ( T )  is assumed to be less t h a n
the linear projection , i.e., P ( T )  < T; and to
reflect the increasing uncertainty of A as T
increases, the ra te of growth of P (T) is assumed
to decrease in tj.me. There are many functions
t h a t  h a v e  the  foregoing  desired shape , for
e x a m p l e , the  a r e  u n d e r  the curve  e in the
i n t e r v a l  0 < T < T R T H R  where  the cons tan t  a is
chosen to reflect the increasing uncertainty of A.

For the  present  purpose , P ( T )  is approx ima ted  by a
pi e c e — w i s e  l inea r f u n c t i o n  whose l inear  segments
have endpo in t s  at T = 0, 5, 10, 15 , 20 , and 25
seconds. The values of P at these endpoints are
stored in the array PFUN (see Table K—8—2 ).
A p p r o x i m a t i n g  P in t h i s  m a n n e r  p e r m i t s  v e r y  easy
p r o g r a m m i n g .  F i g u r e  K — 8 — 1  shows the piece—wise
l ip e a r  a p p r o x i m a t i o n .  Note tha t  P (T) = P ( T R I H R )
fo r  T > T B T H R .
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TABLE K-8—4

FUNCTION NDP LY GIVES DISPLAY VALUE

NEGATIVE
cO~~tE11ENr

NTENT DPLY DPI.!

0 0 0

1 5 7

2 6 8

3 15 13

4 15 13

5 16 14

6 16 14

7 1

8 2

9 13

10 13

11 14

12 14

K-b8
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Due to t h e  f a c t  t h a t  A u t o m a t i c  T r a f f i c  A d v i s o r y
and Re s o l u t i o n  Se rv i c€  ( A T A R S , t o r n i e r l y  IPC)
( R e f e r e n c e  1 a n d  2) a n d  B e a c o n — b a s e d  C o l l i s i o n
A v o i d a n c e  S y s t e m  ( E C A S )  ( R e t &  r en c& 3 and 4) , m a y
s i m u l t a n e o u s l y  be in use on b o a r d  an  a i r c r a f t , it
is necessary to establish an  i n t e r f a c e  w h i c h  w i l l
enable  the  t w o  sys t ems  to o p e r at e  s i m u l t a n e o u s l y
in an  e f f e c t i v e  m a n n e r .  Th i s  d o c u m en t  descr ibes
an a l g o r i t hm  concep t  f o r  +h e  i n t e r f a c e , presents
c o m p u te r  dec i s ion  logic , a n d  i d e n t i f i e s  the
m i n i m u m  a i r b o r n e  c o m m u n i c a t i o n s  c a p a b i l i t i e s
r e q u i r e d  to s u pp o r t  i t .

There at e  s cv e ra l  g e n e r i c  p r o b l em s  i n  c r e a t i n g  an V
effective mechanism f or  d e l e g a t i n g  s y s t e m
resp o n s i b i l i t i e s .  Th i e c  k e y  p r o b l e m s  i n c l u d e
p o p — u p  i n t r ud e r s  ( t h o s e  w h i c h  e n t e r  E A B S

- ~. 
s u r v e i l l a n c e  fr -ow b e n e a t h  t he  c o v e r a g e  f l o o r  and
cause an iaiwediatc collision threat) , resolution
of  m u l t i a i r c t - af t  (>  2) e n c oun t e r s , and  t r a n s i e n t
b o u n d a r y  e f f e c t s .

To r e so lve  these p r o b l e m s , B C A S — o r i g i n a t e d
col l is ion a v o i d a n c e  c o w m a n - I s  a r e  to  be i n h i b i t e d
w h e r e v e r  s ep ar a t i o n  a s su r a n c €  by A T A R S  is
a v a i l a b l e .  This  le a d s  to a d e f i n i t i o n  of s e p a r a t e
b at  c o n t i g u o u s  A T A R S  and  B C A S  s e r v i c e  zones ,
depicted in Figure L- 1— 1 . N o t e  t h a t  B C A S  w o u l d
s t i l l  be p e r m i t t e d  t o  a c q u i r e  and  t r a c k  t a r g e t s ,
pe r fo r m de t ec t ion , e t c . ,  in a l l  a i r s p a c e .  O n l y
I t s  c o m m a n d s  w o u l d  he p r e v e n t e d  f r o m  b e i n g
d i s p l a y e d  to t h e  p i l o t , w i t h i n  t h e  A I A B S  s e r v i c e
zone.

It is r e q u i r e d  t h a t  an i i r c r a t t  e q u i p p e d  w i t h  BCAS
sha l l  a l so  be e q u i p p e d  w i t h  a m o d i f i e d  D A B S
(D i scre te  A d d r t s s  Beacon S y s t c m )  (B~~t o i e n c  5)
t r a n s p o n d e r .  A n  a i r c r a f t  equ i ~~ - o i  w i t h  a D A B S
t r a ns p o n d e r  l~) ( - s  a ) t  ne :.- s s ar i iy  h a v ~. a C A S
(C o l l i s i o n  A v o i d a n c e  S y s t e m )  d is~~i i y  att ached to
i t .

C o m p a t i b l e  A T A R S  and  D C A S  m u l t i a i r c r a f t  c o l l i s i o n
avoidance logic is assumed to exist. A
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d i s t i n c t i o n  r e l a t e d  t o  t h i s  is t h a t  a m e c h a n i s m
w h i c h  des iqna tes  w h i c h  sys t em is respons ib le  fo r
separating a conilicting pair of aircraft is
different from collision avoidance logic that
determines which commands to send to them. This
appendix is exclusively devoted to the formet.

In the following chapter , the interface is
de scribed in terms of actions that occur when
ATAR S and/or BCAS detects a conflict between
airc raft at or near the boundary between the ATARS
and BCAS service zones. It will be shown how
rapid and unambiguous designation of system
responsibility can be achieved using a
first—come—first—served dynamic interlock , w h e r e b y
an action performed by one system locks out
subsequent action by the other system. It shall
also be demonstrated how multiaircraft encounters
can be coordinated , b y success ive pairw ise
applications of the dynamic interlock. The
information contained in ground to air , air to air
and air to ground coordination messages will be
described , including a feature whereby BCAS to
BCAS tie breaking data can be integral with the
air to air handsnaking used in the inteiface.

Next , computer decision logic and messages needed
to realize the interface are presented and
discussed in detail. A special register which is
the focus of all system responsibility
transact ions is described , as wel l as a func tion
which oversees and controls its activity.
Finally, the ramification s of adopting this
interface upon current designs are identified.

Before proceediny to a discussion of the
interface ’s behavioral characteristics , one
f u r t h e r  p o i n t  needs to be made. Although every
attempt was ma de to verify correctness of the
log ic, time was not available to stress it with
every conceivable case. An analysis of the number
of di f fe re nt possible comb inat ions of equ ipag e,
ground coverage at the beginning of the conflict ,
coveraqe transitions during the conflict , sequence
of coordination messages being sent , signal fades,
etc., lust for a three aircraft encountet , shoved
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that this number is very large. Since exaaustive

testing was not performed, the material presented

in this document should be considered a first

design and not a final algorithm specification.
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L — 2. B E H A V I O R A L  C H A d A C T E R I S T I C S  OF T H E  INTERFAC E

In t h i s  section , the basic mechanisms of the
interface ’s operat ion shall be described , both in
general and using specific examples. The nature
of a special  reg is te r , c e n t r a l  to the  f u n c t i o n i n g
of the i n t e r f a c e, wi l l  also be discussed.
P resen ta t ion  of de tai led  decision logic, wh i- -h
utilizes that register and initiates and res- ords
to special coord inat ion me ssages , is deterr- -‘

the following section.

The ATAR S—BCAS interface is required to achieve d
certain set of design goals. Foremost among them
is that it provides what shall be referred to as
continuity and compatibility. By co n tin u i t y  it is
meant that once an aircraft receives a command ,
the system originating it does not change
abruptly; the same system manages t h a t  conflicti ng
pair  of aircraft over the entire duration of the
collision t h r e a t .  ( N o t e  t h a t  t h i s  p r o p e r t y  does
no t preclude the system fro. altering a command it
has give n , in the face of non-response of an
aircraft.) Two levels of compatibility have been
identified. On one level , compatibility means
that a particular aircraft does not receive a
contradictor y set of commands (e .g . ,  CL11i B and
DI VE). On the other level, compati bility means
that all conflicting aircraft (in a two— or
mul ti—aircraft encounter) receive a mutually
consistent command set, so that the hazard is not
worsened by incorrect  c o m m a n d s .  R e l a t e d  to
c omp a t i b i l i t y  is the  p rope r ty  t h a t  only one sys tem
be permitted to issue a command to an aircraft due
to a particular threat.

