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1. PURPOSE. T h i s a d v i s o r y c i r c u l a r (AC) p r o v i d e s gu idance ma te r i a l f o r the 
a i r w o r t h i n e s s approva l o f T r a f f i c A l e r t and C o l l i s i o n Avo idance Systems (TCAS 
I I ) and Mode S t r a n s p o n d e r s . L ike a l l AC m a t e r i a l , t h i s AC i s no t mandatory 
and does no t c o n s t i t u t e a r e g u l a t i o n . I t i s i ssued f o r gu idance purposes and 
to o u t l i n e a method o f compl iance w i t h the r u l e s . In l i e u o f f o l l o w i n g t h i s 
method w i t h o u t d e v i a t i o n , the a p p l i c a n t may e l e c t t o f o l l o w an a l t e r n a t i v e 
method, p r o v i d e d the a l t e r n a t i v e method i s a l s o found by the Federa l A v i a t i o n 
A d m i n i s t r a t i o n (FAA) t o be an accep tab le means o f comply ing w i t h the 
requi rements o f the Federa l A v i a t i o n Regu la t ions ( F A R ) . Because the method o f 
compl iance p resen ted i n t h i s AC i s not mandatory, the terms " s h a l l " and "must" 
used h e r e i n app ly o n l y t o an a p p l i c a n t who chooses t o f o l l o w t h i s p a r t i c u l a r 
method w i t h o u t d e v i a t i o n . 

2. CANCELLATION. A d v i s o r y C i r c u l a r 20-131, A i r w o r t h i n e s s Approva l o f T r a f f i c 
A l e r t and C o l l i s i o n Avoidance Systems (TCAS I I ) and Mode S T ransponde rs , dated 
Oc tober 3, 1988, i s c a n c e l l e d . 

3. RELATED DOCUMENTS. 

a. Re la ted Federa l A v i a t i o n R e g u l a t i o n s . P o r t i o n s o f the FAR, as 
p r e s e n t l y w r i t t e n , can be app l i ed f o r the d e s i g n , s u b s t a n t i a t i o n , 
c e r t i f i c a t i o n and o p e r a t i o n a l approva l o f TCAS I I and Mode S t r a n s p o n d e r s . 
Sec t i ons which p r e s c r i b e requi rements f o r these types o f systems i n c l u d e : 

§ 25.301 Loads. 
§ 25.303 F a c t o r o f s a f e t y . 
§ 25.305 S t r e n g t h and de fo rma t ion . 
§ 25.561 Emergency Landing C o n d i t i o n s - - G e n e r a l . 
§ 25.603 M a t e r i a l s . 
§ 25.609 P r o t e c t i o n o f s t r u c t u r e . 
§ 25.629 F l u t t e r , de fo rmat ion , and f a i l - s a f e c r i t e r i a . 
§ 25.1301 Func t i on and i n s t a l l a t i o n . 
§ 25.1303 F l i g h t and n a v i g a t i o n i ns t rumen ts . 
§ 25.1307 M isce l l aneous equipment. 
§ 25.1309 Equipment, systems, and i n s t a l l a t i o n s . 
§ 25.1321 Arrangement and v i s i b i l i t y . 
§ 25.1322 Warning, c a u t i o n , and a d v i s o r y l i g h t s . 
§ 25.1331 Inst ruments us ing a power s u p p l y . 
§ 25.1333 Inst rument systems. 
§ 25.1335 F l i g h t d i r e c t o r systems. 
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§ 25.1351 E l e c t r i c a l Systems and Equipment: G e n e r a l . 
§ 25.1353 E l e c t r i c a l equipment and i n s t a l l a t i o n s . 
§ 25.1355 D i s t r i b u t i o n system. 
§ 25.1357 C i r c u i t p r o t e c t i v e d e v i c e s . 
§ 25.1381 Inst rument l i g h t s . 
§ 25.1431 E l e c t r o n i c equipment. 
§ 25.1541 Markings and P l a c a r d s : G e n e r a l . 
§ 25.1581 A i r p l a n e F l i g h t Manual: G e n e r a l . 
§ 25.1585 Opera t ing p rocedu res . 

b. A d v i s o r y C i r c u l a r s . 

AC 20-115A Radio Techn i ca l Commission f o r Ae ronau t i c s Document 
< RTCA/D0-178A. 

AC 25.1309-1A System Design and A n a l y s i s . 

AC 25-11 T r a n s p o r t Ca tegory A i r p l a n e E l e c t r o n i c D i s p l a y 
Systems. 

AC 120-XX Procedures and C r i t e r i a f o r Determin ing the Type 
Rat ing Requirements f o r an A i r c r a f t . 

AC 120-55 A i r C a r r i e r Opera t i ona l Approva l and Use o f TCAS I I . 

c . T e c h n i c a l Standard O r d e r s . 

TS0-C112 A i r T r a f f i c Con t ro l Radar Beacon System/Mode S e l e c t 
(ATCRBS/Mode S) A i r b o r n e Equipment. 

TS0-C119a T r a f f i c A l e r t and C o l l i s i o n Avoidance System (TCAS) 
A i r b o r n e Equipment, TCAS I I . 

d . I n d u s t r y Documents. 

(1) Radio Techn i ca l Commission f o r Ae ronau t i cs (RTCA) document 
D0-160C, Envi ronmenta l C o n d i t i o n s and T e s t Procedures f o r A i r b o r n e Equipment; 
RTCA document D0-178A, Sof tware C o n s i d e r a t i o n s i n A i r b o r n e Systems and 
Equipment C e r t i f i c a t i o n s ; RTCA document D0-181, Minimum Opera t i ona l 
Performance Standards f o r A i r T r a f f i c Con t ro l Radar Beacon System/Mode S e l e c t 
(ATCRBS/Mode S) A i r b o r n e Equipment; RTCA document DO-185, Minimum Opera t i ona l 
Performance Standards f o r T r a f f i c A l e r t and C o l l i s i o n Avoidance Systems (TCAS) 
A i r b o r n e Equipment. These documents can be ob ta ined from the RTCA, One 
McPherson Square , S u i t e 500, 1425 S t r e e t Nor thwes t , Washington, D .C . 20005. 

I I 
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(2) Aerospace Recommended P r a c t i c e (ARP) 926A, F a u l t / F a i l u r e A n a l y s i s 
P rocedure ; ARP 1834, F a u l t / F a i l u r e A n a l y s i s G u i d e l i n e s f o r D i g i t a l Equipment; 
and ARP 1068A, F l i g h t Deck I n s t r u m e n t a t i o n , D i s p l a y C r i t e r i a and A s s o c i a t e d 
C o n t r o l s f o r T r a n s p o r t A i r c r a f t . These documents are a v a i l a b l e from the 
S o c i e t y o f Automot ive E n g i n e e r s , I n c . ( S A E ) , 400 Commonwealth D r i v e , 
Warrendale , PA 15096. 

4. DEFINIT IONS. The f o l l o w i n g d e f i n i t i o n s are a p p l i c a b l e t o t h i s AC. 

a. A d v i s o r y . A message g i v e n to a l e r t the crew o f conve rg ing a i r c r a f t 
and /o r a p o t e n t i a l c o l l i s i o n . 

b. A i r t r a f f i c c o n t r o l ( A T C ) . A g e n e r i c term f o r a j o i n t c i v i l / m i l i t a r y 
system f o r c o n t r o l l i n g t r a f f i c w i t h i n a s p e c i f i c a rea . 

c . A i r t r a f f i c c o n t r o l rada r beacon system (ATCRBS). A secondary 
s u r v e i l l a n c e rada r system having ground-based i n t e r r o g a t o r s and a i r b o r n e 
t ransponders capable o f ope ra t i on on Modes A and C. 

d . A l e r t . I n d i c a t o r (au ra l o r v i s u a l ) which p r o v i d e s i n fo rma t i on to the 
f l i g h t c r e w in a^ t ime ly manner about a converg ing a i r c r a f t o r a p o t e n t i a l 
c o l l i s i o n . 

e . Coas t . In the event o f TCAS I I momentar i ly deve lop ing the t r a c k o f an 
i n t r u d e r , a memory f e a t u r e o f the t r a f f i c d i s p l a y causes the t r a f f i c symbol to 
con t i nue t o move i n the same d i r e c t i o n and at the same speed as the o r i g i n a l 
t a r g e t . 

f . C o r r e c t i v e r e s o l u t i o n a d v i s o r y . A r e s o l u t i o n a d v i s o r y t h a t adv i ses 
the p i l o t t o d e v i a t e from c u r r e n t v e r t i c a l speed, e . g . , CLIMB when the 
a i r c r a f t i s l e v e l . 

g . D i s c r e t e . A s e p a r a t e , complete and d i s t i n c t s i g n a l . 

h. F a i l u r e . The i n a b i l i t y o f a system, subsystem, u n i t , o r p a r t t o 
per form w i t h i n p r e v i o u s l y s p e c i f i e d l i m i t s . 

i . Fa l se a d v i s o r y . An a d v i s o r y caused by a f a l s e t r a c k o r a TCAS 
m a l f u n c t i o n . 

j . F r u i t . I n t r u d e r r e p l i e s c o r r u p t e d by the r e c e i p t o f undes i red 
t ransponder r e p l i e s t h a t were e l i c i t e d by ground i n t e r r o g a t o r s and o t h e r TCAS 
I I i n t e r r o g a t o r s . 

k. I n c o r r e c t r e s o l u t i o n a d v i s o r y . A r e s o l u t i o n a d v i s o r y which occurs 
when a t h r e a t i s p r e s e n t , b u t , because o f a f a i l u r e o f the i n s t a l l e d TCAS I I , 
Mode S t r ansponde r , o r assoc ia ted s e n s o r s , commands a maneuver which reduces 
sepa ra t i on to the t h r e a t . 

1. I n t r u d e r . A t a r g e t t ha t has been determined by the TCAS I I l o g i c to 
be a converg ing a i r c r a f t which r e q u i r e s a t r a f f i c a d v i s o r y . 

I l l 
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m. Mode A. Type o f secondary s u r v e i l l a n c e rada r (SSR) equipment which 
p r o v i d e s a s e l e c t e d 4096 code r e p l y ( n o n a l t i t u d e ) when i n t e r r o g a t e d . 

n . Mode C . Type o f secondary s u r v e i l l a n c e rada r (SSR) equipment which 
p r o v i d e s a r e p l y w i t h a i r c r a f t a l t i t u d e in fo rmat ion when i n t e r r o g a t e d . 

o . Mode S. Type o f secondary s u r v e i l l a n c e rada r (SSR) equipment which 
p r o v i d e s r e p l i e s to Mode A and Mode C i n t e r r o g a t i o n s and d i s c r e t e address 
i n t e r r o g a t i o n s from the ground o r a i r . 

p. O the r t r a f f i c . A i r c r a f t more than ± 1200 f e e t v e r t i c a l and 6NM from 
y o u r a i r c r a f t which cause n e i t h e r an RA nor a TA. 

q . P r e v e n t i v e r e s o l u t i o n . A r e s o l u t i o n a d v i s o r y t ha t adv i ses the p i l o t 
t o avo id c e r t a i n d e v i a t i o n s from the c u r r e n t v e r t i c a l speed because 
c e r t a i n v e r t i c a l speed r e s t r i c t i o n s e x i s t . 

r . Proximate t r a f f i c . Nearby a i r c r a f t w i t h i n ± 1200 f e e t v e r t i c a l and 6 
NM which cause n e i t h e r an RA nor a TA. 

s . R e s o l u t i o n a d v i s o r y ( R A ) . Aura l and v i s u a l i n fo rma t ion p r o v i d e d to 
the f l i g h t c r e w to avo id a p o t e n t i a l c o l l i s i o n . 

t . R e s o l u t i o n d i s p l a y . A d i s p l a y which shows v e r t i c a l gu idance d e p i c t i n g 
areas to " f l y - t o " and /o r avo id above o r below the TCAS equipped a i r c r a f t . 

u. Sense. A d i r e c t i o n t ha t a r e s o l u t i o n a d v i s o r y may t ake : E i t h e r UP o r 
DOWN r e l a t i v e to e x i s t i n g f l i g h t path o f own a i r c r a f t . 

v . T h r e a t . A t a r g e t t h a t has s a t i s f i e d the t h r e a t d e t e c t i o n l o g i c and 
thus r e q u i r e s a r e s o l u t i o n a d v i s o r y ( R A ) . 

w. T r a f f i c . An a i r c r a f t w i t h i n the s u r v e i l l a n c e range o f TCAS. 

x . T r a f f i c a d v i s o r y ( T A ) . In fo rmat ion g i v e n to the p i l o t p e r t a i n i n g to 
the p o s i t i o n o f another a i r c r a f t i n the immediate v i c i n i t y . The i n fo rma t ion 
con ta ins no r e s o l u t i o n i n f o r m a t i o n . 

y . T r a f f i c d i s p l a y . A d i s p l a y o f the h o r i z o n t a l p o s i t i o n o f t ransponder 
equipped a i r c r a f t r e l a t i v e to the TCAS equipped a i r c r a f t . 
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5. SCOPE. The material provided in this AC addresses the design aspects, 
characteristics, mechanization, testing, and the criticality of system failure 
cases for TCAS II and Mode S transponders. The guidance material is directed 
at systems which provide traffic advisories and resolution advisories in the 
vertical axis only (TCAS II) and where the operational performance standards 
are defined in technical documents that were developed by a joint air 
transport industry/government group (RTCA Special Committee SC-147). 

V (and V I ) 
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1. BACKGROUND. The a i r l i n e i n d u s t r y has been work ing th rough the A i r 
T r a n s p o r t A s s o c i a t i o n s i nce 1955 to f i n d a workable c o l l i s i o n avoidance 
system. I t was not u n t i l the mid-1970s, however, t h a t r esea rch cen te red upon 
the use o f s i g n a l s from ATCRBS a i r b o r n e t ransponders as the c o o p e r a t i v e 
element o f a c o l l i s i o n avoidance system. T h i s t e c h n i c a l approach a l l ows a 
c o l l i s i o n avoidance c a p a b i l i t y on the f l i g h t d e c k which i s independent o f the 
ground system. In 1981, the FAA announced i t s d e c i s i o n to proceed w i t h the 
implementat ion o f an a i r c r a f t c o l l i s i o n avoidance concept c a l l e d the T r a f f i c 
A l e r t and C o l l i s i o n Avoidance System ( T C A S ) . The concept i s based upon agency 
and i n d u s t r y development e f f o r t s i n the areas o f beacon-based c o l l i s i o n 
avoidance systems and a i r - t o - a i r d i s c r e t e address communications techn iques 
u t i l i z i n g Mode S a i r b o r n e t ransponder message fo rmats . 

A s h o r t t ime l a t e r , p ro to t ypes o f TCAS I I were i n s t a l l e d on two Piedmont 
A i r l i n e s B-727 a i r c r a f t , and were f lown on r e g u l a r l y scheduled f l i g h t s . 
A l though the d i s p l a y s were l oca ted ou t s i de the v iew o f the f l i g h t c r e w and were 
seen on l y by t r a i n e d o b s e r v e r s , these t e s t s d i d p r o v i d e v a l u a b l e i n fo rma t ion 
on the f requency and c i rcumstances o f a l e r t s and t h e i r p o t e n t i a l f o r 
i n t e r a c t i o n w i t h the ATC system. On a f o l l o w - o n phase I I program, a l a t e r 
v e r s i o n o f TCAS I I was i n s t a l l e d on a s i n g l e Piedmont A i r l i n e s B-727, and the 
system was c e r t i f i e d i n A p r i l 1986 and subsequent l y approved f o r o p e r a t i o n a l 
e v a l u a t i o n in e a r l y 1987. S ince the equipment was not deve loped to f u l l 
s tanda rds , the system was o n l y operated i n v i s u a l me teo ro log i ca l c o n d i t i o n s . 
A l though the f l i g h t c r e w operated the system, the e v a l u a t i o n was p r i m a r i l y f o r 
the purpose o f data c o l l e c t i o n and i t s c o r r e l a t i o n w i t h f l i g h t c r e w and 
obse rve r o b s e r v a t i o n and response . 

La te r v e r s i o n s o f TCAS I I manufactured by Bend ix /K ing A i r T r a n s p o r t 
A v i o n i c s D i v i s i o n were i n s t a l l e d and approved on Un i t ed A i r l i n e s a i r p l a n e s i n 
e a r l y 1988. S i m i l a r u n i t s manufactured by Honeywell were i n s t a l l e d and 
approved on Northwest A i r l i n e s a i r p l a n e s in l a t e 1988. T h i s L im i ted 
I n s t a l l a t i o n Program operated TCAS I I u n i t s approved f o r o p e r a t i o n as a f u l l 
t ime system i n both v i s u a l and inst rument me teo ro log i ca l c o n d i t i o n s on t h ree 
d i f f e r e n t a i r c r a f t t y p e s . The ope ra t i ona l e v a l u a t i o n programs con t inued 
through 1988 to v a l i d a t e the ope ra t i ona l s u i t a b i l i t y o f the systems. 

2. SYSTEM DESCRIPTION. The TCAS I I i s an a i r b o r n e t r a f f i c a l e r t and 
c o l l i s i o n avoidance system tha t i n t e r r o g a t e s ATC t ransponders i n nearby 
a i r c r a f t and uses computer p rocess ing to i d e n t i f y and d i s p l a y p o t e n t i a l and 
p r e d i c t e d c o l l i s i o n t h r e a t s . The system i s des igned to p r o t e c t a volume o f 
a i r space around the TCAS I I equipped a i r c r a f t . The system w i l l p r o v i d e 
app rop r i a t e aura l and v i s u a l a d v i s o r i e s to the f l i g h t c r e w , to take a c t i o n so 
as to ensure adequate s e p a r a t i o n , when the computer a n a l y s i s o f the i n t r u d i n g 
a i r c r a f t t ransponder r e p l i e s p r e d i c t a p e n e t r a t i o n o f the p r o t e c t e d a i r s p a c e . 
The system p r o v i d e s two types o f a d v i s o r i e s . T r a f f i c a d v i s o r i e s i n d i c a t e the 

Par 1 
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r e l a t i v e p o s i t i o n s o f i n t r u d i n g a i r c r a f t t h a t are approx imate ly 40 seconds 
from the c l o s e s t p o i n t o f approach and may a s h o r t t ime l a t e r r e q u i r e a 
r e s o l u t i o n a d v i s o r y . They a l so p r o v i d e the f l i g h t c r e w the o p p o r t u n i t y t o 
v i s u a l l y acqu i r e the i n t r u d i n g a i r c r a f t . A r e s o l u t i o n a d v i s o r y w i l l p r o v i d e a 
v e r t i c a l avo idance maneuver t h a t w i l l i nc rease sepa ra t i on when the computer 
p r e d i c t s the t h r e a t a i r c r a f t i s w i t h i n approx imate ly 25 seconds from the 
c l o s e s t p o i n t o f approach. 

The system p r o v i d e s two types o f f l i g h t d e c k d i s p l a y s . A t r a f f i c d i s p l a y 
i n d i c a t e s the r e l a t i v e p o s i t i o n o f ATC t ransponder equipped a i r c r a f t . A 
r e s o l u t i o n d i s p l a y f o r each p i l o t i n d i c a t e s the a p p r o p r i a t e v e r t i c a l maneuver 
to avo id a t h r e a t . The TCAS I I a i r c r a f t must be equipped w i t h a Mode S ATC 
t ransponder which p r o v i d e s a i r - t o - a i r communications f o r c o o r d i n a t i n g the 
r e s o l u t i o n maneuvers between TCAS equipped a i r c r a f t . The Mode S t ransponder 
a l so p r o v i d e s d i s c r e t e address r e p l i e s to i n t e r r o g a t i o n s from ground s t a t i o n s 
and o the r TCAS I I equipped a i r c r a f t . 

The TCAS I I system can on l y genera te r e s o l u t i o n a d v i s o r i e s f o r i n t r u d e r s 
equipped w i t h responding Mode S o r Mode C t r ansponde rs , which p r o v i d e 
i n fo rma t ion on the a l t i t u d e o f the t h r e a t a i r c r a f t . T r a f f i c a d v i s o r i e s can be 
generated f o r a i r c r a f t w i t h o p e r a t i v e Mode S, Mode C o r Mode A t r a n s p o n d e r s . 
The TCAS I I equipment i s viewed as a supplement to the p i l o t who, w i t h the a id 
o f the ATC system, has the pr imary r e s p o n s i b i l i t y f o r avo id i ng m i d - a i r 
c o l l i s i o n s . The TCAS I I system p rov ides no i n d i c a t i o n o f a i r c r a f t w i t hou t 
o p e r a t i v e t r a n s p o n d e r s . 

3. AIRWORTHINESS CONSIDERATIONS. 

a. C e r t i f i c a t i o n Program. T h i s AC p rov ides guidance f o r the i n s t a l l a t i o n 
o f TCAS I I equipment and Mode S t r ansponde rs . The system d i s p l a y s i n fo rmat ion 
and p r o v i d e s a d v i s o r i e s i n a number o f fo rmats . The degree o f system 
i n t e g r a t i o n to per form these f u n c t i o n s i s e x t e n s i v e and as a r e s u l t , the 
a p p l i c a n t ' s program must be d i r e c t e d toward a i r w o r t h i n e s s approva l th rough the 
type c e r t i f i c a t i o n o r supplemental t ype c e r t i f i c a t i o n p r o c e s s . 

b. C e r t i f i c a t i o n P l a n . A comprehensive c e r t i f i c a t i o n p lan shou ld be 
developed by the a p p l i c a n t . I t shou ld i nc l ude how the a p p l i c a n t p lans to 
comply w i t h the a p p l i c a b l e c e r t i f i c a t i o n requi rements and shou ld p r o v i d e a 
l i s t i n g o f the s u b s t a n t i a t i n g data and necessary t e s t s . A l s o , a system 
d e s c r i p t i o n and an est imated t ime schedule should be i n c l u d e d . A we l l 
developed p lan w i l l be o f s i g n i f i c a n t va lue both to the a p p l i c a n t and the FAA. 

c . Equipment I n s t a l l a t i o n . 

