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The I C A O  Cornrnunications D i v i s i o n a l  Meeting i n  A p ' r i l  1931 reco~nneraded 
t h e  e s t a b l i s h m e n t  of an a p p r o p r i a t e  body t o  develop S tandards , .  Recommended 
P r a c t i c e s ,  guidance m a t e r i a l  and p rocedures  r e l a t e d  t o  secondary s u r v e i l l a n c e  
r a d a r  (sSR) enhancement and r e l a t e d  d a t a  l i n k  and c o l l i s i o n  avo idance  s y s  terns. 
I n  November 1981 t h e  A i r  Nav iga t ion  Commission (ANC) approved t h i s  
recommendation and a c c o r d i n g l y  e s t a b l i s h e d  t h e  SSR Improvements and C o l l i s i o n  
Avoidance Systems Pane l  (SICASP) t o  advance t h i s  work. 

To d a t e ,  t h e  panel  h a s  h e l d  t h r e e  meet ings;  t h e  f i r s t  i n  May 1983, 
t h e  second i n  October/November 1984, and t h e  t h i r d  i n  MarchIApri l  1987. A s  a  
r e s u l t  of t h e  work of t h e  pane l ,  two c i r c u l a r s  have been i s s u e d ,  c o n c e r n i n g  SSR 
Mode S ( C i r c u l a r  174)  and Airborne C o l l i s i o n  Avoidance ( c i r c u l a r  195) ,  
Furthermore,  a t  i t s  second meeting,  t h e  pane l  proposed amendments t o  t h e  
e x i s t i n g  S t a n d a r d s  and Recommended P r a c t i c e s  (SARPS) f o r  SSR systems i n t e n d e d  t o  
d e f i n e  and s t a n d a r d i z e  t h e  c h a r a c t e r i s t i c s  of SSR Mode So Fol lowing 
c o n s i d e r a t i o n  of t h e  s u b j e c t  by t h e  Communications/Operatfons D i v i s i o n a l  Meeting 
(1985) and c o n s u l t a t i o n  w i t h  S t a t e s  and i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  t h e  A i r  
Navigat ion Commission recommended an  amendment t o  Annex 1 0 ,  Volume I, which was 
subsequen t ly  adopted by Counci l  and became a p p l i c a b l e  on 22 Oc tober  1987 a s  a 
p a r t  of Amendment 67. 

T h i s  document i s  t h e  t h i r d  c i r c u l a r  r e s u l t i n g  from t h e  work of t h e  
SICAS Panel .  It d e s c r i b e s  t h e  background, communications f e a t u r e s ,  
c h a r a c t e r i s t i c s ,  d e s i g n ,  equipment and p o t e n t i a l  a p p l i c a t i o n s  of t h e  SSK Mode S  
d a t a  l i n k .  Appendices p rov ide  a  g l o s s a r y  of r e l e v a n t  terms and a  summary of 
open systems i n t e r c o n n e c t i o n  (OSI) c o n s i d e r a t i o n s .  I n  view of t h e  s t a g e  of 
development of a  c u n c e p t u a l  a r c h i t e c t u r e ,  and t h e  development and 
s t a n d a r d i z a t i o n  a c t i v i t i e s  under way e l sewhere ,  t h i s  c i r c u l a r  on t h e  Mode S d a t a  
l i n k  des ign  i s  in tended  a s  a  means of f o s t e r i n g  i n t e r o p e r a b i l i t y  w i t h  o t h e r  
a e r o n a u t i c a l  d a t a  l i n k  developments,  a s  well a s  p r o v i d i n g  i n f o r m a t i o n  t o  t h e  
i n t e r n a t i o n a l  a v i a t i o n  community. 
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CHAPTER 1 

INTRODUCTION 

1.1' DATA LINK OPERATIONAL CONSIDERATIONS 

A i r  t r a f f i c  s e r v i c e s  air-ground communications l i m i t a t i o n s  

1.1.1 When radiotelephony channels become congested o r  language 
d i f f i c u l t i e s  e x i s t ,  communication r e l i a b i l i t y  can decrease  t o  a  po in t  where 
f l i g h t  s a f e t y  and e f f i c i e n c y  may be a f fec ted .  The Mode S  da t a  l i n k  channel 
o f f e r s  an enhanced medium f o r  communications. 

1.1.2 The e x i s t i n g  SSR system inc ludes  a  l i m i t e d  air-to-ground da t a  l i n k  
t h a t  provides some degree of contr .ol ler  workload r e l i e f  i n  a l t i t u d e  ve r i f - i ca t ion  
and a i r c r a f t  i d e n t i f i c a t i o n .  Moreover, t h e r e  is  no provis ion  f o r  gene ra l  
purpose ground-to-air da t a  l i n k  c a p a b i l i t y  and a s  a r e s u l t  t h e r e  a r e  many 
te rmina l  a r eas  around the  world where e x i s t i n g  voice channels and c o n t r o l l e r  
eommunication loads  reach the poin t  of near  s a t u r a t i o n  during peak t r a f f i c  
per iods.  P i l o t s  sometimes experience long de lays  i n  ob ta in ing  c l ea rances  a s  
wel l  a s  the  d i f f i c u l t y  i n  ob ta in ing  c l e a r  and v e r i f i e d  communications from a i r  
t r a f f i c  c o n t r o l  (ATC). 

1.1.3 These problems can be a l l e v i a t e d  t o  a  c e r t a i n  e x t e n t  by adding more 
c o n t r o l l e r s .  Addi t iona l  c o n t r o l l e r s  r equ i r e  more r a d i o  channels ,  however, and 
the number of a v a i l a b l e  voice channels i s  s t r i c t l y  l i m i t e d ,  Inc reas ing  t h e  
number of c o n t r o l l e r s  a l s o  r e s u l t s  i n  an inc rease  i n  t he  number of handoffs and 
co-ordination t r ansac t ions  between c o n t r o l  pos i t i ons  on the  ground. A poin t  i s  
reached where a  reduct ion  i n  t h e  workload of c o n t r o l l i n g  a i r c r a f t  and 
comrnunicating with p i l o t s  is  o f f s e t  by an inc rease  i n  t he  workload a s soc i a t ed  
with i n t e r f a c i n g  and communicating with fe l low c o n t r o l l e r s .  

1.1,4 The s a t u r a t i o n  of manual con t ro l  c a p a b i l i t i e s  i n  high-density 
a i r space  c r e a t e s  s t rong  pressures  f o r  automated a s s i s t a n c e  i n  ATC c o n t r o l ;  
however, automation of ATC w i l l  not  provide s i g n i f i c a n t  c o n t r o l l e r  r e l i e f  un le s s  
i t  i s  a l s o  accompanied by automation appl ied  t o  air-ground communications. 
A d i g i t a l  da t a  l i n k  i s  thus an e s s e n t i a l  element of an advanced automated ATC 
environment. 

Mode S  da t a  l i n k  overview 

1.1.5 A Mode S  SSR system provides accu ra t e  and r e l i a b l e  s u r v e i l l a n c e  
information ( i d e n t i f i c a t i o n  and p o s i t i o n  i n  t h r e e  dimensions) needed t o  support  
more automated a i r  t r a f f i c  s e r v i c e s  (ATS) systems. I n  a d d i t i o n ,  Mode S  suppor ts  
a moderate capac i ty ,  r e l i a b l e  two-way air-ground d i g i t a l  d a t a  l i n k ,  time-shared 
on the  s u r v e i l l a n c e  channel. The a s s o c i a t i o n  of t he  Mode S da t a  l i n k  with t h e  
SSR s u r v e i l l a n c e  func t ion  and the  high da t a  i n t e g r i t y  of t h i s  l i n k  makes i t  
p a r t i c u l a r l y  a t t r a c t i v e  f o r  t h e  t ransmiss ion  of ATS messages. The da t a  l i n k  i s  
s u f f i c i e n t l y  f l e x i b l e  t o  support  a l s o  the  t ransmiss ion  of general-purpose 
messages, s u b j e c t  t o  the  da t a  r a t e  c o n s t r a i n t s  t h a t  r e s u l t  from the  f a c t  t h a t  
the  channel is shared with both Mode S  and e x i s t i n g  (Mode A and C )  SSR 
su rve i l l ance .  
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1 . 1 . 6  The Mode S  da ta  l i n k  permits  an interchange of information between 
ground-based and a i r c r a f t  systems on a  g r e a t e r  s c a l e  than could be supported by 
e x i s t i n g  voice communication. This  interchange of information w i l l  r e s u l t  from 
an automatic o r  semi-automatic t r a n s f e r  of d i g i t a l  data  between the  r e spec t ive  
end-users. I t  can be used i n  a  number of app l i ca t ions  which may enhance both: 

a )  s a f e t y  and e f f i c i ency  of a i r  t r a f f i c  opera t ions ;  and 

b) over-al l  e f f i c i ency  of ATS systems. 

Although i t  is not  ye t  poss ib le  t o  i d e n t i f y  a l l  p o t e n t i a l  da ta  l i n k  a p p l i c a t i o n s  
i n  d e t a i l ,  a  review i s  ou t l ined  i n  Chapter 6 of some i n i t i a l  and evolu t ionary  
appl ica t ions .  

Impact on e x i s t i n g  ATS systems 
-- 

1 . 1 . 7  The e f f e c t  of a  da ta  l i n k  on the  over -a l l  system w i l l  depend t o  a 
l a r g e  ex ten t  on the  degree of automation a v a i l a b l e  t o  t he  c o n t r o l l e r  and p i l o t .  
There have been a  number of s t u d i e s  on the  e f f e c t s  of providing c o n t r o l l e r s  with 
data  l i n k  c a p a b i l i t i e s  without a l s o  o f f e r i n g  a i r  t r a f f i c  c o n t r o l  automation, 
General ly ,  such e f f o r t s  f a i l  t o  s i g n i f i c a n t l y  reduce c o n t r o l l e r  workload because 
it is more n a t u r a l  and more e f f i c i e n t  t o  communicate by voice than it is t o  
input  da t a  v i a  a  keyboard. 

1.1.8 Thus, it  i s  not  l i k e l y  t h a t  an ATC data  l i n k  alone can s i g n i f i c a n t l y  
reduce the  workload of c o n t r o l l e r s  u n t i l  t he re  a r e  s i g n i f i c a n t  improvements i n  
data  en t ry  techniques, such a s  very simple and e f f i c i e n t  menu-based input  
systems or p r a c t i c a l  and r e l i a b l e  voice-recognit ion devices ,  t i e d  t o  automatic 
message-formatting equipment. Such input  devices  provide some automation of t h e  
c o n t r o l l e r '  s t a sks  and leave more time f o r  e s s e n t i a l  decision-making. 

B,11,9 The a v a i l a b i l i t y  of a  da ta  l i n k  w i l l  a l s o  make i t  poss ib le  f o r  
a i r c r a f t  to  i n t e r a c t  d i r e c t l y  with ground da ta  bases without the use of 
radiotelephony (RTF). Examples of t h i s  a r e  the  e x t r a c t i o n  of weather 
information, such a s  sur face  observa t ions  from ground meteorological  data  bases ,  
and a l s o  the downlinking t o  meteorological  data  bases of weatKer observa t ions  
made automatical ly  on the a i r c r a f t .  

B,1.10 Many use fu l  sa fe ty- re la ted  a p p l i c a t i o n s  have been i d e n t i f i e d  ( s e e  
6.2 below), One important s a f e t y  f a c t o r  i n  the  use of a  d i g i t a l  da ta  l i n k  i s  
the avoidance of garbled o r  mis in te rpre ted  information t o  the  p i l o t .  Messages 
sen t  by da ta  %ink w i l l  be ava i l ab l e  f o r  h i g h - l e g i b i l i t y  real-time d isp lay ,  f o r  
f i l i n g  f o r  l a t e r  r e t r i e v a l ,  and f o r  permanent hard-copy records.  It  is  a l s o  
poss ib le  t o  provide, a s  a  p i l o t  op t ion  i n  the cockpi t ,  automatic mu l t i l i ngua l  
presenta t ion  of s tandardized a i r  t r a f f i c  c o n t r o l  messages t o  f a c i l i t a t e  the  
process of i n t e r n a t i o n a l  communication. 

11.1.11 A f u r t h e r  con t r ibu t ion  a r i s e s  from the  f a c t  t h a t  a  p i l o t  with access  
t o  ground-based da ta ,banks  can acqui re  and study information pe r t i nen t  t o  the  
f l i g h t  a t  a  time most s u i t e d  t o  o the r  a c t i v i t i e s  on the  f l i g h t  deck. 
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1.1.12 I n  o r d e r  t o  be used f o r  s a f e t y - r e l a t e d  s e r v i c e s ,  a n  a i r -ground d a t a  
l i n k  must have a  h i g h  i n t e g r i t y .  T h i s  means t h a t  i t  must have a  low 
s u s c e p t i b i l i t y  t o  a c c i d e n t a l  o r  i n t e n t i o n a l  jamming. 

Impact on f u t u r e  ATS systems 

1.1.13 Enhanced automat ion of t h e  ATC system, made p o s s i b l e  by t h e  
i n t r o d u c t i o n  of a  d a t a  l i n k ,  can i n c r e a s e  c o n t r o l l e r  e f f i c i e n c y  and enhance 
p r o d u c t i v i t y  of a i r c r a f t ,  f o r  example, by a l l o w i n g  i n c r e a s e d  use of more d i r e c t  
r o u t i n g s  and more f u e l  e f f i c i e n t  a l t i t u d e  p r o f i l e s .  

1.1.14 I n  peak t r a f f i c  s i t u a t i o n s  and i n  h igh  t r a f f i c  d e n s i t y  a r e a s ,  t h e  
a v a i l a b i l i t y  of an air-ground d a t a  l i n k  f o r  t r a n s m i t t i n g  a i r c r a f t  performance 
d a t a  d i r e c t l y  t o  t h e  ground w i l l  p rov ide  s i g n i f i c a n t  a s s i s t a n c e  t o  t h e  
c o n t r o l l e r  i n  c a r r y i n g  o u t  c o n f l i c t  r e s o l u t i o n ,  s p a c i n g ,  and sequencing t a s k s .  
However, i n  o r d e r  t o  a s s i s t  t h e  c o n t r o l l e r  i n  performing t h e s e  t a s k s  it w i l l  be 
n e c e s s a r y  f o r  ground-to-air  messages t o  be p repared  a u t o m a t i c a l l y  by t h e  
computer i n  such a  way t h a t  t h e  c o n t r o l l e r  can merely approve t h e  t r a n s m i s s i o n  
of pre-format ted messages t o  t h e  p i l o t .  I n d i c a t i o n s  of d a t a  l i n k  a p p l i c a t i o n s  
i n  t h i s  c o n t e x t  are p r e s e n t e d  i n  6 .3  below. 

1.1.15 Before  such a l e v e l  of automat ion can become a  r e a l i t y ,  t h e r e  must 
a l s o  be a v a i l a b l e  a  source  of h igh-prec i s ion  s u r v e i l l a n c e  d a t a  and a means f o r  
quick-access ,  r e l i a b l e ,  d i g i t a l  d a t a  communications i n t e r f a c e d  d i r e c t l y  t o  t h e  
ATC computer and t h e  s u r v e i l l a n c e  sys tem so  t h a t  t h e r e  i s  no p o s s i b i l i t y  f o r  
ambigui ty ,  e r r o r ,  o r  d e l a y  i n  l o c a t i n g  o r  i d e n t i f y i n g  a i r c r a f t  o r  i n  c o r r e l a t i n g  
messages w i t h  s u r v e i l l a n c e  t a r g e t s .  