Anothe r important design goal is that ATA BS should
be the responsible sys tem wherever separa t ion
assuranc e by both ATA RS and BCA S is achievable.
This goal would be fairly easy to achieve, by
sim ply having ATA R S inhibit BCAS commands in all
aircraft visible to ATAB S. However , anot her
p r o p e r t y ,  w h i c h  can c o n f l i c t  w i t h  i n h i b i t i n g  B CA S ,
is tha t protection he p rov ided  a g a i n s t  pop—up
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intruders. This situation occurs , f or e x a m p le ,
when an aircraft beneath the floor of DABS
coverage is in danger of colliding w i t h  an
aircraft within DABS coverage but close to the
coverage f loo r .  C o m b i n i n g  the  d o m i n a n c e  of A T A R S
with protecting a g a i n s t  p o p — u p  i n t r u d e r s  imp l i e s
that an aircraft w i t h i n  DABS c o ver a g e  m a y  r ece ive
an ATA RS command due to a threat aircraft visible
to ATA RS , at the same time as receiving a BCAS
command due to a second threat below DABS
coverage. It is the task of the interface to sort
things out and assure that the sublect aircraft - -

does not receive incompatible commands from the
two systems.

A f u r t h e r  p rope r ty  the  i n t e r f a c e  is r e q u i r e d  to
possess is tha t it be able tc coordinate correctly
in m u lt i a i r c r a f t  (> 2) c o n f l i c t s .  I t  is the
ambiguity as to which of several threats a system
is attempting to issue commands for , that
necessitates the inclusion of threat ID’s in all
air to air and air to ground replies. It was
found in an interLace design alternatives study
that in going from no A TARS— BCA S coordination
capability to coordination of two—aircraft
conflicts, the bulk of the additional comp lexity
lay  in com pu ter logic, while only a few dedicated
bits were required in existing message formats.
In going from two—aircraft to N—aircraft
coordination capability, the malor penalty is that
much larger amounts of data need to he transferred
between the compu ter s, the additional logical
comple xity being less significant.

Two addi tional required properties that are
related to each other is that the interface be
resilient to transient communications losses
(ground fades, ant enna shielding , etc.) , and that
minimum addi tional time delay in the pi lot
receiving the commands be introduced due to
coordina tion. For example , coordination mnst not
be delayed for several scans of the DABS sensor if
an aircraft’s bottom—mounted antenna is shielded
from view during a turn. Another example ic t h a t
successive downlink—up link cycles on separ-ate
scans would not be permitted for coordination.
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Even if extended lead times were provided for such
a sche me , ca ses w o u l d  occur  in a l a rg e ense m b l e  of
trials where the actual lead time available before
collision is insufficient.

One last requirement is that a unique Proximity
Wa rning Indicatoi- (PWI) be associated with each
target aircraft.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
It is convenient at this point to introduce the
specia l register which is the central repository
of responsihiliLy information. It is called the
CAS (Collision Avoidance System) Indicator
Register , or CIR. See Figure L—2— 1 for a
de piction of the CIR structure. A CIR is to be
located in every aircraft containing an operating
CAS di splay, wh ether it be supplementing only a
DAB S t ransponder or both a DA BS tra nsponder and a

- - BCAS unit. Of course , an a i rc raf t equ ipped only
w ith an A TCRBS transponder or no transponder , will
not have a d R .  The CIR need not be a special
p iece of hardwar e; depending on the avionics
technolo gy used , it may be a dedicated segment of
rando m access memory, it may be define d by a
microprocessor when needed , etc. The meanings of
the CIR bits and bit fields are now addressed.

When the A bit is set, this indicates that the
aircra ft containing that CIR is currently being
provided separation assurance by ATARS. On every
surveillance interroga tion (Reference 5) , ATARS
m u s t  c o m m a n d  t h e  A b i t  to be set if the  a i r c r a f t
qualif ies fo r A TAR S de tec tion and reso lution by
virtue of being within the ATARS service zone (see
Figure L— 1—1).

The site ID f ie ld  ( f o u r  b i t s )  is to be used in
A T A R S  mu l t i s i t e  c o o r d i n a t i on , and does not
participate in A TARS—BCAS interface actions.

The CIR has only one A bit and site ID field. All
other bits and b i t  f i e l d s  a r e  repea ted  in d i s t inc t
rows , one for each simul taneous threat (see Figure
L— 2— 1) . If there  are no t h r e a t s , t h e  CIE m a y

L—7
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cons is t  of o n l y  an A b i t  a n d  s i t e  I D  f i e l d , or o f
an A b i t  a n d  s i t e  ID f i e l d  f o l l o w e d  by one  r o w  of
n u l l  b i t s  a n d  h i t  f i e l d s .  As n e w  t h r e a t s  a p p e a r ,
t he  com p u t e r  m a y  d e f i n e  a d d i t i o n a l  r o w s  in t h e
C I E , a n d  release t h e m  as t h e  c o r r e s p o n d i n g  t h r e a t s
disa pp e a r .  In  t~~i~ w a y ,  t h e  i n t e r f a c e  w i l l  be
able  to  c o or -d i n a t e  f o r  dli a r b i t r a r y  n u m b e r  of
s imu l t a n e o u s  t h r e a t s .  The f o l l o w i n g  d i scuss ion
r e f e r s  to  a s i n g l e  t h r e a t  ( r e f e r  to F i g u r e  L — 2 — 1 ) .

I f  the  B b i t  is set , the  a i r c r a f t  has  c o m m i t t e d
it self to  B C A S  f o r  p r o v i d i n g  s e p a r a t i o n  f r o m  t he
t h r e a t ;  i f  t h e  C b i t  is set , t h e  r e s p o n s i b l e
system is ATA RS. The B and C bit cannot both be
set at the same time . The y may both be null ,
ho w e v e r , if the airctaft is c u r r e n t l y  in~~olved  in
neqotiating responsibility for separation from the
indicated threat. The D field contains the
command being displayed to the pilot. If the C
bit is set (own aircraft may be equipped with BCAS
or only DABS and a CAS display) , the D field
contains the ATA RS—or iginated command being
di splayed to the pilct. If the B bit is set and
own aircraft is equipped only with DABS and a
display and not with BCA S , the D field contains a
BCAS command complement , which is not displayed to
the pilot. For example , in a DABS vs. BCAS
encounte r where BCAS is responsible , suppose BCAS
has commanded its pilot to descend. Then the
contents of the D field in the DABS aircraft would
be CLIMB , and this would not be displayed to its
pilot. The Cont~~flts of the D fields are used as
constraints in command selection when secondary,
tertiary, etc., conflicts materialize.

The ID fi eld of the CIR contains information
related to the identity ot the threat aircraft.
If the threat is DABS equ ipp ed , the I D f ield
contains the threat’ s ~wen ty— four bit DABS ID
(Reference 5). if the threat is AT CRB S equipped ,
the ID field contains all zeros, which is
un derstood to mean that the next CIR row contains
the threat’s track relative to own. This relative
track (relative ran -~e , relative beari ng, re lative
altitude , and their rates) is used to identify the
ATCRBS-eguipped threat to other cowputers.
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Associated with the d R  row for such a threat is
also a loca l ID, by which the ATARS—ECAS interface
and the BCAS on the same aircraft identify it whe~
communicating with each other.

Finall y, the E blt is set when air to air
• handshaking, a process to be described later in

this section , is in progress.

Rather than describing each part of the
coordination process in general , several specific
conflict scenarios (see Figure 1—2—2) shall be
traced through . In Figure L—2—2 , an X mar ks the
position of an aircraft when the hazard
ma terializes. Tae ATA RS and BCAS service zones
are configured as in Figure L—1— 1 .

Consider scenario A. Both aircraft are well
wi thin the P.TARS service zone, and consequen tly,
their A bits are both set. When BCAS on aircraft
1 detects a hazard , it locks its dIR , assign s a
row to the ID of aircraf t 2 , sets the E bi t in
that row , and fill s the D field of that row wi th a
provisional BCA S command. Next , it immedia tely
transmi ts a spec ial interroga tion, referred to as
a coordination interrogation , addressed to
aircraft 2. The coordination interrogation
contains the ID of aircraf t 1; an indication that
aircraft l’s A bit is set, and the comp lemen t of
the provisional BCAS command stored in its D
field. When aircraft 2 receives the coordination
interrogation, it locks its CIB (if it is not
busy) , and then transmi ts a coordination reply
which contains everything in its CIR except its
site ID field and E bits. If its was busy when
the coordination interrogation was received ,
aircraft 2 replies, in effect , “CIR busy; try
again” , whereupon aircraf t 1 would retransmit the
same coordination interrogation , and so on. After
replying the DABS aircraft checks its CIB to see
if its A bit is currently set. It is, and  the
BCAS command complement is rejected. When BCAS on
ai rcraf t 1 receives the coo rdinat ion reply , it
recognizes that aircraft 2 is being given ATARS

L—9
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service, since aircraft 2’s A bit is set. Upon
checking own C I R , B CAS finds that aircraft 1 is
it self also being given ATARS service (since own A
bit is set) ; BCAS then unlocks its CIR and
surrenders the conflict to ATARS. In this way,
BCAS is made to self—suppress when both own and
threat ate within ATA B S protection.