(1) Mode S T ransponder . A Mode S t ransponder i s r e q u i r e d f o r TCAS I I 
o p e r a t i o n . I t i s an enhanced v e r s i o n o f e x i s t i n g ATCRBS t ransponders t h a t i s 
i n t e r o p e r a t i v e and compat ib le w i t h the c u r r e n t ATCRBS system. Each a i r c r a f t 
equipped w i t h a Mode S t ransponder i s ass igned a d i s c r e t e address code. 
Mode S a l so p r o v i d e s the a i r - t o - a i r data l i n k between TCAS I I equipped 
a i r c r a f t t o c o o r d i n a t e r e s o l u t i o n maneuvers. T h i s ensures t h a t the r e s o l u t i o n 
a d v i s o r y d i s p l a y e d in one TCAS I I equipped a i r c r a f t i s compat ib le w i t h the 
maneuver d i s p l a y e d in the o the r TCAS I I equipped a i r c r a f t . I t has the 
c a p a b i l i t y to p r o v i d e a data l i n k between the equipped a i r c r a f t and the 
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g round , and performs a l l the f u n c t i o n s o f c u r r e n t Mode A and C t r a n s p o n d e r s . 
A Mode S t ransponder may be i n s t a l l e d independent l y o r i n c o n j u n c t i o n w i t h a 
TCAS I I i n s t a l l a t i o n . The performance s tandard f o r Mode S i s p r o v i d e d in 
paragraph ( a ) ( 1 ) , Minimum Performance S tandard , o f TS0-C112. The d i s c r e t e 
a i r c r a f t address f o r the Mode S t ransponder must be ob ta ined from the 
app rop r i a t e a i r w o r t h i n e s s a u t h o r i t i e s o f the coun t r y i n which the a i r c r a f t i s 
r e g i s t e r e d f o r each a i r c r a f t i n which a Mode S t ransponder i s i n s t a l l e d . For 
U . S . r e g i s t e r e d a i r c r a f t the d i s c r e t e a i r c r a f t address may be ob ta ined from 
the Federa l A v i a t i o n A d m i n i s t r a t i o n , Mike Monroney Ae ronau t i ca l C e n t e r , 
A i r c r a f t R e g i s t r a t i o n I n f o r m a t i o n , AVN-450, P .O. Box 25082, Oklahoma C i t y , OK 
73125, Te lephone : (405) 680-3116. 

(2) P i l o t C o n t r o l . 

( i ) A means to s e l e c t the f o l l o w i n g modes o f o p e r a t i o n must be 
p r o v i d e d : 

(A) Ope ra t i on o f the Mode S t ransponder o n l y . 

(B) Opera t i on o f the TCAS I I i n the TA/RA mode and Mode S 
t ransponder s imu l t aneous l y . 

(C) Opera t i on o f the ATCRBS t ransponder o n l y , i f i n s t a l l e d . 
I t must not be p o s s i b l e t o opera te the TCAS I I and ATCRBS t ransponder o r the 
Mode S and ATCRBS t ransponder s imu l t aneous l y . 

(D) Ope ra t i on o f TCAS I I i n the TA mode and Mode S 
t ransponder s imu l t aneous l y . 

(E ) Opera t i on o f TCAS I I i n the standby mode. 

( i i ) The f o l l o w i n g a d d i t i o n a l f e a t u r e s must a l so be p r o v i d e d : 

(A) A means to s e l e c t the ass igned ATCRBS code. 

(B) A means to i n i t i a t e the t ransponder " IDENT" f u n c t i o n . 

(C) A means to i n i t i a t e the TCAS I I s e l f - t e s t . 

(D) A means to suppress t ransponder a l t i t u d e r e p o r t i n g , 

( i i i ) The f o l l o w i n g op t i ona l c o n t r o l s may be p r o v i d e d : 

(A) S e l e c t i o n o f the weather rada r o n l y . 

(B) Con t ro l t o s e l e c t the d i s p l a y o f t r a f f i c w i t h i n s e l e c t e d 
a l t i t u d e bands. 

(C) S e l e c t i o n o f the weather rada r and t r a f f i c d i s p l a y 
s imu l t aneous l y . 

(D) S e l e c t i o n o f a c t u a l / f l i g h t - l e v e l (FL ) o r r e l a t i v e 
a l t i t u d e o f t r a f f i c . 
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(3) Antennas. The a c t i v e Mode S t ransponder s h a l l have a top and 
bottom o m n i - d i r e c t i o n a l antenna. The TCAS I I s h a l l have a top d i r e c t i o n a l 
antenna and a bottom o m n i - d i r e c t i o n a l o r d i r e c t i o n a l antenna. 

( i ) D i r e c t i o n a l antennas. For an a i r c r a f t i n s t a l l a t i o n , the 
TCAS I I d i r e c t i o n a l antenna shou ld be l o c a t e d on the top fo rward f use lage as 
c l o s e t o the c e n t e r l i n e as p o s s i b l e . I f more than one d i r e c t i o n a l antenna i s 
p r o v i d e d , l o c a t e the second antenna i n a s i m i l a r manner on the lower f u s e l a g e . 
The TCAS I I antennas shou ld be mounted on the a i r c r a f t w i t h a t l e a s t 20 db . 
i s o l a t i o n from o t h e r L-band f requency antennas. S ince the antenna d iameter 
may be l a r g e , some s t r u c t u r a l c o n s i d e r a t i o n s may be necessa ry and a c e n t e r l i n e 
o f f s e t r e s u l t i n g i n an angu la r o f f s e t o f up to 5 degrees i s a c c e p t a b l e . The 
maximum h e i g h t o f the d i r e c t i o n a l antenna i s expected t o be approx imate ly 1 
i n c h , and t h e r e f o r e i s not cons ide red s u s c e p t i b l e t o i c i n g e f f e c t s i n the 
genera l area o f the proposed i n s t a l l a t i o n . O t h e r w i s e , a n t i - i c i n g p r o v i s i o n s 
shou ld be c o n s i d e r e d . S e c t i o n 3 o f Volume I o f RTCA document DO-185 p r o v i d e s 
antenna s e l e c t i o n and performance c r i t e r i a . For p r o p e l l e r d r i v e n a i r c r a f t , 
the l o c a t i o n and performance o f the d i r e c t i o n a l antenna must be i n v e s t i g a t e d 
f o r minimum blockage and t o ensure t h a t the p r o p e l l e r s do not i n t e r f e r e w i t h 
system o p e r a t i o n . 

( i i ) O m n i - d i r e c t i o n a l antennas. The TCAS I I antennas shou ld be 
mounted on the a i r c r a f t w i t h at l e a s t 20 db . i s o l a t i o n from o t h e r L-band 
f requency antennas. The Mode S t ransponder antennas s h a l l be mounted at 
l o c a t i o n s chosen f o r adequate i s o l a t i o n and s i gna l cove rage . These antennas 
may be s tandard ATCRBS t ransponder antennas. 

( i i i ) S t r u c t u r a l a n a l y s i s . A s t r u c t u r a l a n a l y s i s o f the antenna 
i n s t a l l a t i o n s showing compl iance w i t h the a p p l i c a b l e FAR shou ld be submit ted 
t o the FAA. T h i s i n c l u d e s the s t r u c t u r a l p r o v i s i o n s f o r a beam s t e e r i n g u n i t 
( i f i n s t a l l e d ) i f i t i s not mounted i n a s tandard a v i o n i c s r ack . 

(4) The TCAS I I P r o c e s s o r . The TCAS I I p r o c e s s o r u n i t computes 
i n fo rma t i on t o i d e n t i f y and t o d i s p l a y p o t e n t i a l and p r e d i c t e d c o l l i s i o n 
t h r e a t s , and t o i s sue r e s o l u t i o n a d v i s o r i e s to avo id the t h r e a t a i r c r a f t . The 
TCAS I I p r o c e s s o r u n i t must comply w i t h the envi ronmenta l requ i rements and 
minimum performance s tandards s p e c i f i e d i n TS0-C119a. A manufacturer o f TSO 
equipment may ob ta i n a u t h o r i z a t i o n to produce equipment which d e v i a t e s from 
the d e t a i l e d c r i t e r i a o f the TSO. The FAA a i r c r a f t c e r t i f i c a t i o n o f f i c e which 
i s approv ing the i n i t i a l i n s t a l l a t i o n o f the TCAS I I equipment must v e r i f y 
t h a t the TCAS I I p r o c e s s o r des ign does not d i f f e r from the c r i t e r i a s p e c i f i e d 
i n RTCA document DO-185, Volumes I and I I , Changes 1 th rough 6, Minimum 
Opera t i ona l Performance Standards f o r T r a f f i c A l e r t and C o l l i s i o n Avoidance 
System (TCAS) A i r b o r n e Equipment. 
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(5) Equipment C o m p a t i b i l i t y . An e v a l u a t i o n shou ld be made t o show 
tha t the TCAS I I system w i l l communicate w i t h o t h e r approved TCAS I I systems 
made by o t h e r manufac tu re rs . T h i s e v a l u a t i o n shou ld i n c l u d e a TCAS I I t o 
TCAS I I c o o r d i n a t i o n demons t ra t i on , o r e q u i v a l e n t , w i t h at l e a s t one o t h e r 
manu fac tu re r ' s approved TCAS I I system. I f i t can be shown f o r a s p e c i f i c 
des ign t h a t communication l i n k f a i l u r e s are no more hazardous than 
encoun te r ing a Mode C i n t r u d e r , then these t e s t s are not n e c e s s a r y . A l s o , 
a f t e r complet ing mature bench t e s t s , f u t u r e c e r t i f i c a t i o n expe r i ence may show 
t h a t these t e s t s are no l o n g e r necessa ry . 

(6) A i r c r a f t Performance. 

( i ) T h i s paragraph , along w i t h Tab le I , p r o v i d e s gu idance on 
c o n s i d e r a t i o n s and a n a l y s i s to eva lua te the need to i n h i b i t TCAS I I CLIMB 
and /o r INCREASE CLIMB RAs because o f inadequate a i r c r a f t c l imb per formance. 
The c o l l i s i o n avoidance maneuvers posted as RAs by TCAS I I assume an 
a i r c r a f t ' s a b i l i t y to s a f e l y ach ieve them. I f i t i s l i k e l y they are beyond 
the c a p a b i l i t y o f the a i r c r a f t , then TCAS I I must know beforehand so i t can 
change i t s s t r a t e g y and i ssue an a l t e r n a t i v e RA. These performance l i m i t s 
s h a l l be p rov i ded to TCAS I I from the a i r c r a f t i n t e r f a c e and d i s c r e t e s 
r e l a t i v e to a l t i t u d e and /o r c o n f i g u r a t i o n . However, the need to i n h i b i t 
TCAS I I CLIMB o r INCREASE CLIMB RAs should be c a r e f u l l y cons ide red s i n c e the 
a l t e r n a t i v e RAs w i l l not p r o v i d e the optimum s o l u t i o n to the encoun te r . 
I n h i b i t i n g these RAs w i l l i nc rease the l i k e l i h o o d o f TCAS I I (a ) i s s u i n g 
c r o s s i n g maneuvers ( c r o s s i n g through an i n t r u d e r ' s a l t i t u d e ) i n c r e a s i n g the 
p r o b a b i l i t y t h a t an RA may be thwar ted by the i n t r u d e r maneuver ing, ( b ) 
caus ing an i nc rease in DESCEND RAs at low a l t i t u d e , and ( c ) p r o v i d i n g no RAs 
i f below the descend i n h i b i t a l t i t u d e o f 1200 f e e t AGL du r i ng t a k e o f f and 1000 
f e e t AGL on approach. 

( i i ) The c o n f i g u r a t i o n i n t e r f a c e may need sw i tches o r sensors 
bes ides the bas i c a i r p l a n e f l a p p o s i t i o n sw i tches to p reven t unnecessary TCAS 
I I i n h i b i t s . For example, i f CLIMB RAs need t o be i n h i b i t e d f o r the maximum 
t a k e o f f f l a p o n l y , and no sw i t ch e x i s t s to sense t ha t p o s i t i o n , an a d d i t i o n a l 
sw i t ch should be i n s t a l l e d i n l i e u o f s imply us ing one t h a t may e x i s t at 
l e s s e r f l a p a n g l e s . 

( i i i ) Because o f the l i m i t e d number o f i npu ts t o TCAS I I f o r 
a i r p l a n e performance i n h i b i t s , i n some ins tances where i n h i b i t i n g RAs would be 
a p p r o p r i a t e i t i s not p o s s i b l e to do s o . In these cases , TCAS I I may command 
maneuvers which may s i g n i f i c a n t l y reduce s t a l l margins o r r e s u l t i n s t a l l 
warn ing . C o n d i t i o n s where t h i s may occur i nc l ude bank angles g r e a t e r than 
15°, w e i g h t / a l t i t u d e / t e m p e r a t u r e combinat ions o u t s i d e the enve lope shown in 
Tab le I , i n i t i a l speeds below those shown in Tab le I , one engine i n o p e r a t i v e , 
l e a v i n g c o n f i g u r a t i o n f i x e d f o r c l imb RA on land ing t r a n s i t i o n to go -a round , 
and abnormal c o n f i g u r a t i o n s such as land ing gear not r e t r a c t a b l e . The 
A i r p l a n e F l i g h t Manual (AFM) o r A i r p l a n e F l i g h t Manual Supplement (AFMS) 
should p r o v i d e in fo rmat ion concern ing t h i s aspect o f TCAS so t h a t f l i g h t c r e w s 
may take a p p r o p r i a t e a c t i o n . 
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(iv) An aircraft's low altitude climb capability during takeoff, 
approach, or landing is significantly affected by the aircraft's 
configuration, initial climb true airspeed available to safely trade if needed 
for climb rate, and the initial airspeed margin from the current stall speed. 
Table I, Conditions 1-3 apply for the takeoff and initial climb configuration 
analysis. Conditions 4-6 apply for the approach flap configuration analysis 
when operating in the terminal area with the flaps set at less than the 
landing flaps. Conditions 7-9 apply for the landing flight regime analysis. 
To be consistent with normal operation, the AFM or AFMS should indicate that 
when a climb RA occurs with the aircraft in the landing configuration, the 
pilot should initiate the normal go-around procedure when complying with the 
TCAS II RA. Therefore, it may be assumed that the flaps are being retracted 
from the landing position to the go-around position when evaluating Conditions 
7-9. 

(v) To prevent very unlikely combinations of events, e.g., 
weight/altitude/temperature limiting conditions, in conjunction with low 
airspeed, high drag configurations, unusual encounter geometries, etc., 
causing climb inhibits when generally the aircraft's performance is more than 
adequate, the entry and exit conditions and RAs in Table I are structured into 
two classes of encounters. Maneuvers A and B represent reasonably severe 
combinations of entry conditions and RAs, and restricts the exit conditions to 
1.2V § 1 . Maneuver C represents reasonably worst case combinations of entry 
conditions and RAs, and for this very unlikely event may require flying near 
stall warning conditions through the recovery. Airspeeds between 1.2V S 1 and 
stall warning represent a range of usable airspeed that maybe traded for climb 
performance (as is currently recommended for windshear recovery) for 
evaluation of this low probability event. The altitude/temperature envelope 
represents a range of values which exist at busy airports in the continental 
USA. Operation routinely outside this envelope may require special crew 
procedures if the normal AFM weight, altitude, temperature, and configuration 
limitations are not sufficiently compensating, e.g., operation at Mexico City. 

(vi) For those airplanes that may routinely operate at low climb 
airspeeds during the clean configuration en route phase of flight, e.g., 
propeller commuter airplanes, consideration should be given to providing a 
discrete to the TCAS II based on airspeed. Such an input, derived from a TCAS 
II interface system, would provide for climb or increase climb RA inhibits 
when the airplane is in the clean configuration and operating below a certain 
airspeed. Such a scheme would be considered appropriate in lieu of an across-
the-board inhibit for the clean configuration regardless of flight regime, 
which is not considered to provide the best overall level of safety as 
previously discussed. 

(vii) An aircraft's climb capability when operating at or near 
its maximum approved operating altitude is also affected by excess thrust and 
true airspeed, which may be available to safely trade if needed for climb 
rate. Climb RAs should not be inhibited if the aircraft has adequate 
performance available or because it may exceed its maximum certificated 
altitude by several hundred feet during an RA. The configurations that should 
be evaluated in this flight regime are shown in Table I, Conditions 10 and 11. 
If the aircraft is approved for significant alternative configurations, then 
the initial airspeed used for the analysis should be appropriate for them; 
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e . g . , spare engine pod, gear down o p e r a t i o n , e t c . I n the a n a l y s i s o f the 
a i r c r a f t ' s a b i l i t y to a c c e l e r a t e and r e t u r n to the i n i t i a l speed and a l t i t u d e 
f o l l o w i n g the RA, an undershoot o f approx imate ly 200 f e e t i s p e r m i s s i b l e . 

( v i i i ) In i c i n g c o n d i t i o n s , the FAR l i m i t e d performance we igh ts 
must be d e b i t e d and sometimes the ope ra t i ng speeds i nc reased t o account f o r 
i c i n g system b leeds and r e s i d u a l i c e on the unpro tec ted s u r f a c e s . T h e r e f o r e , 
the c a p a b i l i t y t o per form the TCAS I I maneuvers remains e s s e n t i a l l y unchanged, 
e l i m i n a t i n g the need t o p r o v i d e a d d i t i o n a l RA i n h i b i t s under these 
c i r cums tances . However, i f a p a r t i c u l a r a i r c r a f t des ign shows marginal 
c a p a b i l i t y to opera te i n the i c i n g env i ronment , a d d i t i o n a l RA i n h i b i t s enabled 
by i c i n g system a c t i v a t i o n shou ld be c o n s i d e r e d . 

( i x ) I f Maneuver A causes a i r speeds below the minimum i n 
Tab le I , then the CLIMB RA shou ld be i n h i b i t e d . I f Maneuver B o r C cause 
a i r speeds below the minimum in Tab le I , then the INCREASED CLIMB RA shou ld be 
i n h i b i t e d . However, e a r l y r e c o v e r y o f 1 t o 2 seconds i s o f l i t t l e o r no 
consequence on the c o l l i s i o n avoidance maneuver and a h i g h e r o v e r a l l l e v e l o f 
s a f e t y w i l l be ach ieved i f i n h i b i t s are not p rov i ded under these 
c i r cums tances , as p r e v i o u s l y d i scussed in paragraph 3c(6 ) ( i ) . 

( x ) System I n h i b i t s . A summary o f the i n h i b i t s ( l i m i t a t i o n s ) 
t ha t have been programmed i n t o the TCAS computer are g i v e n in Tab le I I . 
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TABLE I M 
A N E U V E R 

C 
0 N D 

FLIGHT REGIME 
WEIGHT THRUST FLAPS GEAR ALTITUDE -TEMPERATURE 

AIRSPEED 
INITIAL | MIN. 

M 
A N E U V E R 

" 1. Takeoff FAR 25 
CIimb Limit 

Maximum Rated Takeoff All Takeoff UP V ^ O * 1.2 V s 1* thru RA A 

2. II ti n II B 
3. ti tt II it tl AFM All-Engine 15° Bank to 5 C . , Stall Warning Takeoff Speed thru Recovery 
4. Approach II Spin up to Max. Go-Around Thrust During Maneuver from Thrust for Level Flight 

Less than Landing 
11 1.6 V s 1 1.2 V s 1* thru RA A 

5. II II H 11 

6. it ii UP or DN to UP 
Min. Maneuver 15° Bank to 5 C Speed from Train- Stall Warning ing Procedures thru Recovery 

7. Landing Transitioning to Go-Around at RA 

ti Spin up to Max. Go-Around Thrust During Maneuver from Thrust Re-guired for 3° Guide Slope 

Transition from Landing Flap to Go-Around Flap 

DN to UP 
V R E F+10 1.2 V s 1* thru RA A 

8. ll II n ll 11 B 
9. 11 ii n 11 It V„„+ Airspeed 15° Bank to 5 C 

R E F Addition Stall Warning 5 

from Training thru Recovery Procedures 
10. En Route Critical Wt/Alt Giv­ing 0.3g to Buffet Onset 

Thrust for Level Fit Increased to Max. Continuous if Required 

UP UP Long-Range Cruise Higher of 1.2 A 
V s

4 if Defined 
or Buffet Onset 

11 . ti M ll it Ii II B 

1. Weight = Lesser of climb limit or structural; Airport Pressure Altitude = S.L. to 5300 ft; 
Temperature = ISA +/- 50°F(10°C); Conditions 1-3 evaluated 700 ft above airport; Conditions 4-9 evaluated 1700 ft above airport. 

2. Vy + 10 for nontransport category aircraft without a defined Vj. 
3. Vy for nontransport category aircraft without a defined Vj. 
4. 1.1 V s for those airplanes where the power-on stalling speed is significantly reduced from the power-off stalling speed. 
5. for those airplanes where the power-on stalling speed is significantly reduced from the power-off stalling speed. 
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TABLE I MANEUVERS 

A. T h i s maneuver i s t o eva lua te the TCAS I I CLIMB RA. From the i n i t i a l 
s teady s t a t e c o n d i t i o n , a f t e r an expected 3-second p i l o t r e a c t i o n t ime 
d e l a y , r o t a t e the a i r c r a f t at 1.25g to a t t a i n +1500 f e e t per minute 
c l imb . Hold u n t i l the t o t a l d u r a t i o n o f the RA o f 25 seconds has 
e l a p s e d . Recover to a t t a i n the i n i t i a l t r i m a i r s p e e d . 