1.2 THE CURRENT STATUS OF MODE S DATA LINK 

Mode S implementat ion 

1.2.1 Mode S is  being implemented i n  a t  l e a s t  one S t a t e ,  f o l l o w i n g  
e x t e n s i v e  development a c t i v i t i e s  i n  co-operat ion wi th  t h e  i n t e r n a t i o n a l  
community. Over 100 Mode S ground s t a t i o n s  are be ing  procured w i t h  i n i t i a l  
deployment scheduled f o r  1989. 

1.2.2 S e v e r a l  S t a t e s  are complet ing t h e  implementat ion of t h e  f i r s t  phase  
of a  two-step enhancement t o  t h e  e x i s t i n g  SSK system. The f i r s t  phase 
implements t h e  monopulse d i r e c t i o n - f i n d i n g  c a p a b i l i t y  t h a t  i s  e s s e n t i a l  t o  t h e  
u l t i m a t e  implementat ion of Mode S. 

SICASP d a t a  l i n k  a c t i v i t y  

1.2.3 The SICAS Panel  is deve lop ing  d r a f t  S t a n d a r d s  and Recommended 
P r a c t i c e s  f o r  Mode S d a t a  l i n k  sys tems,  which would i n c l u d e  message coding 
t echn iques  f o r  ATS and s a f e t y - r e l a t e d  messages a s  well as documentat ion of 
s p e c i f i c  a p p l i c a t i o n s  which Mode S d a t a  l i n k  could  suppor t .  The pane l  i s  
expec ted  t o  accomplish  t h i s  t a s k  i n  l a t e  1990. 
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1 . 3  THE NEED FOK STANDARDIZATION 

Standardization within the Mode, S.svstem 

1 . 3 . 1  The Mode S with its integral data link is a new system that is now 
being implemented. The Mode S data link differs from a simple point-to-point 
data link in that every ground station must be able to communicate with all 
Mode S-equipped aircraft within coverage and every Mode S transponder must be 
able to communicate with ground stations of any State. 

1 . 3 . 2  In general, a data link service that enhances ATS efficiency or 
increases flight safety will have universal value. In order for such services 
to be made readily available for international flights, it is important to 
establish a procedure for standardizing the messages used to carry out the 
service. Such standardization will allow international air traffic to take 
advantage of useful data link services without the need for changes in aircraft 
equipment or application software each time a State boundary is traversed. 

1 . 3 . 3  Although it is possible for individual States to autonomously 
develop new Mode S data link applications, it is to the advantage of all States 
to employ existing internationally standardized Mode S applications wherever 
possible. If the development of new applications affecting international civil 
aviation is undertaken by a State, these new applications should be submitted 
for international standardization at the earliest possible date to complement 
existing standardized applications. 

1 . 3 . 4  In order to facilitate the development of common applications it is 
also necessary for Mode S data link protocols and control header formats to be 
common from State to State. International standardization of Mode S data link 
message content and procedures is therefore needed at several levels. 

Standardization: open systems architecture 

1 , 3 . 5  In addition to the need for international standardization within the 
Mode S data link system itself, the Mode S data link is being structured to 
conform to the greatest extent possible with the principles of the International 
Organization for Standardization (ISO) open systems interconnection (OSI) 
reference model. 

1 . 3 , 6  Communication systems have traditionally been devised to solve 
specific problems in specific application environments. This is often 
acceptable where both current and future application requirements are well-known 
and unchanging. However, if new application requirements are anticipated, or if 
existing application requirements are expected to change with time, the 
associated communication system changes can be expected to consume increasing 
amounts of time and will tend to become increasingly costly. These costs 
represent the primary disadvantage of a "closed system" architecture in an 
evolving application environment. 

1 .3 .7  In order to avoid these comprehensive communication system 
modifications, a standard comrnunication network interface may be defined for use 
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by the  var ious  user  app l i ca t ions .  Communicatfon performance requirements Inay 
then be cha rac t e r i zed  and the r e s u l t i n g  communfcation i n t e r f a c e  s tandard ized ,  
thus al lowing the  replacement of e x i s t i n g  a p p l i c a t i o n s  o r  t h e  i n t e g r a t i o n  of new 
app l i ca t ions  with minimal impact on the  support ing comrnunicati~n network 
in t e r f ace .  

1.3.5 This  s t anda rd iza t ion  of t h e  communication i n t e r f a c e  is the  o b j e c t i v k  
and essence of t he  "open system". Such a  system i s  "open" ( a t  the  defined 
i n t e r f z c e s )  t o  i n t e r o p e r a t i o n  with o the r  s i m i l a r l y  open systems. 

1.3.9 The open systems in t e rconnec t ion  s tandards  developed by t h e  IS0 
de f ine  the  s tandard  i n t e r f a c e s  requi red  t o  c o n s t r u c t  an open d a t a  communication 
system. This  s t anda rd iza t ion  w i l l  al low the  Mode S  da t a  l i n k  t o  be i n t e g r a t e d  
with o the r  air-ground da t a  l i n k s  and ground communications networks, most of 
which a l s o  conform t o  t h e  OSI model. Designing t h e  communication f e a t u r e s  of 
Mode S i n  t h i s  way w i l l  al low them maximum f l e x i b i l i t y  t o  evolve t o  meet f u t u r e  
da t a  communication requirements.  ( s e e  4.1 below and Appendix 2 ) .  

1.4 UNIVERSALITY OF DATA L I N K  APPLICATIONS 

I n t e r o p e r a b i l i t y  of d a t a  l i n k  systems 

1.4.1 Data l i n k s  enable computer-computes d i g i t a l  communication systems 
and a s  such can t r a n s f e r  any d i g i t a l  messages between two end-users. Adherence 
t o  an open systems a r c h i t e c t u r e  i n  t he  design of a  da t a  l i n k  al lows the  
i n t e r o p e r a b i l i t y  of da t a  l i n k s .  ~ e s s a g e ' s  could t h e r e f o r e  conceivably be routed 
over a l t e r n a t e  da t a  l i n k s  depending on such c r i t e r i a  a s  a v a i l a b i l i t y ,  i n t e g r i t y ,  
c o s t ,  access  delay,  e t c .  

1.4.2 Each type of da ta  l i n k  has s p e c i f i c  c h a r a c t e r i s t i c s  t h a t  make i t  
s u i t a b l e  f o r  s p e c i f i c  environments and a p p l i c a t i o n s  (e.g. Mode S  suppor t ing  ATS 
i n  a r eas  of SSR coverage and s a t e l l i t e  support ing ATS i n  o t h e r  a r e a s ) .  It i s  
important no t  t o  design the  da t a  l i n k  t o  s p e c i f i c  a p p l i c a t i o n s ,  otherwise the  
da ta  l i n k  may not  be s u i t a b l e  f o r  new o r  modified app l i ca t ions .  A goal  of 
Mode S  i s  t o  provide a  communications a r c h i t e c t u r e  t h a t  permits  i n t e r o p e r a b i l i t y  
of ae ronau t i ca l  da t a  l i nks .  I n  o rde r  t o  achieve t h i s  i n t e r o y e r a b i l i t y ,  t h e  
Mode S  system i s  being designed t o  conform t o  the  IS0 open systems 
in te rconnect ion  re ference  model s tandards.  



CHAPTER 2 

MODE S COMMUNICATION FEATURES 

2.1 THE STRUCTURE OF TRANSMISSIONS 

2.1.1 Mode S employs a  four-megabits  per  second u p l i n k  d a t a  r a t e  and a  
one-megabit pe r  second downlink d a t a  r a t e .  A l l  Mode S i n t e r r o g a t i o n s  and 
r e p l i e s  c o n s i s t  of b u r s t s  of d i g i t a l  d a t a  c o n t a i n i n g  e i t h e r  56 o r  112 b i t s .  
Mode S "formats"  d e f i n e  t h e  s t r u c t u r e  of t h e  b i t s  w i t h i n  t h e  56 o r  112 b i t  
b u r s t s .  A l l  formats  use  t h e  l a s t  t r a n s m i t t e d  24 b i t s  a s  an  a d d r e s s l p a r i t y  
f i e l d .  The t h r e e  types  of formats  which fo l low a r e  used a s  shown i n  
F i g u r e  2-1: 

- a )  S u r v e i l l a n c e  formats :  S u r v e i l l a n c e  i n t e r r o g a t i o n s  and 
s u r v e i l l a n c e  r e p l i e s  c o n t a i n  56 b i t s ,  which e i t h e r  a r e  
s u r v e i l l a n c e - r e l a t e d  o r  can be used t o  c o n t r o l  d a t a  l i n k  
p ro toco l s .  There i s  no d a t a  l i n k  nessage t r a n s f e r  c a p a b i l i t y .  

b) Comm-A/B formats :  The Comm-A ( i n t e r r o g a t i o n )  and t h e  ~omm-B 
( r e p l y )  formats  c o n t a i n  112 b i t s .  F i f t y - s i x  b i t s  s e r v e  t h e  
s u r v e i l l a n c e  and communications cor l t ro l  f u n c t i o n s  a s  i n d i c a t e d  
above and 56 b i t s  are a v a i l a b l e  f o r  d a t a  l i n k  messages. 

c )  Comm-C/D formats :  The Cornm-C ( i n t e r r o g a t i o n )  and t h e  Comm-D 
( r e p l y )  formats  c o n t a i n  112 b i t s .  Thirty-two b i t s  a r e  used f o r  
p a r i t y  and c o n t r o l  and 80 b i t s  a r e  a v a i l a b l e  f o r  d a t a  l i n k  
messages. 

2.1.2 The 56 d a t a  l i n k  b i t s  i n  Comm-A/B and t h e  80 d a t a  l i n k  b i t s  i n  
Comm-C/D comprise t h e  "message f i e l d s "  used by t h e  Mode S d a t a  l i n k  f o r  
in fo rmat ion  t r a n s f e r .  These message f i e l d s  a r e  forwarded unchanged by t h e  
Mode S ground s t a t i o n  and by t h e  Mode S t ransponder  i n  t h e  a i r c r a f t .  

2,1.3 S ince  each of t h e s e  message f i e l d s  i s  r e l a t i v e l y  s h o r t ,  p r o t o c o l s  
have been def ined  f o r  t h e  Mode S ground s t a t i o n  and t ransponder  (and a s s o c i a t e d  
d a t a  l i n k  p r o c e s s o r s )  f o r  combining t r a n s m i s s i o n s  i n t o  groups t h a t  a l low t h e  
t r a n s f e r  of l a r g e r  b locks  of d a t a .  These p r o t o c o l s  a r e  d e s c r i b e d  i n  2.3 below. 

2.2 COMMUNICATION CHARACTERISTICS 

Channel c a p a c i t y  

Channel a c c e s s  

2.2.1 Mode S ground s t a t i o n s  w i l l  t y p i c a l l y  employ r o t a t i n g  antennas .  For 
a  t e r m i n a l  Mode S antenna wi th  a  nominal four-second scan per iod  and a  
three-degree beam, t h e  ground s t a t i o n  has d a t a  l i n k  a c c e s s  t o  each a i r c r a f t  
dur ing  an  approximately  33 m i l l i s e c o n d  beam dwel l  t ime once every  f o u r  
seconds. 
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Figure 2-1. Mode S formats 
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A v e r a ~ e  d a t a  r a t e s  --. 

2,2 ,2  The average d a t a  r a t e  of t h e  Mode S l i n k  t o  a  g iven  a i r c r a f t  can be 
inc reased  by employing m u l t i p l e  b u r s t s  of t r a n s m i s s i o n s  dur ing t h e  beam dwel l .  
Depending upon azimuth d i s t r i b u t i o n  of t r a f f i c ,  a  Mode S ground s t a t i o n  can  
d e l i v e r  up t o  e i g h t  Comm-A messages (2.3.3 below) o r  s i x t e e n  Comm-C messages,  
(2.3.6 t o  2,3.8 below) each scan r e s u l t i n g  i n  an average d a t a  r a t e  of 
approximately 100 t o  300 b i t s  per  second t o  each a i r c r a f t  w i t h i n  coverage of 
each ground s t a t i o n .  Th is  d a t a  r a t e  i s  adequate  f o r  t r a n s m i t t i n g  t h e  d a t a  
normally employed by p i l o t s  and c o n t r o l l e r s  engaged i n  ATC communications, T h i s  
r a t e  w i l l  a l s o  support  t h e  types  of non- t ime-c r i t i ca l  f i l e  t r a n s f e r s  t h a t  might 
u l t i m a t e l y  be r e q u i r e d  f o r  au tomat ic  communications between ground automat ion 
systems and a i r c r a f t  f l i g h t  management systems. 

2.2.3 The o v e r - a l l  d a t a  r a t e  of a  ground s t a t i o n ' s  t r a n s m i s s i o n s  t o  a l l  
t r ansponders  can be made r e l a t i v e l y  high i f  t h e  channel  i s  t ime-multiplexed and 
managed e f f i c i e n t l y  by t h e  ground s t a t i o n .  I f  t h e  ground s t a t i o n  employs a n  
e l e c t r o n i c a l l y  scanned antenna,  a l l  of t h e  i n h e r e n t  channel  c a p a c i t y  can be 
r e a l i z e d .  

Access d e l a y  

2.2.4 The connec t ion  between a  Mode S ground system and a n  a i r c r a f t  i s  
dependent on t h e  c u r r e n t  p o s i t i o n  of t h e  antenna beam. I n i t i a l l y  a t  l e a s t ,  t h e  
major i ty  of Mode S ground s t a t i o n s  w i l l  use  mechanical ly  r o t a t i n g  antennas .  
T h i s  consequent ly  i n t r o d u c e s  an a c c e s s  de lay  between t h e  ground s t a t i o n  and t h e  
t r ansponder  which may last  up t o  one scan per iod.  The average  a c c e s s  de lay  is  
t h e r e f o r e  one h a l f  t h e  scan per iod  of t h e  antenna.  For a i r p o r t  ground s t a t i o n s  
t h e  scan per iod  i s  t y p i c a l l y  about  f o u r  t o  s i x  seconds.  En-route ground 
s t a t i o n s  w i l l  t y p i c a l l y  scan a t  about  an e i g h t  t o  twelve-second per iod .  Thus,  
t h e  average a c c e s s  de lay  ranges  from two t o  s i x  seconds.  The use  of 
e l e c t r o n i c a l l y  scanned antennas  o r  a i r p o r t  communication systems based on 
o m n i d i r e c t i o n a l  an tennas  would a l l o w  an  a c c e s s  de lay  i n  t h e  o r d e r  of 
m i l l i s e c o n d s  f o r  p r i o r i t y  messages. 

2.3 COMMUNICATION PROTOCOLS 

Message c l a s s e s  

2.3.1 Two c l a s s e s  of messages a r e  supported:  Standard- length  messages 
(SLMS), which a r e  r e l a t i v e l y  s h o r t  (56 b i t s ) ,  and extehded l e n g t h  messages 
(ELMS) which a r e  longer  (up t o  16 x 80 b i t s ,  i .e. 1 280 b i t s ) .  P r o v i s i o n  is  
made t o  l i n k  up t o  f o u r  SLMs and up t o  32 ELMS. T h i s  l i n k i n g  is t r a n s p a r e n t  t o  
t h e  user .  