Next consider Scenario B. Suppose BCAS on
aircraft 1 is first to detect hazard. As in
Scenario A , BCAS lock s own CIR , sets up a row for
aircraft 2, and sends a coordination interroga tion
to aircraft 2.  Aircraft 2 locks its dIR , reads
out its contents into the coordination rep ly, and —

examines the information sent in the coordination
interrogation. That information identifies the p

as aircratt 1, and indica tes that aircraft
l’ s A bit is not set .  Upon checking own CIR , BCAS
on a ir craft 2 finds no row assigned to the ID of
dir4- r a ft 1 , so tha t it establishes one , and sets
the B hit committing to BCAS (because there are
not two A bits -‘et). When BCAS on aircraft 1
i ~-e.-i yes the coordination reply, it sees that -~~

ai~~- - ~ i f t  2 ’ s CIR contained no row assigned to
- - :t 1, and t iat aircraft l’ s A bit was not

set It then sets own B bit for aircraft 2 ,

displ ays the BCAS command to its pilot , and
un locks the CI !?. Thus whe n both aircraft are
outside the ATARS service zone , BCAS resolves the
c~~nf lict.

Scenario C involves the coverage floor boundary of
the ATA RS service zone , as w e l l  as a t h i r d
aircraft , and so the full capability of the
interface can be illustrated. According to the
placement of the aircraft , it can be deduced t ha t
the A bits of aircraft 1 and 3 are set, while that
of aircraft 2 is not set. Suppose the first
confl ict to materialize is aircraft 1 vs. aircraft
2. The air to air handshaking informs BCAS on
aircraft 1 that aircraft 2 is outside ATA RS
serv ice , so BCAS set s  own B t-it corresponding to —

a i r c r aft 2, and disp lay s the a ssocia ted command
(stored in the U field of that same row) to its
pi lot. ihe  next time ATA RS interrogates aircraft
1, thu .-n ti r~- contents of its CIR (except for the

I’ -I I

- - ~~~~
-= - _~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --



-Ii ,

F~ b i i )  ai.~ downlinked. Upon receiving this
inf orm ation , ATA RS sets up a conflict table for
the 1-2 conflict , including the ID of aircraft 2
and the BCAS command being displayed to the pilot
of aircraft 1. The conflict table also
specifically indicates that BCAS is responsible
for resolvinq that conflict.

Next , aircraft 3 comes into conflict with aircraft
1. Air to air handshaking informs BCAS on
aircraft 1 that hoth own and threat are within
ATARS protection , so it surrenders to ATARS. When
ATARS detects the 1—3 conflict , it selects a
command set whicn is compatible with aircraft l’ s
BCAS command , whLch it finds from referencing the
existing conflict table . ATA R S then uplinks the
command to aircraft 1 , along with the ID of
aircraft 3. Upon receiving the A TA RS message ,
aircraft 1 locks own CIE , compares the message
with own CIR , and finds that no row has yet had
its bit set for aircraft 3. It also finds that
the  ATA RS command does not conflict with any other
pre—existing comm and. If a command
incompatibility ~ad been detected , the ATA RS
command would be rejected by aircraft 1. ATARS
w o u l d  th en be fo rced  to w ait one mor e sca n , d u r i n g
wh ich it would reselect a command for aircraft 1
wh ich is compatible with the BCAS command and with
the ATARS command accepted by aircraft 3. (This
de lay can be avoided by using extended A TARS lead
times. ) In the case of rejection , ATA R S may also
re—select the entire command set for the 1— 3
conflict. In the normal sequence of events where
the ATARS command is not rejected , aircraft 1 th~ n
sets the C bit in the CI!? row associ~~~—a wits
aircraft 3, stores the ATA RS command in that row ’s
D fie l d, displays the ATARS command to its pil~~~,
and unl ocks own CII?. ATARS , of course , u p l i n k s a
command to aircraft 3, which sets up the
appropriate CII? iields , etc. Thus , it can be seen
that compatibility of commands is assured by
ma tching ccordinatjon message information with the
con tents of the CII?, an d that provision has been
ma de to protect against the pop~ up intruder.

Suppose the first conflict to materialize had been

L—l2
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ait s r a t t  1 vs . I A N t l i t  L T h e i r  the firs t row in
ai ri at t l’ s C i  k w i - u  1.d L i r v  e t h i  C h i t  ~a-t  , and an
A T A I ? _S c o w i n s i r d  iii t i -  B t to ld. W i ~ n a i r c r a t t  2
C o m e - s  in t 0 coil t i  j~ : t -. i t  ii i c o i t 1 , tiC AS on
ri L r r t t  1 is ab le t o  s e I & - ct  an  C V d S j V ~ m a n e u v e r
comp .r t ib1~ - wi t ii h~ A I A R S conim and already being
displa yed (it su ch  ~~ k - c t ion  i t-i poss ib l e  based on
the BCAS O pe l  at i irg m a d e )  . S t i &  sh o u l d  be ar in  m ind
that the- t i I? controll e r is ill t h e  w ziile granting
access to o w n  ~~ ~S l o i ~i c , a i r  t o  a i r  c o o r d i n a t i o n
messa qe- pr 0cc -S c  i i r ~~, s l i d  A T A b S  command me s s a ge
puocessinq, an€ - ~ t a tim e . If t h e  C I I ?  is busy
when t he a i uc r i  t i c  cc yes  a n  i ii t erroga t ion from
t i r e g i-ouird , i t  d u t - ~ t r o t  r e p l y .  Th e  a i r b o r n e
computer an I el€-c t ranj(; ~i1 tr i Pmel rt must be fast
enough 50 t h a t  air at icra ft w i l l  be a b l e  t o  c - m i t  a
r e p l y  d u r i n g  t Ire ~) A D :~ n r a i i r  bc am d w c  I I t im e .  Tha t
is, du r in g the ap p r o x i m a t e l y  twenty
i n t e r r o j a t  i o n —  i~~ -~ i y  cycl e - t i n i e s  availab le during
One w e e p  of t h e  DABS our v e - i l l a i t c i  beam , t h e  C l!?
s h a l l  h i -  iv a  i l a b l o  an d  -r r e - p l y  i - u i  it ted w ith hi gh
p robability.

In Sce -n a  rio B, A l A  h i  viol t I c t -  it O W U  dl. b i t t a r y
ra uqe- loun du ry i i i  or I c r  to  ost ;u tnc- respons ibility
for s ep a r a t i n g  tLi i~ pair . T h i s  im p l i r s  that ATA R S
must ic  cognizant Ct ~ i i c i  i t t  beyond the range
boundary (since ~A US surveillance certainly will
n o t  en d  r i  t h a t  b o u n d a r y )  , h u t  does n ot t a ke
action Lou conflicts wholly o u t s i d e  its service
zone. In Sce n ar i o  I) , A T A I ? S , r w a i  e that BCAS is
operat ju g on aircraft 2 (this information is
rout m e  y downlinked ) c o m m a n d s  thi s aircraft’ s A
bit t o  1tc set  at  -t sp e c ia l  extended lead time.
W h e n  U C A S  on air ci at t 2 t o t  t - c t  s a hazard and
performs air to air hanrl~ Ira ki ng with aircraft 1 ,
it discovers t h a t  b o t h  air crat t ’ s A hit s are set.
BCAS then surrenders to ATAI?S. When the hazard
worsens and t h e  c o m m a n d  lead tint- s are N ach ed ,
ATA RS uplin ks command s to both aircraft. if a
hazard falls to m aterializ e (i.e., actual ATA RS
de tection th ie- sho lds or not c ro s se d )  , A TA h S
resets t he  A b i t  i n  a n y  i i  r o t  aft curr :ently outside
its service Zone .

Some addit iorra I it -at u l e t ;  of t h e  interface can be
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illustrated using Figure L—2— 3. In scenario E a
conflict bet ween two BCAS equipped aircraft
materializes when both aircraft are beneath the
DAB S coverage floor. Air to air handshaking
establishes BCAS as the responsible system . Then,
as indicated by the arrows , bo th a i r c r a f t  become
vi sible to AT A R S while the BC A S comman d is still
posted to the pilot of aircraft 1. On each
in ter roga tion from the ground , bo th air craf t woul d
be downlinki ng tue contents of their CIR’s. ATAR S
sets up a conflict table for this pair, indica ting
BCA S as the responsible system , and does not
~ip~Iin k commands even though the conflict is wholly
within the ATA RS service zone. From this type of
ac tion , one is prompted to refer to the boundary
between the A T A R I? and BCAS service zones as a
“soft” boundary. It can also be noted that it the
bo un dar y invo lved in this scenario were the range
boundary, the same events would occur.

