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6 2 1 B SATELLITE SYSTEM (U) 

by Lieutenant Colonel J .  A .  Fiebelkorn* 

(U) Synchronization of effort i s  the cornerstone of military tac t ics .  

It is this  fact  which influences the evaluation of System 6 2 1 B  a s  a 

time transfer device .  System 6 2  1B i s  ar, illustrative example of the 

application of space technology to a surface problem. It i s  not a time 

transfer system. It i s  the Air Force activity to describe and promote de-  

velopment of a capability for defining the four-dime~sional  motion of a 

user .  Four dimensions are emphasized in this c a s e  because the concern 

i s  not only with the user ' s  position but with the time when he i s  there.  

While extensive effort has  been put into briefing those who a re  concerned 

with their  location,  the system may be a l i t t le  bit new to people who are 

concerned with time alone.  Included in  the pitch will be a description of 

what the system i s  capable of doing, s o  that you can  evaluate i t .  

(U) Systems studies began in  1 9 6 4  with the evaluation of concept capa-  

bil i t ies.  A s  time went on,  technical  evaluation and assessment  have 

es tabl ished that the space environment could contribute and could eliminate 

some of the operational deficiencies exist ing in  position location systems.  

In 1967 ,  a mission analysis  supported the conclusion of our initial studies 

and a concept formulation study was  init iated.  This study addressed the 

performance, the cos t  of the equipment, and the schedule of the system 

for real time position fixing based on  space-based a i d s .  One of the 

products of that  study was  the realization that  real time nieant a degree of 
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synchronizat ion of which we had not previously heard.  This extens ion 

of p a s t  pract ice occurred because  the accurac ies  n e c e s s a r y  for the  

position determination required tha t  the  transmission from multiple 

sa te l l i t e s  be known precisely and simultaneously from a l l  of t h e s e  

s a t e l l i t e s .  

(U) Two methods were immediately a v a ~ l a b l c  to u s .  One method was  

to  maintain a time standard c)n bodrd cach u s e r ,  In which the time 

standards could be synchronized prior to  tile mlsslon s t a r t .  The other 

method w a s  to continuously resynchronize al l  users  during their  opera- 

t ion.  This resynchroniziny approach held a lot of merit in  terms of user  

c o s t ,  e spec ia l ly  i n  light of the c o s t  of atorriic standards--portable pre- 

cise time standards--exist ing a t  the  time. It  seemed preferable,  i f  

f eas ib le ,  s o  the  problem w a s  addressed  on the b a s i s  of continuous 

resynchronization. It w a s  found tha t  the  problem w a s  no more diff icult  

from synchronized sa te l l i t e s  than w a s  the  t a sk  of synchronizing the  

sa te l l i t e s  themselves .  Synchronizing s a t e l l i t e s  could be avoided i f  you 

used them a s  straight  r e lays ,  a s  communication transponders;  but tha t  

required the  use of very large- s c a l e  computers In a master  s ta t ion  or  a 

control s tat ion on the  ground, plus continuous trdcking of a l l  s a t e l l i t e s .  

That complexity created operational problems. 

(U) The weakness  in the  continuous resynchronization method is that  

a n  addit ional  sa te l l i t e  i s  needed.  You havc four p i e c e s  of information 

which a r e  unknowns, rather  than three--the three dimensions of pos i t ion .  

If you look a t  economic a n a l y s e s ,  you s e e  tha t  when t h e  use r  b a s e  ge t s  

large,  the cos t  of those  use r s  and the time s tandards  for them so f a r  out- 

weigh the cos t  of the addit ional  sa te l l i t e  tha t  i t  i s ,  in  f a c t ,  a n  economic 

trade to have continuous resynchronizat ion.  E.den with the  addit ional  

complexity, the evaluation found that  the computation of the four 

dimensional s t a t e  vector  w a s  within the  current state-of-the-art a t  the 

time. This capabil i ty can be  d i s c u s s e d  in severa l  different pa r t s .  
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Within the space segment, there are  at  least  four tliffc:rent constella- 

tions which have been evaluated and which yivc this kind of capability. 

They vary in alt i tude,  number, orbital inclinatiori, arid rriany other 

factors . 
(C) One such constellation i s  shown in Figure i .  Four sate l l i tes  in 

24-hour-per~od-orbits are launched so that they continuously dwell over 

one section of the world. This i s  done by using inclined eccentric orbits ,  

phasing the sate l l i tes  around their orblts anci placing the ascending notie s 

of each of these orhits s o  that the ground track of a l l  of the sate l l i tes  

exis ts  in the same circ le .  What this  amounts to  i s  that each of these 

sate l l i tes  has an  ascending node 1 2 0  degrees different from the others.  

For this particular deployment, the middle satell i te i s  geo-stationary or 

nearly geo-stationary. The eccentricity and the inclination angle involved 

are a s  shown. 

