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ABSTRACT 

A rev iew of the  Navy's PTTI Program 
was presented a t  t h e  Tenth Annual PTTI Appli-  
c a t i o n s  and P lann ing  Meeting.  That rev iew 
p r e s e n t e d  a b r i e f  h i s t o r y  of t h e  ~avy's P T T I  
Program, i t s  management o r g a n i z a t i o n ,  and 
cu r r en t  and p r o j e c t e d  r e q u i r e m e n t s ,  capabi-  
l i t i e s  and Program e f f o r t s .  

T h i s  paper :  

a ,  Updates t hose  p r e v i o u s l y  i d e n t i -  
f ied Navy requ i rements ,  c a p a b i l i t i e s  and Pro- 
gram e f f o r t s .  

b. O u t l i n e s  new Program e f f o r t s .  

c .  P r e s e n t s  o v e r a l l  Program growth 
s i n c e  September 1975 .  

d .  P r o j e c t s  t h e  Navy's  a r e a s  of 
concern r e g a r d i n g  f u t u r e  PTTI  development.  

A rev iew of the U . S .  Navy's Precise Time and T i m e  I n t e r v a l  (PTTI)  
Program w a s  p r e s e n t e d  i n  November 1978 a t  t h e  Tenth Annual PTTI  Appl i -  
c a t i o n s  and Plann ing  Meeting ( I ) .  Since tha t  p r e s e n t a t i o n ,  the Pro- 
gram's  management o r g a n i z a t i o n ,  i t s  basic miss ion  of p r o v i d i n g  a1.1 Navy 
p l a t f o r m s  and t h e i r  communications, n a v i g a t i o n  and weapon systems with 
PTTI in fo rmat ion  t r a c e a b l e  t o  the U.S.  Naval Observatory (NAVOBSY), 
and i t s  PTTI System Concept, see Figure  1, have a l l  remained e s s r ! n t i a l l y  
unchanged . 

T h i s  has  provided a s t a b l e  b a s e  from which t h e  Program has c:onti.- 
nued t o  grow and t o  respond t o  t h e  i n c r e a s i n g  PTTI needs  of the Fleet. 
T h i s  growth and response t o  Fleet needs  has r e s u l t e d  i n  an i n c r e a s i n g  
awareness  of and suppor t  f o r  t h e  Program by Navy program sponsors ,  p lan-  
nets, programmers, engineers, suppor t  p e r s o n n e l  and users. 



More s p e c i f i c a l l y ,  the review a t  t he  Tenth Annual PTTI Applica- 
t i o n s  and Planning Meeting repor ted  t h a t  t h e  Naval E lec t ron ic  Systems 
Command (NAVELEX) had submitted an a n a l y s i s  of the Navy's PTTI requi re -  
ments t o  t h e  Chief of Naval Operat ions (CNO) i n  November 1978. The r e -  
view f u r t h e r  r epo r t ed  t h a t  c u r r e n t ,  medium and long range Navy platform 
t h i n g  requirements were i n  t h e  100 microsecond, t h e  one t o  t e n  micro- 
second, and t h e  10 nanosecond ranges r e s p e c t i v e l y .  With a few excep- 
t ions ,  those  va lues  a r e  st ill v a l i d .  

Based on t h e  requirements  a n a l y s i s  f i nd ings ,  NAVELEX updated the 
Navy's PTTI Program Master Plan. CNO subsequent ly approved t h e  Master 
Plan i n  January 1980. 

Some of t h e  major Navy PTTI efforts addressed i n  tha t  Master Plan 
and repor ted  on a t  t h e  Tenth Annual PTTI Appl ica t ions  and Planning Meet- 
ing  inc lude  the: 

PTTI Maintenance and c a l i b r a t i o n  Program. 

SSN-637 Class Submarine PTTI Platform D i s t r i b u t i o n  System 
(PDS) Development. 

SSN-688 and POSEIDON Class  Submarine PTTI PDS Development. 

NAVOBSY Master Clock System (MCS) Upgrade. 

A N / U R Q - ~ ~  Frequency-Time Standard,  

Global Pos i t i on ing  System CGPS) Time Transfer  Unit  (TTU). 

PTTI Technology Program. 

0-1695 Cesium Beam Frequency Standard.  

Rubidium Standard Development. 

"Standardized" PTTI PDS . 
The fol lowing i s  a b r i e f  update  on each of t h e s e  e f f o r t s  covering 

t h e  pas t  t w o  years .  