The reverse of this conflict is depicted in
scenario F. Here , a conf lict betwee n a BCAS and a
DABS—equipped aircraft materializes within the
ATAR S service zone , so ATA R S is the responsible
system. Even though BCAS is inhibited from
disp l ay in g com m an ds , it is still free to
pariodically issue coordination interrogations to
the threat aircraft , as long as it perceives a
hazard. As the aircraft drop out of DABS coverage
in the middle of resolving the conflict , the
(nom ina l ly) once per second air to air
co ordina tion messa ges are conver ted in to reques ts
to update the timeout for the command existing on
the display. Therefore the ATARS—originated
commands remain posted as long as BCAS believes a
collision threat exists. It is seen from this
example that the boundary between the ATA RS and
BCA S service zones is soft in both directions. If
the boundary in this scenario were the range
bounda ry instead of the coverage floor , ATARS
would simpl y violate it and continue uplinking
commands  even though both a i rcraf t are outs ide  the
nominal ATARS service zone.

F i n a l l y ,  in scenario G , a BCA S—eguipped aircraft
come s into conflict with an ATCBBS— equipped

L— 14
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aircratt. Since aircraft 2 does not have- a CI!?,
it is not involved in the negotiation process.
Since it has no CAS display, the only aircraft to
receive commands is aircraft 1. in BCA S vs.
ATCRBS conflicts , ATA RS will use another special
extended lead time to establish its command
responsibility in aircraft 1. If  an
&TCRBS—equipped aircraft below the coverage floor
t h v e a t e ns a B CAS—equi p ped ai r c r a f t  w i t h i n
covera ge , BCAS will assume responsibility because
A TARS will not have seen the out of coverage
threat and established responsibility at a longer
lead t i m e .  - -
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-3 . LOGICAL DESIGN OF THE INTERFACE

In this section , software s t r u c t u r e s  and detailed
decision logic for the A T A R S — B C A S  i n t e r f a c e  are
presen ted and discussed. First , the high—level
relationship between the BCAS collision avoidance
logic and the A TARS—BCAS coordination function is
described , including messages sent between the two
a c t i v i t i e s .  Then , t h e  l o g i c a l  d e s i g n  of the  CI !?
controller is presented , followed by decis ion
logic flow charts for toe actual coordination
between ATARS anu ECAS. Logic is included both
for DABS transponders with CAS display but without
BCAS , and for DABS-BCAS units;. Th e  sec t ion  is
concluded with a discussion of additional
necessary logical features.

L—3. 1 Communications Between BCAS Collision

The functions which track targets , detect
conflicts, select (provisional) commands for —

evading them , and drive the cockpit display are
described in Appendix K. For t he  sake of log ical
clarity, this activity has been kept distinct from
the ATA!? S—BCAS interface. T h i s  subsec t ion
addresses the (intra—counputer ) messages sent
betwee n these two activities.

Communication between the BCAS collision avoidance
algorithms and the ATARS—BC A S interface is always
initiated by the BCAS algorithms. Three types of
messages can be sent from them to the interface ,
and each has its own type of response. The first
message type is sent when BCAS has detected a
conflict , selected provisional commands for
resolving it, and desires coordination for
finalizing them. Then the message sent to the
interface consists of the threat ID , together with
the provisiona l command set (e.g., OWN TURN RIGHT,
THREAT TURN LEFT), which is referred to as the
variable NTENT in Appendix K .  It is the task of
the interface to test the OWN part of this
provisiona l command set for compatibility with
other commands own aircraft might already be
following, and to coordinate own ’s desire to

L—17
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resolve the conflict with other comput ers
involved . Specitically, th~ in tt r fa c ei de t erm in es
whet her or not own has already committed to ATA R S
for resolving the indicated conflict , a n d  if not ,
perfor ms air—to—air handshaking with the threat
aircraft to establish compatibility wit ir the
threat’s intentions (provided that the threat is
not ATCRUS—equipped) . Any lev e l of
incompatibility (between pre— exi sting own
commands , prior commitment by own or threat to
A TAR S , or pre—ex isting threat’ s intent) is
r e so lved  by t h e  A T A R S — B C A S  c o l l i s i o n  a v o i d a n c e
interface , and  the results are returned to the
BC A S a l g o r i t h m s .  If a i r — t o — a i r  h a n d s h a k i n g
determines tha t the A bits of both own and threat
are set , this f a c t  is c o m m u n i c a t e d  to  own BCAS.
When BCAS desires to drop the command tar an old
threat (and only if the B bit is set for that
threat) , this message is sent to the interface one
last time , with a null command set (NTENT = 0).
The interface logic will recognize this as a
command deletion , and will wipe the corresponding
row(s) from the d R .

The second type of wessage sent by the BCA S
algorithms is a request for own A bit (this
information is used in the A TA RS— BCAS PWI filter) ,
and the corresponding repl y is own A bit. The
third message type is a track update for an ATCRBS
threat , sepa ration from which has already been
committed to BCAs. Since this type of threat is
identified to other computers by its position and
velocity relative to own (it is part of the CI!?)
it is necessary to update - this ideuti ficdtion
whenever own tracker estimatta ate updated. To
facilitate correlation of the updated track with
the old one already in the CI!?, a local threat LD
is included in this message. Since flO Use is made
by BCA S of the knowledge that tl~e track in the Cl!?
has been updated , no reply is sent.

The i n t r a — c o m p u t e r  me ss age  ~~t -t is summarized in
Table L— 3—1 .
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L—3 .2 CI!? Controller

The s o f t w a r e  m e c o a n i s m  wh ich  oversees the  use of
the CI!? is referred to as the CI!? Controller. The
purpose of the CL!? C o n t r ol l e r  is to p e r m i t  on l y
one function at a time (branch of logic , reply to
air to air coordination interrogation , etc.) to be
serviced by the CI!?. In this way, it prevents
scramblinq of coordination actions due to
time—interleaving of events. A function desiring
access to the CIh causes a lock command to be sent
to the CI!? Controller , along with the ID of the
threat with which that function is currently
concerned. It tr~e CI!? is not busy, the CI!?
Controller grants access to the CI!? to that
requesting function , and simultaneously locks out
other functions irom gaining access. When the
function is finished using the CI!?, an unlock
command is sent to the CI!? Controller , which then
f rees  the CI!? for access by other functions. If a
function sends a lock command to ~he CI!?
Controller while the CI!? is busy, the CI!?
Controller denies access to the CI!? by replying
“ d R  busy ”, and a loop keeps sending lock commands
until it gains access. A state transition matrit
for the CI!? Controller is presented in Figure
L— 3— 1.

One further level of state granularity was omitted
from Figure L—3— 1 for the sake of clarity. The
state of being locked in order to service BCAS
air—to—air coordination may be thought of as
ha ving two substates. One of these occurs when
own SCAS has initiated air—to—air coordination ,
the other when own aircraft is responding to a
coordination interrogation it has received from a
threat BCAS. The meaning of this shall be
explained in the following subsections.

If the f u n c t i o n  d e s i r i n g  access to t h e  CI!? is
servicing an interrogation received from another
sys tem ( i . e . ,  A T A R S  o r a remote BCAS) , the
following actions occur. A partial decoding of
the interrogation determines the nature of the
sender. If the sender is BCAS and if the CI!? is
in the UNLOCKED state , its contents are read out

L—20
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direct ly into the coordination reply; the CI!? in
this case acts as a reply message buffer. If the
CI!? is in the LOCKED state , a CI!? BUS! indication
is read directly into the reply. This protocol is
overriden if the CI!? is busy but the sender ID of
a received BCA S coordination interrogation has
higher priority than own ID. In this case, a
priority interrupt of the logic using the Cl!? is
perfor med , the CIR is sent in a coordination
reply, and the coordination interrogation is
serviced. This logic is explained further in
Subsection L—3.3. A schematic of the reply
message switching operation is presented in Figure 

- 
-

L— 3--2 In the case when the CI!? is free and
available for readout into the reply, that readout
action is simultaneous with locking the CI!?, to
allow the CI!? to service the logic which handles
the coordination interrogation data. (That logic
is presented in Subsection L—3—3) . If the sender
is AT A BS and the CI!? is al ready lock ed, no reply
at all is emitted , and the DABS sensor will
continue to re—issue the interrogation in that
same scan until a reply is received.