(C) This particular constellation will give coverage to a circle covering 

about a quarter of the earth.  The sate l l i tes  transmit to  the users inforrna- 

tion from which the satell i te position can be derived a t  any point in time. 

This has to be done down to a nanosecond or a few nanosecond intervals 

in order to obtain the accuracies involved. They a l so  transmit the bias 

of their onboard time standard to the user .  This bias i s  derived in the 

master station on the ground which handles this constellat ion.  The prob- 

lem of position location in the total operation of the system includes a 

position determination of sate l l i tes  from the ground and then a position 

lozation of the user from the sate l l i tes .  In  addition to the master station 

which handles these four sa te l l i t es ,  two or more calibration stations are 

established a t  geodetically known points. The overall task of the calibra- 

tion stations i s  to  transmit to the master station i ts  position errors. The 

master station takes that error data and corrects the satell i te data to make 
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the  posi t ion determination correct to  the  geotletic spheroid. Any use r ,  

whether stat ionary or in motion, can solve cyuati.ons of h i s  4-D s t a t e  

vector  and determine h i s  position with respec t  to  h i s  area geodet ic  

e l l ipsoid ,  the  reference i n  the  part icular  a r e a ,  and the  errgr between 

h i s  time standard (that i s ,  the  u s e r ' s  s tandard) and the  one in t h e  

master  s ta t ion .  The continuous nature of t h e  t ransmiss ion permits the  

error t o  be defined on demand, when thc  use r  wants it. Short-terrri 

s tabi l i ty  of some of our electronic osc i l la tors  make i t  poss ib le  t o  con- 

s ide r  one  part in 10 l4 time accuracy  within t h c  user .  The sys tem d o e s  

not work exclus ively  a s  a t i m e  standard however; therefore,  the  claims 

a re  made only for a system that  bounds the  time error. 

(U) For non-moving use r s  who a r e  exclus ively  concerned with pre- 
1 4  

cise t ime,  thc 1 0  value  would have to be considered a s  a theore t ica l  

upper bound. We htlve no intention of making something t o  t ransfer  1014 

a t  th i s  time. Preliminary des ign h a s  been perforrried on equipment 

necessa ry  t o  use  such a sys tem.  This equipment is for derivation of t h e  

four-tlimensional vector  and i t  h a s  decidely  more performance than an  

operational time synchronization would rlemand. I t s  e x i s t e n c e  does  

imply, however, tha t  any  equipped military unit on l and ,  on the  s e a ,  or 

in  the a i r  could es tab l i sh  the time standard in  a n  a r e a .  

(U) Aircraft equipment is configured for high-performance t ac t i ca l  

types  and general  purpose operat ion,  The s i z e  of equipment is approxi- 

mately a s  shown i n  Figure 2 .  (This is validated by two different con- 

tractors.  ) 

(U) Sea and land veh ic les  (see Figure 3)  would have similar  

complexity. 

(u) The man pack ( s e e  Figure 4), the unit down in  the  lower lef t ,  

would equip a force on foot.  Each of t h e s e  equipments,  with the  
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exception of the  transponder on the  lower r ight ,  could solve  for  time 

correct ions to  i t s  crys ta l  osc i l la tor .  While current preliminary des igns  

do not d i sp lay  t ime,  the  mechanization is re la t ive ly  simple.  In f a c t ,  

the  t i m e  correction is used within the  equipment, and is then simply 

converted t o  a time d i sp lay ,  i f  needed.  Ground s ta t ion  and intercon- 

s te l la t ion  coordination would require a fixed user  type s ta t ion  in  a 

posi t ion where a t  l e a s t  two sa te l l i t e s  from e a c h  conste l la t ion  were 

v is ib le  a t  the  same t ime.  In th is  configuration, the time for t h e  master  

s ta t ion  cauld be resolved using e a c h  of the  two master  s t a t ions  

involved and the  differences es tab l i shed .  Defining one a s  t h e  master  

would permit globa 1 synchronization to  tha t  s t a t i o n ' s  t ime.  

(U) If a further cal ibrat ion is t aken  a s  a n  international  reference ,  

to ta l  synchronization would be  permitted to that  international  s tandard.  

The accuracy avai lable  from the  system and coverage of four s a t e l l i t e s  

from a single constel lat ion are shown in Figure 5 .  The curves and 

c losed a reas  a r e  the worst c a s e  error. Twenty-four-hour-a-day, s ingle  

fix posi t ion determination capabil i ty from one four-satel l i te  conste l la-  

tion i s  avai lable .  Three-D coverage i s  defined by t h e  inner c i rc le .  A 

two-dimensional capabi l i ty ,  presuming time i s  a lways  der ived,  i s  in 

t h e  outer  a r e a .  

