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C o n c u r r e n t  w i t h  t h e  ac?vancec! techno log^. f o r  p r o v i d i n g  
more a c c u r a t e  PTTI t h r o u g h  i r p r o v e d  d e v i c e s  and a 
g r e a t e r  v a r i e t y  of d i s s e n i n a t  i o n  s y s t e m s ,  t h c  f unc-t i o n a l  
areas o f  a p p l i c a t i o n  o f  r ' r e c i s c  T i c ~ c  ancg Time 'Int.er1.7al 
(PTTL) h a v e  a l s o  expanded,  d comprehens ive  ove rv iew 
of the  PTT1 r e q u i r e m e n t s  and a p p l i c a t i o n s  would p r o v i d e  
an o p p o r t u n i t y  f o r  i n d i v i d u a l s  working  i n  a s p e c i f i c .  
f u n c t i o n a l  a rea  t o  i d e n . t i f y  m u t u a l  p r o b l e m s ,  require-  
m e n t s ,  a p p l i c a t i o n s  o r  s u c c e s s e s  s h a r e d  by t l iose in .  
o t h e r  f u n c t i o n a l  a r e a s .  

Rased upon the  r e s u l t s  of  a t w o  year s t u d y  c o n d u c t e d  
u n d e r  the s p o n s o r s h i p  of t h e  LTS90, t h i s  ;paper p r e s e n t s  
a compendium of  PTTT r e q u i r e m e n t s ,  n p p l l . c a t i o n s  and the  
means of meetir'g t5e r e q u i r e m e n t s  among Depar tment  o f  
Defense  componenl:~, o t h e r  government a g e n c i e s  and m a j o r  
conlmercial  users.  In the c o u r s e  of the i n v e s t i g a t i o n  
it was found  t h a t  the p l a n n i n g  p r o c e s s  f o r  P T T I  s u p p o r t  
f o r  new a c q u i s i t i . o n s  o r  new programs bias less t h a n  a 
w e l l  d e f  ine-d,  c o o r d i n a t e d  p r o c e s s .  This p a p e r  describes 
t h e  p r o c e s s e s  i n  g e n e r a l  terms and p r e s e n t s  a g e n e r i c  
rnoilel f o r  r e q u i r e ~ n e n t s  d e t e r w i n a t i o n  and subsequent:  
c o o r d i n a t i o n  which  may enhance  t h e  p l a n n i n g  p r o c e s s  
iirld introdilce cost benefits to rhe program. 

I n  J a n u a r y  of  198C, functioning i n  t h f  r o l e  o f  t h e  Uepar tment  o f  D e -  
fe .nse  P T T I  Manager, the U. S. Naval Observa to ry  i n i t i a t e d  a s t u d y  of 
PTTI r e q u i r e m e n t s ,  Al.thoug11 t h e  c e n t r a l .  f o c u s  of t h e  s t u d y  w a s  t h e  
DOD r e q u i r e m e n t s ,  t h e  s c o p e  of t h e  e f f o r t  w a s  expanded t o  Tnclude t h e  
r e q u i r e m e n t s  of t h e  o t h e r  government a g e n c i e s  and s i g n i f i c a n t  commer- 
c i a l  u s e r s  o f  P T T l  since many of t h e m  must m a i n t a i n  reference t o  t h e  
U .  S .  Naval O b s e r v a t o r y  m a s t e r  c l o c k  t i m e .  The p u r p o s e  o f  t h e  s t u d y  
was  t o  g a i n  an i n s i g h t  into the  magni tude  of c u r r e n t  uses of PTTL, and 
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p r o j e c t e d  requ i rements ,  i n  o r d e r  t o  d e t e r m i n e  t h e  o b j e c t i v e s  f o r  up- 
g r a d i n g  t h e  m a s t e r  c l o c k  system t o  p r o v i d e  t h e  most a c c u r a t e  and c o s t  
e f f e c t i v e  s e r v i c e  t o  t h e  u s e r s .  The i d e n t i f i c a t i o n  of t h e  u s e r s  and 
t h e i r  broad requ i rements  were  deemed s u f f i c i e n t  t o  m e e t  t h e  o b j e c t i v e s .  
Consequent ly ,  t h e  d e t a i l s  of s p e c i f i c  sys tems equiprnents and w i r i n g  
diagrams were n o t  n e c e s s a r y .  Key e lements  such  as  a c c u r a c y  r e q u i r e d ,  
t h e  t y p e  of s t a n d a r d  used ,  t h e  r e f e r e n c e  sys tem f o r  m a i n t a i n i n g  the 
s t a n d a r d  and t h e  f u n c t i o n a l  a r e a s  of o p e r a t i o n  (e.g. communications, 
n a v i g a t i o n  e t c . )  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  t o  e s t a b l i s h  t h e  USNO 
o b j e c t i v e s  f o r  improvements i n  t h e  master c lock .  

APPROACH 

The f i r s t  s t e p  i n  de te rmin ing  t h e  broad u s e r  requ i rements  was t o  
i d e n t i f y  t h e  u s e r s  themse lves .  T h i s  e f f o r t  had a  two-pronged approach 
b e s t  d e s c r i b e d  a s  a tltop-downll and "bottom-up" approach.  