Q & U~LCoord~~~ tAQB_&2~ic
Logic which is to be executed upon reception of an
interr ogation from another system is presented in
Figure L—3—3. It must be performed by a i r c r a f t
equipped with a DABS transponder and display and
by aircraft having full DABS—BCAS units. This
logic is execu ted ~imuItaneously with the
operation of the reply message switching discussed
in the previous subsection . The interrogation is
exam in ed in or der to decide whe ther the sender is
ATAR S or a remote BCAS. In the f o r m e r  case, the
ATAR S coordination logic, presented in Figure
L— 3—~~, is executed . A picture of the CIB is
included in this figure for easy reference.

Since the logic in Figure 1—3—3 is executed
simultaneously with the reply message switching,
the logic in Figure 1— 3—U mus t f i r st determine the
posi tion of the switch. If the switch was
originally in the locked position, the CI!? was
bu sy when the interrogation was decoded , and no
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c o r r e s p o n d i n g  CIa row n u m b e r ;  if no m a t c h  is
f o u n d , I is given a n u l l  v a l u e . C o n t r o l  is t h e n
r e t u r n ed to t h e  po in t  a t  w h i c h  TIC was  c a l l ed .

If I is not null , then the ‘B’ bit (commit to
BCAS) is checked to see which system has already
en tered the command for evading this threat. If
that system is A TA RS and ClID is null , then row I
is deleted from the CI!?. If the system is AIAR S
and the command is not null , then a check is
performed to determine whether the ATA BS command
received on this upl ink is compatible with all - 

-

o t h e r  c o m m a n d s  a p p e a r i n g  in the IR. Although an
ATARS command remains the same rro~ ~can to scan
with high probability, ATAB S has logic which
recomputes commands and alters them in certain ¼’
situations (e.g., non—response of the threat
a i r c r a f t ) .  If a n e w  B C A S  c o m m a n d  ( f o r  e v a d i n g
some other threat) had appeared in the CIR aft, ;-
t h e  p r e v i o u s  d o w n l i n k , A TP. !?S  w o u l d  no t  h a v e  been
able to use it as a c o m m a n d  s e l e c t i o n  c o n s t r a i n t .
To check fo r  c o m p a t i b i l i t y ,  t h e  A T A R S  c o m m a n d
received on this uplink (CND) , together with an
image of the d R  (ACI!?) , is passed to routinc 

JCO tICOLIP (“command compatibility ”). This rout iro
compares C~1D witn all D fields (own intents )
already in the d R .  COMCOIIF uses the command
compatibility matrix presented in Table 1—3-2 to
make this determination . If no incompatibility is
f o u n d , CCMCOMP returns a value of 1. The A T A R S
command is then recorded in DI , and the current
time is recorded in variable LTACS (“last time
ATA RS command set”) ; LTACS is used as a timeout i n
case own aircraft leaves the ATA B S service zone
t h r o u g h  t h e  DABS coverage floor. If COMCOM P
detects an incompatibi lity, it ret urns the value
0, and the A TA R S command is rejected. When A TA R S
examines the CI!? downlinked to it, it will also
discover the incompatibility (using a routine
simila r to COMCONP ) , and it will deduce that its
command was rejected by own aircraft. A TARS must
then reselect the command in a way compatible with
the downlinked CI!?, and it is forced to wait until
the next sca n to li-liver it. The coordination
logic t h en  p r o ct - e d s  to the next A TA R S c o m m a n d
uplinked on this same interrogation.
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If TIC returns a null value of I, then this is the
first command receivid from a n y  s yst e i i  f o r  e v a d i n g
the ind ica ted  t h r e a t .  C O N C O M P  is used as before
to check for compatibility. If no incompatibility
is detected , a row in the  CI!? is a l l o c a t e d  to t h e
indicated threat , CI is set (committing to ATARS
for separation from this threat) , a n d  the ATARS
command is written into the inte nt field U.

If any other ATA RS command received on this uplink
re ma in s, it is processed. if not , the  CI!? is
unlocked and this itranch of logic is exited.

If the logic presented i n  Figure L— 3—3 determines
t h a t  the  i n t e r r o g a t i o n  was  a B CAS c o or d i n a t i o n
in t e r r og a t i o n , 1D is sot e q u a l  to t h e  D A B S  ID  of
the  sender ( i n c l u d € d  in  t h a t  i n t e r r o g a t i o n ) ,  a n d
CM D is set e q u a l  to  t h e  BCA S c o m m a n d  c o m p l e m e n t ,
also sent  in the i nterrogation. The logic

- - 
presented in Figure 1-3-5 is then executed.

A check is first made to d e t e r m i n e  whether the
DABS ID of the sender is or hi gher priority (is
l a r g e r )  than own DABS ID. It  it is not , a r e p l y
is e m i t t e d  ( c o n t a i n i n g  own CI!? )  if own  CI!? is not
busy  at t he ;  m o m e n t  , or a d R  P1151 me s sage  is
emitted if i t  is b u s y .  i f  t h e  s ende r ’s ID is of
higher priority than own ID, o w n  U C A S  logic ’s use
of the CI!? (Figure 1—3—5) is interrupted if that
loqic is in  fact currently being serviced by t h e
CI!?. The reason fo r  t h i s  is t h a t Ow n  BCAS m ight
si m u l t a n e o u s l y  be a t t e m p t i n g  to  c o o r d i n a t e  w i t h
this  t h r o a t , a n d  i t  is n e cessa ry  t o  p r ev e n t  b o th
u n i t s  f r o m  h a n g i n g  up  i n d e f i ni t e l y .  The p r i o r i t y
i n t e r r u p t  has t he  e f f e c t  of t i e — b r e a k i n g  in  t h i s
case. The CIR is t h e - n  Sc -- f l t  i n  a c o o r d i n a t i o n
rep ly .

When this branch ot  l o g i c  is g i v e - u i  ic to t-os  to the
CI!? by e i t he r  of t hese  p a t h s , r o u t 1110 TIC (“threat
iden t i ty correl ato r”) is called. If it ic - t u r n s  a
null value of I (ho comm and has yet h e - c -n posted
for evading the indicated threat ) , a check is made
of both  a i r c r a f t’ s ‘ A ’  bjl s. It th ey are’ both
set, A ’IAR S is uc -spons ib le - for r c s o t v I- g  l i t
c o n f l i ct and th e - I3CA S c o m m - l u  d is 1-e ico;tcd . ii at
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least one of them is not set, routine CONCOMP
(“command compa tibility ”) is called. If CND is
found to be compatible with every pre—existing
c o m m a n d  in the dl!? (CONCOMP = 1) , CI !? row I is
assigned to ID, SI is set, and CND is written into
DI. A local flag is also set to indicate that DI
is a BCA S command  complem ent an d is not to be
included in own display list.

If TIC returns a non—null value of I, the C bit of
row I is checked. If it is set, then own a i rcraf t
had already committed to AI A L¼ S for separation from
the indicated threat; the current time is then
recorded in variable LTACS (last time A TA RS
command set) to update the timeout for this
command. This timeout update permits the A TARS
command to remain posted even though own aircraft p
has left the ATARS service zone across a DABS
surveillance boundary. If the C bit is not set ,
then either the B bit or E bit is set. If the B
bit is set, own aircraft had already committed to
BCAS , and the contents of the U f i e ld  is e i t h e r  a
BCAS command complement sent from the threat on a
previous coordination interrogation , or a BCAS
comman d already generated by own BCAS . In either
ca se , the current time is recoded in variable
LTBC S (“last time BCAS command set”) , to update
that timeout.

If neither the B hit nor the C bit is set, the
only other way for a CI!? row for this threat to
have been allocated is for the E bit (“BCAS
handsha k ing  in progr ess”) to be set. This
indicates that own BCAS had been involved in
coordin ation and was interrupted by the present
logic. In this case, the CI!? row is deleted and
CMD is sent to CO?ICONP to determine compatibility,
just as if TIC had returned a null value of I.

Whe n t h is logic is com p leted , a chec k is made to
de te r m i n e  if it n ad begun v ia a p r i ori ty
in terrupt. If so, the interrupted logic is
re— initiated (not continued at the interruption
point) with access to the Cl!? being banded over to
it. If no priority interrupt had occurred , the
CI!? is un locked  and t h i s  logic is ex i t ed .

I~— Ii)

L. 



_ _  
-

~~~

---

~~~~~~~~

- - -

_ - -

~ ~~

- - - - -

Logic to be executed when own BCAS requests
comman d coordination is presented in Figure 1—3—6.
As discussed in Subsection L—3.1 , BCAS sends the
threat ID and the provisional command set (NIENT)
to this logic. The first task is to separate
NTENT into own provi sional command  (CMD OW N ) and
the complementary command for the threat (CMDTBT).
A loop then sends lock requests to the CIR
controller until access is granted.