B. T h i s maneuver i s to eva lua te the TCAS I I INCREASE CLIMB RA f o l l o w i n g a 
CLIMB RA. From the i n i t i a l s teady s t a t e c o n d i t i o n , a f t e r an expected 3-
second p i l o t r e a c t i o n t ime d e l a y , r o t a t e the a i r c r a f t at 1.25g to a t t a i n 
+1500 f e e t per minute c l imb . Hold u n t i l 15 seconds has e lapsed from 
when the CLIMB RA was i s s u e d . Then , a f t e r an expected 1-second p i l o t 
r e a c t i o n t ime de lay t o the INCREASE CLIMB RA, r o t a t e the a i r c r a f t again 
at 1.25g to a t t a i n +2500 f e e t per minute c l imb and ho ld u n t i l the t o t a l 
d u r a t i o n o f the RA o f 25 seconds has e l a p s e d . Recover to a t t a i n the 
i n i t i a l t r i m a i r s p e e d . 

C. T h i s maneuver i s to eva lua te a maximum d u r a t i o n TCAS I I INCREASE CLIMB 
RA f o l l o w i n g a minimum d u r a t i o n CLIMB RA. From the i n i t i a l s teady s t a t e 
c o n d i t i o n , a f t e r an expected 3-second p i l o t r e a c t i o n t ime d e l a y , r o t a t e 
the a i r c r a f t a t 1.25g t a r g e t i n g +1500 f e e t per minute c l imb u n t i l 6 
seconds has e lapsed from when the CLIMB RA was i s s u e d . Then , a f t e r an 
expected 1-second p i l o t r e a c t i o n t ime de lay to the INCREASE CLIMB RA, 
r o t a t e the a i r c r a f t again at 1.25g to a t t a i n +2500 f e e t per minute c l imb 
and ho ld u n t i l the t o t a l d u r a t i o n o f the RA o f 24 seconds has e l a p s e d . 
Delay r e c o v e r y 1 second to account f o r expected p i l o t r e a c t i o n t ime 
de lay to the end o f the encoun te r . Recover to a t t a i n the i n i t i a l t r i m 
a i r s p e e d . 
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TABLE II SYSTEM INHIBITS 

A summary o f the i n h i b i t s ( l i m i t a t i o n s ) t h a t have been programmed i n t o the 
TCAS computer. 

INHIBIT PARAMETERS 

I nc rease Descent RA I n h i b i t e d below 1450 f t AGL. 

Descend RA 
I n h i b i t e d below 1200 f t AGL w h i l e 
c l imb ing & i n h i b i t e d below 1000 f t 
AGL w h i l e descend ing . 

RA & TA V o i c e Messages 
I n h i b i t e d below 400 f t AGL w h i l e 
descending & i n h i b i t e d below 600 f t 
AGL w h i l e c l i m b i n g . (TCAS 
a u t o m a t i c a l l y r e v e r t s to TA o n l y ) . 

Close-Range S u r v e i l l a n c e May not f u n c t i o n at sepa ra t i ons o f 
l e s s than approx imate ly 900 f t . 

S e l f - T e s t Can be i n h i b i t e d when a i r b o r n e . 

A d v i s o r y P r i o r i t y 
Can r e v e r t t o TA ONLY when h i g h e r 
p r i o r i t y a d v i s o r i e s ( e . g . , GPWS, 
Windshear) o c c u r . 

Cl imb RA 1500 fpm can be i n h i b i t e d , based 
upon a i r c r a f t performance 
c a p a b i l i t y . 

I nc rease CI imb RA 
2500 fpm can be i n h i b i t e d , based 
upon a i r c r a f t performance 
c a p a b i l i t y . 

A l t i t u d e L im i t f o r Cl imb RA Can be i n h i b i t e d , based upon 
a i r c r a f t performance c a p a b i l i t y . 
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(7) A i r c r a f t I n t e r f a c e s . 

( i ) P ressure a l t i t u d e i n f o r m a t i o n . The p ressu re a l t i t u d e data 
should be ob ta ined from the most accura te source a v a i l a b l e i n the a i r c r a f t and 
s h a l l co r respond t o t h a t being t r ansm i t t ed by the assoc ia ted Mode S 
t r ansponde r . The accuracy o f the a l t i t u d e data s h a l l be at l e a s t t h a t 
s p e c i f i e d i n Appendix A o f RTCA document DO-185. I t s h a l l be shown t h a t the 
r e s o l u t i o n o f the a l t i m e t r y source i s compat ib le w i t h TCAS I I . The a l t i t u d e 
source w i t h the f i n e s t compat ib le r e s o l u t i o n shou ld be used . When a v a i l a b l e , 
the r e s o l u t i o n should be i n increments o f 10 f e e t o r l e s s . I n fo rma t ion should 
a l so be p rov i ded t o i n d i c a t e when the p ressu re a l t i t u d e i n fo rma t ion i s 
i n v a l i d . 

( i i ) Radio a l t i t u d e i n f o r m a t i o n . Radio a l t i t u d e i n fo rma t i on 
s h a l l be p rov i ded t o TCAS I I t o i n h i b i t DESCEND r e s o l u t i o n a d v i s o r i e s below 
1000 f e e t AGL, INCREASE DESCENT r e s o l u t i o n a d v i s o r i e s below 1450 f e e t AGL, a l l 
r e s o l u t i o n a d v i s o r i e s and aura l t r a f f i c a d v i s o r i e s below 400 f e e t AGL, t o 
a l l ow automat ic s e n s i t i v i t y l e v e l s e l e c t i o n when c l o s e to the g round , and t o 
determine t h a t i n d i v i d u a l t a r g e t s are on the g round . In fo rmat ion s h a l l a l s o 
be p rov i ded to i n d i c a t e when the r a d i o a l t i t u d e i n fo rma t ion i s i n v a l i d . 

( i i i ) D i s c r e t e in fo rmat ion from a i r c r a f t c o n f i g u r a t i o n sensors 
such as f l a p s , s l a t , l and ing g e a r , e t c . , should be used to ensure t h a t TCAS I I 
a p p r o p r i a t e l y i n h i b i t s c l imb and inc reased c l imb RAs to the a i r p l a n e 
performance l i m i t s as desc r i bed in paragraph 7 c ( 6 ) . 

( i v ) A i r c r a f t i d e n t i f i c a t i o n . D i s c r e t e i n fo rma t ion s h a l l be 
p rov i ded to the Mode S t ransponder f o r the unique a i r c r a f t Mode S 
i d e n t i f i c a t i o n code and i t s maximum a i r speed c a p a b i l i t y . 

( v ) A t t i t u d e . In fo rmat ion o f p i t c h and r o l l a t t i t u d e may be 
p rov i ded to a s s i s t w i t h s t a b i l i z a t i o n o f the d i r e c t i o n a l antenna f u n c t i o n to 
assure s u r v e i l l a n c e and TA d i s p l a y data remain una f fec ted by a i r c r a f t normal 
maneuvers. I f a t t i t u d e in fo rmat ion i s used by TCAS I I , the i n fo rma t ion s h a l l 
a l so be p r o v i d e d to i n d i c a t e when the a t t i t u d e data are i n v a l i d . 

( v i ) Heading. In fo rmat ion o f a i r c r a f t heading may be p rov i ded 
f o r use o f s u r v e i l l a n c e r e f e r e n c e and f o r the TA d i s p l a y r e f e r e n c e 
p r e s e n t a t i o n . In fo rmat ion s h a l l a l so be p rov ided to i n d i c a t e when the heading 
data are i n v a l i d . 

( v i i ) System f a i l u r e d i s p l a y . An i n d i c a t i o n s h a l l be p r o v i d e d to 
i n d i c a t e when r e s o l u t i o n a d v i s o r i e s are not p o s s i b l e due to f a i l u r e o f the 
TCAS I I equipment o r any o f i t s sensors o r d i s p l a y s . 
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(8) T r a f f i c D i s p l a y . 

( i ) Purpose. The pr imary purpose o f the t r a f f i c d i s p l a y i s to 
a id the f l i g h t c r e w i n the v i s u a l a c q u i s i t i o n o f t ransponder equipped a i r c r a f t . 
T h i s i s accompl ished by d i s p l a y i n g the i n t r u d e r a i r c r a f t ' s h o r i z o n t a l and, i f 
a l t i t u d e i n fo rma t i on i s a v a i l a b l e , v e r t i c a l p o s i t i o n r e l a t i v e t o the TCAS I I 
equipped a i r c r a f t . The TCAS I I systems w i l l p r o v i d e t r a f f i c i n fo rma t ion on 
Mode A (no a l t i t u d e data a v a i l a b l e ) , Mode C, and Mode S t ransponder equipped 
a i r c r a f t . A secondary purpose o f the t r a f f i c d i s p l a y i s to p r o v i d e the 
f l i g h t c r e w w i t h con f idence in p roper system ope ra t i on and to g i v e them t ime to 
prepare to maneuver the a i r c r a f t i n the event TCAS I I i ssues a r e s o l u t i o n 
a d v i s o r y . 

( i i ) D e s c r i p t i o n . The t r a f f i c d i s p l a y may take seve ra l forms. 
T r a f f i c d i s p l a y s may be independent , s t a n d - a l o n e , i n t e g r a t e d and t ime-shared 
w i t h d i g i t a l c o l o r r a d a r , i n t e g r a t e d w i t h the f l i g h t c r e w ' s Ins tantaneous 
V e r t i c a l Speed I n d i c a t o r s ( I V S I ) , o r i n t e g r a t e d w i t h o t h e r d i s p l a y s such as 
E l e c t r o n i c H o r i z o n t a l S i t u a t i o n I n d i c a t o r s ( E H S I ) , n a v i g a t i o n , o r o the r 
m u l t i - f u n c t i o n d i s p l a y s . I f the t r a f f i c d i s p l a y uses a m u l t i - f u n c t i o n d i s p l a y 
t ha t i s shared w i t h o the r s e r v i c e s such as ACARS, the t r a f f i c d i s p l a y f u n c t i o n 
s h a l l be immediately a v a i l a b l e f o r d i s p l a y by a s i n g l e s e l e c t i o n a c c e s s i b l e to 
both p i l o t s . 

( i i i ) Symbology/Feature C r i t e r i a . The FAA has worked c l o s e l y 
w i t h the ATA, NASA, and both the SAE S-7 and G-10 Committees i n an e f f o r t t o 
s t a n d a r d i z e TCAS I I symbology and f e a t u r e s . A consensus has been reached f o r 
TCAS I I symbols and they are p rov i ded in t h i s AC. O the r symbology and 
f ea tu res may be used p rov i ded the a p p l i c a n t uses human f a c t o r s t echno logy to 
demonstrate t h a t a c l e a r and s u b s t a n t i a l b e n e f i t can be d e r i v e d by i t s use . 
O t h e r w i s e , the t r a f f i c d i s p l a y must d e p i c t o r p r o v i d e the f o l l o w i n g symbology, 
f e a t u r e s , o r i n f o r m a t i o n : 

(A) Own A i r c r a f t Symbol. T h i s s h a l l be an a i r c r a f t - l i k e 
symbol . For f i x e d range d i s p l a y s , i t should be l o c a t e d so as to p r o v i d e a 
minimum o f 2.5NM range to s i x o ' c l o c k p o s i t i o n ( i n d i c a t i n g an a i r c r a f t i s 
2.5NM behind the TCAS I I equipped a i r c r a f t ) and a minimum o f 6NM range to the 
twe lve o ' c l o c k p o s i t i o n ( i n d i c a t i n g an a i r c r a f t i s 6NM in f r o n t o f the TCAS I I 
equipped a i r c r a f t ) . The symbol c o l o r should be wh i te o r cyan and shou ld be 
the same c o l o r as the range r i n g . 

(B) The I n t r u d e r A i r c r a f t at the T r a f f i c A d v i s o r y (TA) 
L e v e l . T h i s symbol s h a l l be shaped as a c i r c l e and should be s o l i d amber i n 
c o l o r . T h i s symbol must be p o s i t i o n e d to d e p i c t i t s r e l a t i v e bear ing and 
d i s t a n c e to the TCAS I I a i r c r a f t . TAs and RAs must be d i s p l a y e d whenever the 
a p p r o p r i a t e CAS Log ic i s s a t i s f i e d , r e g a r d l e s s o f d i s p l a y / s u r v e i l l a n c e sw i t ch 
p o s i t i o n s (above /be low) in tended f o r o the r t r a f f i c . 

(C) The T h r e a t A i r c r a f t at the R e s o l u t i o n A d v i s o r y (RA) 
L e v e l . T h i s symbol s h a l l be shaped as a square and i t should be s o l i d red i n 
c o l o r . S ince red i s o f low c o n s p i c u i t y , the use o f o the r g r a p h i c a l techn iques 
to enhance t h i s symbol (such as o u t l i n i n g ) should be e v a l u a t e d , and resea rch 
in t h i s area i s encouraged. 
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(D) Proximate T r a f f i c . When a TA o r RA i s p r e s e n t , a 
symbol s h a l l be d e p i c t e d f o r t ransponder equipped a i r c r a f t w i t h i n 1200 f e e t 
r e l a t i v e a l t i t u d e and 6NM ( o r the minimum range , wh ichever i s l e s s ) . T h i s 
symbol s h a l l be shaped l i k e a diamond and c o l o r e d s o l i d wh i te o r cyan but not 
the same c o l o r as own a i r c r a f t symbol . I t i s r e q u i r e d to d i s p l a y prox imate 
t r a f f i c o n l y when the requi rements to d i s p l a y a TA o r an RA e x i s t . The 
d i s p l a y o f prox imate t r a f f i c under these c i rcumstances w i l l a s s i s t the p i l o t 
i n the d e t e c t i o n o f the i n t r u d e r a i r c r a f t . Proximate t r a f f i c may a l s o be 
d i s p l a y e d even when no TA o r RA e x i s t s . 

( E ) Other T r a f f i c . O the r t ransponder equipped t r a f f i c 
w i t h i n + / - 9900 f e e t o f ownship may be d i s p l a y e d . T h i s symbol shou ld be shaped 
as an open diamond and should be the same c o l o r as prox imate t r a f f i c . The 
a b i l i t y to d i s p l a y o t h e r t r a f f i c has been determined by s e r v i c e expe r i ence to 
be a s i g n i f i c a n t a id t o the f l i g h t c r e w ' s s i t u a t i o n a l awareness and 
i n c o r p o r a t i o n o f t h i s f e a t u r e i s h i g h l y recommended. 

NOTE: A l l t ransponder equipped a i r c r a f t w i t hou t 
a l t i t u d e r e p o r t i n g w i l l be cons ide red c o - a l t i t u d e by TCAS. T h e r e f o r e , i t w i l l 
become a s o l i d diamond the same c o l o r as prox imate t r a f f i c when w i t h i n 6NM and 
may r e p r e s e n t a s e r i o u s t h r e a t t ha t cannot be r e s o l v e d by TCAS. 

( F ) R e l a t i v e A l t i t u d e D i s p l a y . R e l a t i v e a l t i t u d e i s the 
d i f f e r e n c e between the o the r a i r c r a f t ' s a l t i t u d e and the TCAS I I equipped 
a i r c r a f t ' s a l t i t u d e . T h i s should be presented i n a d i g i t a l format rounded o f f 
to the neares t one hundred f e e t . T h i s d i g i t a l i n fo rma t ion shou ld be cen te red 
on the i n t r u d e r a i r c r a f t symbol and p o s i t i o n e d above o r below the i n t r u d e r 
symbol when the i n t r u d e r a i r c r a f t i s above o r below the TCAS I I a i r c r a f t 
r e s p e c t i v e l y . The d i g i t a l data should i n c l u d e a l ead ing z e r o and a p lus o r 
minus s i g n as a p p r o p r i a t e . For example, -05 p o s i t i o n e d below the t h r e a t 
symbol ( s o l i d red square) would i n d i c a t e the t h r e a t a i r c r a f t i s 500 f e e t below 
the TCAS I I a i r c r a f t . T h i s d i g i t a l data shou ld conform to the c o l o r o f the 
t h r e a t a i r c r a f t symbol . C o - a l t i t u d e s i t u a t i o n s should be d e p i c t e d as "00" 
(w i t hou t the + o r - symbo l ) . The "00" symbol may be p laced above the t r a f f i c 
symbol i f the o t h e r a i r c r a f t c l osed from above, and v i c e v e r s a . 

(G) D i sp layed T r a f f i c Range. The range o f the d i s p l a y e d 
t r a f f i c i s h o r i z o n t a l ( s l a n t range c o r r e c t e d ) when a l t i t u d e i s a v a i l a b l e . 
S lan t range i s d i s p l a y e d when a l t i t u d e i n fo rma t ion i s not a v a i l a b l e . 

(H) The Range " R i n g " . There shou ld be markings 
sur round ing the own a i r c r a f t symbol at each o f the twe lve o ' c l o c k p o s i t i o n s . 
These markings may be small d o t s , small l i n e s o r i n d i c e s , o r a s t e r i s k s . 
Enhancement o f the 3, 6, 9, and 12 o ' c l o c k p o s i t i o n s i s p e r m i s s i b l e . A s o l i d 
range r i n g i s not recommended due to c l u t t e r . A range r i n g o f 2NM r a d i u s i s 
r e q u i r e d f o r small f i x e d range d i s p l a y s such as 3 A T I (ARINC S p e c i f i c a t i o n 
408A f o r 3 inch A i r T r a n s p o r t I n d i c a t o r ) d i s p l a y s and the e n t i r e range r i n g 
must be d e p i c t e d . A range r i n g rad ius o f 3NM has been found accep tab le f o r a l l 
o t he r d i s p l a y s . The rad ius must remain sca led to the range s e l e c t e d f o r 
v a r i a b l e range d i s p l a y s . When the t r a f f i c d i s p l a y i s i n t e g r a t e d w i t h an EHSI 
o r a N a v i g a t i o n D i s p l a y (ND) , a p a r t i a l range r i n g i s p e r m i s s i b l e f o r Arc o r 
Expanded d i s p l a y modes. F u l l o r p a r t i a l range r i n g s are accep tab le when 
i n t e g r a t e d w i t h weather rada r d i s p l a y s . The c o l o r shou ld be the same as own 
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a i r c r a f t symbol . The 2 o r 3NM range r i n g i s not r e q u i r e d when the range o f the 
d i s p l a y exceeds 20NM. 

( I ) O f f Sca le Symbology. RA o r TA t r a f f i c which i s o f f -
s ca le s h a l l be i n d i c a t e d by p l a c i n g one h a l f o f the a p p r o p r i a t e symbol a t the 
edge o f the a c t i v e d i s p l a y area i n the d i r e c t i o n o f the measured bear ing o f 
the t r a f f i c f o r f i x e d range d i s p l a y s . Data tags and a p p r o p r i a t e v e r t i c a l 
t r end arrows s h a l l remain f i x e d i n the normal des ign p o s i t i o n r e l a t i v e t o the 
t r a f f i c symbol even i f a p o r t i o n o f the i n fo rma t ion i s masked by the edge o f 
the a c t i v e d i s p l a y a r e a . An a l t e r n a t i v e method f o r v a r i a b l e range d i s p l a y s 
would be t o annunc ia te a message "TRAFFIC OFF-SCALE" , " O F F - S C A L E " , o r "TA(RA 
i f a p p r o p r i a t e ) OFF-SCALE" . 

* 

( J ) No Bear ing D i s p l a y . When the TCAS I I system uses a 
bottom o m n i - d i r e c t i o n a l antenna and the upper d i r e c t i o n a l antenna l o s e s t r a c k 
on the i n t r u d e r a i r c r a f t , the t h r e a t a i r c r a f t can no l o n g e r be d e p i c t e d on the 
t r a f f i c d i s p l a y w i t h the c o r r e c t b e a r i n g . The r e l a t i v e a l t i t u d e o r the ac tua l 
a l t i t u d e o r f l i g h t l e v e l ( i f the ac tua l a l t i t u d e mode has been s e l e c t e d ) and 
range shou ld be d i g i t a l l y p resen ted . T h i s i n fo rmat ion must be c o l o r e d to 
conform to the t h r e a t l e v e l (amber f o r TAs and red f o r RAs ) . There are 
seve ra l accep tab le formats t h a t may be d i s p l a y e d depending upon the t ype o f 
a l t i t u d e i n fo rma t i on being d i s p l a y e d . Some examples are as f o l l o w s : 

(1) "TA 1.2NM/+1U" d e p i c t i n g a TA i n t r u d e r at 1.2NM 
and 1100 f e e t above ownship and descending at a r a t e g r e a t e r than 500 fpm. 

(2) "RA 4.6NM/FL230" d e p i c t i n g an RA t h r e a t at 4.6NM 
at F l i g h t Level 230. 

(3) "TA 8.8NM/00" d e p i c t i n g a c o - a l t i t u d e TA 
i n t r u d e r at 8.8NM. 

(4 ) "RA 3.3NM/165 " d e p i c t i n g an RA t h r e a t at 3.3NM 
at a baromet r ic a l t i t u d e o f 16,500 f e e t MSL. 

(5) "TA 5.5NM" d e p i c t i n g a mode A (no a l t i t u d e 
r e p o r t i n g ) TA i n t r u d e r at 5.5NM. 

NOTE: The TA o r RA which precedes the range i n fo rma t ion i n the above 
examples may be omi t ted i f d i s p l a y space i s l i m i t e d . 

(K) Mode A Transponder Equipped A i r c r a f t . A data tag 
s h a l l not be assoc ia ted w i t h the symbol f o r t a r g e t s which are not r e p o r t i n g 
a l t i t u d e . Note t ha t an RA w i l l not be generated f o r t a r g e t s not r e p o r t i n g 
a l t i t u d e . 
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( L ) Other a i r c r a f t V e r t i c a l Speed. A v e r t i c a l arrow 
shou ld be l o c a t e d immediately to the r i g h t o f the o t h e r a i r c r a f t symbol 
d i s p l a y i f the v e r t i c a l speed o f the o the r a i r c r a f t i s equal t o o r g r e a t e r 
than 500 f e e t per minute w i t h the arrow p o i n t i n g up f o r c l imb ing t r a f f i c and 
down f o r descending t r a f f i c . The c o l o r o f the tag shou ld be the same as the 
symbol . 