The top-down approach began a t  t h e  t o p  l e v e l  h e a d q u a r t e r s  of t h e  
r e s p e c t i v e  DOD components and o t h e r  u s e r  a g e n c i e s .  I n  most c a s e s  t h e  
c o n t a c t  w a s  made by a  p e r s o n a l  o f f i c e  c a l l ,  However, some c o n t a c t s  
were  i n  group mee t ings  and i n  a few c a s e s  where f o l l o w  up a c t i o n  was 
n o t  deemed n e c e s s a r y ,  c o n t a c t  was made by t e l e p h o n e  on ly .  The DOD 
D i r e c t i v e  governing p r e c i s e  t ime  and t i m e  t n t e r v a l  (DOD DTR 5160.51) 
r e q u i r e d  t h e  v a r i o u s  components t o  i s s u e  implementing d l r e c t i v e s  and 
p r o v i d e  c o p i e s  of t h e s e  d i r e c t i v e s  t o  t h e  O S D ( C ~ I ) .  By t r a c i n g  t h e  
implementing d i r e c t i v e  t o  t h e  r e s p o n s i b l e  s t a f f  a g e n c i e s  i n  each 
component t h e  p e r s o n n e l  most invo lved  i n  PTTI m a t t e r s  were  l o c a t e d .  
T h i s  approach a l s o  i d e n t i f i e d  t h e  n e x t  lower eche lon  a s s i g n e d  respon- 
s i b i l i t i e s  f o r  PTTI m a t t e r s  and l e a d  u l t i m a t e l y  down t o  t h e  f i e l d  
a c t i v i t i e s  m a i n t a i n i n g  PTTI. A t  f i r s t  g l a n c e ,  t h e  top-down tech-  
n i q u e  e x h i b i t e d  a l l  t h e  promise  of t h e  most e f f i c i e n t  and economical  
means of g a t h e r i n g  t h e  d e s i r e d  i n f o r m a t i o n .  It w a s  e n v i s i o n e d  t h a t  
w i t h i n  each component t h e  higher l e v e l  s t a f f  would have a t  hand t h e  
a g g r e g a t e  requ i rements  of s u b o r d i n a t e  commands. These would t h e n  b e  
a v a i l a b l e  a t  a c e n t r a l  l o c a t i o n  and s e r v e  t o  i d e n t i f y  t h e  PTTI u s e r s  
a t  t h e  n e x t  lower  eche lon  as w e l l  a s  t h e  q u a n t i t a t i v e  requ i rements  
as approved/unders tood by t h e  h i g h e r  a u t h o r i t y .  I f  t h e  level of 
d e t a i l  concern ing  t h e  requ i rement  was i n s u f f i c i e n t ,  it would a t  l e a s t  
p r o v i d e  t h e  i n v e s t i g a t o r  w i t h  t h e  i d e n t i t y  of t h e  s o u r c e  of f u r t h e r  
d e t a i l s .  By v i r t u e  of c e n t r a l i z e d  d a t a  s o u r c e s ,  t h e  top-down tech-  
n i q u e  would economize on t i m e  and t r a v e l  expenses  as w e l l  as f a c i l i -  
t a t e  t h e  c o m p i l a t i o n  p r o c e s s  f o r  d i s p l a y i n g  t h e  d a t a  and t h e  sub- 
s e q u e n t  a n a l y s i s  p rocess .  By d e f i n i t i o n ,  t h e  t o p  down approach would 
appear  t o  b e  t h e  best means t o  work down t o  t h e  i n v e s t i g a t o r ' s  per-  
c e p t i o n  of "broad" requ i rements  w i t h o u t  becoming enmeshed i n  t h e  
diverse d e t a i l s  of a m u l t i t u d e  of u s e r s  and t h e i r  o v e r l a p p i n g  
requ i rements .  



In some i n s t a n c e s  t h i s  t e c h n i q u e  d i d  n o t  p r o v i d e  a w e l l  d e f i n e d  t r a c k  
t o  t h e  t n d i v i d u a l s  who had a comprehension of PTTI requ i rements .  I n  
many i n s t a n c e s ,  a l t h a u g h  w e l l  aware of an o v e r a l l  program and an apprec- 
i a t i o n  of a need f o r  P T T I ,  t h e  q u a n t i t a t i v e  a s p e c t s  of t h e  requ i rement ,  
and t h e  means whereby it would b e  s a t i s f i e d ,  were not  c l e a r l y  v i s i b l e  
a t  t h e  upper  eche lon  of a u t h o r i t y .  

I n  an e f f o r t  t o  i s o l a t e  t h e  e l u s i v e  requ i rements  i n f o r m a t i o n ,  a ques- 
t i o n n a i r e  was des igned.  Conceptual"ly,  t h e  q u e s t i o n n a i r e  would b e  
d i r e c t e d  t o  t h e  PTTI p a r t i c i p a n t s  i d e n t i f i e d  i n  t h e  top-down approach 
w i t h  t h e  i d e a  t h a t  t h e y  i n  t u r n  would forward i t  down through t h e  s t a f f  
o r  command c h a i n  t o  t h e  v a r i o u s  l e v e l s  where t h e  requ i rements  d a t a  were 
more a c c e s s i b l e  and b e t t e r  unders tood.  It was a  m u l t i p u r p o s e  ques t ion-  
n a i r e .  A p o r t i o n  of it was des igned  t o  g a t h e r  i n f o r m a t i o n  on t h e  
management s t r u c t u r e  and o r g a n i z a t i o n a l  r e l a t i o n s h i p s  and t h e  remainder  
a d d r e s s e d  t h e  requ i rements .  

Although t h e  r e s p o n s e s  t o  t h e  q u e s t i o n n a i r e  proved i n f o r m a t i v e  i n  
c e r t a i n  a r e a s ,  t h e y  were  n o t  100% e f f e c t i v e  i n  f i l l i n g  t h e  g a p s .  