S tandard- leng th  message (SLM) p r o t o c o l s  

2.3.2 Standard- length  messages a r e  con ta ined .  i n  t h e  56-bi t  message f i e l d  
of t h e  Comm-A/B formats  and a r e  t r a n s m i t t e d  i n  a d d i t i o n  t o  s u r v e i l l a n c e  and 
communications c o n t r o l  d a t a  ( s e e  F i g u r e  2-1). T h i s  message c l a s s  i s  in tended  
f o r  p r i o r i t y  informat ion,  i.e. t r a f f i c  t h a t  cannot  t o l e r a t e  a  de lay  of more than 
a  few seconds. 
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Uplink s t a n d a r d - l e n g t h  messages 

2 . 3 . 3  I n  t h e  ground-to-air  d i r e c t i o n ,  Pinked s t a n d a r d - l e n g t h  messages may 
c o n s i s t  of from one t o  f o u r  56-b i t  Comm-A message components; each t r a n s m i t t e d  
i n  a  s e p a r a t e  Comm-A i n t e r r o g a t i o n .  Each component is accompanied by c o n t r o l  
f i e l d s  which provide:  

a )  a  code i d e n t i f y i n g  t h e  t r a n s m i t t i n g  ground s t a t i o n ;  and 

b)  t h e  p o s i t i o n  of t h e  component i n  t h e  message ( f i r s t ,  
i n t e r m e d i a t e ,  f  inaP,  o r  on ly ) .  

Downlink s t a n d a r d - l e n g t h  messages 

2 . 3 . 4  .Messages i n  t h e  air- to-ground d i r e c t i o n  can be i n i t i a t e d  i n  two 
ways: 

a )  t h e  ground system, by i n s e r t i n g  a  code i n  i t s  i n t e r r o g a t i o n ,  c a n  
r e q u e s t  d a t a  from a  s p e c i f i e d  s o u r c e  on t h e  a i r c r a f t .  The 
i d e n t i t y  of t h e  r e q u i r e d  d a t a  s o u r c e  i s  i n d i c a t e d  i n  t h e  
i n t e r r o g a t i o n .  The d a t a  must be p laced  i n  t h e  Comm-B message 
f i e l d  of t h e  r e p l y ;  and 

b) when t h e  a i r c r a f t  d a t a  system i n i t i a t e s  a  message t o  t h e  ground, 
it p u t s  a s p e c i a l  code i n  t h e  downlink r e q u e s t  f i e l d  of i t s  
r e p l i e s  t o  s u r v e i l l a n c e  o r  Comm-A i n t e r r o g a t i o n s .  Ground 
s t a t i o n s  recognize  t h i s  code and, on a l a t e r  i n t e r r o g a t i o n ,  
r e q u e s t  t h a t  t h e  d a t a  be s e n t  t o  them i n  t h e  Comm-B message 
f i e l d .  

2 . 3 . 5  I n  t h e  same manner as wi th  t h e  u p l i n k  SLM, a  Comm-B message 
initiated by t h e  a i r c r a f t  c o n t a i n s  c o n t r o l  i n f o r m a t i o n  t o  pe rmi t  l i n k i n g  up t o  
f o u r  56-bit  components. 

2 . 3 . 6  ELMS can  be up t o  P 280 b i t s  long,  and a r e  t r a n s m i t t e d  i n  segments 
of 80 b i t s  u s i n g  a  s p e c i a l  p r o t o c o l .  Each segment is  c o n t a i n e d  i n  a Comm-C 
i n t e r r o g a t i o n  o r  a  Comm-D r e p l y  ( s e e  F i g u r e  2-1).  

2.3.7 ELMS use  channe l  t ime more e f f i c i e n t l y  than  do SLNs because  they  u s e  
Comm-C and Comm-D formats  t h a t  p rov ide  80 r a t h e r  than  56 b i t s  of in fo rmat ion ,  
and because up t o  s i x t e e n  i n t e r r o g a t i o n s  can be acknowledged on t h e  u p l i n k  by a 
s i n g l e  r e p l y ,  o r  s i x t e e n  r e p l i e s  can be e l i c i t e d  on t h e  downlink by a s i n g l e  
i n t e r r o g a t i o n ,  t h u s  conserv ing  channe l  time. However, s u r v e i l l a n c e  f u n c t i o n s  
must be performed s e p a r a t e l y  because t h e  Comm-C and Comm-D i n t e r r o g a t i o n  and 
r e p l y  fo rmats  do n o t  c o n t a i n  s u r v e i l l a n c e  c o n t r o l  f i e l d s .  
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2 . 3 . 8  P r o v i s i o n  has  been made t o  l i n k  up t o  32 ELMS which p rov ides  t h e  
c a p a b i l i t y  t o  handle  message l e n g t h s  of up t o  40 k i l o b i t s .  The t r a n s f e r  of a  
message of t h i s  l e n g t h  us ing  t h i s  c a p a b i l i t y  can t a k e  many scans  and s h o u l d  
t h e r e f o r e  only  be used f o r  low p r i o r i t y  messages. During t h e  t r a n s f e r  of a 
message of t h i s  l e n g t h ,  t h e  Mode S d a t a  l i n k  can s t i l l  t r a n s i e r  h i g h  p r i o r i t y  
messages such a s  t h o s e  from ATC w i t h  t h e  normal Mode S d e l i v e r y  delay.  



CHAPTER 3 

MODE S DATA LINK DESIGN 

3.1 INTEGRATION WITH OTHER AIR-GROUND DATA LINKS 

Conceptual  d a t a  l i n k  a r c h i t e c t u r e  

3.1.1 The des ign  of t h e  Mode S  d a t a  l i n k  c o n t r o l  f e a t u r e s  is  based upon an  
a r c h i t e c t u r e  i n  which Mode S  c a n  be one of s e v e r a l  i n t e g r a t e d  a i r -ground d a t a  
l i n k s ,  a s  shown i n  F i g u r e  3-1. Th is  approach has  s i g n i f i c a n t  advan tages  f o r  
d a t a  l i n k  u s e r s :  

a )  Common a v i o n i c s  f u n c t i o n s  (e.g. d i s p l a y  d e v i c e s )  can be shared .  

b)  Messages can be re-routed over  an  a l t e r n a t i v e  d a t a  l i n k  i f  t h e  
in tended  d a t a  l i n k  i s  n o t  c u r r e n t l y  a v a i l a b l e ,  

Use o f  t h e  OSI r e f e r e n c e  model --- 

3.1.2 To suppor t  t h e  g o a l  of d a t a  l i n k  i n t e g r a t i o n ,  t h e  Mode S  d a t a  Pink 
i s  being des igned  t o  conform t o  t h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  f o r  
S t a n d a r d i z a t i o n ' s  OSI r e f e r e n c e  model 'to t h e  g r e a t e s t  e x t e n t  p o s s i b l e .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  approach being t aken  by o t h e r  a e r o n a u t i c a l  d a t a  l b n k s ,  A 
summary of t h e  OSI Reference Model i s  con ta ined  i n  Appendix 2. 

3.1.3 The use of t h e  OSI l a y e r e d  approach f o r  t h e  Mode S  d a t a  l i n k  d e s i g n  
enhances  i n t e g r a t i o n  w i t h  o t h e r  OSI-compatible d a t a  l i n k s  s i n c e ,  f o r  example, it  
Peads t o  a  d e s i g n  i n  which Mode S  s p e c i f i c  c o n t r o l - h e a d e r  e lements  a r e  s e p a r a b l e  
from t h e  remainder  of t h e  c o n t r o l  header.  T h i s  makes it p o s s i b l e  t o  remove 
Mode S  s p e c i f i c  i n f o r m a t i o n  a s  i t  l e a v e s  t h e  Mode S  d a t a  l i n k  p r o c e s s f n g  
f u n c t i o n s .  The l a y e r e d  approach a l s o  e n s u r e s  t h a t  a  change t o  one e lement  of 
t h e  d a t a  l i n k  does n o t  p ropaga te  throughout  t h e  e n t f r e  system, and t h u s  p r o v i d e s  
a  more r o b u s t  des ign .  

3,1.4 Many of t o d a y ' s  ground-ground communication systems have adopted t h e  
p r i n c i p l e s  embodied i n  t h e  OSI model. The a d o p t i o n  of t h e  OSI model i n  
s t r u c t u r i n g  t h e  Mode S  communication system w i l l  a l l o w  it t o  be more e a s i l y  
i n t e g r a t e d  w i t h  t h e s e  ground communication systems,  e n a b l i n g  a  complete  
air-ground communication system t o  be e s t a b l i s h e d .  

Scope of t h e  Mode S  d a t a  l i n k  SARPs 

3.1.5 The SARPs m a t e r i a l  being developed f o r  t h e  Mode S  d a t a  l i n k  
s p e c i f i c a l l y  d e f i n e s  t h e  communication fo rmats  and p r o t o c o l s  t h a t  a r e  r e q u i r e d  
f o r  Mode S  d a t a  l i n k  p rocess ing .  It  i s  w r i t t e n  i n  a  manner c o n s i s t e n t  w i t h  a  
m u l t i p l e  d a t a  l i n k  a r c h i t e c t u r e .  However, it c o n t a i n s  s u f f i c i e n t  m a t e r i a l  on 
requirements  f o r  d a t a  l i n k  p r o c e s s i n g  beyond t h e  Mode S d a t a  Pink p r o c e s s o r  
(DLP) t o  permit  t h e  implementat ion of t h e  Mode S  d a t a  l i n k  i n  a  "s tand-alone"  
mode f o r  t h o s e  c a s e s  where a  m u l t i p l e  d a t a  l i n k  i n s t a l l a t i o n  i s  n o t  r e q u i r e d .  
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3.2  TYPES OF MOUE S DATA L I N K  COMMUNICA'TION SERVICES 

A l t e r n a t i v e s  

3 . 2 . 1  Two types  of d a t a  l i n k  communication s e r v i c e  a r e  being developed 
f o r  Mode S d a t a  in te rchange .  These s e r v i c e  types ,  c a l l e d  "connec t ion less"  and 
"connection o r i e n t e d " ,  a r e  d i s t i n g u i s h e d  by t h e  manner I n  which c o n t r o l  
i n f ~ ~ m a t i o n  is  handled on t h e  Mode S l i n k .  The c o n n e c t i o n l e s s  s e r v i c e  i s  
in tended f o r  s h o r t  o p e r a t i o n a l  messages, o r  f o r  those  t h a t  a r e  exchanged 
i n f r e q u e n t l y  between an a i r c r a f t  and a ground system, The connec t ion-or ien ted  
s e r v i c e  i s  in tended f o r  long o p e r a t i o n a l  messages o r  f o r  those  t h a t  a r e  
exchanged f r e q u e n t l y  between an  a i r c r a f t  and a ground system. I t  can a l s o  be 
used t o  make s u r e  t h a t  a channel  w i l l  be a v a i l a b l e  when weeded, a s  i n  ATC 
a p p l i c a t i o n s .  These d i f f e r e n c e s  a f f e c t  t h e  e f f i c i e n c y  of Mode S l i n k  o p e r a t i o n  
i n  terms of t h e  overhead r e q u i r e d  f o r  t h e  d a t a  l i n k  c o n t r o l  header.  The c h o i c e  
of s e r v i c e  type i s  made on t h e  b a s i s  of o p e r a t i o n a l  message l e n g t h ,  f requency of 
t r a n s m i s s i o n  and assurance  of channe l  a v a i l a b i l i % y ,  The use r  i s  g e n e r a l l y  
unaware of t h i s  d i s t i n c t i o n .  

C o n n e c t i o n l e s s  s e r v i c e  

3 , 2 . 2  This  s e r v i c e  i s  c h a r a c t e r i z e d  by t h e  i n c l u s i o n  of a complete 
c o n t r o l  header  ( e ,  g o  source  and d e s t i n a t i o n  a d d r e s s i n g )  i n  each message, Thus 
each c o n n e c t i o n l e s s  message is s e l f - c o n t a i n e d  and does n o t  depend on any p r i o r  
a c t i o n  t o  e s t a b l i s h  e o n t r o l  parameters ,  

Connect ion-or iented s e r v i c e  - -  -- . 

3 , 2 , 3  This  s e r v i c e  i s  c h a r a c t e r i z e d  by t h e  s e t t i n g  up of a channel  on t h e  
Mode S d a t a  l i n k ,  The channel set-up d e f i n e s  t h e  channel  c o n t r o l  f e a t u r e s  such 
a s  message source ,  d e s t i n a t i o n ,  and p r i o r i t y  f o r  a p a r t i c u l a r  channel  number, 
and a l l o w s  checking of channel  a v a i l a b i l i t y  i n  t h e  same way a s  an i n i t i a l  KTP 
c a l l ,  Once a channel  is opened, a l l  subsequent  messages need on ly  c o n t a i n  t h e  
channel  number i n  t h e i r  message c o n t r o l  header ,  T h i s  channel  number c o n t r o l  
header is s i g n i f i c a n t l y  s h o r t e r  t h a n  a c o n n e c t i o n l e s s  e o n t r o l  header and t h u s  
provides  inc reased  e f f i c i e n c y  f o r  c a s e s  where s u f f i c i e n t  messages a r e  t o  be 
t r a n s f e r r e d  t o  j u s t i f y  t h e  one-time overhead of t h e  channel  set-up a c t i o n .  Once 
e s t a b l i s h e d ,  a channel  permits  t h e  c o n t i n u a t i o n  of a message d e l i v e r y  
t r a n s a c t i o n  a c r o s s  ground s t a t i o n  boundar ies ,  i f  ground Mode S d a t a  l i n k  
p rocessors  (DEP) a r e  i n t e r l i n k e d .  

3 . 3  MESSAGE HEADER INFORMATION 

C o n t r o l  header  a r c h i t e c t u r e  

3 - 3 . 1  Headers a r e  r e q u i r e d  t o  c o n t r o l  t h e  flow of messages through t h e  
communication system dep ic ted  i n  F igure  3-1. 

Mode S 

3 , 3 . 2  The s e c t i o n  of t h e  c o n t r o l  header  l a b e l l e d  "Mode S" i n  F igure  3-2 
i d e n t i f i e s  t h e  in format ion  t h a t  is s p e c i f i c  t o  t h e  Mode S d a t a  l i n k .  T h i s  
i n c l u d e s  i n £  ormat i o n  t o  c o n t r o l  message l i n k i n g .  
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Figure 3-2. An example of aa operational message including a control header 
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3 . 3 . 3  For u p l i n k  messages, t h i s  i n f o r m a t i o n  i s  i n t e r p r e t e d  by t h e  [lode S 
DLP and removed from t h e  c o n t r o l  header  b e f o r e  t h e  message p i s  d e l i v e r e d  t o  
h igher  l a y e r  f u n c t i o n s .  On t h e  downlink, t h e  Mode S DLP g e n e r a t e s  t h i s  
in fo rmat ion  and adds it t o  t h e  header  b e f o r e  t r a n s f e r r i n g  t h e  message t o  t h e  
Mode S t r ansponder .  