I n  1978, t h e  Naval E lec t ron ic  Systems Engineering Center (NESEC), 
Portsmouth w a s  assigned the  r e s p o n s i b i l i t y  of providing maintenance 
and r e p a i r  s e r v i c e s  f o r  a l l  Navy owned atomic s tandards  and providtng 
p o r t a b l e  c lock  t r i p s  t o  numerous Navy i n s t a l l a t i o n s  and Army Defense 
S a t e l l i t e  Communications System (DSCS) earth t e rmina l s  under the PTTI: 
Maintenance and Ca l ib ra t ion  Program. NESEC, Portsmouth has now been 
formal ly  tasked,  a s  t h e  Technical  Manager f o r  PTTT, with providing 
F ie ld  Maintenance Agent (FMA) and Depot Repair F a c i l i t y  s e r v i c e s  f o r  



Navy owned PTTI equipment  i n c l u d i n g  t h e  AN/uRQ-23 Frequency-Time S tand-  
a r d  and t h e  S G - 1 1 5 7 / ~  D i g i t a l  P r o c e s s i n g  Clock.  F u t u r e  p r o j e c t i o n s  
i n d i c a t e  t h a t  NESEC,  P o r t s m o u t h ' s  r e s p o n s i b i l i t i e s  a s  t h e  T e c h n i c a l  
Manager f o r  PTTI w i l l  cont i -nue t o  i - n c r e a s e  and expand.  

The a u t o m a t i c ,  no-break  SSN-637 Class Submar ine  PTTI PDS equ ip -  
men t ,  see F i g u r e  2 ,  was d e l i v e r e d  i n  1979 and comple t ed  O p e r a t i o n a l  
E v a l u a t i o n  (OPEVAL) t e s t i n g  i n  J u n e  1980. It i s  c u r r e n t l y  b e i n g  c o n s i -  
d e r e d  f o r  Approval  f o r  S e r v i c e  Use ( A S U ) .  

A d i r e c t  r e s u l t  of  t h e  SSN-637 C l a s s  PTTI PDS development  e f f o r t  
h a s  been  a r e d u c t i o n  i n  s c o p e  of  t h e  SSN-688 Class PTTI PDS t o  a manual  
s w i t c h ,  see F i g u r e  3. A l s o ,  c u r r e n t  pl .anning i s  f o r  t h e  POSEITION c l a s s  
s u b m a r i n e s  t o  u s e  t h e  PDS deve loped  u n d e r  t h e  SSN-688 C l a s s  e f f o r t .  
Whi le  development  was i n i t i a t e d  on t h i s  PDS a t  t h e  Naval Ocean S y s t e m s  
C e n t e r  ( N O S C )  and t h e  Naval. A v i o n i c s  C e n t e r  (NAC) , r e v e r s a l s  and set- 
b a c k s  h a v e  n e c e s s i t a t e d  reprogramming a c t i o n s .  A r e s t a r t  e f f o r t  i s  now 
b e i n g  s c h e d u l e d .  

I n  J u l y  1980,  CNO f o r m a l l y  approved  t h e  Navy D e c i s i o n  C o o r d i n a t i n g  
P a p e r  (NDcP) f o r  t h e  NAVOBSY MCS Upgrade,  see F i g u r e  4 .  P r e s e n t l y ,  
v a r i o u s  component equ ipmen t s  r e q u i r e d  t o  upgrade  t h e  Data  A c q u i s i t i o n  
System (DAS) of t h e  MCS have  been  p r o c u r e d  and i n s t a l l e d .  A l s o ,  t h e  
f i r s t  of two E n v i r o n m e n t a l l y  C o n t r o l l e d  Moni to r  S t a t i o n s  (ECMS) have 
been  p r o c u r e d  and i n s t a l l e d .  The f i r s t  procurement  of hydrogen-masers  
i s  now s c h e d u l e d  f o r  F i s c a l  Year (FY) 1982.  

The A N / u R Q - ~ ~  Frequency-'Time S t a n d a r d  which  w i l l  r e p l a c e  t h e  
A N / U R Q - 1 0 ~  a s  t h e  Navy 's  q u a r t z  crystal r e f e r e n c e  s t a n d a r d  was g-ranted  
ASU i n  August  1979.  The f i r s t  .Ax/LTRQ-23 p r o d u c t i o n  c o n t r a c t  w a s  
awarded t h e  f o l l o w i n g  March and t h e  f i r s t  p r o d u c t i o n  u n i t s  a r e  now 
b e i n g  d e l i v e r e d  t o  t h e  F l e e t .  T11e n e x t  procurement  o f  AN/URQ-23's i s  
s c h e d u l e d  a s  a c o m p e t i t i v e ,  m u l t i y e a r  procurement  i n  FY-82. 

