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GLOBAL NAVIGATION AND TRAFFIC CONTROL USING SATELLITES 

By Leo M. Keane, Daniel L. Brandel, 
Peter D. Engels, and Richard M .  Waetjen 

Electronics Research Center 

SUMMARY 

A system approach is described which can support position 
determination, surveillance, and communications requirements of 
a large number of users. Position information can be computed 
and displayed at a traffic control center, and be transmitted 
to the users, together with traffic and hazard advisories, 
weather reports! and other messages. The system would also 
enable the user to compute his position independently on board, 
Digital communications at a rate of approximately 600  pps would 
be employed, while voice and higher data rate digital communica- 
tions can be accommodated at the cost of increased satellite ERP. 

INTRODUCTION 

The Electronics Research Center of NASA has performed a 
number of studies in recent years, investigating the feasibility 
and utility of satellite systems for position determination of 
aircraft and ships. The feasibility of providing voice and data 
communications between low performance terminals and ground 
stations has been assessed as well. Such communications would 
be a necessary part of the traffic control system operation, and 
are of importance to company and management message traffic. 
Most user terminals will of necessity have low performance cap- 
ability because of size and weight limitations on aircraft, as 
well as cost constraints on small vessels as applies to the 
fishing fleet (refs. 1-6) 

Effort in this area has, in part, been motivated by 
developing problems with air traffic control in the North Atlantic 
Principal Area. A reduction in lateral lane spacing of North 
Atlantic aircraft will become necessary in the near future, or 
serious economic and scheduling penalties would result for the 
airlines. Increases in traffic density are anticipated which 
together with the introduction of SST service, will likely 
require reductions in lateral separations to the order of 
30 - 45 n.mi. by the 1980 time period, Such a reduction will 
require significant improvement in,both reliable, undelayed 
communications and accurate, frequent position determination. 
Table I depicts anticipated air traffic densities for the next 
several years. Of course, with increasing traffic densities 



"over the world and the ability of commercial aircraft to carry 
many hundreds of people in one airplane, air safety, and colli- 
sion prevention assume unprecedented significance. 

At the present time, non-military aircraft makes use of 
various systems such as LORAN, Doppler, or Celestial navigation 
to obtain a position fix. Position information is forwarded to 
the proper traffic control center by h f ratio communication. 
This method of position reporting is marginally satisfactory 
for present day operation and will prove to be inadequate for 
projected traffic densities and lane spacings in future years, 

There is a strong interest on the part of the airlines and 
regulatory agencies to provide a position determination which 
is "independent" of the system used to navigate the aircraft. 
This implies that the technique selected should not be strongly 
coupled to on-board navigational equipment, such that errors in 
that equipment could contribute in major proportion to total 
system errors. It also implies an approach which does not 
require human participation in the position report. 

Figures 1, 2, and 3 indicate that present and projected 
ocean traffic densities are similarly alarming. Studies of 
marine shipping problems (ref. 1) show surprisingly high inci- 
dences of ship collisions and groundings (approximately 3000 
per year) as well as recent upsurges in marine insurance rates. 
Costs of delays of ships carrying oil can in some cases result 
in losses of one million dollars per day. The ability to avoid 
groundings and collision of ships could prevent pollution 
disasters by oil or noxious cargo. With the advent of vessels 
of up to one million gross tons in the future, improved methods 
must be found to prevent collisions that could result in increas- 
ingly serious economic penalties. 

A great number of applications of satellites exist which 
must be explored based on study results to date (Figure 4). 
These involve the use of satellite-derived data for collision 
avoidance, velocity determination, altitude determination, 
alignment and updating of inertial system, navigation, search 
and rescuel operational telemetry, and synoptic weather reporting, 

The object of ERC's effort has been to develop a feasible 
design of a satellite system which could provide a durable 
solution to future air and marine position determination, traffic 
control, and communication needs on a worldwide basis. The 
system design is felt to be consistent with operational use in 
the 1980 

For 
warning, 

time frame and beyond. 
- 

position determination, position reporting, and collision 
the feasibility is predicted with confidence. These 
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functions should be performed in the L-band, a region where 
spectrum is still available between 1535 and 1660 MHz, and 
position determination accuracies can be achieved which exceed 
projected requirements. 
of L-band frequencies over VHF in terms of ranging accuracy. 