The combinat ion of t h e  i n i t i a l  s t a f f  c o n t a c t s  and a  p r e l i m i n a r y  analy-  
sis of t h e  r e s p o n s e s  t o  t h e  q u e s t i o n n a i r e  i n d i c a t e d  t h a t  t h e r e  e x i s t e d  
a  l e v e l  of PTTI requ i rements  t h a t  was e l u d i n g  s c r u t i n y .  Those were 
t h e  requ i rements  a s s o c i a t e d  w i t h  sys tems tn the. h i e r a r c h y  of t h e  
p lann ing  and programming system which were n o t  y e t  o p e r a t i o n a l .  I n  
an e f f o r t  t o  f e r r e t  o u t  t h e  P T T I  r equ i rements  i n  t h i s  c a t e g o r y ,  a n o t h e r  
format  was des igned  w i t h  t h e  i n t e n t  of c i r c u l a t i n g  it to s e l e c t e d  
program, a c q u i s i t i o n ,  o r  sys tem managers t o  p r o v i d e  t h e  s p e c i f i c s  on 
t h e i r  r e s p e c t i v e  PTTI requ i rements .  P r e l i m i n a r y  d i s c u s s i o n s  w i t h  
s e l e c t e d  program sponsors  and o t h e r s  i n  s e n i o r  s t a f f  p o s i t i o n s  c r e a t e d  
some r e s e r v a t i o n s  about  t h e  c i r c u l a t i o n  of t h e  r e v i s e d  format  as  an  
augmentat ion t o  t h e  q u e s t i o n n a i r e .  I n  g e n e r a l ,  it w a s  concluded t h a t  
i t  would n o t  be  p r o p i t i o u s  t o  encumber an a l r e a d y  overburdened system 
w i t h  t h e  a d d i t i o n a l  a d m i n i s t r a t i v e  d e t a i l s  of responding t o  y e t  a n o t h e r  
i n q u i r y .  However, t h e  s e a r c h  f o r  t h e  b a s i c  i n f o r m a t i o n  was n o t  aban- 
doned. The d a t a  f o r  s e l e c t e d  sys tems w e r e d e r i v e d  th rough  r e s e a r c h  of 
v a r i o u s  documents, p a p e r s  p r e s e n t e d  a t  symposia,  and through c o n t a c t  
w i t h  knowledgeable i n d i v i d u a l s  d i r e c t l y  a s s o c i a t e d  w i t h  t h e s e  programs. 

Concurrent  with t h e  "top-down" approach d e s c r i b e d  above,  a  "bottom-up" 
approach was implemented. The b a s i c  ph i losophy  s u p p o r t i n g  t h e  bottom- 
up approach w a s  t o  i d e n t i f y  t h e  myriad of PTTI u s e r s ,  a g g r e g a t e  t h e i r  
r equ i rements  and d i v i d e  them i n t o  s p e c i f i c  f u n c t i o n a l  c a t e g o r i e s  of 
u s e  such  as n a v i g a t i o n ,  comrnunicat i o n s ,  e t c .  Having developed an 
a g g r e g a t e  display by c a t e g o r y ,  t h e n  seek t o  i d e n t i f y  t h e  o p e r a t i o n a l  
c a p a b i l i t i e s  which e s t a b l i s h e d  t h e  PTTI requ i rements .  A s  a d e p a r t u r e  
p o i n t ,  t h e  computer p r i n t o u t  of t h e  d i s t r i b u t i o n  l i s t  f o r  t ime  s e r v i c e  
announcen~ents from the USNO was reviewed. Each u s e r ,  by DOD component, 



was l i s t e d  along wi th  t h e  type  of announcements received.  The o b j e c t i v e  
here  was t o  t r y  t o  determine t h e  p r i n c i p a l  f u n c t i o n a l  category i n  which 
t h a t  u se r  was opera t ing  by t h e  very n a t u r e  of t h e  t ime s e r v i c e  announce- 
ments received.  In some in s t ances  t h e  t i t l e  of t h e  us ing  u n i t  provided 
an i n s i g h t  t o  t h e i r  p r i n c i p a l  f u n c t i o n a l  category.  

A s  an ad junct  t o  t h e  techniques app l i ed  i n  t h e  top-down and bottom-up 
approaches, every e f f o r t  was made to f n v e s t i g a t e  a l l  a v a i l a b l e  d a t a  
sources.  Other sources  of d a t a  included p e r i o d i c a l s ,  i nd iv idua l  papers  
publ ished f o r  symposia, government r e p o r t s ,  d i r e c t i v e s  and support  
agreements, c o n t r a c t o r s  equipment s p e c i f i c a t i o n s ,  and vendors e d i t o r i a l  
observa t ions  r e l a t e d  t o  innovat ive  means of dea l ing  wi th  PTTI requi re -  
ments.  

F igure  1 presen t s  a summary d i sp l ay  of t h e  DOD PTTI requirements com- 
p i l e d  from t h e  r e s u l t s  of t h e  i n v e s t i g a t i v e  process  descr ibed  above. 
Also included i n  t h e  summary a r e  some o t h e r  s e l e c t e d  major u s e r s  who 
are e x t e r n a l  t o  t h e  Department of Defense. The f i r s t  s e c t i o n  of t h e  
d i sp l ay  shows t h e  major disseminat ion systems. These a r e  re ferenced  
throughout t h e  c h a r t  a s  t h e  means whereby t h e  u s e r s  a r e  c a l i b r a t i n g  
t h e i r  r e s p e c t i v e  systems. Each component's d a t a  i s  provided under a 
s e p a r a t e  heading. 