The GPS TTU ( 2 )  f e a s i h i 1 i . t ~  model  was d e l i v e r e d  t o  t h e  WAVOBSY i n  
December 1979 where i t  i s  c u r r e n t l y  c o m p l e t i n g  a one  y e a r  t e s t i n g  
program.  I n i t i a l  f i n d i n g s  i n d i c a t c  t h a t  its p e r f  ormance is b e t  t t z r  
t h a n  t h e  s p e c i f i e d  100 nanosecond t ime  t r a n s f e r  c a p a b i l i t y .  A p ro -  
d u c t i o n  d e c i s i o n  i s  schedul-ed f o r  A p r i l  1.981. 

The PTTI  Technology Program t o  i n v e s t i g a t e  ( a )  t i m e  t r a n s f e r  v i a  
GPS u s i n g  laser t e c h n o l o g y ,  ( h )  e n v i r o n m e n t a l  e f f e c t s  on a t o m i c  c l o c k s  
and (c) h i g h  pe r fo rmance  s t a n d a r d s  and advanced t i m i n g  h a s  gone unfunded 
f o r  t h e  second y e a r .  NAVELEX w i l l  c o n t i n u e  t o  p u r s u e  t h i s  e f f o r t .  by  
showing t h e  p o t e n t i a l  impact  of t h e s e  advanced r e s e a r c h  programs on 
s y s t e m s  and equ ipmen t s  which are c u r r e n t l y  s c h e d u l e d  f o r  i n s t a l l a t i o n  
i n  t h e  F l e e t .  

Cognizance  of  t h e  0 - 1 6 9 5 ~ / ~  Cesium Beam Frequency S t a n d a r d  was 



scheduled f o r  t r a n s f e r  t o  t h e  ~ a v y ' s  PTTI Program i n  FY-79. While 
r e s p o n s i b i l i t y  f o r  t h e  maintenance and c a l i b r a t i o n  of t h e  0-1695A/U has 
now been assumed by t h e  Program, f u l l  t e c h n i c a l  cognizance of t h e  u n i t  
has ,  a t  t h e  r eques t  of t h e  VERDIN Program Manager, no t  been t r a n s f e r r e d  
because of r e l i a b i l i t y  problems a s soc i a t ed  wi th  t h e  equipment. A t ran-  
s i t i o n  plan has been developed and w i l l  be  implemented upon f i n a l  reso-  
l u t i o n  of t hose  r e l j a b i l i t y  problems. 

The development of a rubidium standard f o r  t h e  Navy which was 
discussed i n  1978 i s  now being held i n  abeyance. A Prel iminary uesign 
and L i f e  Cycle cost Analysis  f o r  t h e  "s tandardized" PTTI PDS, s e e  
Figure 5, w a s  i n i t i a t e d  i n  l a t e  EY-19. The Prel iminary Design and L i f e  
Cycle Cost Analysis  is  t o  develop a l t e r n a t i v e  des igns  f o r  a modular 
PTTI PDS comprised of Standardized" equipments which could be recon- 
f igured  t o  meet t h e  needs of a p a r t i c u l a r  platform, i . e .  su r f ace  sh ip ,  
submarine, a i r c r a f t  o r  shore  i n s t a l l a t i o n ,  and compare t h e  t e c h n i c a l ,  
ope ra t iona l  and economic advantages and disadvantages of those  a l t e r n a -  
t i v e s .  I t  w a s  decided t h a t  it would be premature t o  i n i r i a t e  t h e  devel- 
opment of a rubidium s tandard  f o r  t h e  Navy p r i o r  t o  t h e  completion of 
that Prel iminary Design and L i f e  Cycle Cost Analysis.  

S tmi l a r ly ,  f f n a l  approval  f o r  f u l l  s c a l e  development of the 
"Standardized" PTTI PDS i s  being held i n  abeyance pending t h e  comple- 
t i o n  of t h e  Prel iminary Design and L i f e  Cycle Cost Analysis .  The 
"Standardizedt t  PTTI PDS i s  t h e  h e a r t  of t h e  Navy s PTTI Program. For 
t h a t  reason,  NAVELEX is  c u r r e n t l y  a t tempt ing  t o  recoup a f t e r  t h e  f a i l -  
u r e  of t h e  con t r ac to r  t o  complete t h e  Prel iminary Design and L i f e  Cycle 
Cost Analysis  wi th in  c o s t  and schedule c o n s t r a i n t s  and t o  f i n i s h  t h e  
e f f o r t  v i a  o the r  a l t e r n a t i v e s .  NESEC, Portsmouth aga in  under t h e  PTTI 
Technical  Manager assignment has taken t h e  lead  t o  i n s u r e  t imely  comp- 
l e t i o n  of t h e  e f f o r t .  