The threat ID is then sent to routine TIC. If a
pre—existing CI!? row is found (I is not NULL) , the . -
B bit is checked to determine which system is
respon sible. If that system is ATARS , the A’IARS
timeout variable LTACS (“last time ATA !?S command
set”) is updated to the current time. If BCAS is
the re sponsi ble sy stem and CN D OWN is not nul l , the
BCAS timeout variable LTBCS (“last time BCAS
comman d set”) is updated to the current time. An
in tracomputer message from BCAS with a null CMDOWN
im plies that SCAS desires to drop commands for
this  targe t, wh ich is no longer a threat; LTBCS is
therefore not updated in this case.

Wh i c h e ver system is respons ib le, a coord ination
in terrogation is sent to the target aircraft if it
is equip ped at least wi th a DAB S tr a n s p o n d er and
disp lay (a coordina tion in terroga t ion w o u l d  be
mean in gless to an A T C R B S  t r a n s p o n d e r  or to a D A B S
tr a n s ponder  withou t a d isp lay, which is treated as
if i~ were ATCBB S) . The cur ren t t ime is also
recorded in order to avoid getting hung up waitin g
f o r  a coord ina t ion  r e p l y  t h a t  is not forthcoming.
If CN D OW N  = n u l l , implying that CMDTRT = null ,
CNDTRT is ne vertheless sent to the target aircraft
in a coordination interrogation. That aircraft
would then use the null BCAS command complement to
delete its CI!? row corresponding to own. It is
no t necessary to transmi t an i m m e d ia te
coordina tion in ter roga tion because I not being
null implies that coordination has already been
performed and this coordination interrogation will
be used by the threa t s imply  to up da te its ti meou t
of its command (or command complement) , or to drop
an old comman d complement. Since this log ic does
no t d if f e r e nt ia te on the basis of the B or C bi t
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being set, the coordination interrogation is sent
to the threat regardless of which system is
responsible for this conflict. If that system is
ATAR S, the coordination interrogation enables the
threat aircraft to maintain its ATARS command as
long as own BCAS perceives a hazard , in the case
when the threat drops out of ground surveillance
before the danger has been eliminated. If the
respon sible system is BCAS but the threat is
equipped only with DABS and a CAS display, the
contin ued coordination interrogation permits the
threat to main tain its BCAS comman d complemen t . -

associated wi th  own , so tha t ATA B S would  not send
it a command (to evade some threat other than own)
which  thwar t s  own ’s resolut- on.

If TIC returns a null value of I, rout ine COLICO MP
is called to make sure that own provisional
command is compa tible with own d R .  If an
incompa tibility is detected (CONCOMP returns a

— - value of 0), a mul ti—aircraft logic routine (NAC)
is called to reselect the provisional command set.
NA C re turns  a value of NTE NT , which must once more
be separated into own provisional command and its
provisional command complement.

If the threat aircraft is ATCRBS—eguipped , BCAS is
designated the responsible system , and this logic
is exited. If the threat has DABS , it is
necessary to perform air— to—air handshaking. A
CI!? row is allocated to the threat ’s ID and the E
bi t is set to indica te tha t BCAS handshak ing  is in
progress. A local counter N (ID), indexed on the
ID of the threat , is also initialized , in order to
prevent against looping indefinitely if the
threat ’s CIR is malfunctioning and remains locked.
A coordination interrogation (containing own DABS
ID , owi A bit, and the BCA S provis’onal command
cowple h~ent CMDTBT) is immediately transmitted to
the threat. If no reply is received by the time
the reply wait interval has elapsed , own compu ter
commi ts to BCAS for separation from the threat (if
own E bit is set; if it is not set, c~ ordinationhad previously been accomplished and the logic is
simply exited).
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If a coord ina t ion  r ep ly  is received be fore the
reply wait interva l has elapsed , the E bit is
similarly checked. If this is indeed the initial
handsha k ing cycle, the coordination reply is
examined to determine whether the threat ’s CIB was
busy at the moment it received own ’s coordination
interrogation. If it was busy, the same
coordina tion in terroga tion is i m m e d i a t e l y
re tr ansmi tted , provided that the number of
retransmissi ons is not excessive. An excessive
nu mber of coord ina tion i n t e r r o g a tion
retransmission s is reached when N(ID) > TCOBU
(threa t CI!? is obviously hung up). If this number
is found to be excessive , own compu ter commits to
BCAS. If not, N (ID) is incremented to reflect the
current retransmission.

If the coord ina t ion  rep ly  c o n t a i n e d  the threat ’s
CI!?, R I and N (ID) are reset. CND O W N is then

- - . checked to determine whether it is null ,
indica ting that BCAS is dropping commands and the
coordination interrogation was only to infor, the
target aircraft of this fact. If C M D O W N  is in
fact nu l l , the C1R row corresponding to this
targe t is deleted , and the logic is exited. If
CN DOWN is not nu l l , both ova and threat’s A tits
are checked. If both  are set , A I A R S  is
responsible for assuring separation of this pair
and  BCAS must suppress its commands. The CI!? row
associated wi th this threa t is del eted a n d  the
logic is exited , whi le sending an ‘AA’ message
(“both own and threat are being protected by
ATAR S”) to own BCAS logic.

If a t least one a i rc raf t in this pa i r  does not
ha ve its A bit set, the threat’s CI!? and the BCAS
provisional command compl ement sent to the threat
in own ’s coord ina t ion in te r roga t ion , are sent to
routin e CONCONP. If CONCOMP returns a value 0, it
is ded uced th at the threa t rejec ted the
provisiona l command complement , since the threat
wil l have used an identica l CONCOMP logic to test
for compa tibility. The multi—aircraft logic MAC
is then called , and it uses the threat ’s CI!?, own
CI !? and own ’s track o f the threat , to select a new
command set which is universall y compa tible. Upon
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re turn of con t rol f r o m  MA C, another coordination
interrogation is immediately sent, with the new
comman d complemen t.

If COSCOMP returns a value 1 , it is deduced tha t
the threat accepted the command complement. Own
computer then commits to BCAS. When exiting this
logic, a f i n al cop y of the CI !? row assigne d to ID
is sent to the BCAS logic.

Several auxiliary functions have been omitted from
the preceding flow charts for the sake of clarity.
DAB S in terroga tion s f r o m  g r o u n d  si tes will con tain
not only commands and A bits , but also Proximity
Warning Indications (PWI’ s) ;  such nea rby  targe t
da ta are also available from BCAS , which  re fers  to
them as Intruder Position Data (IPD’s) . ( D A B S
interrogations may also include air traffic
con trol (ATC) m essages and we ather d ata, which  are
not treated in this document) . In order to assure
un ique ness of nearby target indications on the
cock pit display, the f o l l o w i n g  f i l ter has been
established. If own A bit is set, on ly
A T A R S — o r i g i n a t e d  P W I ’ s wi l l  be presented  to the
pilot.  BC A S— or i g in a t e d  IPD ’ s are presented when
own A b i t  is not  set. B CAS w i l l  per io d i c a l l y
chec k own A b i t  (see Table  L — 3 — 1 , own  ‘A ’  b i t
reques t message) , and display or inhibit the IPD’s
it gene ra t e s . )  For a s i m i l a r  reason ,
BCAS—originated vertical speed limit commands
(VSL’s) are not tiltered; they are displayed at
all times.

C e L t a i n  ac t ions  t a k e n  by the  CI!? c o n t r o l l e r  shou ld
also be c l a r i f i e d .  W h e n  r e s p o n d i n g  to an ATA B S
message f rom the g r o u n d , the a ir cr a f t wil l  r ep ly
wi th own CI !? if a v a i l a b le, and will not reply at
all if the CI!? is locked. When responding to a
BCA S coordination interrogation , the a i r c r a f t w ill
reply  w it h own Cl!? if ava i l ab le, a n d  w i l l  r e p l y
w i t h  a CI!? BUSY message if the CI!? is locked.
When respond ing to ow n BCA S reques t for
coo rd ina t ion  as when  an ins- ra-computer message
f r o m  Table L — 3 — 1  is receive 1 , t h a t  request  is
honored immediately if t he dIR is available. If
the CI!? is locked , the request is held in a WAIT
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state until it becomes f r e e , and  is then honor ed .
This is done in order to f ree  the BCAS logic f r om
the need to per iod ica l ly  re—issue  coordinat ion
reques ts when the CI!? is u n a v a i l a b l e .

As described in Appendix K , the  cockpi t  d isp lay
i n f o r m a t i o n  can o r ig ina te  f r o m  e i the r  the  BCA S
logic or the  A T A R S — S C A S  i n t e r f ace, or both .
(Up linked AT C message s are also displayed, but
this  a c t i v i t y  lies outs ide  the scope of this
document.) These functions send display requests
(pos t i n fo rm a tion , dele te i n f o rm a tion , al ter
in forma tion) to a s tack called the  Display Reguest
Queue (see Figure L— 3—7) . An activity called the -

Display Function accomodates these requests one at
a time , creating display vectors which it wri tes
into the  Disp lay  Lis t .  The D i s p l a y  Driver  program
reads these vectors and transforms thew into
disp lay  c o m m a n d s  f~~r the cock p it d i sp l ay .