(M) TA On ly Mode. The a b i l i t y t o i n h i b i t the RA mode o f 
o p e r a t i o n shou ld be p rov i ded t o p reven t the d i s p l a y o f unwanted RAs. T h i s 
f e a t u r e shou ld be p i l o t s e l e c t a b l e , and s u i t a b l y annunc ia ted . In t h i s mode o f 
o p e r a t i o n , a l l TAs (and t h r e a t a i r c r a f t t ha t would o r d i n a r i l y be d i s p l a y e d as 
RAs) w i l l be d i s p l a y e d as T A s . 

( i v ) Op t i ona l Fea tu res /Symbo logy . 

(A) Compass Heading. A i r c r a f t heading and /o r a compass rose 
may be i nc l uded i n the t r a f f i c d i s p l a y , and i t shou ld be c o l o r e d w h i t e . 

(B) Ac tua l I n t r u d e r A l t i t u d e . A sw i t ch may be p rov i ded to 
s e l e c t the d i s p l a y o f the i n t r u d e r s ac tua l baromet r ic a l t i t u d e i n p lace o f 
r e l a t i v e a l t i t u d e . The d i s p l a y o f ac tua l baromet r ic a l t i t u d e shou ld be 
d i s p l a y e d as a t h ree d i g i t number r ep resen t i ng hundreds o f f e e t above MSL; 
e . g . , 007 f o r 700 f e e t MSL and 210 f o r 21000 f e e t MSL. C l e a r and unambiguous 
i n d i c a t i o n must be p rov ided on the d i s p l a y t h a t the ac tua l i n t r u d e r a l t i t u d e 
mode has been s e l e c t e d . Ac tua l a l t i t u d e tags s h a l l be p o s i t i o n e d above o r 
below the t r a f f i c symbol i n a manner c o n s i s t e n t w i t h r e l a t i v e a l t i t u d e data 
t a g s . The d i s p l a y o f ac tua l baromet r ic a l t i t u d e below the t r a n s i t i o n a l t i t u d e 
(18,000 MSL in the U . S . ) r e q u i r e s a barometr ic p ressu re c o r r e c t i o n from 
ownship. I f baromet r ic p ressu re c o r r e c t i o n s are not i n c o r p o r a t e d , the d i s p l a y 
o f ac tua l baromet r ic a l t i t u d e s below the t r a n s i t i o n a l t i t u d e i s cons ide red 
p o t e n t i a l l y ambiguous and may be d i s p l a y e d by p i l o t s e l e c t i o n o n l y f o r 
approx imate ly 15 seconds per s e l e c t i o n . 

(C) Range S e l e c t i o n / R e v e r s i o n . T r a f f i c d i s p l a y s may 
i n c o r p o r a t e a v a r i a b l e range f e a t u r e , and t he re must be a means t o manual ly 
s e l e c t each range . A f e a t u r e may be p rov ided to a u t o m a t i c a l l y s e l e c t the 
optimum range when an RA/TA o c c u r s . In a d d i t i o n , i f a ded i ca ted TCAS mode i s 
p rov ided w i t h i n a m u l t i f u n c t i o n d i s p l a y , the s e l e c t i o n o f t h a t mode may 
a u t o m a t i c a l l y change the range o f the d i s p l a y to a predetermined v a l u e . 

(D) Maximum Number o f D i sp l ayed T a r g e t s . There c u r r e n t l y 
are no requi rements to e s t a b l i s h a maximum number o f d i s p l a y e d t a r g e t s when TA 
o r RA c o n d i t i o n s e x i s t . ( F o r 3 AT I d i s p l a y s , a maximum o f 12 t a r g e t s has been 
found a c c e p t a b l e . ) Over lapp ing t r a f f i c symbols shou ld be d i s p l a y e d w i t h the 
app rop r i a t e i n fo rma t ion o v e r l a p p e d . I f d i s p l a y techno logy r e q u i r e s 
p r i o r i t i z a t i o n o f symbols, t h i s s h a l l be accompl ished to a l l ow the maximum 
d i s p l a y o f d a t a . 

(E ) T r a f f i c D i s p l a y S w i t c h . A sw i t ch may be p r o v i d e d which 
w i l l d i s p l a y a l l t r a f f i c w i t h i n the range o f the d i s p l a y and w i t h i n 2700 f e e t 
v e r t i c a l l y o f own a i r c r a f t . T h i s sw i t ch may be e i t h e r momentary o r a l o c k - o n 
type o f s w i t c h . 
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( F ) Extended A l t i t u d e S u r v e i l l a n c e S w i t c h . A sw i t ch may be 
p rov i ded t o s e l e c t the v iew ing o f t r a f f i c from 2700 f e e t below own a i r c r a f t t o 
a maximum o f 9900 f e e t above own a i r c r a f t and the v iew ing o f t r a f f i c from 2700 
f e e t above own a i r c r a f t t o a maximum o f 9900 f e e t below own a i r c r a f t . 

(9) R e s o l u t i o n D i s p l a y . 

( i ) Purpose. The purpose o f the r e s o l u t i o n d i s p l a y i s to p r o v i d e 
each p i l o t w i t h the i n fo rma t ion to r e a d i l y c o r r e c t the a i r c r a f t f l i g h t path o r 
to p reven t a maneuver t h a t would s i g n i f i c a n t l y reduce the v e r t i c a l sepa ra t i on 
between ownship and a t h r e a t a i r c r a f t . 

( i i ) D e s c r i p t i o n . The r e s o l u t i o n d i s p l a y may be i n t e g r a t e d w i t h 
the two pr imary I V S I s on the f l i g h t d e c k . These d i s p l a y s d e p i c t red a rcs along 
the per imete r o f round d i a l I V S I s o r red v e r t i c a l l i n e s on v e r t i c a l tape I V S I s 
t ha t must be avo ided in o r d e r to mainta in safe v e r t i c a l s e p a r a t i o n . The 
p i l o t ' s task i s to maneuver the a i r c r a f t prompt ly to ach ieve a v e r t i c a l speed 
j u s t out o f the i l l u m i n a t e d red arc o r l i n e ( w i t h i n the green " f l y t o " a rc o r 
l i n e ) when p resen ted o r t o mainta in a v e r t i c a l speed out o f the i l l u m i n a t e d 
red arc o r l i n e t h a t most n e a r l y compl ies w i t h the ATC c l e a r a n c e . 

( i i i ) Symbology. The r e s o l u t i o n d i s p l a y must d e p i c t a red 
i l l u m i n a t e d a rc o r l i n e f o r c o r r e c t i v e RAs. C o r r e c t i v e RAs shou ld a l so d e p i c t 
a green " f l y t o " symbol ; f o r example, when a c l imb RA i s i ssued on a round 
d i a l I V S I , a red c o l o r e d arc should be dep i c ted (ad jacen t to the I V S I s c a l e ) 
from -6000 FPM to +1500 FPM and a green f l y - t o arc o r l i n e from +1500 FPM to 
approx imate ly 2000 FPM. The r e s o l u t i o n d i s p l a y must a l so d e p i c t an 
i l l u m i n a t e d a rc to be avo ided f o r p r e v e n t i v e RAs. A green " f l y t o " a rc o r 
l i n e i s not r e q u i r e d i n t h i s case s i nce the c u r r e n t a i r c r a f t v e r t i c a l speed i s 
s a t i s f a c t o r y . The c o l o r o f the p r e v e n t i v e RA arc o r l i n e shou ld be r e d . The 
same requ i rements f o r round d i a l RA d i s p l a y s are a p p l i c a b l e t o v e r t i c a l tape 
RA d i s p l a y s i n P F D ' s . Some a p p l i c a n t s may wish to i n t e g r a t e the RA d i s p l a y 
w i t h i n an EADI o r PFD. There are seve ra l good reasons t o pursue the 
development o f t h i s t echno logy w i t h i n PFD's and E A D I ' s . The bas i c concepts o f 
a warning area and a " f l y t o " area must be r e t a i n e d . The use o f new TCAS 
symbology such as t a r g e t p i t c h a t t i t u d e s o r f l i g h t path angles w i l l r e q u i r e 
t e s t i n g th roughout the f l i g h t envelope to determine accu racy , ove r /unde rshoo t 
t e n d e n c i e s , f l i g h t t e c h n i c a l e r r o r , and p o t e n t i a l con fus ion w i t h f l i g h t 
d i r e c t o r symbology. A p p l i c a n t s pursu ing t h i s techno logy should con tac t the 
a p p r o p r i a t e FAA AC0 e a r l y i n the development c y c l e . 

( i v ) F a i l u r e i n d i c a t i o n s must be p rov i ded f o r TCAS f a i l u r e s (TCAS 
unable to genera te RAs) . Annunc ia t i on must be p rov ided f o r the TA o n l y mode. 
E l e c t r i c a l I V S I f a i l u r e s must a l so be annunc ia ted . 

(10) Caut ion /Warn ing L i g h t s . 

( i ) D i s c r e t e cau t i on and /o r warning l i g h t s may be i n s t a l l e d 
which are separa te from the t r a f f i c d i s p l a y . The purpose o f these a d d i t i o n a l 
i n d i c a t o r s i s t o annunciate the presence o f p o t e n t i a l l y t h r e a t e n i n g i n t r u d e r 
a i r c r a f t a t t imes when the p i l o t ' s a t t e n t i o n may be d i v e r t e d from the pr imary 
TCAS d i s p l a y . Two d i f f e r e n t d i s c r e t e TCAS I I annunc ia to rs have been used: 
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(A) A discrete amber caution annunciator which indicates the 
presence of a TCAS II TA. Installation of this discrete caution annunciator 
is optional. If installed, it must be located in each pilot's primary field 
of view and be inhibited below 400 feet AGL. 

(B) A discrete red warning annunciator which indicates the 
presence of a TCAS II RA. This red warning must be located in each pilot's 
primary field of view and be inhibited below 400 feet AGL. An IVSI with a 
lighted red arc, or an alphanumeric message on the EADI is acceptable in lieu 
of this discrete warning annunciator. 

(ii) Because of the numerous TCAS II advisories expected in 
service, the basic aircraft master caution and warning system should not be 
interfaced with these TCAS II caution/warning discretes. Overuse of the 
primary aircraft caution and warning system would tend to reduce its 
effectiveness in annunciating non-TCAS II system failures. 

(iii) Discrete visual alerts should remain on until cancelled by 
the pilot or until the aircraft is no longer considered an intruder or a 
threat by TCAS II. 

(11) Aural Alerts. 

(i) Each TCAS II aural alert should be annunciated by a dedicated 
voice message over a cockpit speaker at a volume adequate for clear 
understanding at high cockpit noise levels, but not excessively loud at low 
noise levels. The evaluation includes the case where a flight crewmember is 
wearing a headset, covering the outboard ear when appropriate. 

(ii) The TCAS II Traffic Advisories (TAs) should be annunciated 
by the voice message "TRAFFIC, TRAFFIC" stated once for each TA. 

(iii) The TCAS II Resolution Advisories (RAs) should be 
annunciated by the following voice messages, as appropriate: 

(A) "CLIMB, CLIMB, CLIMB" (Climb at the rate depicted by the 
green (fly to) arc or line on the IVSI or other suitable indicator.) 

(B) "DESCEND, DESCEND, DESCEND" (Descend at the rate 
depicted by the green (fly to) arc or line on the IVSI or other suitable 
indicator.) 

(C) "MONITOR VERTICAL SPEED-MONITOR VERTICAL SPEED" (Spoken 
only once if softening from a previous corrective advisory.) Assure that 
vertical speed is out of the illuminated IVSI red arc or line. 

(D) "REDUCE CLIMB-REDUCE CLIMB" (Reduce vertical speed to a 
value within the illuminated green arc or line.) 

(E) "CLEAR OF CONFLICT" (Range is increasing, and 
separation is adequate; expeditiously return to the applicable clearance, 
unless otherwise directed by ATC.) 
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( F ) "CLIMB, CROSSING CLIMB, CLIMB, CROSSING CLIMB" (Cl imb 
at the r a t e d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r o the r 
s u i t a b l e i n d i c a t o r . ) Safe sepa ra t i on w i l l best be ach ieved by c l imb ing 
th rough the t h r e a t ' s f l i g h t p a t h . 

(G) "REDUCE DESCENT-REDUCE DESCENT" (Reduce v e r t i c a l speed 
to a va lue w i t h i n the i l l u m i n a t e d green arc o r l i n e . ) 

(H) "DESCEND, CROSSING DESCEND, DESCEND, CROSSING DESCEND" 
(Descend at the r a t e d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r 
o the r s u i t a b l e i n d i c a t o r . ) Safe sepa ra t i on w i l l best be ach ieved by 
descending th rough the t h r e a t ' s f l i g h t p a t h . 

( i v ) T h e - f o l l o w i n g v o i c e messages are r e q u i r e d t o annunc ia te 
enhanced TCAS I I maneuvers when the i n i t i a l RA does not p r o v i d e s u f f i c i e n t 
v e r t i c a l s e p a r a t i o n . The tone and i n f l e c t i o n must connote i nc reased u rgency . 

(A) "INCREASE CLIMB, INCREASE CLIMB" (C l imb at the r a t e 
d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r o the r s u i t a b l e 
i n d i c a t o r . ) Received a f t e r "CLIMB" a d v i s o r y , and i n d i c a t e s an a d d i t i o n a l 
c l imb r a t e i s r e q u i r e d to ach ieve safe v e r t i c a l sepa ra t i on from a maneuvering 
t h r e a t a i r c r a f t . 

(B) "INCREASE DESCENT, INCREASE DESCENT" (Descend at the 
ra te d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r o the r s u i t a b l e 
i n d i c a t o r . ) Rece ived a f t e r "DESCEND" a d v i s o r y , and i n d i c a t e s a d d i t i o n a l 
descent r a t e i s r e q u i r e d to ach ieve safe v e r t i c a l sepa ra t i on from a 
maneuvering t h r e a t a i r c r a f t . 

(C ) "CLIMB - CLIMB NOW, CLIMB - CLIMB NOW" (C l imb at the 
r a t e d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r o t h e r s u i t a b l e 
i n d i c a t o r ) . Received a f t e r a "DESCEND" r e s o l u t i o n a d v i s o r y and i n d i c a t e s a 
r e v e r s a l i n sense i s r e q u i r e d t o ach ieve safe v e r t i c a l sepa ra t i on from a 
maneuvering t h r e a t a i r c r a f t . 

(D) "DESCEND - DESCEND NOW, DESCEND - DESCEND NOW" (Descend 
at the r a t e d e p i c t e d by the green ( f l y t o ) a rc o r l i n e on the I V S I o r o the r 
s u i t a b l e i n d i c a t o r . ) Received a f t e r a "CLIMB" r e s o l u t i o n a d v i s o r y and 
i n d i c a t e s a r e v e r s a l i n sense i s r e q u i r e d to ach ieve sa fe v e r t i c a l sepa ra t i on 
from a maneuvering t h r e a t a i r c r a f t . 

( v ) A l l TCAS I I aura l a l e r t s must be i n h i b i t e d below 400 f e e t 
AGL. 

( v i ) Both i nc reases and decreases in the t h r e a t l e v e l must be 
a u r a l l y annunc ia ted . However decreases i n t h r e a t l e v e l need o n l y be 
annunciated once, e . g . , a "moni tor v e r t i c a l speed" aura l which f o l l o w s a c l imb 
RA shou ld o n l y be annunciated once. 

( v i i ) In g e n e r a l , o t he r messages which are c l e a r and unambiguous 
w i l l be eva lua ted on an i n d i v i d u a l b a s i s . Messages which use nega t i ves shou ld 
not be used ( e . g . , "DON'T C L I M B " ) . 
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d . Sof tware V e r i f i c a t i o n and V a l i d a t i o n . The v e r i f i c a t i o n and v a l i d a t i o n 
o f TCAS I I so f tware us ing the procedures o u t l i n e d below are r e q u i r e d f o r the 
f i r s t i n s t a l l a t i o n o f a manu fac tu re r ' s TCAS I I equipment. These procedures 
s h a l l a l so be app l i ed t o subsequent so f tware changes t o a manu fac tu re r ' s TCAS 
I I equipment. A manufacturer may p r o v i d e a des ign t h a t p a r t i t i o n s the 
so f tware which a f f e c t s r e s o l u t i o n a d v i s o r i e s from o the r so f tware ( l e v e l 3) 
such as t h a t necessary f o r the t r a f f i c d i s p l a y . I f the p a r t i t i o n e d so f tware 
i s i n i t i a l l y approved by the FAA, v e r i f i c a t i o n and v a l i d a t i o n f o r the l e v e l 3 
so f tware may be accompl ished by the TCAS I I manufacturer us ing the minor 
change a u t h o r i t y o f the TSO system. 

(1) The v e r i f i c a t i o n and v a l i d a t i o n o f the TCAS I I so f tware r ep resen t s 
a unique cha l l enge because the c o l l i s i o n avoidance a l g o r i t h m s , commonly c a l l e d 
"CAS l o g i c , " as con ta ined in Volume I I o f RTCA document DO-185, r e p r e s e n t a 
so f tware des ign s p e c i f i c a t i o n . However, the s u r v e i l l a n c e so f tware necessary 
to e s t a b l i s h and mainta in the r e l a t i v e t r acks o f nearby t ransponder equipped 
a i r c r a f t and the so f tware necessary t o p r o v i d e the i n t e r f a c e w i t h the Mode S 
t ransponder and w i t h o the r a i r c r a f t sensors and d i s p l a y s must be deve loped by 
the manufacturer o f the TCAS I I equipment. T h i s h y b r i d approach t o the 
s p e c i f i c a t i o n o f the so f tware requi rements and des ign does not permi t the 
d i r e c t a p p l i c a t i o n o f the so f tware c r i t e r i a con ta ined i n RTCA document 
D0-178A. The CAS l o g i c has been p rov ided by Volume I I o f RTCA document 
DO-185. 

(2) I f so f tware i s used f o r the d i s p l a y s o f TCAS I I r e s o l u t i o n 
a d v i s o r i e s o r i n the o p e r a t i o n o f the Mode S t ransponder data l i n k , the 
v e r i f i c a t i o n and v a l i d a t i o n o f t h i s so f tware shou ld be done to l e v e l 2, as 
de f i ned in RTCA document D0-178A. These procedures shou ld a l s o be a p p l i e d 
where the TCAS I I manufacturer deve lops the so f tware requ i rements f o r the 
TCAS I I p rocesso r assoc ia ted w i th f u n c t i o n s o the r than s u r v e i l l a n c e o r the CAS 
l o g i c . Where the so f tware des ign i s s p e c i f i e d by Volume I I o f RTCA document 
DO-185, the manufacturer o f the TCAS I I p rocesso r shou ld conduct code 
wa lk - th roughs and deve lop and per form module t e s t s and module i n t e g r a t i o n 
t e s t s to v e r i f y t h a t the s p e c i f i e d so f tware des ign has been implemented 
c o r r e c t l y . T h i s i nc l udes the s u r v e i l l a n c e so f tware necessary to e s t a b l i s h and 
mainta in the r e l a t i v e t r acks o f nearby t ransponder equipped a i r c r a f t . 