Network 

3 . 3 . 4  The s e c t i o n  of t h e  c o n t r o l  header  l a b e l l e d  "network" i n  F i g u r e  3-2 
i d e n t i f i e s  i n f o r m a t i o n  t h a t  i s  common t o  a l l  d a t a  l i n k s  and a l l o w s  t h e  d a t a  t o  
be rou ted  t o  t h e  end use r .  T h i s  i n c l u d e s  i n f o r m a t i o n  t h a t  d e f i n e s  t h e  s o u r c e  
and d e s t i n a t i o n  a d d r e s s  f o r  t h e  message. The Mode S DLP and o t h e r  DLPs u s e  t h i s  
i n f o r m a t i o n  t o  make message-handling d e c i s i o n s .  

3 . 3 . 5  The s e c t i o n  of t h e  c o n t r o l  header  l a b e l l e d  "end-user" ( i . e .  - t h e  OSI 
t r a n s p o r t ,  s e s s i o n ,  p r e s e n t a t i o n  o r  a p p l i c a t i o n  l a y e r s ,  s e e  Appendix 2 )  i n  
F i g u r e  3-2 i d e n t i f i e s  i n f o r m a t i o n  t h a t  i s  exchanged between end-use rs  and i s  
t r a n s p a r e n t  t o  a l l  d a t a  l i n k s .  T h i s  s e c t i o n  i s  shown f o r  i n f o r m a t i o n  o n l y ,  
s i n c e  a l l  d a t a  l i n k s  view i t  a s  message d a t a  t h a t  i s  n o t  i n t e r p r e t e d  by any DLP. 
The p r e c i s e  n a t u r e  of t h e  i n f o r m a t i o n  i s  agreed t o  by t h e  e n d - u s e r s . b u t  
t y p i c a l l y  c o n t a i n s  t h e  c o n t r o l  i n f o r m a t i o n  shown, i.e. a  r e q u e s t  f o r  a  r e s p o n s e  
t o  t h i s  message, a  message number t o  un ique ly  i d e n t i f y  t h i s  message when a  
query o r  response  is  g e n e r a t e d  t o  i t ,  and a n  i d e n t i f i c a t i o n  of t h e  manner i n  
which t h e  message d a t a  is encoded t o  e n a b l e  t h e  end-use r  t o  employ t h e  c o r r e c t  
decoding p r o c e s s  t o  t h e  message da ta .  

Ground and a i r c r a f t  a d d r e s s i n g  

U ~ l i n k  and downlink d e s t i n a t i o n  a d d r e s s i n n  

3 . 3 . 6  D e s t i n a t i o n  a d d r e s s i n g  requ i rements  f o r  a n  a i r -ground d a t a  l i n k  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  on t h e  u p l i n k  and downlink. The i n h e r e n t  d a t a  l i n k  
t e c h n i c a l  a d d r e s s  (e.g. t h e  Mode S a d d r e s s )  can be viewed a s  t h e  name of t h e  
addressed  network (e.g. t h e  a i r c r a f t ) .  A d d i t i o n a l  u p l i n k  d e s t i n a t i o n  a d d r e s s i n g  
i s  r e q u i r e d  on ly  t o  s p e c i f y  t h e  p a r t i c u l a r  p r o c e s s  on board t h e  a i r c r a f t .  

3 . 3 . 7  Downlink d e s t i n a t i o n  a d d r e s s i n g  i s  more complex. The d a t a  l i n k  
t e c h n i c a l  a d d r e s s  s p e c i f i e s  on ly  t h e  ground modem (e.g. Mode S ground s t a t i o n ) .  
T h i s  t y p i c a l l y  i s  on ly  i n d i r e c t l y  r e l a t e d  t o  t h e  d e s i r e d  d e s t i n a t i o n .  Thus, t h e  
burden of s p e c i f y i n g  t h e  ground d e s t i n a t i o n  m u s t  be handled by t h e  downlink 
d e s t i n a t i o n  a d d r e s s  of t h e  d a t a  l i n k  c o n t r o l  header .  

Loca l  v e r s u s  world-wide ground a d d r e s s i n g  

3 . 3 . 8  To r o u t e  i n f o r m a t i o n  t o  o r  exchange d a t a  w i t h  a  ground p r o c e s s ,  
such a s  ATC, two t y p e s  of a d d r e s s i n g  a r e  used,  namely l o c a l  o r  world-wide 
( g l o b a l ) .  Loca l  a d d r e s s i n g  i s  used t o  e f f e c t  d a t a  i n t e r c h a n g e  w i t h  a l o c a l  
ground process ,  o t h e r w i s e  g l o b a l  a d d r e s s i n g  is used. 
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3.3.9 For some d a t a  l i n k  a p p l i c a t i o n s ,  i t  i s  s u f f i c i e n t  t o  provide o n l y  
t h e  d e s i r e d  ground f u n c t i o n  i n  t h e  d e s t i n a t i o n  a d d r e s s  f i e l d ;  f o r  example, a  
r e q u e s t  f o r  weather da ta  may be addressed  on ly  t o  t h e  meteoro log ica l  f u n c t i o n  
and t h e  r e q u e s t  can be routed t o  t h e  n e a r e s t  such f u n c t i o n .  This  can be thought  
of a s  an  example of l o c a l  a d d r e s s i n g .  

3.3.10 Local address ing  i s  no t  a b l e  t o  s a t i s f y  a l l  da ta  l i n k  a p p l i c a t i o n s .  
F ~ r ~ < ~ e x a r n p l e ,  automated ATC may invo lve  a d d r e s s i n g  t o  l o c a l  ATC processes  
such a s  approach c o n t r o l .  I n  some i n s t a n c e s  t h i s  degree of address ing  may be 
s u f f i c i e n t  t o  r o u t e  t h e  message t o  t h e  d e s i r e d  ground process .  However, i t  i s  
a l s o  necessa ry  t o  a d d r e s s  a  message t o  o t h e r  than  t h e  l o c a l  ATC f u n c t i o n .  I n  
t h i s  c a s e ,  a d d i t i o n a l  in£ ormat ion is  r e q u i r e d  t o  s p e c i f y  t h e  p a r t i c u l a r  ATC 
process  t o  r e c e i v e  t h e  message. Since  t h e s e  i s  no convenient  way t o  s p e c i f y  
t h i s  i n  r e l a t i v e  terms, f o r  example, t h e  "next ATC f a c i l i t y  a long my r o u t e " ,  t h e  
a b i l i t y  t o  address  o t h e r  than t h e  l o c a l  ground process  r e q u i r e s  t h a t  p r o v i s i o n  
be made t o  g ive  i t s  complete a d d r e s s  i n  a b s o l u t e  terms. Th is  r e s u l t s  i n  a  
world-wide a d d r e s s i n g  c a p a b i l i t y .  

Reques t l response  a d d r e s s i n g  

3.3.11 When a  ground process  sends  a  message t o  an a i r c r a f t  p rocess ,  a  
requirement  can be s p e c i f i e d  f o r  t h e  a i r c r a f t  p rocess  t o  g e n e r a t e  a  response 
(e.g. a  p i l o t  acknowledgement t o  an  ATC message). I n  t h i s  case ,  downlink 
d e s t i n a t i o n  address  problems a r e  e a s e d ,  s i n c e  t h e  a i r c r a f t  process  can use t h e  
ground-provided source  address  of t h e  o r i g i n a t i n g  message a s  t h e  d e s t i n a t i o n  
a d d r e s s  of t h e  response message. F u r t h e r  a i r -ground r o u t i n g  a s s i s t a n c e  can be 
provided by t h e  i d e n t i f i c a t i o n  of t h e  Mode S  ground s t a t i o n  t h a t  d e l i v e r e d  t h e  
o r i g i n a t i n g  message. This  in fo rmat ion  can be used by t h e  a i r c r a f t  p rocess  i n  
s p e c i f y i n g  a  p r e f e r r e d  downlink r o u t i n g  f o r  t h e  response message. I n  c e r t a i n  
c a s e s  t h i s  can e a s e  t h e  requirement  on ground address ing .  For example, i f  an  
approach c o n t r o l  p rocess  message i s  d e l i v e r e d  v i a  a  Mode S ground s t a t i o n  and i t  
i s  t h e  only  approach c o n t r o l  p rocess  connected t o  t h a t  ground s t a t i o n ,  t h e  
source  a d d r e s s i n g  i n  t h e  o r i g i n a t i n g  message need on ly  s p e c i f y  "approach 
c o n t r o l " .  Other q u a l i f i e r s ,  such a s  t h e  name of t h e  approach c o n t r o l ,  a r e  no t  
r equ i red  s i n c e  t h e r e  i s  no ambigui ty  when t h e  response message i s  rece ived  by 
t h e  ground s t a t i o n  addressed on ly  t o  "approach c o n t r o l " .  Th i s  can r e s u l t  i n  
reduced header a d d r e s s  overhead i n  some cases .  

D e s t i n a t i o n  a d d r e s s  requirements  f o r  u s e r - i n i t i a t e d  air- to-ground messages 

3.3.12 I f  a  downlink message i s  n o t  a response t o  an  u p l i n k  message, t h e  
a i r c r a f t  process  i s  r e s p o n s i b l e  f o r  s p e c i f y i n g  t h e  ground d e s t i n a t i o n  a d d r e s s .  
Th i s  is  t y p i c a l l y  t h e  complete a d d r e s s ,  i. e. t h e  f u n c t i o n  p l u s  a d d i t i o n a l  
q u a l i f i e r s  t o  s p e c i f y  an unambiguous address .  The ground can a s s i s t  the  
a i r c r a f t  process  i n  o b t a i n i n g  t h e  complete address .  For example, the  ground 
can n a i n t a i n  an address ing  t a b l e  i n  t h e  a v i o n i c s  i n d i c a t i n g  the  c u r r e n t  
a p p r o p r i a t e  q u a l i f i e r s  f o r  a  p a r t i c u l a r  p rocess ,  such a s  a  q u a l i f i e r  of "Boston 
Center"  f o r  t h e  addressed f u n c t i o n  "en-route ATC". 
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Consis tency o f  a d d r e s s i n g  a c r o s s  ATS d a t a  l i n k s  

3.3.13 Where more t h a n  one d i s t i n c t  p h y s i c a l  d a t a  l i n k  such a s  t h e  Mode S 
l i n k  and a  s a t e l l i t e - b a s e d  ATS l i n k  p r i m a r i l y  s e r v e  s i m i l a r  f u n c t i o n s ,  they  
should be s t a n d a r d i z e d  t o  use  t h e  same a d d r e s s  coding where messages f o r  b o t h  
l i n k s  a r e  handled i n  common i n  o r d e r  t o  a l low f o r  e f f i c i e n t  fo rward ing  of such 
messages. 



CHAPTER 4 

EQUIPMENT 

Figure  4-1 p r e s e n t s  t h e  r e l a t i o n s h i p  of t h e  Mode S  d a t a  l i n k  sys tem 
.elements t o  o t h e r  d a t a  l i n k  e lements  of t h e  a r c h i t e c t u r e  shown i n  Figure  3-1. 

4 .1  GROUND DATA LINK ELEMENTS 

P r i n c i p a l  e l e m e n t s  

h 0 l o l  The p r i n c i p a l  ground e lements  f o r  t h e  laode S d a t a  l i n k  system a r e  
t h e  Mode 5 ground s t a t i o n  and t h e  Mode S  ground DLP. 

Mode S ground s t a t i o n  - 
4 . 1 , 2  A Mode S  ground s t a t i o n  p rov ides  t h e  Mode S  modulator/demodulator 
(modem) func t ion .  Most of t h e  d a t a  l i n k  f u n c t i o n s  r e q u i r e d  f o r  a  Mode S  modem 
a r e  a l r e a d y  provided i n  a  Mode S ground s t a t i o n  conf igured  s o l e l y  f o r  Mode S  
sa , rvebl lance s e r v i c e .  A s  t h e  Mode S  d a t a  l i n k  a c t i v i t y  grows, a d d i t i o n a l  
p rocess ing  c a p a c i t y  and t r a n s m i t t e r  duty-cycle  performance may be r e q u i r e d  t o  
handle  t h e  inc reased  channel  a c t i v i t y  r e q u i r e d  f o r  d a t a  l i n k  s e r v i c e .  

Mode S ground d a t a  l i n k  p r o c e s s o r  

4 . 1 . 3  The Mode S  ground DLP i s  a  major ground element of t h e  Mode S d a t a  
l i n k .  I t s  f u n c t i o n s  i n c l u d e  t h e  segmenting of messages f o r  t r a n s f e r  over  t h e  
Mode S  d a t a  l i n k  and a s s i s t a n c e  i n  message r o u t i n g .  B a s i c a l l y  i t  p rov ides  t h e  
i n t e r f a c e  between those  e lements  t h a t  a r e  s p e c i f i c  t o  t h e  Mode S d a t a  l i n k  and 
those  t h a t  a r e  common t o  a l l  d a t a  l i n k  systems. 

4 . 2  AIRCRAFT DATA LINK ELEMENTS 

Overview 

4 . 2 . 1  The p r i n c i p a l  a i r c r a f t  e lements  f o r  t h e  Plode S  d a t a  l i n k  system a r e  
t h e  Mode S  t ransponder  and t h e  Mode S  a i r c r a f t  DLP. 

Mode S  t r a n s p o n d e r  - 

4 .2 .2  The minimum Mode S  t ransponder  adopted f o r  i n t e r n a t i o n a l  use  
p rov ides  f o r  SLMs. Thus Mode S-equipped a i r c r a f t  p rov ide ,  among o t h e r  
f u n c t i o n a l  e lements ,  t h e  modern f o r  minirnum d a t a  l i n k  i n s t a l l a t i o n s .  More 
capab le  i n s t a l l a t i o n s  w i l l  l i k e l y  i n c l u d e  u p l i n k  ELM c a p a b i l i t y ,  s i n c e  t h i s  
r e p r e s e n t s  on ly  a  smal l  a d d i t i o n a l  c o s t  increment over  t h e  minimum d a t a  l i n k  
t ransponder .  
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Mode S a i r c r a f t  d a t a  l i n k  processor  

4.2.3 The Mode S a i r c r a f t  DLP performs gateway and process i~ ig  func t ions  
s i m i l a r  t o  the ground DLP. It is l i k e l y  t h a t  some o r  a l l  of the  da ta  l i n k  
elements may be in tegra ted  i n t o  a  s i n g l e  p iece  of equipment. For example, 
incorpora t ing  the  Mode S a i r c r a f t  DLP i n  the  transponder e l imina tes  the  
transponder-to-DLP i n t e r f a c e  and may l ead  t o  a  simpler i n s t a l l a t i o n .  For s i n g l e  
da t a  l i n k  i n s t a l l a t i o n s ,  it i s  a l s o  l i k e l y  t h a t  the  a i r c r a f t  common DLP and the  
Node S a i r c r a f t  DLP func t ions  w i l l  be combined. 



CHAPTER 5 

ADVANTAGES OF A MODE s DATA LINK INTEGRATED WITH THE SURVE~LLANCE FUNCTION 

5 . 1  EVOLUTIONARY INTRODUCTION OF MODE S AND ITS DATA LINK 

Use of Mode S equipment 

5 . 1 . 1  The ground and a i r c r a f t  modems of t h e  Mode S l i n k  a r e  a v a i l a b l e  when 
t h e  Mode S s u r v e i l l a n c e  f u n c t i o n  becomes o p e r a t i o n a l  i n  a r e g i o n .  T h i s  makes it 
p o s s i b l e  t o  implement Mode S d a t a  l i n k  a p p l i c a t i o n s  i n  an  e v o l u t i o n a r y  manner. 