The system concept which has been identified makes use of 
present technology, with modest link power requirements and 
hemispherical coverage user antennas. 
sidered can take advantage of future technology. Cost savings 
due to such improvements would be directly beneficial to users 
in the future as well as extend the classes of air and marine 
users which can afford to participate. Improved performance 
can likewise increase the base of applications. 

Figures 5 and 6 indicate the advantage 

The technique being con- 

The technical feasibility of voice and digital data 
communication is likewise projected with confidence. There is 
little question of the long-term desirability of performing 
voice and data communications at L-band, in view of the difficult 
spectrum problems in the VHF bands, although there is a cost 
penalty involved (Table 11). The most promising solution to 
this problem (which could make L-band even less costly than 
VHF) involves the use of satellite antenna gains of the order 
of 35 - 40 dB. Design concepts for voice communications, 
positioning, and data communications systems are described in 
the following sections (refs. 7 ,  8, and 9). 

VOICE COMMUNICATIONS 

In order to provide efficient and economical voice communi- 
cations at L-band, several requirements must be met (Figure 7 ) .  
Primarily, rf power requirements, and consequently dc power 
requirements must be minimized. One way of reducing spacecraft 
power requirements is to increase spacecraft antenna gain; 
however, this can only be achieved by increasing aperture size, 
and consequently reducing earth surface coverage. This dilemma 
can be resolved by the incorporation of a steerable, phased 
array aboard the spacecraft; the gain requirements of approxi- 
mately 35 dB are relatively modest, and the beam steering require- 
ments of f 8.5 degrees (in two dimensions) are well within the 
present state-of-the-art. 

The antenna required for an L-band voice communications 
satellite may then be defined as a multiple-beam, phased array. 
A separate beam is provided for each channel. It is anticipated 
that three to six independent channels per satellite can be pro- 
vided. Additional channels would be provided by additional 
satellites, as necessary, to avoid problems associated with 
mutual interference of the beams. 
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Each antenna beam w i l l  be provided w i t h  i t s  own t r a n s m i t t e r  
and receiver; t h e  i n d i v i d u a l  t r a n s m i t t e r  power level  r e q u i r e d  i s  
approximately 5 w a t t s .  Each beam w i l l  a u t o m a t i c a l l y  a c q u i r e  and 

t r a c k  of a u s e r  p i l o t  t one .  The antenna requirements  are d e f i n e d  
i n  Fkgure 8.  

. t r a c k  a s p e c i f i c  u s e r ,  e i t h e r  upon ground command, o r  by auto-  

I t  remains t o  demonstrate  f e a s i b i l i t y ,  s i n c e  such an  antenna 
has  n o t  y e t  been b u i l t  and space -qua l i f i ed .  However, a ve ry  
s i m i l a r  antenna i s  p r e s e n t l y  i n  t h e  breadboard des ign  s t a g e  f o r  
t h e  NASA D a t a  Relay S a t e l l i t e ;  it o p e r a t e s  a t  2 . 2  t o  2 ,3  G H z ,  
and has  s i m i l a r  des ign  requirements  t o  t h o s e  s t a t e d  above, w i t h  
t h e  excep t ion  t h a t  i t  i s  steerable over  a k 1 3  degree  range ,  
wi th  4 4  d B  peak g a i n .  I t  i s  a n t i c i p a t e d  t h a t  much of t h i s  
technology w i l l  be d i r e c t l y  a p p l i c a b l e  t o  t h e  proposed L-band 
des ign .  