(3) The f u n c t i o n a l t e s t s r e q u i r e d by TSO C-119a as d e s c r i b e d in 
Volume I o f RTCA document DO-185, do not p r o v i d e complete t e s t i n g f o r the 
TCAS I I p r o c e s s o r s o f t w a r e . The TCAS I I manufacturer must deve lop a d d i t i o n a l 
f u n c t i o n a l t e s t s which cor respond to the d e t a i l e d requ i rements which i t 
deve lops f o r the TCAS I I p r o c e s s o r . The p o t e n t i a l consequences o f so f tware 
e r r o r s i n the TCAS I I p rocesso r o r r e s o l u t i o n d i s p l a y r e q u i r e t h a t the 
manufacturer p r o v i d e a s t r u c t u r a l coverage a n a l y s i s to show s i n g l e c o n d i t i o n 
t e s t coverage o f a l l i n s t r u c t i o n s at the source code which can a f f e c t the 
gene ra t i on and d i s p l a y o f r e s o l u t i o n a d v i s o r i e s . The t e s t s which p r o v i d e t h i s 
may be a combinat ion o f module t e s t s , module i n t e g r a t i o n t e s t s and f u n c t i o n a l 
t e s t s . 
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(4) Equipment produced i n accordance w i t h a t e c h n i c a l s tandard o r d e r 
may have ob ta ined FAA concur rence t h a t the so f tware f o r the equipment was 
produced i n accordance w i t h the c r i t e r i a o f RTCA document D0-178A f o r a 
p a r t i c u l a r so f tware l e v e l . N e v e r t h e l e s s , i t i s the r e s p o n s i b i l i t y o f the 
a p p l i c a n t who f i r s t i n s t a l l s a manu fac tu re r ' s TCAS I I equipment i n an a i r c r a f t 
t o demonstrate t o the a p p r o p r i a t e FAA ACO tha t the system so f tware used f o r 
the TCAS I I equipment, Mode S t ransponder and new sensors and d i s p l a y s 
necessary to p r o v i d e r e s o l u t i o n a d v i s o r i e s have been deve loped in accordance 
w i t h the c r i t e r i a o u t l i n e d above. Data from the TSO process may be s u f f i c i e n t 
to e s t a b l i s h t h a t the a p p r o p r i a t e v e r i f i c a t i o n and v a l i d a t i o n have been 
accompl ished, but the ACO may r e q u i r e a d d i t i o n a l t e s t s and a n a l y s i s o f the 
so f tware f o r the i n s t a l l e d TCAS I I system. Subsequent i n s t a l l a t i o n s o f the 
same TCAS I I equipment on o t h e r a i r c r a f t t ypes do not r e q u i r e any a d d i t i o n a l 
v e r i f i c a t i o n i f the so f tware i s not changed. 

e . System Sa fe t y A n a l y s e s . A f a l s e r e s o l u t i o n a d v i s o r y has the p o t e n t i a l 
o f caus ing a m i d - a i r c o l l i s i o n . F a i l u r e s o f the TCAS I I equipment and i t s 
assoc ia ted sensors and d i s p l a y s which cou ld p r o v i d e a f a l s e r e s o l u t i o n 
a d v i s o r y must be improbable . T h i s should be e s t a b l i s h e d us ing the methods 
d e s c r i b e d i n AC 25.1309-IA, System Design and A n a l y s i s . I t i s expected t h a t a 
f a i l u r e modes and e f f e c t s a n a l y s i s (FMEA) and a q u a n t i t a t i v e p r o b a b i l i t y 
a n a l y s i s o f the TCAS I I equipment, Mode S t r ansponde r , and a l t i t u d e 
i n fo rma t i on source w i l l be necessary t o e s t a b l i s h t h a t an i n c o r r e c t r e s o l u t i o n 
a d v i s o r y i s improbable . For the purposes o f a numerical a n a l y s i s , the 
p r o b a b i l i t y o f an i n c o r r e c t r e s o l u t i o n a d v i s o r y w i t hou t a TCAS I I f a i l u r e 
i n d i c a t i o n shou ld be on the o r d e r o f 1.0 x 10-5 per f l i g h t hour i n the enroute 
environment and 1.0 x 10-4 per f l i g h t hour i n the te rmina l a r e a . The 
f requency o f encounters which would produce a r e s o l u t i o n a d v i s o r y can be 
assumed to be once per 200 hours i n the enroute environment and once per 10 
hours i n the te rmina l a rea , un less the a p p l i c a n t can e s t a b l i s h d i f f e r e n t 
f r equenc ies based on ope ra t i ona l da ta . These ana lyses shou ld be p r o v i d e d f o r 
the f i r s t i n s t a l l a t i o n o f a p a r t i c u l a r model o f TCAS I I equipment. Subsequent 
i n s t a l l a t i o n s o f the same equipment i n o t h e r a i r c r a f t may make use o f the same 
ana lyses w i t h p a r t i c u l a r a t t e n t i o n to the d i f f e r e n c e s i n own a l t i t u d e s e n s o r s . 

f . T e s t and E v a l u a t i o n ( I n i t i a l A p p r o v a l ) . T e s t i n g o f the f i r s t o f a 
manu fac tu re r ' s TCAS I I system f o r i t s i n i t i a l approva l i n an a i r c r a f t should 
be conducted to v e r i f y t h a t the des ign and i n s t a l l a t i o n performs i t s in tended 
f u n c t i o n under the expec ted ope ra t i ng c o n d i t i o n s , t h a t t h e r e are no adverse 
i n t e r a c t i o n s between the TCAS I I and e x i s t i n g a i r c r a f t systems, and t h a t p r i o r 
approva ls o f p resen t a i r c r a f t equipment have not been compromised. The 
a p p l i c a n t shou ld p r o v i d e a t e s t p lan t ha t i nc ludes adequate t e s t i n g to perform 
t h i s v e r i f i c a t i o n . T h i s t e s t p lan w i l l g e n e r a l l y r e q u i r e a combinat ion o f 
ground t e s t s , bas i c f l i g h t t e s t s , and f l i g h t t e s t s i n v o l v i n g planned 
encounters w i t h another TCAS I I equipped a i r c r a f t . The use o f o t h e r than a 
t r a n s p o r t ca tego ry a i r c r a f t f o r e i t h e r the TCAS I I i n s t a l l a t i o n o r f o r the 
a i r - t o - a i r c o o p e r a t i v e f l i g h t s i s accep tab le . The t e s t p lan shou ld c o n t a i n , 
as a minimum, the f o l l o w i n g e lements: 

(1) Bas ic Ground T e s t s . 

( i ) Bear ing Accuracy T e s t s . Bear ing es t ima t i on accuracy o f the 
TCAS I I system s h a l l be demonstrated as i n s t a l l e d i n the a i r c r a f t . The 

20 Par 3 



3 / 2 9 / 9 3 AC 20-131A 

bear ing accuracy may be measured us ing a c a l i b r a t e d antenna range t h a t a l l ows 
p r e c i s e e c h o - c o n t r o l l e d , f a r - f i e l d , a n g l e - o f - a r r i v a l measurements at o r 
s l i g h t l y above z e r o degrees e l e v a t i o n and ove r 360 degrees i n az imuth . The 
bear ing accuracy may a l s o be measured us ing a f i x e d t ransponder l o c a t i o n w h i l e 
r o t a t i n g the t e s t a i r c r a f t on a compass-rose w h i l e measuring the bear ing 
angles at 30 degree i n t e r v a l s . A l t e r n a t e l y , the a i r p l a n e i s f i x e d and the 
t ransponder may be moved. Manual readout o f the bear ing es t imate may be 
accompl ished d i r e c t l y from a p lan p o s i t i o n d i s p l a y on the t r a f f i c a d v i s o r y 
d i s p l a y . A l t e r n a t i v e l y , the bear ing est imates may be a u t o m a t i c a l l y recorded 
o r may be read from a spec ia l t e s t d i s p l a y . A maximum e r r o r o f ± 15 degrees 
in azimuth i s a c c e p t a b l e ; however, l a r g e r e r r o r s are accep tab le i n the area o f 
± 45 degrees from the t a i l and the area i s not v i s i b l e from the c o c k p i t . In 
t h i s case , a i r c r a f t s t r u c t u r e may i n t e r f e r e w i t h the s i gna l p a t h . 

( i i ) Sensor f a i l u r e s . Simulated f a i l u r e s o f the a i r c r a f t 
sensors i n t e g r a t e d w i t h TCAS I I shou ld be eva lua ted t o determine t h a t the 
r e s u l t i n g system f a i l u r e s t a t e agrees w i t h the p r e d i c t e d r e s u l t s . These t e s t s 
should be p a r t o f the ground t e s t p l a n . 

( i i i ) E lec t romagne t i c I n t e r f e r e n c e ( E M I ) . A f l i g h t d e c k EMI 
su rvey should be made to determine t ha t the TCAS I I equipment i s not a source 
o f o b j e c t i o n a b l e conducted o r r a d i a t e d i n t e r f e r e n c e t o p r e v i o u s l y i n s t a l l e d 
systems o r equipment, and t h a t ope ra t i on o f the TCAS I I equipment i s not 
a d v e r s e l y a f f e c t e d by conducted o r r a d i a t e d i n t e r f e r e n c e from p r e v i o u s l y 
i n s t a l l e d systems and equipment. A t t e n t i o n should be g i v e n to p o s s i b l e 
i n t e r f e r e n c e w i t h TCAS I I equipment from weather r a d a r , p a r t i c u l a r l y i f 
ope ra t i ng in the C-band. 

( i v ) Eva lua te the genera l arrangement and o p e r a t i o n o f c o n t r o l s , 
d i s p l a y s , c i r c u i t b reake rs , annunc ia to r s , and p laca rds o f the TCAS system. 

( v ) S e l f T e s t . Eva lua te the TCAS s e l f t e s t f e a t u r e s and f a i l u r e 
mode d i s p l a y s and annunc ia to r s . 

( v i ) V e r i f y t ha t the p ressure a l t i t u d e source and r a d i o 
a l t i m e t e r are p r o p e r l y i n t e r f a c e d w i t h the TCAS equipment. 

( v i i ) V e r i f y t ha t the windshear and GPWS warn ings and TCAS I I 
v o i c e a l e r t s are compat ib le . A l s o , v e r i f y t ha t windshear warn ings can be 
c l e a r l y unders tood when TCAS I I and windshear v o i c e announcements 
s imu l taneous l y o c c u r . I f TCAS I I , w indshear and GPWS aura l warn ings have been 
p r i o r i t i z e d , the a l e r t p r i o r i t i e s should be w indshear , GPWS^and then TCAS I I . 

( v i i i ) V e r i f y the performance o f TCAS I I t r a f f i c d i s p l a y by 
obse rv i ng any a v a i l a b l e area t r a f f i c . 

( i x ) Eva lua te the TCAS I I system i n s t a l l a t i o n f o r s a t i s f a c t o r y 
i d e n t i f i c a t i o n , a c c e s s i b i l i t y , and v i s i b i l i t y du r ing both day and n i g h t 
c o n d i t i o n s . 

( x ) Determine t h a t any c o n f i g u r a t i o n d i s c r e t e s a s s o c i a t e d w i t h the 
TCAS I I l o g i c i n c l u d i n g i n h i b i t s o f c l imb RAs, opera te p r o p e r l y . (Changes i n 
l o g i c o r f u n c t i o n w i t h a i r c r a f t c o n f i g u r a t i o n , a l t i t u d e , o r speed . ) 
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( x i ) V e r i f y t h a t the Mode S i d e n t i f i c a t i o n code and maximum 
a i r speed are c o r r e c t . 

(2 ) Bas ic F l i g h t T e s t s . 

( i ) Dur ing a l l phases o f f l i g h t , determine i f t h e r e i s any 
mutual i n t e r f e r e n c e w i t h any o t h e r a i r c r a f t system. Weather rada r shou ld be 
ope ra t i ng du r i ng the f l i g h t t e s t . 

( i i ) Eva lua te TCAS I I aura l messages f o r accep tab le volume and 
i n t e l l i g i b i l i t y du r i ng both low and h igh c o c k p i t no i se l e v e l s ( i d l e descent at 
low speed and h igh power at V M 0 ) w i t h headset c o v e r i n g outboard ear o n l y (when 
a p p r o p r i a t e ) and w i t hou t headsets . I f the TCAS I I TEST i s used t o s imu la te 
v o i c e announcements, ensure t h a t the audio l e v e l i s not changed by use o f the 
TEST f u n c t i o n . 

( i i i ) Demonstrate t h a t t r a f f i c i n fo rma t ion remains v a l i d and 
usable when the a i r c r a f t i s p i t c h e d + 15 degrees and r o l l e d approx imate ly 30 
degrees o f bank du r ing normal maneuvers by obse rv ing area t r a f f i c i n the 
t r a f f i c a d v i s o r y d i s p l a y . 

( i v ) Eva lua te the e f f e c t i v e s u r v e i l l a n c e range o f the t r a f f i c 
d i s p l a y , i n c l u d i n g t a r g e t azimuth reasonableness and t r a c k s t a b i l i t y . Use o f 
t a r g e t s o f o p p o r t u n i t y o r a non t ranspo r t ( l ow-speed) a i r c r a f t as a t a r g e t f o r 
these t e s t s i s p e r m i s s i b l e . 

( v ) Determine t h a t any c o n f i g u r a t i o n d i s c r e t e s assoc ia ted w i t h the 
TCAS I I l o g i c i n c l u d i n g i n h i b i t s o f c l imb RAs, opera te p r o p e r l y un less 
p r e v i o u s l y demonstrated du r ing ground t e s t s . (Changes i n l o g i c o r f u n c t i o n 
w i t h a i r c r a f t c o n f i g u r a t i o n , a l t i t u d e , o r speed. ) 

( v i ) Perform the a d d i t i o n a l f l i g h t t e s t s i n Appendix 2 o f t h i s AC 
un less p r e v i o u s l y accompl ished under TS0-C119a. 

( v i i ) Eva lua te TCAS f o r n o n i n t e r f e r e n c e du r ing coup led A u t o p i l o t 
and F l i g h t D i r e c t o r approaches to the lowest minimums approved f o r the 
a i r c r a f t . 

( v i i i ) P r i o r to any c o o p e r a t i v e f l i g h t t e s t s at any a l t i t u d e 
i n v o l v i n g the TCAS I I equipped a i r c r a f t and another a i r c r a f t , both a i r c r a f t 
shou ld be f lown in c l o s e fo rmat ion to assure matched a l t i m e t r y r eadou t s . 
These checks shou ld be f lown at the speeds and a l t i t u d e s to be used f o r the 
t e s t s . 

( i x ) Eva lua te a l l s e l e c t a b l e modes o f the TCAS I I t o determine 
t ha t they per form t h e i r in tended f u n c t i o n . 
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( x ) Reevaluate any p r e v i o u s l y i n s t a l l e d a i r c r a f t systems t h a t 
have r e q u i r e d changes as a r e s u l t o f the TCAS I I i n s t a l l a t i o n , ( e . g . , E F I S , 
FD, PFD, NO, I V S I , i n t e r f a c e , e t c . ) 

(3) Planned Encounter F l i g h t T e s t s . The o b j e c t i v e o f these f l i g h t 
t e s t s i s to demonstrate adequate TCAS I I s u r v e i l l a n c e and to v e r i f y smooth, 
p r e d i c t a b l e TCAS I I per formance. Having e s t a b l i s h e d a p p r o p r i a t e s a f e t y r u l e s , 
s t a t i c system leak t e s t ( i f n e c e s s i t a t e d by hav ing opened the sys tem) , and 
a l t i m e t e r c o r r e l a t i o n between the encounter a i r c r a f t and the TCAS a i r c r a f t , 
the f o l l o w i n g encounters between the TCAS I I a i r c r a f t and a ded i ca ted i n t r u d e r 
a i r c r a f t shou ld be f lown t o i nsu re t h a t the TCAS I I a i r c r a f t system performs 
i t s in tended f u n c t i o n by genera t ing TAs and RAs and i s c o n s i s t e n t w i t h RTCA 
document DO-185. The i n t r u d e r a i r c r a f t shou ld be equipped w i t h t ransponders 
capable o f Mode A , Mode C, and f o r those t e s t s making i t n e c e s s a r y , Mode S, 
and TCAS I I . These t e s t s are a l so in tended t o expose the i n s t a l l e d TCAS I I 
system to a reasonab le number o f c a r e f u l l y c o n t r o l l e d encounters which are 
l i k e l y i n s e r v i c e . T h i s ma t r i x covers the enve lope o f encounter speeds, 
a l t i t u d e s , and geometr ies which have in the past i d e n t i f i e d f laws i n 
s u r v e i l l a n c e , l o g i c , and antenna mechanizat ion t h a t were not de tec ted e a r l i e r 
by bench t e s t s . 

( i ) I n t r u d e r ove r tak ing TCAS I I a i r c r a f t ( f rom the a f t 

q u a d r a n t s ) . 

( i i ) Head-on. 

(A) Low and h igh c l o s u r e speeds. 

(B) Above c l imb l i m i t , TCAS I I t o TCAS I I . 
(C) TCAS I I aga ins t Mode C w i t h TCAS I I above i n t r u d e r and 

above c l imb l i m i t ( i n t e n t i s t o f o r c e TCAS I I a i r c r a f t t o descend . ) 

(D) A t 3000 f e e t ove r calm water to eva lua te mu l t i pa th 

p r o t e c t i o n . 

( i i i ) Conve rg ing . 

( i v ) C r o s s i n g ( i n t r u d e r above TCAS I I , descending o r v i c e 
v e r s a . ) 

( v ) Eva lua te the TA o n l y mode du r ing planned encoun te r s . 

( v i ) A mix o f i n t r u d e r t ransponder modes (A , C, and S) should be 
e v a l u a t e d , but p r imary emphasis should be on TCAS I I to TCAS I I c o o r d i n a t i o n , 
and on Mode C r e p l i e s from the i n t r u d e r a i r c r a f t . 

( v i i ) Eva lua te a mix o f encounters w i t h TCAS I I both above and 
below the i n t r u d e r . 
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( v i i i ) I f a f l i g h t t e s t i s necessary t o i n s u r e c o m p a t i b i l i t y 
w i t h o t h e r d e s i g n s , v e r i f y c o r r e c t a i r - t o - a i r c o o r d i n a t i o n between the t e s t 
TCAS I I and another manu fac tu re r ' s p r e v i o u s l y approved equipment (see 
paragraph 3 c ( 5 ) ) . 

( i x ) Eva lua te the e f f e c t o f e l e c t r i c a l t r a n s i e n t s (bus 
t r a n s f e r ) , du r i ng encoun te r s . The TCAS I I shou ld not expe r i ence adverse 
e f f e c t s . No f a l s e TAs o r RAs should be generated as a r e s u l t o f e l e c t r i c a l 
t r a n s i e n t s . Normal TCAS I I f u n c t i o n s and d i s p l a y s shou ld be r e s t o r e d w i t h i n 
approx imate ly t h r e e seconds. 

(4) Mode S Transponder F l i g h t T e s t s . The f l i g h t t e s t s d e s c r i b e d by 
t h i s s e c t i o n may be used to ob ta in the c e r t i f i c a t i o n o f a s tand -a lone Mode S 
t ransponder i n s t a l l a t i o n . These t e s t s should a l s o be used to eva lua te a 
Mode S t ransponder which i s in tended f o r use w i t h a TCAS I I i n s t a l l a t i o n . The 
purpose o f these t e s t s i s t o p r i m a r i l y v e r i f y t h a t the i n s t a l l e d an tenna(s ) 
are compat ib le w i t h the Mode S t ransponder and p r o v i d e an adequate response to 
ground rada r i n t e r r o g a t i o n s du r ing normal a i r c r a f t maneuvers. In a d d i t i o n , 
the f l i g h t t e s t i s a demonst ra t ion t h a t the Mode S t ransponder f u n c t i o n s 
p r o p e r l y as i n s t a l l e d and does not i n t e r f e r e w i t h o t h e r a i r c r a f t e l e c t r o n i c 
equipment. The need f o r a d e t a i l e d f l i g h t t e s t i s reduced when the Mode S 
Transponder and antenna i n s t a l l a t i o n i s i d e n t i c a l o r s i m i l a r t o t h a t o f 
p r e v i o u s l y approved ATCRBS t ransponder i n s t a l l a t i o n . 

( i ) I f the Mode S t ransponder uses a top mounted antenna in 
a d d i t i o n t o a bottom mounted antenna which i s i n s t a l l e d at o r near the same 
l o c a t i o n used by a p r e v i o u s l y approved ATCRBS t ransponder antenna, conduct a 
comprehensive ground t e s t i n accordance w i t h Appendix 3 and conduct a 
f u n c t i o n a l f l i g h t t e s t . The t ransponder code, a l t i t u d e r e p o r t i n g and " IDENT" 
f e a t u r e s o f the t ransponder shou ld be e x e r c i s e d du r ing normal maneuver ing. 
There shou ld be no o b j e c t i o n a b l e behav io r observed by the ground c o n t r o l l e r . 

( i i ) I f a Mode S t ransponder i s i n s t a l l e d i n an a i r c r a f t which 
does not have a p r e v i o u s l y approved ATCRBS t ransponder i n s t a l l a t i o n o r which 
uses a bottom mounted antenna l o c a t i o n which d i f f e r s s i g n i f i c a n t l y from tha t 
used by a p r e v i o u s l y approved ATCRBS t ransponder antenna, the f o l l o w i n g ground 
and f l i g h t t e s t s should be conduc ted . 

(A) Conduct Ground T e s t s Per Appendix 3 

(B) Cl imb and D is tance Coverage. Beginn ing at a d i s t a n c e o f 
at l e a s t 10NM f rom, and an a l t i t u d e o f 2000 to 3000 f e e t above t h a t o f the 
rada r f a c i l i t y and us ing a t ransponder code ass igned by the ATC, f l y on a 
heading t h a t w i l l pass the a i r c r a f t ove r the f a c i l i t y . At a d i s t a n c e o f 5 to 
10NM beyond the f a c i l i t y , f l y the a i r c r a f t at i t s normal maximum c l imb 
a t t i t u d e to w i t h i n 90 percen t o f the maximum a l t i t u d e f o r which the a i r c r a f t 
i s c e r t i f i c a t e d , ma in ta in ing the a i r c r a f t at a heading w i t h i n 5 degrees o f the 
t r a c k from the radar f a c i l i t y . A f t e r reach ing the maximum a l t i t u d e f o r which 
the a i r c r a f t i s c e r t i f i c a t e d , f l y l e v e l at the maximum a l t i t u d e to 160NM f o r 
t u r b o j e t and some tu rboprop powered a i r p l a n e s ( o r 80NM f o r most o t h e r 
a i r c r a f t ) from the nea res t rada r f a c i l i t y . ( D i s t a n c e from the rada r f a c i l i t y 
i s a f u n c t i o n o f the a i r p l a n e ' s maximum c e r t i f i c a t e d a l t i t u d e . ) Communicate 
w i t h the ground radar personnel f o r ev idence o f t ransponder d r o p o u t . Dur ing 
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the f l i g h t , check the " i d e n t " mode o f the ATC t ransponder t o assure t h a t i t i s 
per forming i t s in tended f u n c t i o n . There should be no d ropou ts (no r e t u r n f o r 
two o r more sweeps) . U n c o n t r o l l a b l e r i n g i n g t h a t h inde rs use o f the ground 
radar i s u n s a t i s f a c t o r y . 

(C ) Long Range Recep t i on . At 90 pe rcen t o f maximum 
c e r t i f i c a t e d a l t i t u d e per form l e f t and r i g h t 360 degree t u r n s , a t bank angles 
o f 8 to 10 deg rees . The a i r c r a f t shou ld be at l e a s t 160 ( o r 80)NM from the 
neares t rada r f a c i l i t y . Dur ing these t u r n s , the rada r d i s p l a y s shou ld be 
moni tored and t he re should be no s i gna l d ropouts (no r e t u r n f o r 2 o r more 
sweeps) . 