Although t h e  requirements vary  over a wide range, many of t h e  requi re -  
ments a r e  common t o  s e v e r a l  components. I n  some ins t ances  t h e  means 
of s a t i s f y i n g  t h e  requirement must vary  due t o  t h e  ope ra t iona l  environ- 
ment. O f  p a r t i c u l a r  no te  is t h e  Navy's requirements.  The Navy's re- 
quirements were compiled in a d i sp l ay  which shows t h e  s e p a r a t e  requi re -  
ment by s h i p  c l a s s ,  a i r c r a f t  c l a s s  and shore  i n s t a l l a t i o n s ,  However 
t h e  da t a  i n  t h a t  form is  c l a s s i f i e d  and is  a v a i l a b l e  a t  t he  Naval 
Observatory i n  a s e p a r a t e  r epo r t .  By v i r t u e  of long term deployment 
covering most of t h e  globe and independent opera t ions ,  t h e  Navy 
ope ra t iona l  requirements a r e  probably t h e  most complex. The Nat iona l  
Secu r i ty  hgencyls  requirements a r e  a l s o  c l a s s i f i e d  and a r e  incorpora ted  
i n  t h e  same r e p o r t  a t  t h e  USNO. 

General ly  speaking, t h e  most s t r i n g e n t  requirements a r e  a s soc i a t ed  wi th  
r e sea rch  and c a l i b r a t i o n  f a c i l i t i e s .  Fo r tuna te ly  these a c t i v i t i e s  a r e  
f i x e d  i n s t a l l a t i o n s  and can provide  c o n t r o l l e d ,  s t a b l e  environments 
f o r  t h e i r  s tandards.  Most of the  requirements range from 1 p a r t  i n  
1012 t o  1 p a r t  i n  1014 f o r  frequency s t a b i l i t y .  The p r i n c i p a l  means 
of monitoring t h e s e  systems is  by p o r t a b l e  c lock ,  TV-10 and Loran-C. 
NASA p re sen t s  the most s t r i n g e n t  requirements,  both cu r r en t  and pro- 
j e c t e d ,  f o r  a v a r i e t y  of programs such a s  space t r ack ing ,  geodesy, and 
o the r  i n v e s t i g a t i v e  p ro j ec t s .  
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USER 
PWCZSION 

REQUIKED 
REFERENCED TO STANDARD PRINCIPAL 

USE 

TIPIE 01; 

U . S .  AIR FOIlCE (Cont'd) FIIE'Q. -. DAY 

tlanscom AFR 1x10-l1 LORAN-C C s  Research 

AF Communications 5x10-lo 
F a c i l i t i e s  

S e l f - S y n c .  XTAL Oscill, Communications 

AF Aeronautical ~ x L o - ~ ~  
Laboratory 

MSL Warning Squadron 1 ~ 1 0 - l l  PC Cs ~ ~ n c h r o n i z a t  ion /  
Time 

Eastern Test Range 1x10-l1 I'C,  LOICAN-C, VLY C s  Range Tracking/Time 

Western Test Range + 2us - I'r:, I -OKhV-C,  VLF C s ,  Rb Range Tracking 
TV-10 

A i r  Defense Command L X ~ O - ~ O  PC Rb Comunications/Time 

FUTURE SYSTEMS 

SEEK TALK I h II 

HAVE Q U I C K  

HEECN 

- 

T r a n s i t  S a t e l l i t e  

Kb o r  XTAL Serure  Tactical Corm.  

Rb Tact i ca l  Corn. 

C s  Emergency Comm. 

REQUIREMENTS S W Y  (Cont inucd) 
Figure 1 



USER 
PRECISION 

REQUIKEU 
REFERENCED TO STANDARD PRINCIPAL 

USE 

'I'LMI Ot 
U . S .  hKm FKF:(!. I l A Y  - -- 

U . S .  Army M e t r o l o g y  h 1x10- l1  
C a l i b r a t i o n  C e n t e r  (USAMCC) 

U.S. Army E l e c t r o n i c s  1x10-l1 
R e s e a r c h  & Developnlent 
Cmd (ERAUCOM) 

F r e q u e n c y  C a l i b r n t  i o n  

F r e q u e n c y  C a l i b r a t i o n  

U.S.  A r m y  Communica t ions  
Cmd TFmlrig L l i v i s i o n  

(Code  CCNC-TWS-T) m i t e  
Sands,  NE1 

U.S. Army White S a n d s  1x10-l1 
M i s s i l e  Kangr (Code ()A-CH) 

Cs ( F o u r )  K a ~ l p e  ' r iming  

Kange T r a c k i n g  

U.S. A m y  Test 6 Evalua- 
t i o n  Cnd Yuma P r o v i n g  
Gds, (Code  STEYP-MOP-E) 

1x10-l1 

U . S .  Army A r e a  C a l i b r a t i o n  
& R e p a i r  C e n t e r ,  
A b e r d e e n  Proving G d s ,  MD 1x10-l1 

U.S. Army A r e a  C a 1 i b r ; i t i o n  
L a b o r a t o r y ,  L e x i n g t o n  
B l u e g r a s s  Dep t . ,  
Lexington, KY 

VLF , WUV C s  (on o r d e r  
ETA 11/81)  

C a l l b r a t  i o n  

Q u a r t z  C r y s t a l  C a l i b r a t i o n  
( V i c t o r i a n  33) 

REQUIREMENTS SIIHMARY  on t  i n u e d )  
Figure 1 



USER 
PWCISION 

KEQUIRED 
REFERENCED TO STANLlARD P R I N C I P A L  

U S E  

Modular I n t e g r a t e d  ~ x I o - ~ O  
C o r n n ~ u ~ ~ i c a t  i o n s  & 
N a v i g a t i o n  System (HICNS)  

S i n g l e  Channel  O b j e c t i v e  - + ZOvs /7  d , ~ y s  - 

T a c t i c a l  Terminal  (SCOTT) 