Whenever a branch of coordination logic adds an
ATAR S c o m m a n d  to the CI!?, or deletes one from it,
it mus t  also sen d a corresponding display request
to the Display Request queue. The request
consists of the  va r i ab les  I DENT ( th rea t  ID) , DPLY
(coll is ion avoidance maneuver  command)  , FL SI4FL (a
bit  which is set if a flashing PWI is desired)
and the B and C bits of that CI!? row. A null
value of DPLY is recognized by the Disp lay
Funct ion  as a syabol deletion request .  The
coord ina t ion  logic does not send d i sp lay  requests
to the Di splay  Request  Queue , when the command
being altered o r i g i n a tes f r o m  SCAS. Ins tead , when
the coo rd ina t ion  logic is exi ted  and an
intLa— coruputer message is sent to the BCAS logic ,
tha t logic generat es any necessary display
requests.

Fi na l ly ,  an endless loop in the CI!? controller
must cycle thrc~uyh the variables LTACS (last time
ATA !?S command set) associated with each CI!? row ,
in order to delete commands that have not been
updated recently enough.
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L — 4 .  I M P A C T S  ON O T L I f I ~ D E S I ( N S

In this section , the additiona l communication
capabilities that related systems would need in
or der to support this interface are summarized.
The most significant impact is that all DABS
transponders , if connected to a CAS display , would
require COMM—B downlink ca pability. In addition ,
all such transponders would need the capability to
send the contents of the CIR in air—to—air
coordination replies. These requirements are
included in the message descriptions detailed in
this section.

Various additional DABS message types were implied
in the foreqoinq section. This subsection
proposes methods of accomplishing the required
transfers of data , within the existing DABS
communication protocols and signal formats (see
Figure L—4— 1 , taken from Reference 6). Since
other ways can probably be found , it is to be
em phasized that the scheme outlined below is only
a possible message structute , r~~ h€r than a
specifically recommended design.

In order to identify an ATcRPS—t ~quipped threat
aircraft , that aircr~i t t ’ s position and velocity
(relative to own) is used. Since rectangular
coordinate systems used by different computers in
tracking cannot be easily resolved , thr eat tracks
must be transformed into a system with the subject
aircraft at the origin (i.e., relative range ,
bearing and altitude , and their rates). A data
block to be used t h r o u g h o u t  subsec t ion  L-4 .  1 is
presen ted in Figure 1—4—2. This block is 54 bits
long. It consists of the following fields: BR
(relative range , 12 bits) , BBS (relative range
rate , 10 bits) , hR (relative hearing, 12 bits) ,
RBR (relative bearing rate , 10 bits) • BZ (relative
altitude , 7 bits) and RZR (relative altitude rate,
3 bits).
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f ie ld  (set’ F i g u r e  1 — 4 — 1 ) .

As discussed in  e a r l ier  sect i o l i s, a DABS
transponder supplemented with a CAS display must
be able to dovnlink t h e  contents of the d R .  The
t r a n s p o n d er ’s s u r v e i l l a n c e  r e p l y  w o u l d  c o n t a i n  b i t
16 = ‘1’ , i n d i c a t in g  t h a t  a C O M A - B  message ha ;

waitinq; the DABS sensor would ther eupon
r e i n ter r o qat e  (on the  SdRe ’ s can )  w i t h  a 1 e ? q u t s t
f o r  a C O M M — B  r e p l y .  SUCCI’SSjVO CO M M — f l  r ep ly
blocks , one for  each d R  row , cait be’ seq u en t i a l l y
do w n l i n k e d  by h a v i n g  b i t  lb  set on each bloc k bu t
the  l a s t .

A f o r m a t  fo r  t h e  C O M M — B  r e p l y  i t ;  p re sen te d  i n
Fi g u r e  L - 4 — 4 .  Aga in , t h i s  f i g u r e  shows  o n l y  t h e
‘ M B ’  s egmen t  ( b i tt ;  33 t h r o u g h  8 8 )  of a C O M M _ I a
r e p l y .  Th i s  f i g u r e  is l a rg e l y  s e l f — e x p l a n a t or y .
It field TT = 00, indicating a threat equipped
only wi th ATCRBS , i t  i s u n d t ’ is to o d  t h a t  this
COMM—B transmission shall be iaa ediitely followed
by another one containing the relativ e track block
(F i gu re  L — 4 — 2) . I f  severa l r o w t ~ of t h e  C I R  a t e
f i l l ed , the y ire d o w n l i n k e d  in successive  C O M M — B
r epli es on t h e  sa m e sca n , acco r di n g to  t h e
prot ocol o u t l i n e d  in R e fer e n c e  b . T h i s  p ro toco l
p r e v e n t s  the  loss of a COMM—B message segment due’
to R F o r o ther  i n te i f e i - en c c .  Th e  i n t e r r o g a t o r  is
r e q u i r e d  to  acknow ledge ’ the ’ r e ce i p t  of a C C M M — B
t r a n sm i s s i o n  by s e t t i n g  h i t  15 ( C f l :  c lear  C O M M — f l )
in i t s  n e x t  i n t e r r og at i o n  in t h e  sequence  (a new
COM M —B t r a n s m i s s i o n  canno t  be e m i t t e d  w i t h o u t
being so requested by an interrogation). If the
i n t e r r o g a t o r  misse s  a C O M M — F  t r a n s m i s s i o n , CR is
re se t in t h e  n e x t  i n t e r  t ogat ion) , r e q u e s t i ng
repetition of the iissed COMM— B re ply.