Use of a v a i l a b l e  f requency channe l s  and t ime  s l o t s  

5 . 1 . 2  Mode S ground s t a t i o n s  and t ransponders  w i l l  be c a p a b l e  of h a n d l i n g  
d a t a  l i n k  t r a n s m i s s i o n s  wi thou t  f u r t h e r  requirement  f o r  f requency  channel  - 
a l l o c a t i o n s .  S tandard- leng th  Mode S d a t a  l i n k  messages a r e  s imply appended t o  
normal Mode S s u r v e i l l a n c e  t r a n s m i s s i o n s .  Time s l o t s  a r e  a l l o c a t e d  f o r  extended 
l e n g t h  Node S d a t a  l i n k  t r a n s m i s s i o n s  a s  p a r t  of t h e  b a s i c  Mode S channe l  
management d e s i g n ,  and no new frequency channel  a l l o c a t i o n  i s  t h e r e f o r e  
requ i red .  Consequent ly ,  it w i l l  be p o s s i b l e  f o r  Mode S s u r v e i l l a n c e  equipment 
t o  be employed f o r  d a t a  t r a n s m i s s i o n s  immediately upon i t s  c e r t i f i c a t i o n  f o r  
s u r v e i l l a n c e  use.  

5 . 1 . 3  It i s  p o s s i b l e  f o r  t h e  Mode S system t o  p rov ide  d a t a  l i n k  s e r v i c e  on 
a  s i n g l e  channel  because a l l  t r a n s m i s s i o n s  a r e  d e t e c t a b l e  o n l y  w i t h i n  l i n e  of 
s i g h t .  A s  wi th  t h e  e x i s t i n g  SSR system, l a r g e  numbers of ground s t a t i o n s  i n  
l o c a l  a r e a s  wi th  o v e r l a p p i n g  coverage can be opera ted  w i t h o u t  mutual 
i n t e r f e r e n c e .  These co-ordinated c l u s t e r s  of ground s t a t i o n s  can be r e p l i c a t e d  
every  few hundred mi les  because of t h e  l i n e - o f - s i g h t  l i m i t a t i o n  of t h e  
t r a n s m i s s i o n s .  

Eventual  broad a i r s p a c e  d a t a  l i n k  coverage  

5 . 1 . 4  The replacement  and upgrading of e x i s t i n g  SSR ground s t a t i o n s  by 
Mode S w i l l  i n c r e a s e  d a t a  l i n k  coverage a t  en-route a l t i t u d e s  i n  many p a r t s  of 
t h e  world a s  w e l l  a s  d a t a  l i n k  coverage t o  low l e v e l  i n  many t e r m i n a l  a r e a s .  

5 . 2  INHERENT ASSOCIATION WITH SURVEILLANCE INFORMATION 

Communication based on s u r v e i l l a n c e  d e t e c t i o n  

5 . 2 . 1  The Mode S d a t a  l i n k  i s  w e l l  matched t o  t h e  requ i rements  of an  ATC 
system. The Mode S s u r v e i l l a n c e  system knows no t  on ly  where t h e  a i r c r a f t  a r e ,  
but  a l s o  how t o  a d d r e s s  messages t o  them. The Mode S a d d r e s s  used f o r  
s u r v e i l l a n c e  a l s o  s e r v e s  a s  t h e  communication address .  It is  a l s o  p o s s i b l e  t o  
d i r e c t l y  a s s o c i a t e  t h e  Mode S a d d r e s s  wi th  t h e  a i r c r a f t  i d e n t i f i c a t i o n  ( s e e  
6 . 2 . 3  below). A number of a p p l i c a t i o n s  r e q u i r e  both s u r v e i l l a n c e  and d a t a  l i n k  
a v a i l a b i l i t y .  
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5.2.2 For example, i t  would be p o s s i b l e  t o  i n d i c a t e  a u t o m a t i c a l l y  t o  an 
a i r c r a f t  t h a t  i t  is  s t r a y i n g  i n t o  r e s t r i c t e d  a i r s p a c e  i f  t h a t  a i r c r a f t  is  under 
Mode S  s u r v e i l l a n c e  and r e p o r t s  a  Mode S  d a t a  l i n k  c a p a b i l i t y .  The Mode S d a t a  
l i n k  w i l l  p rovide  an  open channel  t o  any a i r c r a f t  wi th  Mode S d a t a  l i n k  
c a p a b i l i t y  t h a t  i s  wi th in  s u r v e i l l a n c e  cover .  

Simul taneous  coverage 

5.2.3 I n  d a t a  communications systems, mobile t e r m i n a l s  f r e q u e n t l y  move i n  
and out of a r e a s  of coverage.  A major problem with  such systems i s  t h a t  of 
monitoring and upda t ing  t h e  coverage s t a t u s  of t h e  i n d i v i d u a l  mobile s t a t i o n s .  
The Mode S  d a t a  l i n k  has a  d i s t i n c t  advantage over conven t iona l  mobile d a t a  l i n k  
systems i n  t h i s  r e s p e c t .  Mode S  d a t a  l i n k  coverage c o i n c i d e s  e x a c t l y  w i t h  
s u r v e i l l a n c e  coverage.  When s u r v e i l l a n c e  is  o p e r a t i o n a l ,  t h e  d a t a  l i n k  i s  a l s o  
a u t o m a t i c a l l y  e s t a b l i s h e d .  When t h e  l i n k  i s  used f o r  ATC communications, i t s  
coverage c o i n c i d e s  e x a c t l y  wi th  t h e  a i r s p a c e  of concern t o  t h e  ATC system and 
t h e  c o n t r o l l e r .  I n  a d d i t i o n ,  t h e  ATS of each S t a t e  normally has c o n t r o l  over  
t h e  Mode S  l i n k .  There i s  no c o n t e n t i o n  f o r  channe l s  o r  f o r  p r i o r i t i e s .  
Message d e l i v e r y  p r i o r i t i e s  can always be s e t  t o  match t h e  ATC p r i o r i t i e s  of 
s a f e t y  and e f f i c i e n c y  of t r a f f i c  f low. The l i n k  is  always assured  t o  be 
a v a i l a b l e  when it  is needed. 

5 ,3  DATA LINK INTEGRITY 

GenebaP c o n s i d e r a t i o n s  

5.3.1 Many a s p e c t s  of t h e  t o t a l  Mode S  des ign  c o n t r i b u t e  t o  t h e  i n t e g r i t y  
of i t s  d a t a  l i n k .  These range from d e t a i l s  of t h e  p r o t o c o l s  t o  t h e  broad 
f e a t u r e s  of system design.  

Nessage p r o t e c t i o n  

5.3,2 The Mode S air-ground l i n k  is  designed wi th  a  h igh degree  of 
i n t e g r i t y  t o  suppor t  i t s  necessa ry  s u r v e i l l a n c e  f u n c t i o n s .  The modulation 
t echn iques  used on t h e  up l ink  and downlink provide r e s i s t a n c e  t o  i n t e r f e r e n c e  
and mul t ipa th .  I n  a d d i t i o n ,  c y c l i c  redundancy check codes a r e  used on both t h e  
u p l i n k  and t h e  downlink t o  a c h i e v e  unde tec ted  e r r o r  p r o b a b i l i t i e s  of l e s s  t h a n  
one i n  lo7 112-bit messages between t h e  Mode S  ground s t a t i o n  and t h e  
t r ansponder ,  The coding is  a l s o  des igned t o  a l low l i m i t e d  e r r o r  c o r r e c t i o n  on 
t h e  down1 ink.  

5.3.3 The t ransponder  s t a n d a r d s  r e q u i r e  an i n t e r f a c e  of t h e  same o r d e r  of 
r e l i a b i l i t y  between t h e  t r ansponder  and i t s  a s s o c i a t e d  d a t a  l i n k  p r o c e s s i n g  
equipment. Thus, t h e r e  i s  a  high degree  of message p r o t e c t i o n  i n h e r e n t  i n  t h e  
Mode S air-ground l i n k .  Th is  d a t a  d e l i v e r y  i n t e g r i t y  can be e x p l o i t e d  t o  
provide a  h igh ly  r e l i a b l e  communication channel  f o r  those  communication 
a p p l i c a t i o n s  t h a t  r e q u i r e  extreme r e l i a b i l i t y  ( f o r  i n s t a n c e ,  t o  a l low c r i t i c a l  
a i r c r a f t  manoeuvres t o  be made on t h e  b a s i s  of a  s i n g l e  t r a n s m i s s i o n  from t h e  
ground ). 
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I n t e g r i t y  of t h e  Mode S r ad io  frequency communication l i n k  

Line-of-sight coverage 

5.3.4 The l ine-of -s ight  l i m i t a t i o n  t h a t  c o n s t r a i n s  the  coverage a rea  of a 
Mode S ground s t a t i o n  enhances the  i n t e g r i t y  of the  Mode S d a t a  l i n k  f o r  t he  
reasons t h a t  follow: 

a )  Since complete coverage of a S t a t e ' s  a i r s p a c e  t y p i c a l l y  r e s u l t s  
i n  mu l t ip l e  Mode S ground s t a t i o n s  with cons ide rab le  overlapping 
coverage, t he  l o s s  of a s i n g l e  ground s t a t i o n  due t o  f a i l u r e  o r  
channel i n t e r f e r e n c e  would d i s r u p t  a t  most a small  f r a c t i o n  of 
the a i r space .  

b) An i n t e r f e r e n c e  source on the ground would be v i s i b l e  t o  only a 
small  number ( t y p i c a l l y  one or  two) of t he  ground s t a t i o n s  - i n  a 
region. Other ground s t a t i o n s  would be unaf fec ted  because of 
l ine-of-s ight  screening.  

Narrow antenna beam 

5.3.5 The use of a narrow-beam antenna by the  Mode S ground s t a t i o n  
reduces the  s e n s i t i v i t y  of the ground s t a t i o n  r ece ive r  t o  a c c i d e n t a l  o r  
i n t e n t i o n a l  jamming. Unless i t  i s  i n  the s ide lobes  of t h e  antenna,  an a i rbo rne  
in t e r f e rence  source w i l l  t y p i c a l l y  a f f e c t  an azimuth s e c t o r  of one beam width, 
t y p i c a l l y  l e s s  than one hundredth of the t o t a l  coverage a r e a  of a ground 
s t a t i o n .  An i n t e r f e r e n c e  source i n  t he  antenna s ide lobe  would prevent ground 
s t a t i o n  operat ion.  However, a s i n g l e  i n t e r f e rence  source i s  un l ike ly  t o  be i n  
the  s ide lobes  of more than one ground s t a t i o n .  Thus, t h e  impact of a s i n g l e  
i n t e r f e rence  source would be modest i n  a mult isensor  environment wi th  
overlapping ground s t a t i o n  coverage. 

High e f f e c t i v e  r a d i a t e d  power 

5.3.6 The i n t e g r a t i o n  of a da ta  l i n k  i n t o  the  Mode S s u r v e i l l a n c e  func t ion  
provides a measure of communications i n t e g r i t y  on the  ground-to-air l i nk .  SSR 
i n t e r roga t ions  a r e  t r ansmi t t ed  a t  r e l a t i v e l y  high e f f e c t i v e  r a d i a t e d  power 
( i . e .  the cornsination of t r a n s m i t t e r  power and antenna ga in) .  An i n t e r f e r e n c e  
source would t h e r e f o r e  have t o  opera te  a t  an equ iva l en t ly  high power l e v e l  t o  
i n t e r r u p t  the  ground-to-air l i nk .  

P ro t ec t ion  a g a i n s t  i n t e n t i o n a l  jamming 

5.3.7 The problem of i n t e n t i o n a l  jamming of c i v i l  r a d i o  frequency (KF)  
comnunications systems {nust be considered when developing a d a t a  l i n k  f o r  
t r ansmi t t i ng  c r i t i c a l  ATS messages. Because c i v i l  da ta  l i n k  t e rmina l s  w i l l  be 
i n t e r n a t i o n a l l y  s tandard ized  and commercially a v a i l a b l e ,  it would not  be 
d i f f i c u l t  f o r  h o s t i l e  p a r t i e s  t o  ob ta in  the equipment needed t o  produce s i g n a l s  
acceptable  t o  t h e i r  r e c e i v e r s  and processing c i r c u i t r y .  Furthermore, by the  
s t ra ight forward  use of a d i r e c t i o n a l  antenna, a jarniner could inc rease  the peak 
power of the unwanted r ecep t ions  r e l a t i v e  t o  des i r ed  recept ions .  By modifying 
commercially a v a i l a b l e  equipment t o  opera te  a t  higher  r e p e t i t i o n  r a t e s ,  
communication loads equiva len t  t o  excess ive ly  l a r g e  numbers of l e g i t i m a t e  u se r s  
could be generated. 
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5.3.8 The use  of r o b u s t  coding t echn iques  and spread-spectrum s i g n a l s  does 
provide some r e s i s t a n c e  t o  a c c i d e n t a l  i n t e r f e r e n c e ,  but t h e s e  t echn iques  cannot  
prevent  i n t e n t i o n a l  jamming of a  c i v i l  system whose s i g n a l  s t r u c t u r e  i s  
i n t e r n a t i o n a l l y  s t a n d a r d i z e d  and openly a v a i l a b l e  f o r  commercial implementation.  
Thus, t h e  d i s t r i b u t e d  n a t u r e  of t h e  idode S RF l i n k ,  i t s  narrow antenna beams, 
and i t s  h igh  e f f e c t i v e  r a d i a t e d  power p rov ide  a  degree  of immunity t o  such 
i n t e n t i o n a l  i n t e r f e r e n c e  t h a t  i s  unique among those  KF l i n k s  t h a t  a r e  c a p a b l e  of 
hand l ing  ATS message t r a n s m i s s i o n s .  



CHAPTER 6 

POTENTIAL DATA LINK APPLICATIONS 

6.1 INTRODUCTION 

6.1.1 Requirements f o r  an  a i r -ground d a t a  l i n k  have been d i s c u s s e d  i n  
Chapter 1 and c o n s i d e r a t i o n s  on i t s  implementation p r e s e n t e d  i n  Chapters  2 t o  5 .  
This  c h a p t e r ' s  aim i s  t o  i l l u s t r a t e  how t h e  i n t r o d u c t i o n  of t h e  Mode S  d a t a  l i n k  
could  b e n e f i t  ATS e f f i c i e n c y  and/or  s a f e t y .  

6.1.2 S e c t i o n  6.2 d e s c r i b e s  some p o t e n t i a l  Mode S  d a t a  l i n k  a p p l i c a t i o n s  
which can be p r o g r e s s i v e l y  implemented w i t h  m o d i f i c a t i o n s  t o  c u r r e n t  ATS sys tems  
and a r e  a n t i c i p a t e d  t o  y i e l d  i n i t i a l  b e n e f i t s  i n  a mixed d a t a  l i n k  environment.  
Looking f u r t h e r  i n t o  t h e  f u t u r e ,  S e c t i o n  6.3 i n d i c a t e s  how t h e  i n t r o d u c t i o n  of 
advanced ATS systems,  which w i l l  be needed i n  c e r t a i n  a r e a s  a s  d i s c u s s e d  :.I 

Chapter 1, is a n t i c i p a t e d  t o  be dependent on t h e  a v a i l a b i l i t y  of d a t a  Pink i n  
t h e s e  a reas .  