(C) The relat ionship between posi t ion error and tirne synchronizat ion 

error for the  same condit ions a s  described i s  shown in  Figure 6 .  In 

th is  particular c a s e ,  a speci f ic  monitor s ta t ion  ex i s t ed  a t  t h i s  point .  

All of t h e s e  errors a r e  with respect  t o  that  monitor. An addi t ional  

rnonitor within the  coverage here would have a similar  pat tern around 

i t .  So, what i s  shown is the  time synchronizat ion capabi l i ty  for  some 

area on t h e  East Coas t .  To receive  on demand,  24-hour-a-day capa- 

b i l i ty ,  turn the  equipment on. The approximate 2 n s e c  per  foot 

horizontal CEP (Circular Error Probability) compared t o  the  previous 
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chart holds for fairly large a r e a s .  There i s  no time chart  included for  

global  scope .  

(C) There i s ,  however, a global position chart ( s e e  Figure 7) which 

can he used for reference with the sarlie correct ion.  These a re  the 

kinds of horizontal position er rors ,  correctable by about 2 n s e c s  per 

foot of horizonta 1 error, that give the  time synchronization capabi l i ty  

which a global  sys tem of t h i s  nature can a l low.  In t h i s  c a s e ,  though, 

three f ive-satel l i te  conste l la t ions  a re  used ,  which together ,  give 

coverage from about 50 degrees  south latitude to  the North Pole. For 

time synchronization or intermittent f ixes  where you a re  dealing with 

l e s s  than four sa te l l i t e s  in view, t h i s  area around the  Antarctic is not 

a blank.  For varying t imes ,  four sa te l l i t e s  are  in view, but 24-hour- 

a-day coverage i s  not avai lable .  This coverage i s  for a s ingle  f ix,  

requiring approximately 1. s e c  of da ta .  It i s  extremely doubtful tha t  

any area of the world would not have two or more sa te l l i t e s  a l w a y s  

v is ib le .  Reference works dealing with the  subject  s a y  that  you c a n  

probably have three s a t e l l i t e s  v is ib le  continuously over the  south 

polar regions,  but that  coverage i s  not avai lable  24-hours-a-day; 

therefore, i t  i s  shown a s  a blank in th i s  part icular  figure. For sta- 

tionary users  two sa te l l i t e s  a re  sufficient, t o  resolve  the  one remaining 

variable-time. 

(C) To summarize the  time transfer  performance, it can be sa id  tha t  

System 62 10 gives  a method of having a t  l eas t  two s a t e l l i t e s  in  view, 

w3rldwide, a t  a l l  t imes .  I'or over 80 percent of the world, four a r e  

continuously avai lable .  I t s  capaci ty  could be used for tlme t ransfer  

on demand t o  any  spot on the  earth for a n y  prescribed reference--be 

it Greenwich, the Nava 1 Observatory,  or wherever--simply by turning 

a switch and reading a d ia l .  Accuracy of Set ter  than 100 n s e c s  appears  

legitimate i f  severa l  seconds  of data  are  used.  C:omputation would 
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require a few tzi l liseconcls . 
(S) With re:gird to  t h e  requirements tha t  th i s  system would place  on 

time t ransfer  fac; i l i t ics ,  the  r lecessi ty for on-demand performance rnakes 

the  a c t  of sepcirdtc time t ransfer  too long for- use .  In othcr words ,  tfie 

system cannot wait  for any  administrat ive or operational group to per- 

form a separa te  supporting function.  I t s  very mode of operation makes 

i t  f a s te r  than the  management structure of t i m e  t ransfer .  This d o e s  not 

imply that  the system must bc i sola ted  from a source of nat ional  or  

international s tandards;  it simply means that time t ransfer  implies 

motion and no motion exceeds  the  speed of the  RF waves .  Do not 

immediately scrap your current equipment or  organizat ion,  even though 

t h i s  equipment e x i s t s  within the  current technology.  The ques t ion of 

program approval and funding s t i l l  h a s  t o  be  answered.  To give  t h i s  

capabi l i ty ,  a program could be avai lable  by 1976  for a s ingle  constel-  

lat ion,  and by about 1979 or 1,980 for worldwide capabi l i ty .  It would 

c o s t  about  $50 million . That schedule presumes that  funding i s  

avai lable  for the launch veh ic les  and the  clesig~i  of s a t e l l i t e s  in the 

next f i s c a l  year. 'l'hc s tud ics  a l s o  show that  while a n  order of magni- 

tude improvement of time synchronization i s  dvai lable ,  the  to ta l  c o s t  

savings  for tirne transfer  would be  small;  a t  b e s t  insufficient  to pay 

for the development and launch of a single sa te l l i t e .  In conclus ion,  

a markcti improvement in time transfer  s t ands  ready a s  soon a s  the  

capabil i ty for precise  positioning can be inlplemented. 
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