Although development of such an antenna i s  f o r s e e n  i n  t h e  
near  f u t u r e ,  a p o s s i b l e  in t e rmed ia t e  s o l u t i o n  has  been i d e n t i -  
f i e d .  This  would r e q u i r e  a s i n g l e  high-gain p a r a b o l i c  an tenna ,  
w i th  m u l t i p l e  f eeds .  Each feed  would provide  coverage of 1/3 
t o  1 / 4  t h e  North A t l a n t i c  P r i n c i p a l  Pa th ,  w i th  s e p a r a t e  power 
a m p l i f i e r s  so t h a t  m u l t i p l e  channel  coverage of any s e c t i o n  
would be achieved through use  of an RF swi tch  ma t r ix .  Such an  
antenna would r e q u i r e  l i t t l e  new development, and would provide  
an i d e a l  i n t e r i m  s o l u t i o n .  

The s p a c e c r a f t  w i l l  be th ree -ax i s  s t a b i l i z e d ,  i n  an  
e q u a t o r i a l  synchronous o r b i t .  Coverage i s  somewhat dependent 
on requi rements ;  as  an example, one such s p a c e c r a f t ,  s i t u a t e d  
a t  approximately 30' West long i tude ,  can cover t h e  e n t i r e  
North A t l a n t i c  t o  approximately 70' l a t i t u d e  (and t h e  South 
A t l a n t i c  as  w e l l ,  should coverage be r e q u i r e d  t h e r e ) .  

I n d i v i d u a l  t r ansponder s  w i l l  be provided f o r  each space- 
c r a f t  communications channel ;  t o  avoid i n t e r f e r e n c e  they w i l l  
u t i l i z e  f requency d i v i s i o n  m u l t i p l e x .  Frequency assignments  
w i l l  be so chosen t h a t  t r a n s m i t  and receive bands are s e p a r a t e d  
as f a r  as p o s s i b l e ,  and c l u s t e r e d  i n  t h e  ends of  t h e  1535-1660 
MHz band. 

I n  a d d i t i o n  t o  vo ice ,  r e l a t i v e l y  wide-band (up t o  2400 bps)  
d i g i t a l  d a t a  can be transponded. Proper  des ign  and use  of t h e  
s u r v e i l l a n c e  f u n c t i o n  w i l l  g r e a t l y  reduce  t h e  a n t i c i p a t e d  v o i c e  
communications load;  j u d i c i o u s  use  of  d i g i t a l  d a t a  f o r  r o u t i n e  
p o s i t i o n  and s t a t u s  informat ion  w i l l  reduce it s t i l l  f u r t h e r .  
Because of t h e  r e l a t i v e l y  h igh  cost  of  a s a t e l l i t e  vo ice  l i n k ,  
t h e  number of r e q u i r e d  l i n k s  must be minimized; maximum u s e  of 
d i g i t a l  d a t a  t r ansmiss ion  wherever p o s s i b l e  i s  one means t o  
t h i s  end. 
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POSITIONING AND DATA COMMUNICATIONS SYSTEM 

Characteristics of the satellite system for positioning and 
data communications have been identified and to some extent 
defined, Some important parameters cannot be fully assessed as 
yet, but it is possible to bound them. The size of the satellite 
will depend on the data communications requirements, since, f.i., 
communications bandwidth, and transmitter power determine size 
of solar and storage batteries which, in turn, reflect in space- 
craft structure design and total weight in orbit. 

The anticipated system of positioning and data communica- 
tions satellites consists of a set of from ten to eighteen 
satellites in equatorial and inclined synchronous orbits. The 
orbits will be chosen over the entire globe for necessary cover- 
age and geometry, Each satellite automatically radiates in time 
division multiplex, a carrier which contains ranging signals, 
followed by a data stream which provides ephemeris and timing 
corrections, ATC command, and/or advisory data. Each satellite 
contains a highly stable, crystal oscillator which serves as the 
time reference for the ranging signal. Satellite time and fre- 
quency synchronism are assured by constant monitoring at ground 
stations, Each ground station is associated with a master con- 
trol center which transmits commands to the satellite as neces- 
sary. 
day or better: an oscillator update once every three hours will 
contribute approximately 30 meters of system bias error. This 
oscillator drift rate has already been achieved in orbit. 

This time slot lasts approximately 1.5-2 seconds, the exact 
timing depending upon the details of the final system config- 
uration. Figure 9 is a timing diagram of the transmission 
sequence as presently envisioned. 

The satellite oscillator drift rate will be 1 x 10"'' per 

A specific time slot, then,. is assigned to each satellite. 