(D) High Angle Recep t i on . Perform two 360 degree t u r n s , 
one to the r i g h t and one to the l e f t , at bank angles o f 8 to 10 degrees w i t h 
the a i r p l a n e at a d i s t a n c e o f 50 to 70NM from the neares t rada r f a c i l i t y and 
at an a l t i t u d e o f a t l e a s t 35,000 f e e t o r w i t h i n 90 percen t o f the maximum 
a l t i t u d e f o r which the a i r c r a f t i s c e r t i f i c a t e d . There shou ld be no dropouts 
(no r e t u r n f o r 2 o r more sweeps) . Swi tch the t ransponder t o a code not 
s e l e c t e d by the ground c o n t r o l l e r . The a i r c r a f t secondary r e t u r n shou ld 
d isappear from the scope. The c o n t r o l l e r shou ld then change h i s c o n t r o l box 
to "common sense" and a s i n g l e s l ash should appear on the scope at the 
a i r c r a f t ' s p o s i t i o n . 

(E ) High A l t i t u d e C r u i s e . Wi th in 90 percen t o f the 
a i r c r a f t ' s maximum c e r t i f i c a t e d a l t i t u d e o r i t s maximum ope ra t i ng a l t i t u d e 
beg inn ing at a p o i n t 160 ( o r 80)NM from the neares t rada r f a c i l i t y f l y on a 
course which w i l l pass ove r the radar f a c i l i t y . There shou ld be no 
t ransponder dropout o r " r i n g - a r o u n d " . 

( F ) S u r v e i l l a n c e Approach. Beginn ing at o r above 90 
percen t o f the maximum c e r t i f i c a t e d a l t i t u d e o f the a i r c r a f t , per form a 
letdown and approach to a runway o f an a i r p o r t served by A i r p o r t S u r v e i l l a n c e 
Radar (ASR) having an ATCRBS f a c i l i t y . The approach shou ld be made at the 
maximum normal r a t e o f descent and normal approach and land ing c o n f i g u r a t i o n 
f o r the a i r c r a f t and should con t inue down to an a l t i t u d e o f 200 f e e t o r l e s s 
above the ground radar antenna e l e v a t i o n . Not more than one dropout shou ld 
occur f o r any 10 sweeps du r ing f i n a l approach. U n c o n t r o l l e d r i n g i n g t h a t 
h inders use o f the ground rada r i s u n s a t i s f a c t o r y . 

(G) Ho ld ing and O r b i t i n g P a t t e r n s . 

(1) At an a l t i t u d e o f 2000 f e e t above the rada r antenna 
o r minimum o b s t r u c t i o n c lea rance a l t i t u d e (wh ichever i s g r e a t e r ) w i t h land ing 
f l a p s and gear ex tended , f l y l e f t and r i g h t 360 degree t u rns approx imate ly 10 
mi les from the rada r f a c i l i t y . There shou ld be no s i gna l d r o p o u t s . 

(2) A t an a l t i t u d e o f 2000 f e e t above the rada r antenna 
o r minimum o b s t r u c t i o n c lea rance a l t i t u d e (wh ichever i s g r e a t e r ) f l y 45 degree 
s e c t o r s o f l e f t and r i g h t 10 mi le o r b i t a l pa t t e rns around a rada r f a c i l i t y 
w i t h gear and land ing f l a p s ex tended. There shou ld be no s i g n a l d r o p o u t s . 

(H) A l t i t u d e Repo r t i ng . Conduct a f u n c t i o n a l t e s t o f the 
a l t i t u d e encoder by comparison w i t h A T C - d i s p l a y e d a l t i t u d e s . V e r i f y 
cor respondence at seve ra l a l t i t u d e s between ATC read ings and the C a p t a i n ' s 

Par 3 25 



AC 20-131A 3 / 2 9 / 9 3 

a l t i m e t e r , when se t a t o r c o r r e c t e d to 29.92 inches o f mercury ( o r 
e q u i v a l e n t ) . 

g . Fo l l ow-On Approva ls (STC o r Amended T C ) . F l i g h t t e s t i n g o f TCAS I I 
systems f o r f o l l o w - o n approva ls ( p r e v i o u s l y approved TCAS I I equipment 
i n s t a l l e d i n a d i f f e r e n t a i r c r a f t t y p e ) should be conducted t o v e r i f y t h a t the 
des ign and i n s t a l l a t i o n performs i t s in tended f u n c t i o n under the expected 
ope ra t i ng c o n d i t i o n s , t h a t t he re are no adverse i n t e r a c t i o n s between the 
TCAS I I and e x i s t i n g a i r c r a f t systems, and t ha t p r i o r approva ls o f p resen t 
a i r c r a f t equipment have not been compromised. The a p p l i c a n t shou ld p r o v i d e a 
f l i g h t t e s t p lan t h a t i nc l udes adequate t e s t i n g to per form t h i s v e r i f i c a t i o n . 
T h i s t e s t p lan w i l i g e n e r a l l y r e q u i r e a combinat ion o f ground t e s t s , bas i c 
f l i g h t t e s t s , and f l j g h t t e s t s i n v o l v i n g planned encounters w i t h a Mode C 
equipped a i r c r a f t , o r the use o f a s u i t a b l y l oca ted f i x e d t r ansponde r . The 
t e s t p lan shou ld c o n t a i n , as a minimum, the f o l l o w i n g e lements : 

(1) Ground T e s t s . 

( i ) Eva lua te the genera l arrangement and o p e r a t i o n o f c o n t r o l s , 
d i s p l a y s , c i r c u i t b reake rs , annunc ia to r s , and p laca rds o f the TCAS I I system. 

( i i ) Eva lua te the TCAS I I s e l f t e s t f e a t u r e s and f a i l u r e mode 
d i s p l a y s and a n n u n c i a t o r s . 

( i i i ) V e r i f y t h a t the p ressu re a l t i t u d e source and r a d i o a l t i m e t e r 
are p r o p e r l y i n t e r f a c e d w i t h the TCAS I I equipment. 

( i v ) Measure the performance o f the d i r e c t i o n a l antenna f o r 360 
degrees coverage at 30 degree i n t e r v a l s , as s p e c i f i e d under bas i c 
c e r t i f i c a t i o n ground t e s t s . 

( v ) Eva lua te the TCAS I I system i n s t a l l a t i o n f o r s a t i s f a c t o r y 
i d e n t i f i c a t i o n , a c c e s s i b i l i t y , and v i s i b i l i t y du r i ng both day and n i g h t 
c o n d i t i o n s . 

( v i ) Determine t ha t any c o n f i g u r a t i o n d i s c r e t e s a s s o c i a t e d w i t h 
the TCAS I I l o g i c i n c l u d i n g i n h i b i t s o f c l imb RAs, opera te p r o p e r l y . (Changes 
i n l o g i c o r f u n c t i o n w i t h a i r c r a f t c o n f i g u r a t i o n , a l t i t u d e , o r speed . ) 

( v i i ) V e r i f y t ha t the Mode S i d e n t i f i c a t i o n code and maximum 
a i r speed are c o r r e c t . 

( v i i i ) V e r i f y t ha t the windshear and GPWS warn ings and TCAS I I 
v o i c e a l e r t s are compat ib le . A l s o , v e r i f y t h a t windshear warn ings can be 
c l e a r l y unders tood when TCAS I I and windshear v o i c e announcements and GPWS 
s imu l taneous l y o c c u r . I f TCAS I I windshear and GPWS aura l warn ings have been 
p r i o r i t i z e d the a l e r t p r i o r i t i e s should be w indshear , GPWS and then TCAS I I . 
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(2) F l i g h t T e s t s . 

( i ) Proper o p e r a t i o n o f the t r a f f i c d i s p l a y shou ld be v e r i f i e d 
by obse rv ing prox imate t r a f f i c , at l e a s t one t r a f f i c a d v i s o r y and at l e a s t one 
r e s o l u t i o n a d v i s o r y . Conf i rm t ha t the app rop r i a t e aura l a l e r t s occu r 
c o r r e c t l y w i t h the t r a f f i c a d v i s o r y and r e s o l u t i o n a d v i s o r y . The a d v i s o r i e s 
may be genera ted b y : 

(A) Planned encounters w i t h an i n t r u d e r a i r c r a f t ope ra t i ng a 
t ransponder w i t h Mode C c a p a b i l i t y . 

NOTE: P r i o r to any c o o p e r a t i v e f l i g h t t e s t s at any a l t i t u d e i n v o l v i n g 
the TCAS I I equipped a i r c r a f t and another a i r c r a f t , both a i r c r a f t shou ld 
be f lown i n c l o s e fo rmat ion to assure matched a l t i m e t r y r e a d o u t s . These 
checks shou ld be f lown at the speeds and a l t i t u d e s t o be used f o r the 
t e s t s . 

(B) Encounters w i t h an ope ra t i ng Mode C t ransponder 
i n s t a l l e d at a f i x e d ground l o c a t i o n which r e p o r t s an a p p r o p r i a t e t e s t 
a l t i t u d e . 

(C) Encounters w i t h a i r c r a f t t a r g e t s o f o p p o r t u n i t y . 

(D) The use o f s u i t a b l e t e s t equipment, du r i ng ground t e s t s . 

( i i ) Dur ing a l l phases o f f l i g h t , determine i f t h e r e i s any 
mutual i n t e r f e r e n c e w i t h any o the r a i r c r a f t system. 

( i i i ) Eva lua te TCAS I I aura l messages f o r accep tab le volume and 
i n t e l l i g i b i l i t y du r ing both low and h igh c o c k p i t no i se l e v e l s ( i d l e descent at 
low speed and h igh power at V M 0 ) w i t h and w i thou t headse ts , c o v e r i n g the 
outboard ear where a p p r o p r i a t e . I f the TCAS I I TEST i s used to s imu la te v o i c e 
announcements, ensure t ha t the audio l e v e l i s not changed by use o f the TEST 
f u n c t i o n . 

( i v ) Eva lua te the e f f e c t i v e s u r v e i l l a n c e range o f the t r a f f i c 
d i s p l a y , i n c l u d i n g t a r g e t azimuth reasonableness and t r a c k s t a b i l i t y . Use o f 
a non t ranspo r t ( l ow-speed) Mode C equipped a i r c r a f t as a t a r g e t o r a f i x e d 
t ransponder o r s u i t a b l e t e s t equipment f o r these t e s t s i s p e r m i s s i b l e . 

( v ) Eva lua te the Mode S t ransponder a i r - t o - g r o u n d ATCRBS f u n c t i o n 
aga ins t an a p p r o p r i a t e ground f a c i l i t y . 

( v i ) Determine t h a t any c o n f i g u r a t i o n d i s c r e t e s assoc ia ted w i t h 
the TCAS I I l o g i c i n c l u d i n g i n h i b i t s o f c l imb RAs, opera te p r o p e r l y un less 
p r e v i o u s l y demonstrated du r ing ground t e s t s . (Changes i n l o g i c o r f u n c t i o n 
w i th a i r c r a f t c o n f i g u r a t i o n , a l t i t u d e , o r speed. ) 

( v i i ) Eva lua te TCAS I I f o r n o n i n t e r f e r e n c e du r ing coup led 
A u t o p i l o t and F l i g h t D i r e c t o r approaches t o the lowes t minimums approved f o r 
the a i r c r a f t . 
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( v i i i ) Eva lua te a l l s e l e c t a b l e modes o f the TCAS I I t o determine 
t ha t they per form t h e i r in tended f u n c t i o n . 

( i x ) Reevaluate any p r e v i o u s l y i n s t a l l e d a i r c r a f t systems t h a t 
have r e q u i r e d changes as a r e s u l t o f the TCAS I I i n s t a l l a t i o n ( e . g . , E F I S , FD, 
PFD, ND, I V S I , i n t e r f a c e , e t c . ) 

h. A i r p l a n e F l i g h t Manual Supplement (AFMS). The AFMS shou ld p r o v i d e the 
a p p r o p r i a t e system l i m i t a t i o n s and p rocedu res , and a comprehensive 
d e s c r i p t i o n o f a l l normal modes o f ope ra t i on i n c l u d i n g what a c t i o n s are 
expected by the f l i g h t c r e w in each case . Appendix 1 p r o v i d e s an example o f 
the elements and e x t e n t o f d e t a i l t ha t may be shown by a t y p i c a l AFMS 
( s p e c i f i c performance data and procedures may v a r y w i t h system des ign and 
a i r c r a f t t y p e ) . 

4. OPERATIONAL APPROVAL. Ope ra t i ona l approval o f TCAS I I i s addressed by AC 
120-55. 
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Appendix 1 

APPENDIX 1 

D e s c r i p t i v e mate r ia l and procedures con ta ined in t h i s AFMS example may, when 
a p p r o p r i a t e , be rep laced by r e fe rence in the AFMS t o the TCAS I I equipment 
s u p p l i e r ' s p i l o t ' s ope ra t i ng g u i d e . However, the AFMS r e f e r e n c e to t h i s gu ide 
must be s p e c i f i c ; i . e . , d a t e , r e v i s i o n l e v e l ; and not openended, e . g . , " o r 
l a t e r r e v i s i o n " ; un less the p i l o t ' s gu ide i s s p e c i f i c a l l y FAA approved . A l s o , 
the AFMS must d e f i n e the s p e c i f i c c o n f i g u r a t i o n approved from the v a r i o u s 
op t i ons con ta ined in the p i l o t ' s g u i d e ; e . g . , which model c o n t r o l p a n e l , 
whether the p i l o t - i n i t i a t e d s e l f - t e s t i s a v a i l a b l e i n f l i g h t , range f e a t u r e s , 
TA v e r t i c a l d i s p l a y f e a t u r e s , e t c . 

AIRPLANE FLIGHT MANUAL SUPPLEMENT (Example) 

DESCRIPTION 

The TCAS I I i s an on-board c o l l i s i o n avoidance and t r a f f i c s i t u a t i o n d i s p l a y 
system w i t h computer p rocess ing to i d e n t i f y and d i s p l a y i n t r u d i n g and 
t h rea ten ing c o l l i s i o n a i r c r a f t , and i ssue r e s o l u t i o n a d v i s o r i e s i n the form o f 
v e r t i c a l maneuver guidance on the p i l o t and c o p i l o t ' s ins tan taneous v e r t i c a l 
speed i n d i c a t o r s ( I V S I ) . From the t ransponder r e p l i e s , TCAS I I determines 
r e l a t i v e a l t i t u d e , range , and bear ing o f any ATCRBS o r Mode S equipped 
a i r c r a f t w i t h a l t i t u d e r e p o r t i n g . From t h i s , TCAS I I w i l l determine the l e v e l 
o f a d v i s o r y us ing s tanda rd i zed a l g o r i t h m s . The TCAS I I w i l l r e s o l v e m u l t i p l e 
a i r c r a f t encoun te rs . ATCRBS equipped a i r c r a f t which o n l y r e p l y w i t h Mode A 
in fo rmat ion w i l l not p r o v i d e a l t i t u d e i n f o r m a t i o n ; t h e r e f o r e , TCAS I I w i l l not 
i ssue r e s o l u t i o n a d v i s o r i e s f o r these a i r c r a f t but can i s sue t r a f f i c 
a d v i s o r i e s . The TCAS I I w i l l not de tec t a i r c r a f t w i t hou t t r a n s p o n d e r s . 

The TCAS I I i n s t a l l a t i o n c o n s i s t s o f one TCAS I I p r o c e s s o r , one top-mounted 
d i r e c t i o n a l antenna, one bottom-mounted blade ( o r d i r e c t i o n a l an tenna ) , one 
Mode S t ransponder w i t h c o n t r o l panel and top and bottom antennas, one t r a f f i c 
a d v i s o r y d i s p l a y w i t h c o n t r o l panel ( i f not combined w i t h the I V S I / R A 
i n d i c a t o r s ) , two r e s o l u t i o n a d v i s o r y d i s p l a y s , one overhead speaker f o r v o i c e 
messages, ( c a u t i o n / w a r n i n g l i g h t s ) , and assoc ia ted w i r i n g . 

The TCAS I I p r o v i d e s two l e v e l s o f a d v i s o r i e s : 

I f the t r a f f i c ge ts w i t h i n 25 to 45 seconds, depending upon a l t i t u d e , o f 
p r o j e c t e d C l o s e s t Po in t o f Approach (CPA) , i t i s then cons ide red an 
i n t r u d e r , and an aura l and v i s u a l t r a f f i c a d v i s o r y ( T A ) i s i s s u e d . T h i s 
l e v e l c a l l s a t t e n t i o n to what may deve lop i n t o a c o l l i s i o n t h r e a t us ing 
the t r a f f i c a d v i s o r y d i s p l a y and the v o i c e message, " T R A F F I C - T R A F F I C . " 
I t permi ts mental and p h y s i c a l p r e p a r a t i o n f o r a p o s s i b l e maneuver to 
f o l l o w and a s s i s t s the p i l o t in ach iev ing v i s u a l a c q u i s i t i o n o f the 
i n t r u d i n g a i r c r a f t . 

I f the i n t r u d e r ge ts w i t h i n 20 to 35 seconds, depending upon a l t i t u d e , o f 
CPA, i t i s cons ide red a t h r e a t , and an aura l and v i s u a l r e s o l u t i o n 
a d v i s o r y (RA) i s i s s u e d . T h i s l e v e l p r o v i d e s a recommended v e r t i c a l 
maneuver us ing mod i f ied I V S I s and v o i c e messages to p r o v i d e adequate 
v e r t i c a l sepa ra t i on from the t h r e a t a i r c r a f t o r p reven ts i n i t i a t i o n o f a 
maneuver t h a t would p lace the TCAS I I a i r c r a f t i n j e o p a r d y . 
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The TCAS I I i s cons ide red a back-up system to the "SEE-AND-AVOID" concept 
and the ATC rada r env i ronment . 

The TCAS I I r e s o l u t i o n a d v i s o r i e s are annunciated by the f o l l o w i n g v o i c e 
messages, as a p p r o p r i a t e , a long w i t h the expected p i l o t r esponse : 

(A) "CLIMB, CLIMB, CLIMB" (C l imb at the r a t e dep i c ted by 
the green ( f l y t o ) a rc on the I V S I . ) 

(B) "DESCEND, DESCEND, DESCEND" (Descend at the r a t e 
dep i c ted by the green ( f l y t o ) a r c . ) 

(C ) "MONITOR VERTICAL SPEED-MONITOR VERTICAL SPEED" (Spoken 
o n l y once i f so f t en i ng from a p r e v i o u s c o r r e c t i v e a d v i s o r y . ) Assure t h a t 
v e r t i c a l speed i s out o f the i l l u m i n a t e d I V S I red a r c . 

(D) "REDUCE CLIMB-REDUCE CLIMB" (Reduce v e r t i c a l speed to a 
va lue w i t h i n the i l l u m i n a t e d green a r c . ) 

( E ) "CLEAR OF CONFLICT" (Range i s i n c r e a s i n g , and 
sepa ra t i on i s adequate; e x p e d i t i o u s l y r e t u r n to the a p p l i c a b l e ATC c l e a r a n c e , 
un less o the rw ise d i r e c t e d by A T C . ) 

( F ) "CLIMB, CROSSING CLIMB, CLIMB, CROSSING CLIMB" (Cl imb 
at the r a t e dep i c ted by the green ( f l y t o ) a rc on the I V S I . ) Safe sepa ra t i on 
w i l l best be ach ieved by c l imb ing through the t h r e a t ' s f l i g h t p a t h . 

(G) "REDUCE DESCENT-REDUCE DESCENT" (Reduce v e r t i c a l speed 
to a va lue w i t h i n the i l l u m i n a t e d green a r c . ) 

(H) "DESCEND, CROSSING DESCEND, DESCEND, CROSSING DESCEND" 
(Descend at the r a t e dep i c ted by the green ( f l y t o ) a rc on the I V S I . ) Safe 
sepa ra t i on w i l l best be ach ieved by descending through the i n t r u d e r ' s f l i g h t 
pa th . 

The f o l l o w i n g v o i c e messages annunc ia te enhanced TCAS I I maneuvers when the 
i n i t i a l RA does not p r o v i d e s u f f i c i e n t v e r t i c a l s e p a r a t i o n . The tone and 
i n f l e c t i o n connote i nc reased u rgency . 

(A) "INCREASE CLIMB, INCREASE CLIMB" (C l imb at the r a t e 
d e p i c t e d by the green ( f l y t o ) a rc on the I V S I . ) Received a f t e r 
"CLIMB" a d v i s o r y , and i n d i c a t e s a d d i t i o n a l c l imb r a t e r e q u i r e d to ach ieve safe 
v e r t i c a l s e p a r a t i o n from a maneuvering t h r e a t a i r c r a f t . 

(B) "INCREASE DESCENT, INCREASE DESCENT" (Descend at the 
ra te d e p i c t e d by the green ( f l y t o ) a rc on the I V S I . ) Received a f t e r 
"DESCEND" a d v i s o r y , and i n d i c a t e s a d d i t i o n a l descent r a t e r e q u i r e d to ach ieve 
safe v e r t i c a l sepa ra t i on from a maneuvering t h r e a t a i r c r a f t . 

(C ) "CLIMB - CLIMB NOW, CLIMB - CLIMB NOW" (C l imb at the 
r a t e d e p i c t e d by the green ( f l y t o ) a rc on the I V S I . ) Received a f t e r a 
"DESCEND" r e s o l u t i o n a d v i s o r y and i n d i c a t e s a r e v e r s a l i n sense i s r e q u i r e d to 
ach ieve safe v e r t i c a l sepa ra t i on from a maneuvering t h r e a t a i r c r a f t . 

2 
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(D) "DESCEND - DESCEND NOW, DESCEND - DESCEND NOW" 
(Descend at the r a t e dep i c ted by the green ( f l y t o ) a rc on the I V S I . ) 
Received a f t e r a "CLIMB" r e s o l u t i o n a d v i s o r y and i n d i c a t e s a r e v e r s a l i n 
sense i s r e q u i r e d to ach ieve safe v e r t i c a l sepa ra t i on from a maneuvering 
t h r e a t a i r c r a f t . 