S i n g l e  Channel  Grouxd A i r  
Rad io  System (SINCCARS) 

Advanced Quick Look ( i n  B i d d e r s  
Compe t i t i on )  

Rb Nav igd t i un  6 
Cornmunicat i ons  
Data  Link  

Armored V e h i c l e s  
T a c t i c a l  S a t e l l i t e  
L ink  

T a c t i c a l  Communlcatfons 

NATIONAL AEROXAUTICS & 
SPACE ADMINISTRATION 

Space  T rack ing  & Data 1x10-l4 2511s P C ,  LOW-C, FIF 
Hetwork 

T r a c k i n g  h Data  Relay l ~ l 0 - l ~  40ns  PC, L O W - C  
S a t e l l i t e  System (TDRSS) 

Laser R a n g h g  Hetwork 1 ~ 1 0 - l ~  5 lcls PC, L O W - C ,  TV 

Space  S h u t t l e  1~10-l5 < l p b  PC, LORAN-C, TV 

n s  TDRSS, CPS, L a s e r ,  
T V , P C  

Cs Space  T rack ing  

Cs ,  FFm Space  T rack ing  

C s ,  Hm, Rb L a s e r  Range 

C s ,  Hm, Rb Shuttle, V L B I  L a s e r s  

C s , H m , H g  VLBI, C r u s t a l D y n a m i c s  
S c i e n t i f i c  S a t e l l i t e s  
Deep Space Mis s ion  
GRAVSAT 

REQUIRPiENTS SUHMAFrY (Continurd) 
Figure 1 
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The n e x t  l e v e l  i n  t h e  h i e r a r c h y  of requ i rements  a p p e a r s  t o  b e  a t  t h e  
test r a n g e s ,  E a s t e r n  and Western test ranges  under  t h e  A i r  Force ,  and 
Yuma and White Sands under  t h e  Army. The requirement  is  i n  t h e  o r d e r  
of 1 p a r t  i n  1011 and t i m e  of t h e  day t o  w i t h i n  f 2 microseconds of t h e  
USNO m a s t e r  c lock.  Again p o r t a b l e  c l o c k s ,   ora an? and TV-10 are t h e  
p r i n c i a p l  s o u r c e s  of r e f e r e n c e .  Very c l o s e  t o  t h i s  l e v e l  05 a c c u r a c i e s ,  
10-l1 t o  10"~0, i s  a wide. r ange  of communication systems and d a t a  l i n k s  
which r e l i e s  on timimg f o r  s e c u r i t y  of d i g i t a l  t r a n s m i s s i o n  of l a r g e  
volumes of d a t a .  F o r t u n a t e l y , a l l  of t h e  components s h a r e  t h e s e  r e q u i r e -  
ments. S i n c e  t h e  sys tems a r e  t a c t i c a l  o r  s t r a t e g i c  sys tems  deployed 
w i t h  o p e r a t i o n a l  f o r c e s ,  t h e  s t a n d a r d s  which s u p p o r t  t h e  sys tem seldom 
en joy  t h e  l u x u r y  of a c o n t r o l l e d  environment.  A d d i t i o n a l  performance 
c r i t e r i a  must b e  c o n s i d e r e d  such  a s  s i z e ,  we igh t ,  a c c e l e r a t i o n  s e n s i -  
t i v i t y ,  t e m p e r a t u r e  range ,  warm up t ime  and power supply.  D e l i c a t e  
t r a d e  o f f s  a r e  n e c e s s a r y  t o  a c h i e v e  t h e  o p e r a t i o n a l  o b j e c t i v e  a t  a 
r e a s o n a b l e  c o s t .  For  some of t h e  " f u t u r e  systems" l i s t e d  i n  t h e  c h a r t ,  
t h e s e  t r a d e o f f s  a r e  c u r r e n t l y  i n  p r o c e s s  and t h e  d a t a  needed t o  f i l l  i n  
t h e  c h a r t  a r e  n o t  r e a d i l y  a v a i l a b l e .  

The A i r  Force  h a s  wide ly -d i spersed  f o r c e s .  However, t h e i r  f a c i l i t i e s  
a r e  g e o g r a p h i c a l l y  f i x e d  i n  n a t u r e  and independent  deployments a r e  of 
r e l a t i v e l y  s h o r t  d u r a t i o n .  They have s t r u c t u r e d  t h e i r  PTTI f a c i l i t i e s  
t o  cover  t h e i r  needs  th rough  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of some 24 
P r e c i s e  Time Refe rence  S t a t i o n s ,  each equipped w i t h  a s t a n d a r d  Time 
Console u n i t  c o n t a i n i n g  two r e f e r e n c e  c l o c k s ,  Loran-C r e c e i v e r s  and 
VLF r e c e i v e r s .  I n  a d d i t i o n  t h e r e  a r e  one hundred and seven teen  P r e c i -  
s i o n  Measurement Equipment L a b o r a t o r i e s  worldwide. T h e i r  equipments 
va ry  i n  n a t u r e  from VLF comparators  t o  cesium s t a n d a r d s  depending upon 
t h e  n a t u r e  of t h e  f a c i l i t y  be ing  suppor ted .  