Each satellite contains a number of registers which are 
loaded on ground command; these registers contain ephemeris 
data, timing, and oscillator information, and surveillance 
commands which appear at the end of each ranging transmission 
as a 625-bps data stream, Figure 10 is a block diagram of the 
position determination system. 

The satellite signal is radiated on a carrier at a nominal 
frequency of 1540 MHz, at a power level of 50 watts into a 
despun earth coverage antenna, with a duty cycle of approximately 
ten to one. This provides sufficient signal strength at the 
user for an rms ranging error of 10 meters (Table 111). 
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In its minimum form, the satellite would provide navigation 
‘and position reporting for air traffic surveillance. It would 
have sufficient downlink data capacity to warn aircraft of 
*impending collision and provide maneuver instructions. This 
design could be accommodated on a satellite similar to Intelsat 
111. Estimates of the weight and power required for each major 
subsystem are identified in Table IV. 

The user requires a hemispherical coverage antenna, with 
a gain of no less than 0 dB referenced to a circular isotrope 
for elevation angles greater than 20 degrees at all azimuths. A 
very promising candidate antenna and its pattern as measured on 
a scaled model are shown in Figures 11 and 12. 

The signal is received in a preamplifier with a noise figure 
of 3.5-4.0 db, followed by a phase-locked receiver. The receiver, 
with a tracking loop bandwidth of approximately 50 Hz, performs 
the functions of carrier tracking, doppler removal, and coherent 
demodulation. One receiver output could be a signal whose fre- 
quency is a function of the relative velocity between user and 
satellite (coherent doppler extraction). The utility and 
necessity of such a signal remains to be determined. 

The primary signal output consists of ranging and data 
signals as video outputs from the receiver demodulator. These 
signals are processed in separate ranging and data signal pro- 
cessors, whose outputs are effective range from user to satellite, 
and ephemeris data readout. This information permits the user 
to compute his position if desired. 

Figure 1 3  is a block diagram of the user equipment required 
for surveillance or navigation. For an on-board determination 
of position, the surveillance data gate and transmitter would 
not be required and some form of computer and display system will 
be needed. The computer need not be a general purpose digital 
computer. Many aircraft and ships will have such a capability, 
however, allowing the possibility of on-board position computa- 
tion at no additional cost on a time shared basis with other 
functions (Figure 14). 

If surveillance is the primary function of interest, the 
computation and display requirements are unnecessary. This 
would be the mode of operation currently envisioned for oceanic 
air traffic surveillance. 

Predominant interest lies in a surveillance system which 
is automatic and independent of on-board navigation equipment. 
To perform this function, a command is generated at the ground 
control center, stored in the satellite memory, and gated out 
synchronously with range tones and other data. Upon receipt 
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of a s a t e l l i t e  command, t h e  u s e r  data  processor  e n e r g i z e s  t h e  
u s e r  t r a n s m i t t e r ,  and e m i t s  a b u r s t  of d i g i t a l  data (Table V ) .  

A t  a b i t  range of 600  bps,  t h e  d a t a  t r ansmiss ion  l a s t s  f o r  
on ly  one - th i rd  of a second. A lower power (-1 w a t t )  t ransponder  
i n  t h e  s a t e l l i t e  r e l a y s  t h e  s u r v e i l l a n c e  data t o  t h e  ground 
c o n t r o l  c e n t e r  e 

For high f i x  r a t e  requirements  and t o  accommodate i n c r e a s i n g  
numbers of  u s e r s ,  m u l t i p l e  i n t e r r o g a t i o n s  could be made 
s e q u e n t i a l l y  a f te r  each s a t e l l i t e  b u r s t .  F ive  i n t e r r o g a t i o n s  
would n o t  affect  c y c l e  t i m e  o r  average power r e q u i r e d  for  t h e  
s a t e l l i t e  t r a n s m i t t e r  s i g n i f i c a n t l y  and would provide  one f i x  
every 0,3 seconds.  For 250 a i r c ra f t ,  t h i s  would al low an average 
f i x  i n t e r v a l  of 75 seconds,  which f a r  exceeds expected r equ i r e -  
ments. 