3 



AC 20-131A 
Appendix 1 

3/29/93 

T C A S / 
Transponder 

Function 
Selector 

T E S T 

Warning Light (Amber) 

Code Indicator 

TA/RA 

XPDR 
FAIL 

IDENT 

1 2 1 5 

ALT RPTG 

O F F O N 

A T C XPDR 
TCAS 

Code Selectors 

TCAS/Transponder Function Selector 

TEST Holding the TCAS/Transponder function selector in TEST for 2 to 3 seconds will 
activate the system test sequence. In the TEST position, maintenance 
messages may be read on the display. Discretion must be used when 
selecting TEST in flight, since both TCAS II and the Transponder will be 
inhibited for approximately 20 seconds. The function selector is spring loaded 
to STBY. 

STBY Activates TCAS II and XPDR warmup cycles. 

XPDR Transponder is on. TCAS II is in warmup cycle. 

TA Transponder is on. Only the 'TRAFFIC ADVISORY", or 'TA", function of the 
TCAS II is on. No "RESOLUTION ADVISORIES" will be received in this 
position. The written warning "TA ONLY" will appear on the display, and the 
yellow "RA OFF" flag will be in view on both IVSI's 

TA/RA Transponder is on. All TCAS II functions are on. No TCAS flags should be 
present on either IVSI. 

XPDR Fail 
Light (Red) 

Indicates a transponder system failure when the transponder is on. Comes on 
during 'TEST", but goes off after approximately 3 seconds if the transponder is 
OK. 

Code 
Indicator 

Indicates code selected with the code selectors. Warning Light (Amber) 
Indicates both transponders are on. 

IDENT Causes the word INDENT to flash in the aircraft data block on the ATC display. 

ALT RPTG Provides automatic altitude reporting of ATC. 

Code 
Selectors 

Select the transponder code. Left and right selectors consist of a large knob 
and a small knob. Each controls one digit of the code. 

4 

Figure 1: TCAS/Transponder Control Panel (Example). 
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Traffic Display (Example). 
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RANGE 

Arrows indicate that the target is climbing t or descending 1 at a rate of at least 500 fpm. 

Relative altitude in displayed in the proximity of the aircraft symbol in hundreds of feet. A" + " 
preceding the relative altitude indicates the target is above you, and a"-" indicates it is below you. 

Displayed Aircraft S y m b o l s (Examples) 

o 
Unfilled white diamond. Non-threatening traffic without altitude reporting. If 
altitude reporting, the altitude data will be displayed. 

+ 0 7 

• 
Solid white diamond. Proximity traffic 700 feet above. Non-threatening, altitude 
reporting traffic within 1200 feet vertically and 6nm horizontally. Aircraft without 
altitude reporting will be assumed to be co-altitude and will be displayed as a solid 
diamond when within 6nm even though they may not b e within 1200 feet vertically. s* Solid yellow circle. 'TA', 300 feet below, descending. At least 500 FPM. 

+ 0 0 • 
Solid red square. "RA", level at your altitude. 

Ownship. Airplane symbol in white just below the center of CRT. On a dedicated 
display or when in the TFC Mode on a combination TCAS/RADAR Display. 

(Compass 
Arc) 

This arc is a repeater of the Captains compass . (Not required for a TCAS II 
Display). 

(Range 
Rings) 

3nm - Small ring with ticks at clock positions 5 NM - Large ring made of dots. 

5 

Figure 2 : TCAS II-
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Figure 2: TCAS II - Traffic Display (Example) (Con't). 

RANGE 

Paddle Switch REL ALT/FL Switch 

REL ALT Paddle switch is spring loaded to the center position. Display shows REL 
ALT in hundreds of feet above (+ ) or below (-) your aircraft. 

FL Momentary contact allows display of traffic flight levels, referenced to 29.92, 
for 15 seconds. Your FL is displayed in lower left comer. Three digits are 
shown, except for negative flight levels which are shown as -xxx 

RANGE The compass arc is always set at range selected by the range knob. Ranges 
of 3, 5,10 or 20 nm are selected. 

BRT Knob Controls brightness of the displays. 

Above/Norm/Below Switch 

ABOVE Displays altitude reporting traffic from 2700 feet below to 9900 feet above. 

NORM Displays altitude reporting traffic from 2700 feet below to 2700 feet above. 

BELOW Displays altitude reporting traffic from 2700 feet above to 9900 feet below. 

6 
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F I G U R E 2: TCAS II - Traffic Display (Example) (Cont). 

OFF-SCALE TRAFFIC ADVISORY 
In the event that TCAS II tracks an intruder that is outside the range of 
the display but has entered the Caution or Warning areas, one-half of the 
appropriate symbol will appear at the appropriate bearing at the edge of 
the display area. The symbol will appear in its proper color and have 
its data tag displayed, providing there is room. For example, a TA 
intruder with a high closure rate, and which is directly ahead and is 300 
feet below your airplane will appear as an amber-filled half circle at 
the 12 o'clock position on the edge of the display area. The data tag 
" -03" will appear below the half symbol. If this intruder is above your 
altitude, the data tag is not visible. An off-scale RA intruder will 
appear as a red-filled half square with data tag, if possible. 

NO BEARING ADVISORIES 
If and when TCAS II is unable to track the bearing of an intruder, the 
traffic advisory will appear in the lower center of the display just 
below the own-airplane symbol. The advisory will present appropriate 
color-coded traffic information. This phenomenon usually is caused 
either by temporary antenna shielding caused by steep bank angles or a 
failure in the TCAS II bearing antenna. Up to two lines of information 
can be displayed. "TA 5 .2-06t" for example means an intruder is creating 
a Traffic Advisory 5.2 nautical miles away, 600 feet below, and climbing 
in excess of 500 FPM. "RA 0.6 00" means resolution advisory traffic is 
0.6 nautical miles away at the same altitude. TCAS II's ability to 
compute a Traffic or Resolution Advisory is NOT degraded by lack of 
bearing information. 

7 
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Figure 3: TCAS II Instantaneous Vertical Speed Indicator (Example) 

INSTANTANEOUS VERTICAL SPEED INDICATOR. Indicates vertical speed in feet per minute. The 
IVSI is a normal instantaneous vertical speed indicator, and the presence of the lights or the flags 
will not interfere with the ability of the needle to indicate vertical speeds. c RED/GREEN EYEBROW LIGHTS. Eyebrow lights are invisible until they 

illuminate as part of a TCAS II "RESOLUTION ADVISORY", or system 'TEST". 
These lights indicate a vertical speed regime which will provide safe traffic 
separation. The green lights form a wider band than the red lights. 

IVSI Status Window Flags 1 BLACK. Normal operation. 

T 
C 
A 
S 

AMBER FLAG. Indicates unusable TCAS II information. 

T 
C 

.A 
S 

RA 
0 
F 
F 

WHITE "RA OFF" FLAG. Always displayed when TCAS/TRANSPONDER 
function selector is in STBY, XPDR, orTA. Will also be displayed with selector 
in RA/TA in "RAs" are inhibited and/or inoperative. 

8 
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Figure 4: TCAS II Examples - Preventive. 

(a) Preventive 
MONITOR VERTICAL SPEED. 

-(c) Preventive 
MONITOR VERTICAL SPEED. 

AC 20-131A 
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(b) Preventive 
MONITOR VERTICAL SPEED. 

Note: This multi-aircraft encounter is the 
only preventive RA that displays a green 
arc. 

(d) Preventive 
MONITOR VERICAL SPEED. 

9 
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(a) Corrective 
DESCEND. 

(c) -Corrective 
INCREASE DESCENT. 

3/29/93 

(b) Corrective 
CLIMB or CLIMB, CLIMB NOW. 

(d) Corrective 
REDUCE CLIMB. 

10 

Figure 5: TCAS II Examples - Corrective. 
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SECTION 1 - LIMITATIONS 

o P i l o t s are a u t h o r i z e d to d e v i a t e from t h e i r c u r r e n t ATC c lea rance to 
the e x t e n t necessary to comply w i t h a TCAS I I r e s o l u t i o n a d v i s o r y ( R A ) . 

SECTION I I - EMERGENCY PROCEDURES 

o No change from bas i c a i r p l a n e f l i g h t manual. 

SECTION I I I - PROCEDURES 

1. TCAS I I F l i g h t P rocedures : 

o Compliance w i t h a TCAS I I r e s o l u t i o n a d v i s o r y (RA) i s necessary un less 
the p i l o t cons i de r s i t unsafe to do so , o r un less the p i l o t has b e t t e r 
i n fo rma t ion about the cause o f the RA and can mainta in sa fe sepa ra t i on 
( e . g . , v i s u a l a c q u i s i t i o n o f and safe sepa ra t i on from a nearby 
a i r c r a f t , obv ious TCAS I I system f a i l u r e , e t c . ) . 

CAUTION 

Once a noncross inq RA has been i s s u e d , sa fe o p e r a t i o n cou ld be 
compromised i f c u r r e n t v e r t i c a l speed i s changed, excep t as 
necessary to comply w i th the RA. T h i s i s because TCAS I l - t o -
TCAS I I c o o r d i n a t i o n may be i n p rog ress w i t h the i n t r u d e r 
a i r p l a n e , and any change in v e r t i c a l speed t h a t does not comply 
w i t h the RA may negate the e f f e c t i v e n e s s o f the o t h e r 
a i r p l a n e ' s compliance w i th i t s RA. 

* * * * * * * * * * * WARNING * * * * * * * * * * 

- Noncompliance w i t h a c r o s s i n g RA by one a i r p l a n e may 
r e s u l t i n reduced v e r t i c a l s e p a r a t i o n ; t h e r e f o r e , 
sa fe h o r i z o n t a l sepa ra t i on must a l so be assured by 
v i s u a l means. 

NOTE 

The consequences o f not f o l l o w i n g an RA may r e s u l t i n 
a d d i t i o n a l RAs in which aura l a l e r t and v i sua l " 
annunc ia t ions may not agree w i th each o t h e r . 

o Because o f the l i m i t e d number o f inpu ts to TCAS I I f o r a i r p l a n e 
performance i n h i b i t s , in some ins tances where i n h i b i t i n g RAs may be 
a p p r o p r i a t e i t i s not p o s s i b l e to do so . In these cases , TCAS I I may 
command maneuvers which may s i g n i f i c a n t l y reduce s t a l l margins o r 
r e s u l t i n s t a l l warn ing . T h e r e f o r e , the s t a l l warning s t i c k shaker 
must be respec ted when f o l l o w i n g an RA. C o n d i t i o n s where t h i s may 
occur i n c l u d e : 
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- Bank angle i n excess o f 15 deg rees . 
- One engine i n o p e r a t i v e . 
- Abnormal c o n f i g u r a t i o n s such as land ing gear not r e t r a c t a b l e , 

e t c . 
- Leav ing a i r p l a n e in i n a p p r o p r i a t e c o n f i g u r a t i o n s when c l imb 

RA o c c u r s . 
- Ope ra t i on at a i r p o r t s ou t s i de o f 0' to 5,300' MSL o r 

temperatures o u t s i d e o f ISA ± 50°F (27.8°C) . 
- Speeds below normal ope ra t i ng speeds. 
- B u f f e t margin l e s s than 0.3g. 

o The TCAS I I RA a lgor i thms are based on the p i l o t i n i t i a t i n g the i n i t i a l 
.25g incrementa l maneuver w i t h i n approx imate ly 5 seconds, and w i t h i n 
approx imate ly 2 1/2 seconds i f an a d d i t i o n a l c o r r e c t i v e RA i nc rease o r 
r e v e r s e i s i s s u e d . (The r e v e r s a l i s based on a .5g incrementa l 
maneuver.) 

NOTE 

E v a s i v e maneuvering must be l i m i t e d to the minimum 
r e q u i r e d to comply w i t h the RA. E x c e s s i v e responses 
t o RAs are not d e s i r a b l e o r app rop r i a te because o f ^ 
o t h e r p o t e n t i a l t r a f f i c and ATC consequences. From 
l e v e l f l i g h t , p roper response to an RA t y p i c a l l y 
r e s u l t s i n an o v e r a l l a l t i t u d e d e v i a t i o n o f 300 to 500 
f e e t in o rde r to s u c c e s s f u l l y r e s o l v e a t r a f f i c 
c o n f l i c t . 

P r e v e n t i v e a d v i s o r i e s are a l so posted a f t e r a 
c o r r e c t i v e a d v i s o r y has been s a t i s f i e d and the TCAS I I 
a i r p l a n e i s p r o j e c t e d to have adequate a l t i t u d e 
s e p a r a t i o n . The c o r r e c t i v e RA i s sa id to s o f t e n , 
i n d i c a t i n g a gradual r e t u r n to the o r i g i n a l f l i g h t 
path o r c lea rance i s a l l owed . As the c o r r e c t i v e 
a d v i s o r y so f tens to a p r e v e n t i v e a d v i s o r y , the green 
arc i s removed, the magnitude o f the red arc decreased 
and "MONITOR VERTICAL SPEED" i s announced. The new 
p r e v e n t i v e RA r e s t r i c t s the r a t e ( v e r t i c a l speed) the 
p i l o t may use i n r e t u r n i n g to the o r i g i n a l f l i g h t 
p a t h . The RA may so f ten seve ra l t imes be fo re "CLEAR 
OF CONFL ICT" ; "MONITOR VERTICAL SPEED" w i l l be 
announced o n l y a f t e r the i n i t i a l downgrading o f the 
c o r r e c t i v e RA. U t i l i z i n g the so f t en ing a d v i s o r y w i l l 
g r e a t l y reduce the u l t ima te a l t i t u d e d e v i a t i o n caused 
by the o r i g i n a l c o r r e c t i v e r e s o l u t i o n a d v i s o r y . 

o I f a "CLIMB" RA i s i ssued wh i l e i n the land ing c o n f i g u r a t i o n , i n i t i a t e 
normal go-around p rocedu re . 

12 
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NOTE 

I n i t i a t i n g go-around procedure f o r a "CLIMB" RA does 
not mandate a missed approach. I t i s in tended t o 
assure the a i r p l a n e i s p r o p e r l y c o n f i g u r e d f o r the 
expected maneuver. In most cases , the TCAS I I event 
w i l l be r e s o l v e d w i t h on l y minor d e v i a t i o n to the 
in tended f l i g h t pa th , and s u f f i c i e n t t ime and a l t i t u d e 
may e x i s t t o r e c o v e r s a f e l y to the d e s i r e d f l i g h t 
p a t h . 

o The p i l o t shou ld not i n i t i a t e e v a s i v e maneuvers us ing i n fo rma t i on from 
the t r a f f i c d i s p l a y on l y o r on a t r a f f i c a d v i s o r y (TA) o n l y w i t hou t 
v i s u a l l y s i g h t i n g the t r a f f i c . These d i s p l a y s and a d v i s o r i e s are 
in tended o n l y f o r a s s i s t a n c e in v i s u a l l y l o c a t i n g the t r a f f i c and l ack 
the f l i g h t path t rends necessary f o r use i n e v a s i v e maneuver ing. 
However, w h i l e c l imb ing o r descend ing , modest changes in v e r t i c a l speed 
based on t r a f f i c d i s p l a y in fo rmat ion i s not cons ide red e v a s i v e 
maneuver ing. 

o Fo l l ow ing a TCAS I I "CLEAR OF CONFLICT" a d v i s o r y , the p i l o t shou ld 
e x p e d i t i o u s l y r e t u r n to the a p p l i c a b l e ATC c lea rance un less o the rw ise 
d i r e c t e d by ATC. 

NOTE 

There can be a case where the t h r e a t a i r c r a f t t r a c k o r 
a l t i t u d e in fo rmat ion i s l o s t du r i ng an RA. In t h i s 
case , the RA w i l l te rminate w i thou t a "CLEAR OF CONFLICT" 
a n n u n c i a t i o n . 

2. TCAS I I OPERATION: 

P i l o t - I n i t i a t e d TCAS I I S e l f - T e s t : 

o The TCAS I I should be t e s t e d us ing the p i l o t - i n i t i a t e d s e l f - t e s t 
f e a t u r e du r ing c o c k p i t p r e p a r a t i o n . A success fu l t e s t i s i n d i c a t e d 
by . . . . ( p r o v i d e t e s t r e s u l t s from p a r t i c u l a r TCAS I I system) 

o Use o f the s e l f - t e s t f u n c t i o n in f l i g h t w i l l i n h i b i t TCAS I I o p e r a t i o n 
f o r up to 20 seconds depending upon the number o f a i r c r a f t being 
t r a c k e d . > 

o The ATC t ransponder w i l l not f u n c t i o n du r ing some p o r t i o n o f the s e l f -
t e s t sequence. 

Ground O p e r a t i o n : 

o The TCAS I I should not be s e l e c t e d out o f STBY t o TA/RA u n t i l j u s t 
p r i o r to t a k e o f f . 

o The TCAS I I should be s e l e c t e d to STBY immediately a f t e r c l e a r i n g 
runway f o l l o w i n g l a n d i n g . 

13 
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o TA Mode: 

o The TA p o s i t i o n shou ld on l y be used t o p rec lude unnecessary RAs when 
i n t e n t i o n a l l y ope ra t i ng near o the r a i r c r a f t such as to c l o s e l y spaced 
p a r a l l e l runways ( l e s s than 2500 f e e t a p a r t ) . 

o In TA mode, RAs w i l l not be i s s u e d . 

WX-ONLY Mode: 

o When WX-ONLY mode i s s e l e c t e d , t r a f f i c i n f o r m a t i o n , t r a f f i c a d v i s o r i e s , 
and r e s o l u t i o n a d v i s o r i e s are i n h i b i t e d on the weather rada r scope. 

T h e r e f o r e ; t h i s mode shou ld be used o n l y i n the event TCAS i n t e r f e r e s 
w i t h weather i n f o r m a t i o n . 
( T h i s example i s t o show the k ind o f p rocedure t o be deve loped . 
Procedures w i l l v a r y depending upon i n s t a l l a t i o n ; e . g . , pop-up 
d i s p l a y modes, PFD/ND implementat ion, e t c . ) 

3. TCAS I I System C h a r a c t e r i s t i c s : 

o "CLIMB" RAs are i n h i b i t e d w i t h f l a p s g r e a t e r than XX deg rees . 

o When below 1000 f e e t AGL and "CLIMB" RAs are i n h i b i t e d w i t h f l a p s 
g r e a t e r than XX deg rees , the TCAS I I w i l l go i n t o the TA o n l y mode. 

o "INCREASE CLIMB" RAs are i n h i b i t e d w i th f l a p s g r e a t e r than XX deg rees . 

o "DESCEND" RAs are i n h i b i t e d below 1200 f e e t AGL w h i l e c l imb ing and 
below 1000 f e e t AGL w h i l e descend ing . 

o "INCREASE DESCENT" RAs are i n h i b i t e d below 1450 f e e t AGL. 

o A l l RA and TA v o i c e messages are i n h i b i t e d below 600 f e e t AGL w h i l e 
c l imb ing and below 400 f e e t AGL w h i l e descend ing . 

o The TCAS I I s u r v e i l l a n c e may not f u n c t i o n at d i s t a n c e s l e s s than 900 
f e e t . 

o Dur ing windshear and /o r GPWS warn ings , TCAS I I sw i tches a u t o m a t i c a l l y 
i n t o a TA o n l y n o - v o i c e mode. In t h i s mode, RAs are not i s s u e d , 
c u r r e n t RAs become T A s , and TCAS I I aura l annunc ia t ions are i n h i b i t e d . 

14 
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4. TCAS I I Abnormal Procedures : 

o RA OFF F lag i n I V S I 

- V e r i f y TCAS/ t ransponder f u n c t i o n s e l e c t o r i s i n TA/RA p o s i t i o n . 
- I f TA/RA i s s e l e c t e d and "RA OFF" f l a g i s i n v i e w , then the 

p i l o t w i t h the operab le I V S I ( f l a g not i n v iew) shou ld be the 
p i l o t f l y i n g . 

o AMBER FLAG in I V S I 

- Check XPDR FAIL l i g h t . 
- I f OFF s e l e c t o the r a l t i t u d e s o u r c e . 
- I f ON s e l e c t a l t e r n a t e ATCRBS t r ansponde r . (TCAS I I w i l l no 

l o n g e r be a v a i l a b l e . ) 

o XPDR FAIL L i g h t I l l u m i n a t e d 

- S e l e c t a l t e r n a t e ATCRBS t ransponder . (TCAS I I w i l l no l o n g e r 
be a v a i l a b l e . ) 

(These examples are to show the k inds o f abnormal procedures to be 
deve loped . Procedures w i l l va ry depending upon the i n s t a l l a t i o n ; e . g . , 
dual Mode S, e t c . ) 

SECTION 4 - PERFORMANCE 

o No change from bas ic a i r p l a n e f l i g h t manual. 