If one f o c u s e s  on t h e  f u t u r e  requ i rements  of t h e  S e r v i c e s ,  it becomes 
a p p a r e n t  t h a t  t h e  o p e r a t i o n a l  r equ i rements  and t h e  n a t u r e  of PTTI  
prohlems a r e  converging t o  a common ground. T h i s  is  d r i v e n  p r i m a r i l y  
by s o p h i s t i c a t e d  communication sys tems  and p o s i t i o n  l o c a t i o n  equipment 
which w i l l  b e  wide ly  d i s p e r s e d  i-n t a c t i c a l  deployments.  For  example 
t h e  Army i s  deve lop ing  t h e  S i n g l e  Channel O b j e c t i v e  T a c t i c a l  Terminal  
(SCOTT) which w i l l  r e q u i r e  time of day w i t h i n  + 20 u s  and may con- 
c e i v a h l y  r e q u i r e  t h e  deployment of s e v e r a l  hunxred cesium o r  rubidium 
c l o c k s .  Other  f u t u r e  Army systems such a s  S i n g l e  Channel Ground A i r  
Radio System (SINCGARS) and Modular I n t e g r a t e d  Communication System 
(MICN) may a l s o  add cesium o r  rubidium c l o c k s  t o  t h e  o p e r a t i o n a l  
f o r c e s .  These deployments w i l l  c l e a r l y  change t h e  complexion of t h e  
program from t h a t  of a l a b o r a t o r y ,  f i x e d - i n s t a l l a t i o n  problem t o  t h o s e  
problems similar t o  t h e  Navyvs t n  s u p p o r t  of deployed o p e r a t i o n a l  
f o r c e s .  There are many j o i n t  sys tems under  develcpment which w i l l  
i n e x o r a b l y  s p r e a d  t h e  problem un i fo rmly  among t h e  s e r v i c e s  as common 
u s e r s .  



PTTI REQUIREMENTS PLANNING 

The i n v e s t i g a t i o n s  implemented i n  r e s e a r c h i n g  t h e  requ i rements ,  r e -  
v e a l e d  some i n t e r e s t i n g  f a c t s  r e g a r d i n g  t h e  PTTI requ i rements  planning 
p r o c e s s .  For t h e  purposes  of t h i s  d i s c u s s i o n  t h e  PTTI u s e r s  w i t h i n  
t h e  components can be  d i v i d e d  i n t o  t h r e e  f u n c t i o n a l  communities;  t h e  
R&D community, t h e  L o g i s t i c s  community, and t h e  O p e r a t i o n a l  community. 
P T T I  r equ i rements  a r e  viewed from a d i f f e r e n t  p e r s p e c t i v e  t n  each of 
t h e s e  communities. One of t h e  f i r s t  key o b s e r v a t i o n s  which can be  made 
with few e x c e p t i o n s  is  t h a t  t h e r e  i s  no c e n t r a l  o v e r s e e r  i n  t h e  compon- 
e n t s  who t r a n s c e n d s  t h e  i n d i v i d u a l  boundr ies  of  t f iese  communities i n  
o r d e r  t o  t r a n s l a t e  t h e  s e p a r a t e  requ i rements  i n t o  a common s t a t e m e n t  of 
the  o v e r a l l  component requ i rements .  Consequent ly ,  i n  r e s e a r c h i n g  re -  
qu i rements ,  each community w i t h k  t h e  components had t o  be  que r i ed  
s e u a r a t e l v .  With d i f f e r e n t  n e r s ~ e c t i v e s .  the statement:  o f  r e a u i r e m e n t s  
t a k e s  on a  d i f f e r e n t  form. A s t a t e m e n t  of r equ i rements  from t h e  opera- 
t i o n a l  community is  i n  o p e r a t i o n a l  terms. For  example, t he  r e q u i r e -  
ment may b e  t o  a c h i e v e  s e c u r e  communications between p o i n l s  A and R, 
o r  l e t k r m i n e  p o s i t  ion  l o c a t i o n ,  worldwide, to s p e c i f i e d  accuracy .  The 
o p e r a t i o n a l  r e p r e s e n t a t i v e  may cr may n o t  b e  aware of t h e  f a c t  t h a t  
p r e c f s e  t ime  o r  t i m e  i n t e r v a l  i s  a n e c e s s a r y  element of  t h e  s y s t e n  t o  
a c h i e v e  the  ob jec t i -ve .  The i n v e s t i g a t i o n  t h e n  s h i f t s  t o  t h e  l o g i s t i c s  
comm~~ni ty  and s p e c i f i c a l l y  t h e  a c q u i s i t i o n  manager; o r  f o r  sys terr~s  
c u r r e n t l y  o p e r a t i o n a l ,  t o  t h e  metrology and c a l i b r a t , i o n  s u p p o r t  agen- 
c i e s .  The n c q u i s i t i o l l  manager, on t h e  l o g i s t i c s  s i d e ,  i s  more tech-  
n i c a l l y  o r i e n t e d  and w i l l  g e n e r a l l y  acknowledge t h e  need f o r  PTTI.  
However, t h e  manner i n  which it i s  t o  b e  provided arid t h e  spccif  i c  
c r i t e r i a  are  not always  Paown. The P T T I  p o r t i o n  i s  viewed as a  sub- 
sys tem t o  t h e  p repared  d e s i g n  which w i l l  meet t h e  o p e r a t i o n a l  r e q u i r e -  
ment. A s  we f o l l o w  the t - rack t o  t h e  des ign  e n g i n e e r ,  t o  subsystem 
e n g i n e e r ,  e t c .  t h e  a v a i l a b i i i t y  of  d a t a  on PTTI i n c r e a s e s  c o n s i d e r a b l y .  
In some i n s t a n c e s  t h e  f i n a l  answer r e s t s  w i t h  the. comerc i . a l  c o n t r a c t o r  
~ l h o  i s  assembling t h e  e n t i r c  systein ancl knows p r e c i s e l y  how the t i m i n g  
probl..crn j.s t o  b e  sc lved .  The I-',hn cornmurlity has a s p l t t  view o f  t h e  
i s s u e .  On t h e  one hand t:heir a t t c - n t i c n  j.s d i r e c t e d  .to t h e i r  own 
t n t e n ~ a l  PTTL requ i re r r~en t s ,  on s i t e ,  f o r  u s e  in research. On t h r  a t h e r  
hand they must b e  constantEv aware of: t h e  o ~ e r a t i o n a l . .  o b i e c t i v e s  t o  - 
i n s u r e  t h a t  t h e y  k e c p  pace w i t h  t h e  requ i rements .  Th i s  community 
s h a r e s  t h e  f r u s t r a t i o n  of not l ~ a v i n g  a cen t ra l .  p o i n t  of c o n t a c t  vh ich  
can b r i n g  togetzher in1ormat ion r e g a r d i n g  PTTI requ i rements  2 n d  r e l a t e d  
a c t i v i t y  i n  t h e  o t h e r  ccmnuni t i c s .  The n e t  r e s u l t  of  the c u r r e n t  pro- 
c.ess i s  a somewhat fragmented p r o c e s s  i n  PTTI rcqujrernenCs dcvclopment. 