6.2 INITIAL ATS APPLICATIONS 

S u r v e i l l a n c e  enhancement 

6.2.1 The i n c o r p o r a t i o n  of t h e  Mode S  d a t a  l i n k  i n t o  a r a d a r  d a t a  
p rocess ing  system makes it p o s s i b l e  t o  enhance t h e  t r a f f i c  s u r v e i l l a n c e  
in format ion  p r e s e n t e d  t o  c o n t r o l l e r s .  I n i t i a l  b e n e f i t s  would a c c r u e  from t h e  
t r a n s f e r  t o  t h e  ground of e r r o r - p r o t e c t e d  a i r c r a f t  i n f o r m a t i o n  such as 
i d e n t i f i c a t i o n ,  a l t i t u d e ,  s t a t u s  and s e l e c t e d  t r a j e c t o r y  p a r a m e t e r s ,  

A i r c r a f t  i d e n t i f i c a t i o n  

6.2.2 O p e r a t i o n a l  i d e n t i f i c a t i o n  of a i r c r a f t  i s  c u r r e n t l y  performed by t h e  
assignment of r e u s a b l e  d i s e ~ @ t @  Mode A codes ,  The number of d i f f e r e n t  codes 
provided by t h e  e x i s t i n g  SSR system i s  l i m i t e d  t o  4 U96. Two d i s a d v a n t a g e s  
r e s u l t  from t h i s  method of i d e n t i f i c a t i o n :  

a )  a s e p a r a t e  c o r r e l a t i o n  must be made between t h e  Mode A code 
a s s o c i a t e d  wi th  t h e  s u r v e i l l a n c e  p l o t  and t h e  c a l l  s i g n  a s  
i n d i c a t e d  i n  t h e  f l i g h t  p l a n ;  and 

b)  ass ignment  of unambiguous Mode A codes  i s  l i m i t e d  t o  t h o s e  
f l i g h t s  f o r  which t h e  RTF c o n t a c t  w i t h  ATC c o n t r o l  u n i t s  has 
been e s t a b l i s h e d ,  

Furthermore,  t h e r e  a r e  a r e a s  of t h e  world where more t h a n  t h e  a v a i l a b l e  number 
of d i f f e r e n t  Mode A codes a r e  r e q u i r e d  t o  cope w i t h  o p e r a t i o n a l  needs.  

6.2.3 With Mode S  d a t a  l i n k  it i s  p o s s i b l e  t o  r e p o r t  d i r e c t l y  t h e  a i r c r a f t  
i d e n t i f i c a t i o n  a s  used i n  I tem 7 of t h e  ICAO f l i g h t  plan.  When no f l i g h t  p l a n  
i s  f i l e d ,  t h e  a i r c r a f t  r e g i s t r a t i o n  i s  r e p o r t e d .  Any ambigu i ty  as t o  t h e  
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r a d a r  i d e n t i f i c a t i o n  of an  a i r c r a f t  through a  Llode A i d e n t i t y  code i s  t h u s  
removed. The r e p o r t e d  a i r c r a f t  i d e n t i f i c a t i o n  can be e i t h e r :  

a )  f i x e d  f o r  a i r c r a f t  t h a t  normally use  t h e i r  r e g i s t r a t i o n  a s  t h e  
c a l l  s i g n ;  o r  

, b )  set by t h e  p i l o t  f o r  a i r c r a f t  t h a t  normally use a  f l i g h t  number 
(e.g. ABC 123) .  

Standards  f o r  t h i s  a p p l i c a t i o n  a r e  c o n t a i n e d  i n  t h e  Mode S  SARPs. 

A i r c r a f t  a l t i t u d e  

6 . 2 . 4  The a l t i t u d e  code s t r u c t u r e  employed i n  Mode S  s u r v e i l l a n c e  r e p l i e s  
p rov ides  t h e  c a p a b i l i t y  f o r  r e p o r t i n g  a l t i t u d e  i n  25 f t  increments.  Fur the r -  
more, because of t h e  e r r o r  p r o t e c t i o n  employed, only  one v a l i d  r e p l y  is  r e q u i r e d  
f o r  an  a l t i t u d e  r e p o r t .  When a i r c r a f t  possess  s u i t a b l e  sources  of d i g i t a l  d a t a ,  
t h e  l i n k  can be used t o  provide an a l t e r n a t i v e  a l t i t u d e  r e p o r t  on demand f o r  
conf i rmatory  purposes.  

A i r c r a f t  s t a t u s  

6.2.5 Mode S  d a t a  l i n k  e n a b l e s  a i r c r a f t  t o  r e p o r t  whether they a r e  on 
t h e  ground o r  a i rborne .  Such in format ion  can be u s e f u l  f o r  r a d a r  d a t a  
p rocess ing ,  automat ie  a s s o c i a t i o n  of f l i g h t  p lan  and r a d a r  d a t a ,  a s  w e l l  a s  ACAS 
s u r v e i l l a n c e  process ing.  

6 , 2 , 6  I n  some ATC systems r a d a r  t r a c k e r s  a r e  used t o  p r e d i c t  t h e  f u t u r e  
p o s i t i o n  of a i r c r a f t  f o r  t h e  purpose of au tomat ic  c o n f l i c t  d e t e c t i o n  and o t h e r  
f u n c t i o n s ,  The performance of t h e s e  f u n c t i o n s  can be enhanced by t h e  
downlinking of sueh in format ion  a s  heading and r o l l  a n g l e  which a l lows  e a r l y  
d e t e c t i o n  of a i r c r a f t  manoeuvres. 

6,2,7 Various l i m i t a t i o n s  exper ienced  i n  vo ice  c o n t a c t s  such a s  language 
d i f f i c u l t i e s ,  poor phraseology,  m i s i n t e r p r e t a t i o n  o r  c o r r u p t i o n  of messages, o r  
Baek of proper  acknowledgement ean  s e r i o u s l y  impair  t h e  e f f i c i e n c y  of ATC 
e ~ m m u w i c a t i o n s ~  The Mode S d a t a  l i n k  used i n  c o n j u n c t i o n  w i t h  a s u i t a b l e  
man-machine i n t e r f a c e  may enab le :  

a )  p r e - n o t i f i c a t i o n  of ATC i n t e n t i o n s ;  and /or  

b)  conf i rmat ion  of .ATC messages t o  be t r a n s m i t t e d  t o  a i r c r a f t  w i t h  
high i n t e g r i t y .  

6.2.8 I n  t h e ' e v e n t  of KTF f a i l u r e ,  s i m u l a t i o n  has shown t h a t  t h e  d a t a  l i n k  
p rov ides  an e f f e c t i v e  a l t e r n a t i v e  channel  of communication. The s i m u l a t i o n  a l s o  
demonstrated t h a t  t h e  d i s r u p t i o n  of t h e  t r a f f i c  flow u s u a l l y  a s s o c i a t e d  wi th  KTF 
f a i l u r e s  is  reduced. 
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F l i g h t  in fo rmat ion  

Overview 

6.2.9 ATS a u t h o r i t i e s  are r e q u i r e d  t o  p rov ide  a  f l i g h t  i n f o r m a t i o n  
s e r v i c e .  T h i s  s e r v i c e  b a s i c a l l y  i n c l u d e s  t h e  d i s s e m i n a t i o n  of e s s e n t i a l  weather  
and t r a f f i c  in fo rmat ion .  I n  a d d i t i o n ,  in fo rmat ion  is  prov ided  t o  p i l o t s  on a  
r e q u e s t l r e p l y  b a s i s  o r  a t  t h e  c o n t r o l l e r ' s  d i s c r e t i o n .  

6 . 2 . 1 0  The d a t a  l i n k  can be used t o  improve and f a c i l i t a t e  t h e  r e l a t e d  
message exchange. T h i s  cou ld  r e s u l t  in: 

a )  reduced KTF occupancy t imes;  

b)  reduced r e q u e s t l r e s p o n s e  times; 

c )  reduced c o n . t r o l l e r  workload; 

d )  more t i m e l y  d i s s e m i n a t i o n  of r e l e v a n t  i n f o r m a t i o n  t o  i n d i v i d u a l  
p i l o t s ;  and 

e )  e v e n t u a l l y ,  a  more comprehensive s e r v i c e  t h a n  even t h e  most 
exper ienced  c o n t r o l l e r s  cou ld  provide.  

Weather i n f o r m a t i o n  

6 . 2 . 1 1  The d a t a  l i n k  e n a b l e s  improvements t o  be made i n  t h e  p r o v i s i o n  of 
ATS m e t e o r o l o g i c a l  s e r v i c e s  i n  t h r e e  p r i n c i p a l  ways. The f i r s t  of t h e s e  i s  t o  
g i v e  t h e  p i l o t  d i r e c t  a c c e s s  t o  meteoro log ica l  d a t a  from ground-based d a t a  
bases.  The i n f o r m a t i o n  a v a i l a b l e  could  i n c l u d e  s u r f a c e  o b s e r v a t i o n s ,  t e r m i n a l  
f o r e c a s t s ,  winds -a lo f t  r e p o r t s ,  and r a d a r  p r e c i p i t a t i o n  summaries, i n  each  c a s e  
f o r  l o c a t i o n s  d e s i g n a t e d  i n  t h e  p i l o t ' s  r e q u e s t .  Ground wea ther  r a d a r  summaries 
can be p resen ted  f o r  d i s p l a y  i n  e i t h e r  alphanumeric o r  g r a p h i c  fo rmats .  

6 . 2 . 1 2  The second improvement stems from t h e  use of wea ther  r a d a r s  t h a t  a r e  
c u r r e n t l y  being implemented i n  some S t a t e s  f o r  t h e  purpose  of a u t o m a t i c a l l y  
d e t e c t i n g  t h e  p resence  of c o n d i t i o n s  which a r e  hazardous  t o  a v i a t i o n .  For 
maximum improvement i n  a i r  s a f e t y ,  warnings of such c o n d i t i o n s  must be s e n t  t o  
a f f e c t e d  a i r c r a f t  i n  a  t i m e l y  manner. Using t h e  Mode S d a t a  l i n k ,  t h e s e  
warnings can be q u i c k l y  d e l i v e r e d  t o  j u s t  t h o s e  a i r c r a f t  de te rmined ,  by Mode S 
s u r v e i l l a n c e  d a t a ,  t o  be i n  a hazardous  reg ion .  

6 . 2 . 1 3  The t h i r d  improvement a r i s e s  from t h e  use of t h e  l i n k  t o  t r a n s f e r  t o  
t h e  ground, e i t h e r  on r e q u e s t  o r  on a  r e g u l a r  b a s i s ,  measurements made on t h e  
a i r c r a f t  of t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  r e l a t i n g  t o  t h e  a i r  mass th rough  which 
i t  is  f l y i n g ,  e.g. wind-vector and temperature .  With i n c r e a s i n g  importance 
being placed on t h e  use of f l i g h t  p a t h  p r e d i c t i o n  t e c h n i q u e s ,  bo th  i n  automated 
ATC systems and i n  t h e  a i r ,  improvements i n  t h e  q u a l i t y  of t h e  a v a i l a b l e  wind 
and t empera tu re  d a t a  w i l l  be necessa ry  b e f o r e  t h e s e  sys tems can be e x p l o i t e d  
most e f f e c t i v e l y .  It has  been e s t a b l i s h e d  t h a t  t h e  equipment c a r r i e d  on board 
many of t o d a y ' s  commercial a i r c r a f t  i s  capab le  of a c c u r a t e l y  measur ing 
wind-vector and a i r  t empera tu re ;  fu r the rmore ,  when t h e s e  measurements a r e  
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t r a n s f e r r e d  froin t h e  a i r c r a f t  v i a  t h e  Plode S  l i n k ,  improvements can be o b t a i n e d  
i n  t h e  q u a l i t y  of meteoro log ica l  d a t a  f o r  ATS use. I t  is be l i eved  t h a t  d a t a  
w i l l  only  be r e q u i r e d  from about  15 per c e n t  of a i r  t r a f f i c .  

6.2,14 A l l  of t h e  a p p l i c a t i o n s  d i s c u s s e d  above caw be in t roduced  on an 
e v o l u t i o n a r y  b a s i s  a s  ground f a c i l i t i e s  a r e  upgraded and more a i r c r a f t  a r e  
provided wi th  Mode S  d a t a  l i n k  c a p a b i l i t y .  

A e r o n a u t i c a l  i n f o r m a t i o n  

6.2,15 Aeronau t ica l  i n f o r m a t i o n  may be provided t o  p i l o t s  on r e q u e s t ,  and 
could  i n c l u d e  i n £  ormat i o n  such a s  t h a t  con ta ined  i n  au tomat ic  t e r m i n a l  
in fo rmat ion  s e r v i c e  (ATIS) b r o a d c a s t s ,  in fo rmat ion  on changes i n  t h e  
s e r v i c e a b i l i t y  of n a v i g a t i o n  a i d s  and in format ion  on a i r s p a c e  c l a s s  and 
r e s t r i c t i o n s .  

T r a f f i c  in fo rmat ion  

6,2.16 Curren t ly ,  t r a f f i c  i n f o r m a t i o n  can  on ly  be given t o  a i r c r a f t  when 
e o n t r o l l e r  workload permits .  Based on a c c u r a t e  s u r v e i l l a n c e  d a t a ,  t r a f f i c  
in fo rmat ion  can be compiled and s e n t  a u t o m a t i c a l l y  v i a  d a t a  l i n k  t o  a i r c r a f t ,  
T h i s  in fo rmat ion  could  a i d  t h e  p i l o t  i n  t i m e l y  v i s u a l  a c q u i s i t i o n  of c o n f l i c t i n g  
a i r c r a f t ,  and would thus  enhance f l i g h t  s a f e t y  in VFR/VFR and IPK/VFR e n c o u n t e r s  
wi thout  i n c r e a s i n g  c o n t r o l l e r  workload, 

Airspace in format ion  - 

6,2,17 Airspace in format ion  t r a n s m i t t e d  v i a  t h e  d a t a  l i n k  may i n c l u d e  
minimum s a f e  a l t i t u d e  warnings and a i r s p e e d  r e s t r i c t i o n s .  I t  could  be expanded 
t o  provide a u t o m a t i c a l l y  warnings t o  p i l o t s  a g a i n s t  p r e d i c t e d  i n c u r s i o n s  i n t o  
c o n t r o l  zones and o t h e r  r e s t r i c t e d  a r e a s  wi thou t  proper  c l e a r a n c e s .  These 
warnings c o n t r i b u t e  t o  s a f e t y ,  because many a i r  misses o r  even c o l l i s i o n s  
involve VFR-aircraft  t h a t  v i o l a t e  such r e s t r i c t e d  a i r  space.  