I n  o r d e r  t o  provide  f o r  e s s e n t i a l l y  s imultaneous t r a n s -  
ponding from m u l t i p l e  a i rc raf t ,  frequency d i v i s i o n  m u l t i p l e x  of 
u s e r  t r a n s m i t t e r  o u t p u t s  i s  expected.  For i n s t a n c e ,  i f  f i v e  
commands are provided s e q u e n t i a l l y  from each s a t e l l i t e ,  t he  
s p e c i f i c  i n t e r r o g a t i o n s  from each s a t e l l i t e  would be s e l e c t e d  
t o  address u s e r s  which had had been a s s igned  f l  through f 5  before 
t a k e  o f f .  A l l  s a t e l l i t e s  i n  t h e  system would c a r r y  l o w  power 
(-1 w a t t )  mult i -channel  r e p e a t e r s .  A l l  r e t u r n s  would be r e p e a t e d  
by a l l  s a t e l l i t e s  provid ing  a h igh  degree  of redundancy i n  t h e  
a i r c ra f t  t o  ground l i n k .  High-gain ground an tennas  would r e c e i v e  
on ly  one s a t e l l i t e  o u t p u t ,  however, and re ject  a l l  other  s a t e l l i t e  
t r ansmiss ions .  I n  the even t  of the f a i l u r e  of any t ransponder ,  
t h e  ground antenna could  simply d i r ec t  i t s  beam t o  ano the r  
s a t e l l i t e  f o r  cont inued  r e c e p t i o n  of u s e r  t r ansmiss ions .  T h i s  
approach appears  t o  provide  a h igh  l e v e l  of redundancy and re- 
q u i r e  a minimum frequency a l l o c a t i o n  c o n s i s t e n t  wi th  i n t e r f e r e n c e -  
free o p e r a t i o n .  There i s  no s i g n i f i c a n t  a d d i t i o n a l  s a t e l l i t e  
power r e q u i r e d  for  e i t h e r  t h e  s a t e l l i t e - t o - a i r c r a f t  o r  sa te l l i t e -  
to-ground s t a t i o n  l i n k s .  The u s e r  u ses  t h e  same receiver f o r  
i n t e r r o g a t i o n  as i s  used f o r  ranging and data r e c e p t i o n .  

I t  w i l l  a l s o  a l low,  on a c o n t r o l l e d  access b a s i s ,  a d d i t i o n a l  
data t r ansmiss ion  f r o m  a i r c r a f t  t o  ground wi th  t h e  same u s e r  
t r a n s m i t t e r  and s a t e l l i t e  t ransponder .  

C a p a b i l i t y  of data communication on t h e  down l i n k  may 
r e q u i r e  some a d d i t i o n a l  power on t h e  s a t e l l i t e .  However, t h i s  
i s  e a s i l y  a v a i l a b l e  wi thout  changing t h e  launch v e h i c l e  re- 
qu i r ed .  The s a t e l l i t e  should be designed t o  take  f u l l  advantage 
of t h e  c a p a b i l i t y  of t h e  launch ve%ic le .  I n  o r d e r  t o  minimize 
r e c u r r i n g  system c o s t s ,  t h i s  i s  expected t o  be a Thor-Delta. 
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With t h e  convent iona l  D e l t a  shroud,  it appears  t h a t  an 
upper bound on beginning of l i f e  power ach ievab le  w i t h  a sp in-  
s t a b i l i z e d  s a t e l l i t e  w i l l  be t h e  o r d e r  of 300  w a t t s .  T h i s  
would al low an  a d d i t i o n a l  t ransponder  t o  be provided for  down- 
l i n k  data  communication on an  ear th  coverage b a s i s ;  of t h e  
o r d e r  of one 6 0 0  bps d a t a  channel  a t  50  p e r c e n t  u t i l i z a t i o n  p e r  
s a t e l l i t e .  A p re l imina ry  e s t i m a t e  of t h e  power and weight 
budgets  f o r  such a s a t e l l i t e  i s  developed i n  Table  V I .  The 
s a t e l l i t e  i s  l i m i t e d  by power a v a i l a b i l i t y  rather t h a n  b o o s t e r  
a b i l i t y  s i n c e  some v e r s i o n s  of t h e  Thor-Delta are now capable  of 
p l a c i n g  575 pounds i n  synchronous e q u a t o r i a l  o r b i t .  