Civen t h e  above f: lcts ,  we. v i g h t   cell. q u e s t i o ~ ?  h o w  t h e  P T T I  prograc; con- 
t i n u e s  t o  f u n c t i o n  a s  1 ~ ~ 1 1  ns i t  does .  It does  s o  t h r o u g i ?  t h r .  i n i t a -  
t i v e  and d e d i c a t i o n  o f  t h e  p a r t i c i p a n t s  who are  w i l l i n g  t o  o v e r r i d c  t-he 
I.ack o f  a fo rmal ized  s t a f f i n g  sys t em and t o  comiun ica te  w i t h  one a n o t h e r  



t o  t h e  degree necessary  t o  accomplish t h e i r  t a sks .  There i s  a  complex 
information exchange network among components, among communities, and 
even from one component's community t o  a d i f f e r e n t  community i n  another  
component. Although f u n c t i o n a l ,  i t  i s  time comsuming and l e s s  then  
e f f i c i e n t  . 
A c lear ly-def ined  PTTI  requirements development process  r e q u i r e s  a  we l l -  
de l inea t ed  o r g a n i z a t i o n a l  s t r u c t u r e  w i th in  which it opera tes .  One such 
s t r u c t u r e  i s  dep ic t ed  i n  F igure  2.  Each component would have a c e n t r a l  
PTTI manager ass igned ,  p re fe rab ly  o p e r a t h g  on t h e  h ighes t  s t a f f  l e v e l  
i n  o rde r  t o  e x e r c i s e  coord ina t ion  over t h e  s e p a r a t e  communities in each 
component. This  i s  no t  e s s e n t i a l  i f  t h e  necessary  coord ina t ion  author- 
i t y  i s  unequivocal ly e s t a b l i s h e d  i n  t h e  governing d i r e c t i v e s  and 
c l e a r l y  recognized by a l l  p a r t i c i p a n t s .  A c e n t r a l  p o i n t  of con tac t  i s  
a v a i l a b l e ,  and known, t o  t h e  DOD PTTI manager. Within each component 
t h e  requirements a r e  brought t o  a c e n t r a l  p o i n t  where t h e  a c t i v i t i e s  
of t h e  o t h e r  communities a r e  a l s o  known. The manager would be  a b l e  t o  
match cu r ren t  metrology and c a l i b r a t i o n  c a p a b i l i t i e s  w i th  new requi re -  
ments; p rovide  feedback t o  t h e  R&D community a s  t o  o p e r a t i o n a l  requi re -  
ments and i n s u r e  t h a t  t h e  o p e r a t i o n a l  community is  a f fo rded  t h e  most 
cos t  e f f e c t i v e  and e f f i c i e n t  support  f o r  h i s  system. By r equ i r ing  
formal coord ina t ion  wi th  t h e  PTTI  manager, e a r l y  i d e n t i f i c a t i o n  of 
PTTI  needs is  achieved. A l l  p a r t i c i p a n t s  become aware of t h e  requi re -  
ments and a s o l u t i o n  i s  drawn from a f u l l  knowledge of t h e  technology 
a v a i l ~ b l e  t o  t h e  e n t i r e  program. This  i n  turn would t end  t o  converge 
on s tandard  equipments and common techniques  f o r  access ing  dissemina- 
t i o n  systems and maintaining s tandards .  Product ion l i n e  i tems would 
begin t o  r ep l ace  development models t hus  providing f o r  economies i n  
a c q u i s i t i o n  c o s t ,  commonality of maintenance and suppor t ,  uniform 
t r a i n i n g ,  and a  b a s i s  f o r  ga ther ing  meaningful s t a t i s t i c a l  d a t a  on 
performance parameters  which i n  t u r n  can b e  used t o  focus t h e  e f f o r t s  
of t h e  R&D community on t h e  problem a reas .  

The DOD PTTI  Manager would become an a c t i v e  p a r t i c i p a n t  i n  t h e  planning 
process  w i th  wel l -es tab l i shed  l i n e s  of communication t o  c e n t r a l l y -  
managed programs. With b e t t e r  v i s i b i l i t y  of t h e  DOD requirements and 
a c t i v e  p a r t i c i p a t i o n  in t h e  process ,  t h e  DOD PTTI  manager w i l l  be  
b e t t e r  a b l e  t o  meet h i s  r e s p o n s i b i l i t i e s  of providing an e f f i c i e n t  
and c o s t - e f f e c t i v e  DOD program. 