N a v i g a t i o n a l  in fo rmat ion  

6,2,18 Modern r a d a r  d a t a  p rocess ing  systems may be regarded a s  dynamic d a t a  
bases  i n  which p r e s e n t  and p r e d i c t e d  a i r c r a f t  p o s i t i o n s  a s  w e l l  a s  r e l a t e d  d a t a  
a r e  s t o r e d ,  Naviga t iona l  in fo rmat ion  could  be d e r i v e d  from t h e s e  d a t a  and 
r e p o r t e d  t o  an a i r c r a f t  v i a  t h e  d a t a  l i n k  on p i l o t  r eques t .  According t o  t h e  
r e q u e s t ,  t h e  r e p o r t e d  in format ion  may comprise p o s i t i o n ,  p o s i t i o n  r e l a t i v e  t o  a  
s p e c i f i e d  f i x ,  o r  ground speed and heading da ta .  

6 . 3 . 1  I n  some a r e a s  of t h e  world, ATC i s  o p e r a t i n g  n e a r  maxinum capacity. 
It may be expected t h a t  a i r  t r a f f i c  o p e r a t i o n s  w i l l  i n c r e a s e  even more over  t h e  
nex t  decades. The, i n t r o d u c t i o n  of d a t a  l i n k  a l lows  t h e  d i r e c t  a i r -ground 
machine-machine communication which w i l l  enhance f u i t l l e r  ATC automat ion,  and 
which is e s s e n t i a l  t o  i n c r e a s e  c a p a c i t y  and p r o d u c t i v i t y .  
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6.3.2 During the  i n i t i a l  t r a n s i t i o n  phase, the  f u l l  b e n e f i t  of automation 
may not be achieved before a l l  a i r c r a f t  a r e  equipped with the  app ropr i a t e  
avionics .  Such automation should be designed so . tha t  con t roP le r  workload is no t  
increased i n  a  mixed da t a  l i n k  envi  roument, 

6.3.3 Further  automation of ATS, which w i l l  be needed i n  some a r e a s ,  i s  
an t i c ipa t ed  t o  depend on da ta  l i n k  a v a i l a b i l i t y ,  i n  t he  same way t h a t  present  
systems a r e  dependent on Mode A / C  f o r  easy a i r c r a f t  i d e n t i f i c a t i o n  and automatic 
f l i g h t  plan c o r r e l a t i o n .  Such automation i s  l i k e l y  t o  take p lace  i n  an 
evolu t ionary  way. I n  t he  e a r l y  s t ages ,  the  automated ATS system could provide 
a d d i t i o n a l  information t o  a s s i s t  the c o n t r o l l e r  i n  c o n f l i c t  p r e d i c t i o n  and 
prevent ion,  f o r  example. This  information could be derived from a i r c r a f t  
downlinked da ta ,  such a s  next  waypoint and est imated times over,  without  
increased c o n t r o l l e r  workload. Conversely, a i r c r a f t  crews could r ece ive  
automatic c learance  confirmations,  when they a r e  a l ready  input  by c o n t r o l l e r s ,  
and p re -no t i f i ca t ions  such a s  f o r  t he  next  KTF frequency. 

6.3.4 In l a t e r  s t ages  t he  ATS system may evolve such t h a t  advice  t o  manage 
a i r  t r a f f i c  w i l l  be generated automatical ly .  Such information may be approved 
by the  c o n t r o l l e r  before  an appropr ia te  i n s t r u c t i o n  is t r a n s f e r r e d  by da t a  
l i nk .  I n  add i t i on ,  automatic  da ta  interchange may take  p lace  between f l i g h t  
management systems and the  ATC system i n  o rde r  t o  e x p l o i t  advanced three-and 
four-dimensional nav iga t iona l  c a p a b i l i t y  a s  a  means of e s t a b l i s h i n g  
c o n f l i c t - f r e e  t r a j e c t o r y  planning. The Mode S data  l i n k  w i l l  be an e s s e n t i a l  
t ransmission medium with adequate capac i ty  and robustness  f o r  c r i t i c a l  
app l i ca t ions  t o  provide the  r e l evan t  aut,omated func t ions  i n  t he  ATC systems and 
a l s o  t o  exchange information between the f l i g h t  management system (FMS) and the  
ATC system. 
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APPENDIX 1 

GLOSSARY OF TERMS AND ABBREVIATIONS 

ACARS. A i r c r a f t  communications a d d r e s s i n g  and r e p o r t i n g  system. An 
air-ground d i g i t a l  d a t a  l i n k  o r i g i n a t e d  by A e r o n a u t i c a l  Radio,  Inc .  (AKINC) and 
o p e r a t e d  by a i r  c a r r i e r s  and o t h e r s  f o r  t h e  d e l i v e r y  of company and weather  
d a t a .  

AIRCOM. An ACARS-compatible a i r -ground VHF d i g i t a l  d a t a  l i n k  o p e r a t e d  by 
SITA ( S o c i 6 t 6  i n t e r n a t i o n a l e  de t616comrnunications a g r o n a u t i q u e s ) .  

Aircraft ident i f icat ion.  A group of l e t t e r s ,  f i g u r e s  o r  a  combinat ion 
the reof  which is e i t h e r  i d e n t i c a l  t o ,  o r  t h e  coded e q u i v a l e n t  o f ,  t h e  a i r c r a f t  
c a l l  s i g n  t o  be used i n  a i r -ground communications, and which is  used t o  i d e n t i f y  
t h e  a i r c r a f t  i n  ground-ground a i r  t r a f f i c  s e r v i c e s  communications. 

Comm-A. A term r e f e r r i n g  t o  s t andard- leng th  u p l i n k  communications. 

Comm-A interrogation. A 112-bit  Mode S i n t e r r o g a t i o n  c o n t a i n i n g  t h e  
56-bi t  Comm-A message f i e l d  (MA). 

Comm-A protocol. A procedure  i n i t i a t e d  by a  Mode S ground s t a t i o n  f o r  
d e l i v e r i n g  a  Comm-A message t o  an  a i r c r a f t .  

Comm-B. A term r e f e r r i n g  t o  s t andard- leng th  downlink communfcations. 

Air-initiated Comm-B protocol. A procedure  i n i t i a t e d  by a Mode S 
a i r c r a f t  i n s t a l l a t i o n  f o r  d e l i v e r i n g  a  Comm-B message t o  t h e  ground. 

Comm-B broadcast message protocol. A procedure  t o  d e l i v e r  a  Comm-B 
message t h a t  cannot  be c l o s e d  o u t  by any Mode S ground s t a t i o n  and t h e r e f o r e  may 
be e x t r a c t e d  by more t h a n  one Mode S ground s t a t i o n .  

Comm-B reply. A 112-bit  Mode S r e p l y  c o n t a i n i n g  t h e  56-b i t  Comm-B 
message f i e l d  (MB ). 

Ground-initiated Comm-B protocol. A procedure  i n i t i a t e d  by a  Mode S 
ground s t a t i o n  f o r  e l i c i t i n g  a  Comm-B message from a  Mode S a i r c r a f t  
i n s t a l l a t i o n .  

Comm-C interrogation. A 112-bit  i n t e r r o g a t i o n  c o n t a i n i n g  t h e  8 0 - b i t  
Comm-C message f i e l d  (MC). (See Extended-length message. ) 

Comm-D reply. A 112-bit  r e p l y  c o n t a i n i n g  t h e  80-b i t  Comm-D message f i e l d  
( M D ) .  (See Extended-length message. ) 

Component. A s tandard- leng th  o r  extended- length  message used a s  p a r t  of a  
l i n k e d  message. 
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Connection-oriented service. The process  of air-ground d i g i t a l  
communications i n  which t h e  d e f i n i t i o n  of message c o n t r o l  i s  e s t a b l i s h e d  p r i o r  
t o  pass ing  messages, a s  i n  a  te lephone dial-up.  

Connectionless service. The process  of air-ground d i g i t a l  communications 
i n  which t h e  d e f i n i t i o n  of message c o n t r o l  i s  con ta ined  w i t h i n  t h e  header  of t h e  
message, a s  i n  a  telegram. 

Control header. In format ion  included i n  a  message t h a t  is  r e q u i r e d :  

a )  t o  c o n t r o l  t h e  f low of messages through a  communication system; and 

b) t o  e n s u r e  c o r r e c t  i n t e r p r e t a t i o n  and p r e s e n t a t i o n  of rece ived  message d a t a  
by t h e  end-user. 

Downlink. Assoc ia ted  wi th  s i g n a l s  t r a n s m i t t e d  on t h e  1 090 MHz r e p l y  
f requency channel .  

End-user. An a p p l i c a t i o n  p rocess  t h a t  i s  e i t h e r  an o r i g i n a t o r  ( s o u r c e )  o r  
r e c i p i e n t  ( s i n k )  of a  message. 

Extended-length communication protocol. A procedure  t o  exchange d i g i t a l  
d a t a  us ing extended- length  messages. 

Extended-length message (ELM). A s e r i e s  of Comm-C i n t e r r o g a t i o n s  ( u p l i n k  
ELM) t r a n s m i t t e d  wi thout  t h e  requirement  f o r  i n t e r v e n i n g  r e p l i e s ,  o r  a  s e r i e s  of 
Comm-D r e p l i e s  (downlink EM) t r a n s m i t t e d  wi thou t  i n t e r v e n i n g  i n t e r r o g a t i o n s .  

Field. A d e f i n e d  number of con t iguous  b i t s  i n  an  i n t e r r o g a t i o n  o r  r e p l y .  

Format. The arrangement of f i e l d s  w i t h i n  a  message. 

Gateway. The i n t e r f a c e  between two communication networks. 

Message. In format ion  which i s  passed by one o r  more d a t a  b locks  from one 
end-user t o  a n o t h e r  through t h e  d i f f e r e n t  subnetworks,  It i n c l u d e s  t h e  c o n t e n t s  
of one MA o r  MB f i e l d  o r  t h e  c o n t e n t s  of a  s e t  of l i n k e d  MA, MB, MC o r  MD f i e l d s  
( s e e  Comm-A i n t e r r o g a t i o n ,  Comm-B r e p l y ,  Comm-C i n t e r r o g a t i o n ,  Comm-D r e p l y ) .  

Message data. In format ion  included i n  a  message t h a t  i s  e v e n t u a l l y  
p resen ted  t o  i t s  r e c i p i e n t .  

Message field. A group of one o r  more b i t s  de f ined  f o r  a s p e c i f i c  purpose 
w i t h i n  a  Mode S message format.  I n  t h i s  c i r c u l a r  t h e  term "message f i e l d "  
normal ly  r e f e r s  t o  an  MA, MB, MC o r  MD f i e l d .  

Message format. A Mode S i n t e r r o g a t i o n  o r  r e p l y  d a t a  block c o n s i s t i n g  of 
e i t h e r  56 b i t s  ( s u r v e i l l a n c e  fo rmats )  o r  112 b i t s  ( s t andard- leng th  message, 
extended- length  message fo rmat ) .  
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Mode A/C transponder. A i r c r a f t  equipment which g e n e r a t e s  s p e c i f i e d  
responses  t o  Mode A ,  Mode C,  and intermode i n t e r r o g a t i o n s  but which does n o t  
r e p l y  t o  Mode S  i n t e r r o g a t i o n s .  

Mode S.  An enhanced mode of secondary s u r v e i l l a n c e  r a d a r  (SSR) t h a t  
pe rmi t s  t h e  s e l e c t i v e  i n t e r r o g a t i o n  of Mode S  t r a n s p o n d e r s ,  t h e  two-way exchange 
of d i g i t a l  d a t a  between Mode S  ground s t a t i o n s  and t r a n s p o n d e r s ,  and a l s o  t h e  
i n t e r r o g a t i o n  of Mode A / C  t r ansponders .  

Mode S address. One of t h e  16 777  215 of 24-bi t  numbers ( t h e  number 
c o n s i s t i n g  of twenty-four c o n s e c u t i v e  ZEROS is  exc luded)  a v a i l a b l e  f o r  
ass ignment  t o  Mode S-equipped a i r c r a f t  t o  p rov ide  i d e n t i f i c a t i o n  f o r  s e l e c t i v e  
i n t e r r o g a t i o n .  The all-ONES a d d r e s s  p rov ides  a c c e s s  t o  a l l  Mode S  t r a n s p o n d e r s  
and i s  used a s  t h e  a l l - c a l l  a d d r e s s  and t h e  Mode S  b roadcas t  address .  

Mode S data l ink .  A means of performing an  i n t e r c h a n g e  of d i g i t a l  d a t a  
through t h e  use  of Mode S  ground s t a t i o n s  and t r a n s p o n d e r s  i n  accordance wi th  
d e f i n e d  p r o t o c o l s .  

Mode S interrogations. I n t e r r o g a t i o n s  c o n s i s t i n g  of t h r e e  p u l s e s  (Pi ,  
P i i ,  and P i i i )  t h a t  convey in format ion  t o  and /or  e l i c i t  r e p l i e s  from 
Mode S  t ransponders .  Mode A/C  t r a n s p o n d e r s  do n o t  respond t o  Mode S  
i n t e r r o g a t i o n s  because  they  a r e  suppressed by t h e  P i - P i i  p u l s e  p a i r .  

Mode S ground stat ion.  Ground equipment t h a t  i n t e r r o g a t e s  Mode A / C  and 
Mode S  t r a n s p o n d e r s  us ing  intermode and Mode S  i n t e r r o g a t i o n s .  

Mode S transponder. A i r c r a f t  equipment t h a t  g e n e r a t e s  s p e c i f i e d  responses  
t o  Mode A, Mode C,  in termode,  and Mode S  i n t e r r o g a t i o n s .  

Modem. A d e v i c e  f o r  modulat ing and demodulating communications s i g n a l s  a t  
t h e  i n t e r f a c e  wi th  t h e  t r a n s m i s s i o n  medium. 

Network. A communication system t h a t  c o n s i s t s  of m u l t i p l e  nodes and 
n e c e s s a r i l y  c o n t a i n s  means of managing t h e  d a t a  t r a n s f e r  th rough  t h e  nodes.  

QSI reference model. The Open Systems I n t e r c o n n e c t i o n  communications 
system a r c h i t e c k u r e  d e f i n e d  by t h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  f o r  
S t a n d a r d i z a t i o n  ( IS0  ). (See Appendix 2  ). 

Packet. The b a s i c  u n i t  of d a t a  t r a n s f e r r e d  w i t h i n  a  subnetwork. 

Process. An a i r c r a f t  o r  ground use r  t h a t  i s  c a p a b l e  of g e n e r a t i n g  o r  
r e c e i v i n g  d a t a  l i n k  messages. 

Segment. An 80-b i t  MC o r  MD message f i e l d  which i s  p a r t  of an ELM. (See 
Extended- length  message.) 

Standard-length communication protocol. A procedure  t o  exchange d i g i t a l  
d a t a  u s i n g  Comm-A i n t e r r o g a t i o n s  and/or  Comm-B r e p l i e s .  (See Comm-A, Comm-B. ) 
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Subfield. A defined number of contiguous bits within a field of an 
interrogation or reply. (see Field. ) 

Surveillance interrogation. A  56-bit Mode S interrogation containing 
surveillance and communications control information. 

Surveillance reply. A 56-bit Mode S reply containing surveillance and 
communications control information, as well as the aircraft's identity code 
(Mode A )  or altitude code (Mode C). 

Uplink. Associated with signals transmitted on the 1 030 MHz 
interrogation frequency channel. 