NASA has i n i t i a t e d  the development of  an 84-inch d iameter  
shroud f o r  t h e  Delta i n  conjunct ion  w i t h  t h e  Canadian telecom- 
municat ions p r o j e c t .  Such a shroud w i l l  a l low s i g n i f i c a n t l y  
h ighe r  power t o  be achieved.  T h i s ,  combined with p o s s i b l e  
i n c r e a s e s  i n  payload s i z e  and power i f  synchronous i n c l i n e d  
o r b i t s  are s e l e c t e d ,  may a l low greater d a t a  communication capa- 
b i l i t y  and a voice  channel t o  be implemented on t h e  s a t e l l i t e ,  
I f  i n c l i n e d  o r b i t s  are selected c l o s e  t o  30 deg rees ,  t h e  apogee 
motor r e q u i r e d  w i l l  be s i g n i f i c a n t l y  smaller than  t h a t  r e q u i r e d  
f o r  synchronous e q u a t o r i a l  o r b i t .  S i g n i f i c a n t  i n c r e a s e s  i n  t h e '  
s i z e  and power a v a i l a b l e  on such a s a t e l l i t e  are expected over  
t hose  i d e n t i f i e d  i n  Table  V I  ( r e f .  1 0 )  e 
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- INDICATE USE FOR ON-BOARD POSITION DETERMINATION 

--- INDICATE TRANSPONDINO FOR TRAFFIC CONTROL 
OR ADVISORY SERVICES AND COLLISION WARNING 

Figure 4.- Potenbial satellite applications 
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0RBIT:Sm FREQ. 130 MHz MODE: R a m  TIME: 0.0WIin 
USER: COURSE: 0 . w  WELOCITY: 0.000 KMBEC CLIMB RATE: 0.CKKI KMISEC - .800UM ALTIMETER ERROR - .OW KM 
SATTRACKING ERRORS * RADIUS - .020KM COURSE ERROR - O.WKM 

ALONG T R A M  - 1.000 KM VELOCITY ERROR - 0.000 KMISEC 
CROSSTRACK - 1.OOO KM CLIMB RATE ERROR - O.OO0 KM/SEC 

RESIDUAL IONOSPHERE ~ . w I O ' ~  E/M2 

0 

8 

I S  

- 1  
- I  - I 5  0 15 30 45 

b E 

Figure  5.- E r r o r  e l l i p s e s  f o r  VHF s p h e r i c a l  ranging  
f o r  a c o r r e c t e d  nominal a f t e rnoon  iono- 
sphere .  S a t e l l i t e s  i n  g e o s t a t i o n a r y  o r b i t  
w i th  sublongi tudes  a t  *30°. E r r o r  i n p u t s  
a r e  all lo values., 
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ORBIT: Stat FREQ: 1600 MHz MODE; Range TIME: 0.0Min 
USER: COURSE: 0.m VELOCITV: O.OO0 KMBEC CLIMB RATE: O.OO0 KlWsEC 
MEASUREMENT ERROR - .010 KM 
SAT TRACKING ERRORS - RADIUS - .020KM 

ALONG TRACK - .lo0 KM 
CROSSTRACU - .100KM 

EL 

ALTIMETER ERROR - .Om KM 
COURSE ERROR - 0.W DEG 
VELOCITV ERROR - 0.W KMEEC 
CLIMB RATE ERROR - 0.m KM/SEC 

RESIDUAL IONOSPHERE - .5X1017 E/M2 

5 - 30 - 15 0 15 30 45 

Figure  6.-  E r r o r  e l l i p s e s  f g r  L-Band s p h e r i c a l  ranging .  
S a t e l l i t e s  i n  g e o s t a t i o n a r y  o r b i t  w i th  sub- 
l o n g i t u d e s  a t  +30°. E r r o r  i n p u t s  are a l l  
l a  va lues .  
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LARGE SATELLITE 