__
~~~ :t9:.!AA

The f i r s t  a i r — t o — a i r  t r a n s m i s s i o n  to  ho d i s c u s s cd
is the c o o r d i n a t i o n  i n t e r r o g a t i o n  w h i c h  is e m i t t e d
by a BCA S and is addressed to a thaea t a ir c r a t t
(when the threa t h is  at least a DABS transponder
with display). This in terrogation mu st convey the

1- 4 1
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ID of t he  sender , the  sender ’s A bit , and the BCAS
co•mand com p lemen t , which is used both in BCA3
t i e— break ing  and as a command selection constraint
in subsequent (but time—ove rlapping) conflicts.
The SD , or surveillance data , field of the
surveillance interrogation (see Figure L—L4 --1) is
too small to contain this information. Therefore,
a DABS— BCA S Unit will be required to transmit a
COMM—A interrogation for coordinat ion with a
th reat. The ID and A bit of the sender and the
BCAS c o m m a n d  c o m p l e m e n t  can be ea s i ly  fit into the
MA f ield (see F igu re  L— L 3—5) , using the intent
codes listed in F i g u r e  L — 4 — 4  fo r  the  B CA3 c o m m a n d
complement. For normal active ranging, BCAS can
use the su rve i l l ance  i n t e r r o g a t i o n . .

The fo rma t  of the C 0 M M — ~ coo rd ina t ion  r e p l y  can be
identical to that discussed in Section L—4.2 ,
except that an additional code is required to
indicate whether the d R  was busy at the time the
coordination interrogation was received. As ii’.
Section L— L~.2, the reading out of several d R  rows
can be accomplished by successive coordination
interrogation/coordination reply cycles.

A chart summarizing the additional data transfers
required for the interface is presented in Table
L—4— 1.
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APPENDIX M

S IMULATION S OF BCAS PERFORMANCE VS. MEASUREMENT ERROR

This appendix describes two BCAS simulations which studied the effect of
measurement error on CAS logic performance. These employed relative
tracking referenced to own aircraft. The following sections describe :

[ the two trackers ; the logic used ; the encounter geometries ; simulation
parameters ; tabulated results ; and conclusions. A set of scatter plots
Is attached

M.l The Tracker

In both simulations the ta rget was tracked in relative x , y .  ~~~, and ~
using conventional alpha—beta tracking with alpha — 0.4 and beta — 0.15.
The first simulation modeled measurement noise with components indepen—
dent and normally distributed in range and bearing (of the target to the
BCAS). The second simulation modeled measurement noise with independent
and normally distributed x and y components.

In both simulations , BCAS has knowledge of its own speed and “hea ding ” V
(groun d track heading, with wind neglected). These quantities were
errorless.

M. 2 cAS Logic

Both simulations were run with a modified version of the “passive” BCAS
logic contained in NTR—7532. Level 3 (the desensitized version) of the
logic was selected , with the miss distance threshold for positive commands
increased from the 0.4 nmi in the document to 0.5 nuii.

The logic was augmented with a feature which automatically selects the
horizontal or vertical plane for positive commands . A primary factor in
the selection is the speed of the BCAS aircraft  (speed of the other
aircraft is not a factor when other is not BCAS—equipped , as in these
simulations). Since the simulated BCAS aircraft was faster than the
150 knot threshold in the logic , vertical comniands should usually be
chosen. To compare these results with horizontal maneuvers , many runs
in the second simulation were run twice : once normally and once with
the logic threshold changed so as to force the automatic logic to select
horizontal maneuvers.

The SCAS logic uses negative commands based on geometry alone, without
regard to aircraft speed. This produces “don ’t turn” commands which
effect many of the turning scenarios.

H-i
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M.3 Encounter Geometries

These am ulet  ions were created to study two aspects of CAS log ic per-
formance: separation provided in collision situations , and fa lse  alarms
in safe iituations . The following table describes the geometries ,
which are illustrated in Figure H—i .

Scatcer Plot Symbol Description

— A Straight 4~~° convergence to collision
B Straigh t 90’ convergence to collision
C Straight 135° convergence to col l ision
D Straigh t 1800 convergence to coll ision
E Parallel courses 1 umi apart:

First simulation : BCAS turns 90° into unequipped.
Second simulation : ~Jnequipped turns 90’ in to  BCAS .

F Straight 45° crossing, 4000 ft. miss
0 Straight 90’ crossing , 4000 ft. miss
H Straight 135° crossing. 4000 f t .  miss
I Straight 180° crossing, 4000 ~t .  miss
J Parallel courses , BCAS turns 90’, 4000 ft. miss
K In i t ia l ly  900 collision course . BCAS turns 45’

behind .

Addi t ional  runs were made fo r  geometries F through 3 m odi t  led to n000 f t .
(I mini) miss distance.

M. 4 S imula t ion  Parameter s

Both simulat l~ns used a 180—knot BCAS aircraft vs. a 100—knot unequipped.
Certain scenarios were repeated fo: 250 knot BOAS vs. 250 knot unequipped.
The first simulation scattered 20 repetitions of each encounter. The
second simulation used identical encoun te rs , varying only the measurement
noL~~~. Ocher important  parameters  ar e :

Scan time - 4 seconds . Targe t report  every scan.
Pi lo t  response - 7 ± 1.5 seconds (uniform dist.)

The following parameters were normally distributed :

Mean Standard Deviation

Turn Rate (Jag/ eec) 3 0 .3
Climb Accelera t ion ~F t / s e c ) ,  7 ,5  0 , 7 5
Descend Accelera t ion  (Ft/ s .c~~) 7 .5  0 .75
Maximum Climb Race ( Ft / e ec) :

ISO knot BCAS 25 2.5
250 knot BCAS 30 3.0

Maximum Descent Race (Ft/see):
ISO knot BCAS 33.3 3.33
250 knot ECAS 30 3.0

M- 2
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M~5 Results

Table M—1 presents the results of the first simulation S Range and bear-
ing measurement errors are listed in the first column . The separa t i on
provided by BCA S does not degrade u n t i l  er rors  of 1000 feet in range and
3 degrees in bearing are reached . Rowever , fa l se  alarm s (posi t ive
commands) for straight courses increase in number for each increase in
measurement error .

The turning collisions normally receive command s too late to be of help.
However, when errors are large, an early negative command sometimes
occurs . This provides an unexpected benefit by preventing a dangerous
turn.

In the sixth line , errors in own speed and heading were added , but were
insufficient to change the result previously obtained with perfect speed
and heading .

The last line of Table M—l shows the results of IPC (ATARS) logic
applied to the same scenarios 50 nmi from the radar . The somewhat larger
protective volume of the IPC Logic was reflected in the results , which
show fewer railures and more false alarms than BCAS. Statistics were
collected on the measurement errors generated in the IPC run. They are
shown in Table M—2 .

The results of the second simulation are presented in Table M—3. Measure-
ment errors are present ed in terms of Reconstructed Posit ion Uncertainty
(RPU), which is def ined as

x y

using normally d i s t r i bu t ed  x and y errors to approximate the mea surement
errors in BCAS

Table M—3 shows that “inner box” failures begin to appear at RPU — 1000
feet and reach a rate of 15 to 20 percent at RPU — 2000 feet . False
alarms for the straight encounters increase approximately in proportion
to RPU. The false  alarms, however , are quite sensitive to the threshold
u sed . Wi th  the logic set to a la rm at 3000 feet miss dis tance , the same
errors which produce many a larms for 4000 feet misses produce few alarms
for 6000 fee t  misses .

Some of the statistics are shown in graphical form in Figure M—2. The
curves show the p robab i l i t y  of f a l se  alarms for 1 nmi misses vs . RPU,
and show “late ” alarms (Inner Box totals) ye , RPU for coll isions.

Tabie M—3 shows the results to be consistent for either horizontal or
vertical maneuvers ; and for 180 vs 100 knot and 250 vs 250 knot a i r c ra f t .
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Differences that appear in horizontal vs vertical alarm rates are due
solely to the effects of random measurement noise. With d larger sample ,
these rates should converge .

To measure the contribution of the tracker in smoothing measurement
errors , tracked data was collected for one run. This data is compared
with predicted results in Table M—4. The collected data is averaged
over an entire encounter , for one run per scenario . The measured values
for the “straigh t” scenarios (all except E , J , and K) fall below the
predicted values by 0 to 50 percent. The values for the turning
encounters are considerably higher. This result confirms the predicted
tracker performance for straight f light, and points out the tracking of
turns as an area needing improvement.

Tracking in turns was studied in MTR—6541 (Mundra , Horowitz and Dellon ,
1974). That report compared the Alpha—Beta tracker with the IPC tracker.
The latter makes a heading correction upon declaration of a turn .
Earlier work (to be published by Mitre) showed that a simple Kalman—tvpe
tracker for BCAS provides turn performance as good as that of IPC. Thus ,
two alternative tracker improvements are available to give earlier alarms
in turning encounters.

M.6 Conclusions

The following conclusions are drawn from this work :

1. Increasing the measurement error causes an increase in
false alarms before collision pro tection is significan tly
degraded.

2. The number of false alarms is sensitive to the logic
miss distance threshold. To assess the true false alarm
rate , an actual traffic model should be studied. This
will enable optimum parameters to be determined.

3. Performance is poor for the turning collision simulated ,
in which aircraft are flying parallel in close proximity,
followed by a sudden turn. The late alarm in this case is
partly due to the slow tracker response to turns. One of
the known tracker improvements should be implemented in
order to provide earlier alarms

M-4
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TABLE M-2

MEASUREMENT ERRORS IN IPC AT 50 NMI

sc~i~ iio RANGE ERROR (FT.) BEARING ERROR (DEC. )

____________ 
MEAN STD . DEV . M EAN STD . DEV .

A —39 590 0.9 11.7

B —43 493 0.3 11.4

C — 15 544 —0.6  9.1

D —38 620 0.1 7.2

E —9 517 0.3 9.4

F —64 576 0.01 4 .3

G —53 528 —0.04 4.2

H —2 593 0.1 3.4

1 —36 509 0.3 3.2

J —0.4 563 —0.1 4.7

K —80 565 —0.1 2 .6
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ERRATA

Report No. FAA-EM-18-5, 111-B

FAA BCAS Concept
Appendices F - M

E. J. Koenke, et al

April 1978

Page H—i, Section H.1, Line 2 should read : “...In Section
)

~ 1 Page H—i , Section H.l, Line 6 should read : “In Section H.3,.. ”

Page H—i , Section H.1, Line 7 should read : “studied. On...”

Page H—i , Section H.1, Line 10 should read : “...In Section

Page H—i, Section H.2, Line 1 should read : “...in Figure H—l .~

Page 11—3 , Paragraph 1, Line 2 should read: “...The free”

Page 11-3, Paragraph 1, Line 3 should read : “space....frequency
is”

Page 11—3, Paragraph 1, Line 4 should read: “ = c ...“
Page H—3, Paragraph 1, Line 5 should read: “...array by
individually ”

Page 11—3, Paragraph 1, Line 7 should read : “...modes. ...“
Page 11—3, Paragraph 1, Line 7 should read: “...synthesis of de— ”

Page 11—3, Paragraph 1, Line 8 should read : “...pattern , i.e.
to. .

Page 11—3, Paragraph 1, Line 8 should read : “...beam, or to
achieve a given”

Page 11—3 , Paragraph 1, L.the 9 should read: “directivity, or
both.”

Page 11—3, Section 11.2.1, Line 12 should read : “...with it,
which...”

ii~ _ _



Page 11—4, Paragraph 1, Line 16 should read: “for d, obtaining ”
Page 11—10, Paragraph 3, Line 1 should read: “...compu ted from11.2.11...”

Page L—8A , Insert Figure L—2—1 as page L—8A.

Date Issued : June 1979
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