APPENDIX 2 

B R I E F  OVERVIEW O F  THE OPEN SYSTEMS INTERCONNECTION (OSI), REFERENCE HODEL 

1 .  The OSI model 

General 

1 . 1 . 1  As its name indicates, the OSI concept is intended to permit 
dissimilar data communication systems to be interconnected so as to allow the 
faithful transfer of messages of arbitrary content without regard to the 
technical differences between the networks and the media through which the 
messages are transferred. 

1 . 1 . 2  The goal is achieved by structuring each of the interconnected data 
communication systems so that messages traverse a number of layers, each of 
which has a functional responsibility that is duplicated in counterpart layers 
in the connected system. In this way, technical differences between data 
transport systems can be accommodated by assuring that the functions of the 
layers are standardized even though their physical realizations are not. 

1 .2  Layered architecture 

1.2.1 The OSI reference model defines seven functional layers (physical, 
data link, network, transport, session, presentat i on and application) with 
responsibilities ranging from transfer of data on the physical (radio, wire, 
fibre, etc.) channel itself to support of the initial generation of messages by 
the sender or support of final processing of messages by the recipient. Each 
layer performs a well-defined operation and is defined so that information flow 
across the layer boundaries is minimized. 

Layer definition 

1 . 2 . 2  The physical layer controls the access to the transmission medium. 
The data link layer provides for the accurate transmission of bits between two 
end points. 

1 . 2 . 3  The network layer manages the various link connections in an 
efficient manner, performing such tasks as keeping track of routing decisions 
when multiple link connections are available and segmenting the data as 
necessary. Its functions are only related to intra-network tasks. It consists 
of three sub-layers : the subnetwork access facility (SNAcF) which is the 
interface to the data link layer; the subnetwork-independent convergence 
facility (SNICF) which provides the internetworking protocols and the interface 
to the transport layer; and the subnetwork-dependent convergence facility 
(SNDCF) which operates between the SNICF and the SNAcF, allowing a functionally 
identical SNICF for all connected subnetworks and a SNAcF which can vary from 
subnetwork to subnetwork. The SNDCF, as a consequence, need not exist in some 
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implementat ions ,  depending on t h e  s i m i l a r i t y  of t h e  subne tworks involved.  For 
convenience t h i s  d i v i s i o n  can be r e f e r e n c e d  a s  t h e  convergence p r o t o c o l s  ( t h e  
SNDCP and SNICP) and t h e  subnetwork p r o t o c o l s  ( t h e  SNAcP). 

1 . 2 . 4  The subnetwork p r o v i d e r  can implement t h e  convergence p r o t o c o l s  a s  
an i n t e g r a l  p a r t  of t h e  subnetwork p r o t o c o l s .  I n  t h i s  c a s e  only  one header  f o r  
t h e  network l a y e r  need be used. The o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  subnetwork 
f a c i l i t y  and t h e  convergence f a c i l i t y  a r e  implemented as two s e p a r a t e  e n t i t i e s .  
I n  t h i s  c a s e  each may have i t s  own header .  Genera l ly ,  when adding a n  
in te rne twork  f u n c t i o n  t o  an e x i s t i n g  subnetwork ( n o t  n e c e s s a r i l y  adher ing  t o  t h e  
OSI r e f e r e n c e  model) t h e  subnetwork f a c i l i t y  and t h e  convergence f a c i l i t y  ( t h e  
in te rne twork  f a c i l i t y )  would be two s e p a r a t e  e n t i t i e s .  

1.2.5 The t r a n s p o r t  l a y e r  a c t s  a s  an  i n t e r f a c e  between t h e  remaining upper  
l a y e r s  and t h e  lower l a y e r s ,  i . e .  t h e  network,  l i n k  and p h y s i c a l  l a y e r s .  I t  
s h i e l d s  t h e  upper l a y e r s  from t h e  network s p e c i f i c  o p e r a t i o n s  and p rov ides  a  
connexion between t h e  two end-users of t h e  communication system. 

1 . 2 . 6  The upper l a y e r s ,  s e s s i o n ,  p r e s e n t a t i o n ,  and a p p l i c a t i o n ,  a r e  n o t  
concerned wi th  t h e  method of t r a n s m i t t a l  of t h e  d a t a  while t h e  lower l a y e r s  a r e .  
The s e s s i o n  l a y e r ' s  f u n c t i o n  i s  t h a t  of e s t a b l i s h i n g  c o n t r o l  between t h e  two 
end-user e n t i t i e s .  The p r e s e n t a t i o n  l a y e r  c o n t a i n s  f u n c t i o n s  of g e n e r a l  use 
which suppor t  t h e  a p p l i c a t i o n  l a y e r ,  such a s  e n c r y p t i o n  o r  compression. The 
a p p l i c a t i o n  l a y e r  c o n t r o l s  a c c e s s  t o  t h e  lower l a y e r s  by t h e  u s e r  of t h e  
system. 

Layer i n t e r f a c e s  

1 . 2 . 7  To c a r r y  out  i t s  f u n c t i o n ,  each l a y e r  may add i t s  own s e t  of 
a d d i t i o n a l  c o n t r o l  f i e l d s  t o  t h e  t r a n s m i s s i o n .  However, each l a y e r  l e a v e s  t h e  
c o n t r o l  in fo rmat ion  added by p rev ious  l a y e r s  i n t a c t ,  t r e a t i n g  it a s  d a t a  t o  be 
passed on unchanged. 

1 .3  Ease of m o d i f i c a t i o n  

1 . 3 . 1  An advantage of t h i s  l a y e r e d  a r c h i t e c t u r e  i s  t h a t  i n d i v i d u a l  l a y e r s  
can be changed wi thout  a f f e c t i n g  t h e  remaining l a y e r s  provided t h a t  t h e  
i n t e r f a c e  between l a y e r s  i s  n o t  modified.  However, much of t h i s  advantage can 
be achieved by s t r i c t l y  s t a n d a r d i z i n g  t h e  i n t e r f a c e  a t  t h e  gateway. T h i s  is t h e  
approach adopted f o r  Mode S. 

2. R e l a t i o n s h i p  of t h e  OSI model t o  an  a i r -ground d a t a  l i n k  a r c h i t e c t u r e  

Data l i n k  a r c h i t e c t u r e  

2 . 1 . 1  Figure  1 i s  an  i d e a l i z e d  i l l u s t r a t i o n  of how t h r e e  networks ( a n  
a v i o n i c s  d a t a  network, an air-ground network, and a  ground d a t a  network) a r e  
r e l a t e d  t o  t h e  seven-layer model. 
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2 . 2  Header t r ansparency  

2 . 2 . 1  The symbols A,  P,  S, T, N and L r e p r e s e n t  t h e  headers  d e f i n e d  by t h e  
a p p l i c a t i o n ,  p r e s e n t a t i o n ,  s e s s i o n ,  t r a n s p o r t ,  network and d a t a  l i n k  l a y e r s ,  and 
which c o n t a i n  c o n t r o l  i n f o r m a t i o n  t h a t  de te rmines  t h e  o p e r a t i o n  of t h e  
e q u i v a l e n t  r e c e i v i n g  l a y e r .  Each l a y e r ' s  header  is  a t t a c h e d  t o  t h e  d a t a  s t r i n g  
and passed through i n t e r v e n i n g  l a y e r s ,  untouched, u n t i l  t h e  d e s t i n a t i o n  l a y e r  
r e c e i v e s  t h e  header  and a c t s  upon it. For example, t h e  p r e s e n t a t i o n  l a y e r  cou ld  
d e f i n e  a f i e l d  i n d i c a t i n g  t h e  coding t echn ique  t h a t  t h e  u s e r ' s  message employs. 
Th is  f i e l d  is  a t t a c h e d  t o  t h e  t r a n s m i t t e d  d a t a  and ignored by t h e  s e s s i o n ,  
t r a n s p o r t ,  l i n k ,  and p h y s i c a l  l a y e r s  a s  i t  c o n t a i n s  no in format ion  p e r t i n e n t  t o  
t h e i r  opera t ion .  Only when t h e  in format ion  reaches  t h e  r e c e i v e r ' s  p r e s e n t a t i o n  
l e v e l  would t h e  header  be examined and a c t e d  upon. A l a y e r ,  upon r e c e i v i n g  i t s  
header ,  removes it before  pass ing  t h e  d a t a  (and remaining headers )  t o  t h e  n e x t  
"higher"  l e v e l .  

2.3 - Network f u n c t i o n s  

Gateway f u n c t i o n s  

2 . 3 . 1  The i n t e r f a c e  wi th  a n o t h e r  subnetwork o c c u r s  a t  t h e  network l a y e r  
w i t h i n  t h e  convergence f a c i l i t y  (SNICF). T h i s  i n t e r f a c e  is denoted a gateway. 
The headers  a s s o c i a t e d  w i t h  t h e  lower l a y e r  f u n c t i o n s  (subnetwork,  l i n k  and 
p h y s i c a l )  a r e  n o t  passed from subnetwork t o  subnetwork by t h e  gateway. Simply 
s t a t e d ,  each subnetwork t r a n s f e r s  d a t a  w i t h i n  i t s  own subnetwork independen t ly  
of any o t h e r  subnetwork. T h i s  means t h a t  t h e  p h y s i c a l ,  l i n k  and subnetwork 
f a c i l i t i e s  of one network can be o rgan ized  i n  a very d i f f e r e n t  manner from t h e  
corresponding l a y e r s  of connected networks and s t i l l  main ta in  OSI 
c o m p a t i b i l i t y .  

Subnetwork f u n c t i o n s  

2 . 3 . 2  The management of t h e  movement of t h e  d a t a  is  performed by t h e  
subrietwor'k a c c e s s  f a c i l i t y .  An air-ground l i n k  r e p r e s e n t s  such a f a c i l i t y  of 
t h e  n e t w o r k , l a y e r .  Many such subnetwork f a c i l i t i e s  connected by gateways form a 
network. 

R e l a t i o n s h i p  between t h e  subnetwork a c c e s s  f a c i l i t y  and t h e  subnetwork 
convergence f a c i l i t y  

2 . 3 . 3  The t r a n s f e r  of d a t a  a c r o s s  t h r e e  d i f f e r e n t  subnetworks i s  
r e p r e s e n t e d  i n  F igure  2 .  The subnetwork a c c e s s ,  li& and p h y s i c a l  f a c i l i t i e s  
vary  accord ing  t o  t h e  communication system i n  e f f e c t .  The subnetwork 
convergence f a c i l i t y  r e p r e s e n t s  a s u b l a y e r  which is f u n c t i o n a l l y  i d e n t i c a l  f o r  
a l l  subnetwork a c c e s s  p r o t o c o l s  and thus  p r e s e n t s  a common i n t e r f a c e  t o  t h e  
u s e r s  of t h e  system, i.e. t h e  t r a n s p o r t  l a y e r .  

2 .3 .4  .The t r a n s p o r t  l a y e r  a s s o c i a t e d  wi th  a u s e r  on subnetwork I ,  
i n i t i a t i n g  a t r a n s f e r  of d a t a  t o  a u s e r  on subnetwork 111, g e n e r a t e s  an end-user 
a d d r e s s  ( a ) .  This  a d d r e s s  is s t a n d a r d i z e d  f o r  use by a l l  subnetwork convergence 
f a c i l i t i e s .  The d a t a  w i t h  t h e  end-user a d d r e s s  is  t r a n s f e r r e d  t o  t h e  
convergence f a c i l i t y  of subnetwork I. Here an  a p p r o p r i a t e  subnetwork a c c e s s  
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f a c i l i t y  (SNAcF) is chosen,  i f  more than one i s  a v a i l a b l e .  For example, a 
Mode S d a t a  l i n k  system may be chosen over  a s a t e l l i t e  d a t a ' l i n k  system. Once 
t h i s  i s  done t h e  a d d r e s s  of t h e  gateway node t o  t h e  nex t  subn,etwork i s  
determined. Th is  a d d r e s s  is l o c a l  t o  t h e  subnetwork ( i n  t h i s  c a s e  Y on 
subnetwork I )  and may have no meaning t o  t h e  o t h e r  subnetwork. The subnetwork 
a c c e s s  f a c i l i t y  then r e c e i v e s  t h e  d a t a  wi th  t h e  l o c a l  a d d r e s s  and t r a n s f e r s  i t  
by way of t h e  i n t e r m e d i a t e  node ( f 3 )  t o  t h e  node ( y )  which i s  a s s o c i a t e d  wi th  t h e  
gateway t o  t h e  next  subnetwork. Th is  r e p r e s e n t s  t h e i r  f i r s t  "hop" through a 
subnetwork by t h e  in te rne twork ing  f a c i l i t y .  A t  t h i s  subnetvork mode t h e  
subnetwork a c c e s s  f a c i l i t y  examines the  a d d r e s s ,  determines  t h a t  f u r t h e r  r o u t i n g  
i s  unnecessary  wi th in  t h e  subnetwork, and passes  t h e  d a t a  (which i n c l u d e s  t h e  
end-user a d d r e s s )  t o  t h e  gateway ( t h e  network convergence f a c i l i t y  o r  
in te rne twork  f a c i l i t y ) .  Here t h e  end-user a d d r e s s  i s  examined and a new l o c a l  
subnetwork a d d r e s s  is formed f o r  t h e  next  subnetwork "hop". The p rocess  i s  
repea ted  u n t i l  t h e  network convergence f a c i l i t y  a s s o c i a t e d  wi th  t h e  end-user i s  
reached and t h e  d a t a  i s  s e n t  t o  t h e  t r a n s p o r t  l a y e r  f o r  end-to-end d a t a  - 
v e r i f i c a t i o n .  

2.3.5 The b a s i c  u n i t  of d a t a  t r a n s f e r r e d  through subnetworks i s  denoted a 
packet  i n  OSI terminology.  M u l t i p l e  packe t s  may be l o g i c a l l y  l i n k e d  t o  form a 
u s e r  message. Th is  l o g i c a l  c o n s t r u c t i o n  normal ly  t a k e s  p l a c e  a t  t h e  t r a n s p o r t  
l a y e r  o r  above. Within  t h i s  document t h e  term message has  been used t o  r e f e r  t o  
a Mode S subnetwork d a t a  packet .  

GLOSSARY 

Subnetwork access facility (SNAcF). The s u b s e t  of t h e  OSI network l a y e r  
which p rov ides  t h e  i n t e r f a c e  w i t h  t h e  d a t a  l i n k  l a y e r .  The s u b s e t ' s  o p e r a t i o n  
i s  c h a r a c t e r i s t i c  t o  a p a r t i c u l a r  subnetwork. 

Subnetwork dependent convergence facility (SNDCF). The s u b s e t  of t h e  OSI 
network l a y e r  which removes d i s c r e p a n c i e s  between t h e  f a c i l i t i e s  provided by t h e  
subnetwork a c c e s s  p r o t o c o l s  and t h e  f a c i l i t i e s  r e q u i r e d  by t h e  subnetwork 
independent convergence ' p ro toco l s .  

Subnetwork independent convergence facility (SNICF). The s u b s e t  of t h e  
OSI network l a y e r  which i s  t h e  i n t e r f a c e  t o  t h e  t r a n s p o r t  l a y e r  and which 
c o n t r o l s  in te rne twork ing  f u n c t i o n s  a s  requ i red .  The s u b s e t ' s  o p e r a t i o n  i s  
independent of t h e  c h a r a c t e r i s t i c s  of any subnetwork. 

- END - 
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