ACTIVELY STABILIZED/EARTH POINTING ANTENNA 

GEOSTATIONARY ALTITUDE 

F D M  

LARGE MULTIFEED ANTENNA INITIALLY 

LARGE MULTIBEAM PHASED ARRAY EVENTUALLY 

Figure 7.- Voice communications satellite 

1. 3 TO 6 INDEPENDENTLY TRACKING BEAMS 

2 .  35 DB PEAK GAIN, CIRCULARLY POLARIZED 

3 .  STEERABLE OVER A k8.5 DEGREE RANGE IN TWO DIMENSIONS 

4. INDIVIDUAL TRANSMITTERS AND RECEIVERS FOR EACH BEAM 

5. FIVE WATTS OF RF POWER PER TRANSMITTER 

Figure 8.- L-Band voice communications satellite 
antenna requirements 

CARRIER RANGE CODE EPHEMERIS/ INTERROGATION & GUARD BAND 
TIMING DATA ADVISORY DATA 

e 38 .75 . 3 2  \ .4 .1 

Figure 9.-  Timing diagram - Satellite transmissions (time in sec) 
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Crystal Oscillator 

Earth Coverage 
Antenna 

GROUN Satel I i te 

Figure 10,- Satellite equipment 



Figure 11,- Orthogonal mode cavity antenna 
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Figure  1 2 . -  P r i n c i p a l  p l ane  p a t t e r n s  f o r  orthogonal-mode-cavity an tenna  



Hemispherical Coverage 
L-Band Antenna 

First 

User I.D. & Status 

Figure 13.- User equipment 
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Coverage 
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Figure 14.- Position determination function 