15 (and 16) 
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1. S u r v e i l l a n c e F l i g h t T e s t s . The bench t e s t s i n S e c t i o n 2.4 o f the TCAS I I 
MOPS, DO-185, are des igned to v e r i f y TCAS I I s u r v e i l l a n c e performance under 
c a r e f u l l y c o n t r o l l e d c o n d i t i o n s . A s u r v e i l l a n c e f l i g h t t e s t shou ld be 
performed to comple te ly v a l i d a t e a TCAS I I s u r v e i l l a n c e d e s i g n . 

a . A f l i g h t t e s t under env i r onmen ta l l y s t r e s s f u l c o n d i t i o n s shou ld be 
performed to p r o v i d e the data f o r a complete TCAS I I Mode C s u r v e i l l a n c e 
des ign v a l i d a t i o n . The environment i nc ludes the combined e f f e c t s o f mu l t i pa th 
i n t e r f e r e n c e , synchronous g a r b l i n g and f r u i t i n t e r f e r e n c e as a r e s u l t o f h igh 
a i r c r a f t d e n s i t y , and ground i n t e r r o g a t o r i n t e r f e r e n c e from m u l t i p l e ground 
i n t e r r o g a t o r s . 

b. A f l i g h t t e s t shou ld be performed f o r each new TCAS I I s u r v e i l l a n c e 
d e s i g n , and whenever major m o d i f i c a t i o n s are made to the s u r v e i l l a n c e f u n c t i o n 
o f a p r e v i o u s l y c e r t i f i e d TCAS I I . Sub jec t t o agreement between the a p p l i c a n t 
and the c e r t i f y i n g o f f i c e , a major m o d i f i c a t i o n i s d e f i n e d as one t h a t i s 
expected to impact on the a b i l i t y o f TCAS I I t o meet the s u r v e i l l a n c e 
performance c r i t e r i a o f paragraph l . k . below. The t e s t s shou ld be 
accompl ished w i t h a l l c e r t i f i a b l e antenna c o n f i g u r a t i o n s un less the a p p l i c a n t 
can demonstrate t h a t a wo rs t - case c o n f i g u r a t i o n has been e v a l u a t e d . S ince the 
s u r v e i l l a n c e f u n c t i o n s to be eva lua ted by t h i s t e s t are s u f f i c i e n t l y 
independent o f i n s t a l l a t i o n f a c t o r s such as a i r c r a f t t ype and s p e c i f i c antenna 
l o c a t i o n , the f l i g h t t e s t can be c a r r i e d out us ing a sma l le r n o n - c a r r i e r 
a i r c r a f t . The r e s u l t s o f the t e s t are o n l y a p p l i c a b l e f o r i n i t i a l 
c e r t i f i c a t i o n f o r each manufacturers system. 

c . F l i g h t t e s t i n g shou ld be accompl ished i n the Los Angeles bas in a rea , 
p a r t i c u l a r l y i n the v i c i n i t y o f the Long Beach and Santa Ana a i r p o r t s , s i nce 
p rev ious t e s t s o f TCAS I I have shown t h a t t h i s area p r o v i d e s the s t r e s s f u l 
environment necessary f o r p roper e v a l u a t i o n o f TCAS I I s u r v e i l l a n c e . F l i g h t 
paths shou ld i nc l ude a r e p r e s e n t a t i v e m ix tu re o f the f o l l o w i n g c o n d i t i o n s . 

(1) O v e r - l a n d f l i g h t s at a l t i t u d e s between 3000 and 6000 f e e t , 

(2) Ove r -wa te r f l i g h t s at a l t i t u d e s between 3000 and 6000 f e e t f o r a 
d u r a t i o n t h a t i s a t l e a s t 20% o f the t o t a l r e q u i r e d f l i g h t d u r a t i o n d e f i n e d in 
l ( i v ) be low, and '¬ 

(3) Approach and depar tu re f l i g h t s to Long Beach and Santa Ana 
a i r p o r t s . 

d . The f l i g h t t e s t should be conducted on weekends between 10:00 a.m. and 
3:00 p.m. when the ground v i s i b i l i t y i s g r e a t e r than 5 nmi w i t h a c e i l i n g o f 
at l e a s t 10,000 f e e t to ensure the h i ghes t peak t r a f f i c d e n s i t i e s . Another 
l o c a t i o n may be proposed by the a p p l i c a n t and w i l l be cons ide red as a s u i t a b l e 

l 
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a l t e r n a t i v e t o the Los Angeles area i f the a p p l i c a n t can demonstrate t h a t the 
TCAS I I s u r v e i l l a n c e t e s t was conducted i n an average d e n s i t y o f a t l e a s t 0.1 
t ransponder -equ ipped a i r c r a f t per s q . nmi and a peak d e n s i t y o f a t l e a s t 0.2 
t ransponder -equ ipped a i r c r a f t per s q . nmi. D e n s i t y i s d e f i n e d as the number 
o f o t h e r t ransponder -equ ipped a i r c r a f t w i t h i n 5 nmi o f the TCAS I I t e s t 
a i r c r a f t d i v i d e d by the area o f a c i r c l e o f 5 nmi r a d i u s . E i g h t r e a l a i r c r a f t 
t a r g e t t r a c k s o c c u r r i n g s imu l taneous ly w i t h i n 5 nmi o f the TCAS I I t e s t 
a i r c r a f t i s e q u i v a l e n t to a d e n s i t y o f 0.1 t ransponder -equ ipped a i r c r a f t per 
s q . nmi. The a l t e r n a t i v e l o c a t i o n should a l s o con ta i n a minimum o f t h r e e FAA 
o r m i l i t a r y secondary s u r v e i l l a n c e radars l oca ted w i t h i n 30 nmi o f the TCAS I I 
a i r c r a f t i n o r d e r to p r o v i d e an i n t e r f e r e n c e environment s i m i l a r to the Los 
Angeles a r e a . 

e . F l i g h t t e s t i n g should be o f s u f f i c i e n t d u r a t i o n to r e c o r d at l e a s t 
10,000 seconds o f t a r g e t t r a c k r e p o r t s on t a r g e t s - o f - i n t e r e s t . The data 
shou ld be accumulated du r ing a cont inuous t ime p e r i o d not exceeding 3 hou rs . 
A t a r g e t - o f - i n t e r e s t i s d e f i n e d as any t a r g e t - o f - o p p o r t u n i t y t h a t e x h i b i t s the 
f o l l o w i n g c h a r a c t e r i s t i c s . 

(1) w i t h i n a 5 nmi range o f TCAS in the fo rward quadran t , 

(2) w i t h i n a 3.5 nmi range o f TCAS in the r i g h t and l e f t quadran ts , 

(3) w i t h i n a 2 nmi range o f TCAS in the a f t quadran t , 

(4) w i t h i n + / - 5 deg. e l e v a t i o n o f TCAS, and 

(5) i s a l t i t u d e r e p o r t i n g and a i r b o r n e . 

f . The number o f ac tua l f l i g h t hours necessary to c o l l e c t 10,000 t r a c k -
seconds o f data depends on the a i r c r a f t d e n s i t y . For example, a one hour 
r e c o r d i n g i n the Los Angeles bas in which has a demonstrated minimum average 
d e n s i t y o f 0.1 a i r c r a f t per sq.nm would r e s u l t i n approx imate ly 10,000 t r a c k -
seconds o f data on t a r g e t s - o f - i n t e r e s t . I t i s expec ted t h a t the a p p l i c a n t 
w i l l have p r i o r knowledge o f the d e n s i t y c o n d i t i o n s and w i l l s e l e c t the f l i g h t 
t ime necessary t o r e c o r d the app rop r i a t e amount o f d a t a . 

g . The reco rded data should i n c l u d e as a minimum a l l raw r e p l y r e p o r t s 
p r i o r to any d u p l i c a t e r e p l y e l i m i n a t i o n , r e p l y merging, r e p l y c o r r e l a t i o n , 
e t c . , p rocessed s u r v e i l l a n c e t r a c k r e p o r t s t h a t have been d e c l a r e d 
e s t a b l i s h e d , t r a f f i c and r e s o l u t i o n a d v i s o r i e s , i n t e r n a l p r o c e s s o r c l o c k , and 
t i m e - o f - d a y . Recorded f l i g h t data shou ld be p r o v i d e d t o the FAA t o permi t an 
independent assessment o f s u r v e i l l a n c e performance in accordance w i t h 
paragraph l . h . below. D e t a i l s concern ing the format and data t ypes o f the 
tape data to be p rov i ded should be coo rd ina ted w i t h the FAA i n a t i m e l y manner 
( i . e . , 60 days o r more i n advance o f the a v a i l a b i l i t y o f the recorded f l i g h t 
data i s recommended). 

h. The a p p l i c a n t shou ld perform at l e a s t the f o l l o w i n g s p e c i f i c p o s t -
f l i g h t data a n a l y s e s : 

(1) I d e n t i f y a l l recorded s u r v e i l l a n c e t a r g e t t r a c k r e p o r t s t h a t are 
e s t a b l i s h e d and t h a t s a t i s f y the c r i t e r i a f o r a t a r g e t - o f - i n t e r e s t . 

2 
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(2) Identify those established target-of-interest track reports that 
are associated with real aircraft. 

(3) Determine the total number of aircraft-seconds associated with 
real aircraft and the total number of true track-seconds (i.e., those update 
intervals in which an established surveillance track report was either coasted 
or updated with a valid reply) associated with real aircraft. 

(4) Determine the TCAS II surveillance track probability as the ratio 
of the total number of true track-seconds associated with real aircraft to the 
total number of aircraft-seconds associated with real aircraft. 

(5) Identify those established target-of-interest track reports that 
are not associated with real aircraft. 

(6 ) Determine the total number of track-seconds that are not 
associated with real aircraft. These are classified as false track-seconds. 

(7) Determine the TCAS false track probability as the ratio of the 
total number of false track-seconds to the total number of aircraft-seconds 
associated with real aircraft. 

i. The data should also be examined to determine whether any single event 
such as crossing targets, multipath induced image targets, the inability to 
maintain track at closest-point-of-approach, or a synchronously garbled target 
dominates the false track rate or the rate at which real targets are dropped. 
If the false tracks or dropped tracks are due mostly to one type of 
interference mechanism or geometric condition, it could indicate a design 
deficiency in this area even though the overall surveillance track probability 
and false track ratio is acceptable. If this condition exists, the applicant 
should present this information and provide an evaluation summary that 
indicates an acceptable design. 

j. An effective method of evaluating TCAS II data to determine overall 
surveillance statistics has been developed as a result of the initial design 
effort associated with TCAS II. This method uses high-resolution plots of 
range, altitude and bearing reply data verses time to first identify those 
reply reports that are associated with real aircraft. To accomplish this, the 
reply reports generated by TCAS II are examined visually in an attempt to 
recognize patterns in the reply data stream that represent real aircraft. To 
be effective, this technique requires experience in the analysis of TCAS II 
surveillance data and enough knowledge of the physical aspects of aircraft 
flight and of the mechanisms that cause false replies to be able to determine, 
with reasonable probability, whether a reply is false or real. Each of the 
identified real aircraft replies are then associated with a real aircraft by 

3 
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manual ly and v i s u a l l y t r a c i n g through the r e p l i e s to form rea l a i r c r a f t p l o t s . 
The r e a l a i r c r a f t p l o t s t a r t s at the f i r s t observance o f a r ea l r e p l y i n the 
a i r c r a f t r e p l y stream and te rmina tes at the l a s t observed r e a l r e p l y i n t h i s 
s t ream. An o v e r l a y o f the manua l l y -de r i ved rea l a i r c r a f t p l o t s on a s i m i l a r l y 
sca led p l o t o f TCAS I I p rocessed t r acks w i l l i d e n t i f y the TCAS I I t r a c k 
r e p o r t s assoc ia ted w i t h rea l a i r c r a f t . 

k. The a p p l i c a n t should p resen t to the c e r t i f i c a t i o n o f f i c e s u f f i c i e n t 
data i n the form o f r e p l y p l o t s , s u r v e i l l a n c e t r a c k p l o t s , p r i n t o u t s , 
t a b u l a t i o n s e t c . t o s u b s t a n t i a t e t ha t the Mode C s u r v e i l l a n c e performance on 
t a r g e t s - o f - i n t e r e s t , measured as a r e s u l t o f the s u r v e i l l a n c e f l i g h t t e s t , 
meets o r exceeds the f o l l o w i n g acceptance c r i t e r i a : 

(1) TCAS s u r v e i l l a n c e p r o b a b i l i t y f o r t a r g e t s - o f - i n t e r e s t >95% 

(2) TCAS f a l s e t r a c k r a t e f o r t a r g e t - o f - i n t e r e s t < 1.2% 

The a p p l i c a n t shou ld a l so p resen t an e v a l u a t i o n summary on any s i n g l e 
dominant f a i l u r e event as d i scussed in l . h . above. 

2. TCAS to TCAS C o o r d i n a t i o n Encoun te rs . Planned TCAS I I t o TCAS I I 
c o o r d i n a t i o n encounters should be performed in o rde r to eva lua te the 
r e l i a b i l i t y o f the o v e r a l l a i r t o a i r c o o r d i n a t i o n data l i n k f o r i n s t a l l e d 
TCAS I I and Mode S t ransponder equipments. The encounters shou ld be f lown at 
3000 f e e t ove r calm water i n o rde r to i nc rease the l i k e l i h o o d o f mu l t i pa th and 
in c o n f i g u r a t i o n s t ha t maximize the t imes dur ing which a r e s o l u t i o n a d v i s o r y 
i s p resen t and c o o r d i n a t i o n i s tak ing p l a c e . Examples o f such encounters are 
t a i l chases and s i d e - b y - s i d e f l i g h t s . I f the l a t e r a l sepa ra t i on necessary f o r 
mu l t i pa th i s l a r g e r than the sepa ra t i on t ha t mainta ins the RA, the a i r c r a f t 
can p e r i o d i c a l l y t u r n i n towards each o the r du r ing s i d e - b y - s i d e f l i g h t s i n 
o rde r to c o n t i n u a l l y i n i t i a t e RAs. The encounters shou ld be f lown so as to 
i n v o l v e a reasonab le mix o f the f o u r quadrants o f the TCAS I I and t ransponder 
antennas. Each TCAS I I a i r c r a f t should have s u f f i c i e n t r e c o r d i n g c a p a b i l i t y 
to r e c o r d the r e p l i e s r e c e i v e d in response to 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 s . 
The recorded data should i nc lude at l e a s t 2000 TCAS c o o r d i n a t i o n scans . The 
c r i t e r i a f o r accep tab le performance i s as f o l l o w s : 

a. The p r o b a b i l i t y o f a s i n g l e scan c o o r d i n a t i o n l i n k dropout shou ld be 
no g r e a t e r than 0.1%. 

b. There should be no c o o r d i n a t i o n l i n k dropouts t h a t exceed one scan in 
d u r a t i o n . 

4 
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APPENDIX 3 TRANSPONDER TESTS 

Using a s u i t a b l e c a l i b r a t e d t ransponder t e s t s e t , conduct the f o l l o w i n g t e s t s : 

TEST DESCRIPTION 

0. Mode T e s t 

I d e n t i f i e s modes o f o p e r a t i o n . I n t e r r o g a t i o n s are made in Modes A , C , and 
S ( u p l i n k format 11) to determine which modes the t ransponder r e p l i e s t o . 
These are the modes t e s t e d du r ing the Auto T e s t sequence. 

1. Reply Delay 

I n t e r r o g a t e s w i t h v a l i d modes and v e r i f i e s Reply d e l a y minus Range de lay 
(average o f best 8 out o f 13 r e p l i e s ) equa l s : 

128.00 us (+0.25 us) f o r Mode S. 

3.00 us (+0.50 us) f o r ATCRBS. 

2. Reply J i t t e r 

I n t e r r o g a t e s w i t h v a l i d modes and v e r i f i e s , us ing best 8 out o f 13 
r e p l i e s . Reply J i t t e r (changes In Reply De lay ) i s l e s s than o r equal t o : 

0.05 us f o r Mode S 

0.06 us f o r Intermode ( A l l - C a l l ) 

0.10 us f o r ATCRBS. 

3. ATCRBS Reply 

I n t e r r o g a t e s w i t h ATCRBS (Modes A and C) i n t e r r o g a t i o n s and v e r i f i e s : 

F 1 t o F 2 spacing i s 20.3 us (+0.10 u s ) . 

F 1 and F, pu lse w id th between the 0.5 ampl i tude p o i n t on the lead ing 
and t r a i l i n g edge i s 0.45 us (+0.10 u s ) . 

4. SLS Level 

I n t e r r o g a t e s w i th v a l i d ATCRBS I n t e r r o g a t i o n s i n c l u d i n g P 2 p u l s e . 
I n t e r r o g a t i o n s are conducted w i th P 2 l e v e l a t -9 dB and then again at 0 
dB. T e s t v e r i f i e s : 

Transponder does not r e p l y when P 2 l e v e l i s at 0 dB (UUT i s 
s u p p r e s s e d ) . 

Transponder r e p l i e s when P 2 l e v e l i s at -9 dB (UUT i s not s u p p r e s s e d ) . 
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5. ATCRBS On ly A l l - C a l l 

I n t e r r o g a t e s w i t h an ATCRBS o n l y A l l - C a l l and v e r i f i e s : 

I f Mode S i s v a l i d , no r e p l y i s r e c e i v e d from a Mode S t r ansponde r . 

I f no Mode S, r e p l y i s r e c e i v e d from an ATCRBS t r ansponde r . 

6. Mode S A l l - C a l l 

I n t e r r o g a t e s w i t h the ATCRBS (mode A)/Mode S A l l - C a l l . Address r e c e i v e d 
in downl ink format (DF) 11 i s then used i n an u p l i n k formate (UF) 4 
i n t e r r o g a t i o n to s o l i c i t a DF4 r e p l y . The address r e c e i v e d i s decoded and 
compared wi th ' the address s e n t . 

7. I n v a l i d Mode S Address 

I n t e r r o g a t e s w i t h Mode S i n t e r r o g a t i o n s us ing two addresses d i f f e r e n t from 
the address determined by the Mode S A l l - C a l l , UF11. T e s t v e r i f i e s no 
r e p l y i s r e c e i v e d . Addresses used are one g r e a t e r and 256 g r e a t e r than 
the c o r r e c t add ress . 

8. SPR O n / O f f 

I n t e r r o g a t e s w i t h a Mode S i n t e r r o g a t i o n w i t h the Synchronous Phase 
Reversa l (SPR) on , v e r i f y i n g c o r r e c t r e p l y i s r e c e i v e d . Then same 
i n t e r r o g a t i o n i s sent again w i t h the SPR o f f , v e r i f y i n g no r e p l y i s 
r e c e i v e d . 

9. Mode S UFO 

I n t e r r o g a t e s w i t h Mode S up l i n k format 0 ( S h o r t a i r t o a i r s u r v e i l l a n c e , 
ACAS) v e r i f y i n g r e p l y i s r e c e i v e d t h a t has c o r r e c t a l t i t u d e (compared w i t h 
Mode C a l t i t u d e ) , address (compared w i t h Mode T e s t address) and fo rmat . 

10. Mode S UF4 

I n t e r r o g a t e s w i t h Mode S u p l i n k format 4 ( S u r v e i l l a n c e , a l t i t u d e r e q u e s t ) , 
v e r i f y i n g r e p l y i s r e c e i v e d t ha t has c o r r e c t a l t i t u d e (cc-ropar-ed w i t h Mode 
C a l t i t u d e ) , address (compared w i t h Mode T e s t address) and fo rmat . 

11. Mode S UF5 

I n t e r r o g a t e s w i t h Mode S u p l i n k format 5 ( S u r v e i l l a n c e , i d e n t i t y r eques t ) 
v e r i f y i n g r e p l y i s r e c e i v e d t ha t has c o r r e c t i d e n t i t y (compared w i t h Mode 
A i d e n t i t y ) , address (compared w i th Mode T e s t address) and fo rmat . 
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12. Mode S UF11 

I n t e r r o g a t e s w i t h Mode S u p l i n k format 11, v e r i f y i n g r e p l y i s r e c e i v e d 
t h a t has c o r r e c t address (compared w i t h Mode T e s t address) and fo rmat . 

13. Mode S UF16 

I n t e r r o g a t e s w i t h Mode S u p l i n k format 16 (Long a i r t o a i r s u r v e i l l a n c e , 
ACAS) , v e r i f y i n g r e p l y , i f r e c e i v e d , has c o r r e c t a l t i t u d e (compared w i t h 
the Mode C a l t i t u d e ) , address (compared w i t h Mode T e s t address) and 
fo rmat . No r e p l y t o UF16 does not f a i l Mode S i n Auto T e s t . 

14. Mode S UF20 

I n t e r r o g a t e s w i t h Mode S up l i n k format 20 (Comm A, a l t i t u d e r e q u e s t ) 
v e r i f y i n g r e p l y r e c e i v e d has c o r r e c t a l t i t u d e (compared w i t h Mode C 
a l t i t u d e ) , address (compared w i th Mode T e s t address) and fo rmat . No r e p l y 
to UF21 does not f a i l Mode S in Auto T e s t . 

15. Mode S UF21 

I n t e r r o g a t e s w i t h Mode S u p l i n k format 21 (Comm A, i d e n t i t y r e q u e s t ) 
v e r i f y i n g r e p l y r e c e i v e d has c o r r e c t i d e n t i t y (compared w i t h Mode A 
i d e n t i t y ) , address (compared w i t h Mode T e s t address) and fo rmat . No r e p l y 
to UF21 does not f a i l Mode S in Auto T e s t . 

16. S q u i t t e r 

V e r i f i e s s q u i t t e r s are being r e c e i v e d from the UUT e v e r y 0.8 t o 2.4 
seconds. 

17. Frequency 

V e r i f i e s f requency o f t ransponder i s 1090 MHz (+ MHz) . Frequency i s 
d i s p l a y e d in the Auto T e s t s c r e e n . 

18. D i v e r s i t y 

V e r i f i e s d i v e r s i t y i s o l a t i o n (power l e v e l d i f f e r e n c e between UUT "On" 
antenna s q u i t t e r s and " O f f " antenna s q u i t t e r s ) i s g r e a t e r than o r equal to 
20 dB. D i v e r s i t y i s o l a t i o n i s d i s p l a y e d in Auto T e s t s c r e e n . 

NOTE: To i nsu re > 20 dB dynamic range , t e s t must be run w i t h i n 50 f e e t 
(15.24 meters) o f UUT antenna being t e s t e d . 

19. MTL D i f f e r e n c e 

V e r i f i e s Rece i ve r S e n s i t i v i t y (MTL) to Mode A i n t e r r o g a t i o n s equals MTL to 
Mode C i n t e r r o g a t i o n s (±1.0 d B ) . 
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20. Power 

V e r i f i e s t r a n s p o n d e r ' s : 

Peak ou tpu t power (ERP) i s g r e a t e r than 48.5 dBm and l e s s than 57.0 
dBm. 

R e c e i v e r s e n s i t i v i t y (MTL) i s -73.0 dBm (±4.0 dBm). 