SUMMARY 

Current  PTTI  requirements cover  a  wide range of c r i t e r i a  w i th  space 
systems and b a s i c  r e sea rch  heading t h e  l i s t  0 5  t h e  most s t r i n g e n t  
demands f o r  accuracy and s t a b i l i t y .  Users' requirements are being 
accommodated through a  v a r i e t y  of t ime d isseminat ion  means. The 
r e l i a n c e  on p o r t a b l e  c locks  is  dec l in ing  a s  improved systems and 
techniques a r e  developed. Almost uniformly throughout the u s e r  





community, GPS/MAVSTAR and t h e  r e a l i z a t i o n  of i ts  f u l l  p o t e n t i a l  i s  
viewed a s  one of t h e  most impor tan t  f a c t o r s  t n  f u t u r e  p lann ing .  
With t h e  adven t  of t h e  more s o p h i s t i c a t e d  communications systems and 
d a t a  l i n k s  which  a r e  becoming common t o  a l l  components, t h e  c h a r a c t e r  
of t h e  components programs a r e  merging t o  a sing1.e i d e n t i t y .  The t i m e  
i s  p r o p i t i o u s  t o  i n s t i t u t e  management i n i t i a t i v e s  which w i l l  i n s u r e  a 
f u l l y  c o o r d i n a t e d  DOD program. T h i s  can b e  accomplished w i t h o u t  any 
g r e a t  r e o r g a n i z a t i o n  o r  c o s t  and t h e  r e t u r n  on the  inves tment  can b e  
r e a l i z e d  i n  a l l  a s p e c t s  of t h e  program. 



OUESTIONS A N D  ANSWERS 

DR. NICK YANNONI, Rome A i r  Development Center 

What i s  your time t a b l e  f o r  completing your current  a c t i v i t y ?  What 
d o  you expect t o  d o ?  

MR. ROWSER: 

The time t a b l e  f o r  me t o  publish a f i n a l  r e p o r t ,  Dr. Yannoni? 

DR. YANNONI: 

You said you had been doing something f o r  18 or 20 months, and I am 
in te res ted  i v  when you wil l  be completed and what you wil l  achieve? 

MR. BOWSER: 

The date  t h a t  we must turn i n  the  f ina l  repor t  t o  Dr. Winkler i s  
the  27th of December. He has seen t ~ ~ o s t  of  i t ,  except f o r  one chap- 
t e r  of  the  management repor t  and t h e  f i n a l  elements of the requi re-  
rr~ents a n a l y s i s ,  I all: s t i l l  out orl the search for a nuniber o f  sys- 
tems, and t ry ing t o  establ  i s h  w h a t  those requirements n i i g h t  be. 
And scme o f  then1 - -  they had pro!iiised me the i n f o r m a t i o n  l a t e  in 
September, b u t  they werk s t i l l  in b i d d e r ' s  conipetition and t h a t  
s o r t  of t h i n s ,  avd  I would l i k e  t o  fold them i n ,  i f  I c a n  uncover 

< - 

them. 

B u t  the  whole repor t  : , , i l l  be f i n s s t l e d  and turned in t o  the  
Observatory p r io r  t o  ?;be 2 7 t h  of December, t , h i s  m o n t h .  

M R .  K E L L O G G ,  Loc kheed I 
On seme of t h e s e  pecul ia r  frequrnc!/ \ \ ~ r i c i r e i r e n t s ,  i s  there  a n y  e f -  
for t  made t o  v a l i d a t e ,  c r  a i d  you j ~ s t  c d l l  s o ~ e b c d y  and hc 5 

I 
,a -i d 

10" and you s a i d  t h a t  i s  a l i t t l e  l e s s  than 14th ,  or  something and 
s t i c k  i t  i n ,  or i s  there a cornmoll bas i s  on which these can be v a l i -  
dated? 

M R .  BOWSER: 

In the  cases t h a t  1 hove  L P  here,  1 v > a s  a h l e  ro va l ida te  them, ex -  
cept  t h e  one t h a t  1 s h ~ v ~ e d  for the FA/\, arid t h a t  i s  in t h e  process 
r i g h t  now w i t h  Mr. Edwards t ry ing t o  v a l i d a t e  t h a t  one f o r  me. 



And t h a t ' s  a v e r y  good p o i n t ,  p rev ious  documentat ion o f  these 
requi rements d i d  r evea l  t h a t  people would say they  had a r e q u i r e -  
ment because t h a t  was t h e  most accura te  system they  had a v a i l a b l e .  

So, t h e y  would say, " I  need one p a r t  i n  t h a t  i s  because I  have 
a cesium beam and t h a t  i s  what I  can ma in ta i n " ;  when, i n  f a c t ,  t hey  
r e a l l y  d i d n ' t  need i t. 

And t h a t  i s  one of  t h e  more d i f f i c u l t  aspects o f  t r y i n g  t o  
t r a c k  these down. 

What I d i d  t r y  t o  do i s  say, okay, if t h a t  i s  what you needed, 
what a r e  you u s i n g  i t  f o r  and where does i t  f i t  i n ,  and t r y  t o  f i n d  
ou t  what i t  was t h a t  d rove  t h e  requi rement .  

Now, I  was unable t o  do t h a t  i n  a l o t  o f  cases, and t h i s  was 
an endeavor t o  uncover t h e  broad requirements.  

We had conducted a s tudy  f o r  t h e  Navy on t h e i r  s p e c i f i c  d e t a i l -  
ed requi rements i n  which you go down t o  t h e  l e v e l  t h a t  you a r e  d i s -  
cuss ing.  And t h a t  ended up i n  f i v e  volumes t h a t  covers a she l f  t h a t  
t h i c k  ( i n d i c a t i n g ) .  And t o  do t h a t  f o r  a11 of DoD, would t ake  more 
than  a yea r  and a h a l f ,  