TABLE I.- NORTH ATLANTIC P R I N C I P A L  AREA A I R  T R A F F I C  - FAA ESTIMATE 

I 1968 I 1972 
SUBSONIC FLIGHTS 
SUPERSONIC FLIGHTS 

TOTAL 

91,211 123,000 I 91,211 -- I 123,000 -- 

SUBSONIC 
B u s y  D a y  

P e a k  H o u r  
B u s y  Hour 

P e a k  Hour 
B u s y  Hour 

edium D a y  

Low D a y  
P e a k  H o u r  
B u s y  H o u r  

SUPERSONIC 
B u s y  D a y  

B u s y  HOW 

Medium D a y  

B o e i n g  1 

B u s y  H o u r  
( R a t i o  of C o n c o r d e  to 

aximum Instantaneous L o a d  

1973 
126 I 000 
11 000 
137 I 000 

~~~~~~ ~~ 

197 I 1975 I 1976 I 1977 1978 1 1979 

DAY/HOUR TRAFFIC 

437 
44 
36 

325 
33 
26 

254 
25 
21 

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

119 

37 

33 
3 
2 

260 
26 
21 

3 
5 

27 
3 

1:o 
127 

49 

362 
36 
30 

283 
28 
23 

39 
6 

32 
4 

1:o 
138 

522 
52 
3 

388 
39 
32 

303 
39 
25 

117 
15 

96 
12 

1:O 
157 

540 
54 
5 

1 
0 
3 

31 
31 
26 

163 
21 

133 
17 

10:1 
170 

529 
53 
4 

39 
39 
32 

307 
31 
26 

271 
36 

222 
29 

3:1 
181 

to 
P 



N 
N 

TABLE 11.- VOICE LINK POWER BUDGET - VHF VS L-BAND 

R e q  C/No 

B o l t z .  Const  

Sys.  N . T .  

R e q  A/C Power  

S p a c e  A t t .  

Atmo/Iono 

Mul t ipa th  
* 

P o l .  L o s s e s  

R e q  EIRP 

S a t  Edge  Gain 

Min Power R e q  

F i n a l  Amp E f f .  

F i n a l  Amp Power  R e q  

VHF 

47 .0  dB-Hz 

-228 .6  

31.1 (1300'K) 

-150 .5  

1 6 6 . 8  ( e125 .7  MHz) 

3 . 0  ( 2 0 ' e l )  

5 . 0  ( 2 0 ' e l )  

1 . 5  ( 2 0 ' e l )  
1 7 6 . 3  dB 

25 .8  dBw 

1 3 . 0  (>ear th  cov) 

1 2 . 8  dBw (19W) 

80% 

24W 

UHF 
47 .0  dB-Hz 

-228 .6  

27 .8  (600'K) 

-153.8 

1 8 8 . 6  (e1550 MHz)  

Q.0 

3 . 0  ( 2 0 ' e l )  

1 . 5  ( 2 0 ' e l )  
1 9 3 . 1  d B  

3 9 . 3  dBw 

22 .0  (8'beam) 

1 7 . 3  dBw (54W) 

33% 

164W 



TABLE 111.- RF L I N K  POWER BUDGET, SATELLITE TO 
AIRCRAFT WITH LOW GAIN ANTENNA 

T r a n s m i t t e r  Frequency 

Transmi t t e r  Power ,  5 0  Watts 

T r a n s m i t t e r  C i r c u i t  Losses 

T r a n s m i t  A n t e n n a  G a i n  

Effective R a d i a t e d  Power 

P a t h  Loss t o  Subsa te l l i t e  P o i n t  

P o s i t i o n  Loss 

U s e r  A n t e n n a  G a i n  

P o l a r i z a t i o n  L o s s ,  C i r c u i t  Losses 

R e c e i v e d  C a r r i e r  Power 

U s e r  Sys tem N o i s e  T e m p e r a t u r e  

R e c e i v e r  N o i s e  Power D e n s i t y  

C a r r i e r  t o  N o i s e  D e n s i t y  R a t i o  

1550.0  MHz 

4 7 . 0  dBm 

1 . 5  d B  

1 6 . 0  d B  

6 1 . 5  dBm 

1 8 7 . 3  d B  

5 . 0  d B  

2 . 0  d B  

1 .5  d B  

-130 .3  dBm 

500 .0  OK 

-171 .6  dBm 

4 1 . 3  dB-HZ 

23  



TABLE 1 V . -  PRELIMINARY WEIGHT AND POWER ESTIMATES 
FOR P O S I T I O N  REPORTING SATELLITE 

S t r u c t u r a l  Subsystem 

A t t i t u d e  Subsystem 

P o s i t i o n i n g  Subsystem 

T e l e m e t r y  and Command  

E l e c t r i c a l  I n t e g r a t i o n  

Power C o n t r o l  

R e q u i r e d  Power fo r  5-Year 
L i f e  ( 2 0 %  D e g r a d a t i o n )  

R e q u i r e d  Power i f  
E q u a t o r i a l  O r b i t  

Power R e q .  (W) 

2 

5 0  

2 5  

6 

2 5  

1 0 8  

135 

1 4 7  

Weight E s t i m a t e  ( L b s )  

5 1  

1 7  

6 2  

2 5  

20 

7 0  

2 4 5  

TABLE V.- D I G I T A L  DATA BURST 

I d e n t i f i c a t i o n  

R a n g  e Mea s u r  emen t 

T i m e  

S t a t u s  Information 

4 5  B i t s  

80  B i t s  

2 0  B i t s  

55 B i t s  

2 0 0  B i t s  

2 4  



TABLE V I . -  PRELIMINARY WEIGHT AND POWER ESTIMATES FOR 
DATA COMMUNICATION AND P O S I T I O N  DETERMINATION SATELLITE 

Power R e q .  ( W )  

S t r u c t u r a l  Subsystem 

Weight E s t i m a t e  ( L b s )  

A t t i t u d e  Subsystem 

Pos i t i on ing  & D a t a  Subsystem 1 0 8  

25 

7 

T e l e m e t r y  & Command  

7 1  

25 

4 0  E l e c t r i c a l  I n t e g r a t i o n  

Power  C o n t r o l  

R e q .  Power for 5-Year 
L i f e  ( 2 0 %  D e g r a d a t i o n )  

R e q u i r e d  Power i f  
E q u a t o r i a l  

- 
14 

60 
214 
- 1 7 2  

4 0 8  - 

2 5  
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