New Program e f f o r t s  have a l s o  been kept  to a minjmum over t h e  
p a s t  two years  f o r  two reasons.  F i r s t ,  t h e  PTTT Program Manager made 
a concious dec i s ion  i n  1975 t o  minimize new F l e e t ,  o p e r a t i o n a l  equip- 
ment developments u n t i l  t h e  Navy's requirements  had been defined and 
then r e a s s e r t e d  t h a t  dec i s ion  i n  1978 pending t h e  completion of t h e  
Prel iminary Design and Life c y c l e  Cost Analysis .  Secondly, t h e r e  has  
been a l a c k  of s u f f i c i e n t  personnel  i n  t h e  Program o f f i c e  t o  manage and 
adminis te r  t h e  va r ious  Program e f f o r t s .  Recently,  t h i s  l a t t e r  reason 
has  caused NAVELEX t o  n o t i f y  i t s  sponsor t h a t  it could no t  accept  addi-  
t i o n a l  PTTL r e s p o n s i b i l i t i e s .  

Taking t h i s  into account ,  t h e  Program has s t i l l  taken on new 
e f f o r t s  t o  support  immediate F l e e t  needs. For example, i n  1979 ,  
NAVELEX procured s e v e r a l  TRANSIT Timing Receivers  t o  support NAVOBSY 
requirements.  More r ecen r ly ,  NAVELEX procured a c lock  d i s t r i b u t i o n  
system t o  meet an urgent  requirement a t  Naval Communications S t a t i o n ,  
Japan. 



These were r e l a t i v e l y  smal l  t a s k s ,  b u t ,  a s  s t a t e d  p r e v i o u s l y ,  t h e  
PTTI  Program h a s  con t inued  t o  grow and t o  suppor t  t h e  F l e e t .  F i g u r e  6 
i s  an updated Program Mi les tone  c h a r t  which d e p i c t s  some of t h e  preced-  
i n g  e f f o r t s  and r e f l e c t s  t h a t  Program growth,  F i g u r e  7 p r o v i d e s  a 
funding p r o f i l e ,  i n c l u d i n g  RDT&E, OPN and O&MN funds ,  of t h e  Program 
from FY-75 t o  FY-80 which a g a i n  r e f l e c t s  t h a t  Program growth.  

Most of t h i s  i s ,  however, h i s t o r y .  What p r o j e c t i o n s  can be  made 
r e g a r d i n g  t h e  f u t u r e ?  

Broad p r o j e c t i o n s  i n d i c a t e  t h a t  t h e r e  w i l l  b e  a c o n t t n u t n g  i n c r e a s e  
i n  t h e  ~ l e e t ' s  need f o r  P T T I  and t h a t  t h e r e  w i l l  be an  accompanying 
i n c r e a s e  i n  t h e  Navy's suppor t  f o r  PTTI. 

Also,  w h i l e  t h e  "Standardized"  PTTI PDS P r e l i m i n a r y  Design and L i f e  
Cycle Cost  Analys i s  has  n o t  been completed,  some s p e c i f i c  Navy pro- 
j e c t i o n s  r e g a r d i n g  f u t u r e  PTTI developments appear  f e a s i b l e .  

F i r s t ,  i t  a p p e a r s  t h a t  c u r r e n t l y  a v a i l a b l e  r e f e r e n c e  s t a n d a r d s  
combined w i t h  b o t h  o p e r a t i o n a l  and planned PTTI d i s s e m i n a t i o n  systems,  
e . g . ,  LORAN-C, TRANSIT and GPS, w i l l  be  c a p a b l e  of meet ing t h e  v a s t  
m a j o r i t y  of t h e  Navy's p r o j e c t e d  o p e r a t i o n a l  r e q u i r e m e n t s .  

Second, t h e r e  i s  a need f o r  a p r o p e r l y  d e s i g n e d ,  manual s w i t c h  
combined w i t h  an "update  and comparison" equipment c a p a b l e  of (a) corn- 
p a r i n g  onboard r e f e r e n c e  s t a n d a r d s  w i t h  a  r e f e r e n c e  s i g n a l  from a  
d i s s e m i n a t i o n  system e x t e r n a l  t o  t h e  p l a t f o r m  as w e l l  a s  w i t h  each 
o t h e r ,  (b)  p r o v i d i n g  an  a larm when any one s t a n d a r d  d r i f t s  beyond a 
p r e s e t  l i m i t ,  and (c) a l l o w i n g  f o r  underway time t r a n s f e r s  a s  r e q u i r e d .  

Th i rd ,  t h e r e  i s  a l s o  a  need t o  reduce  t h e  number of r e f e r e n c e  
s i g n a l s  being d i s t r i b u t e d  on board Navy p l a t f o r m s .  C u r r e n t l y  t h e r e  a r e  
t h r e e  b a s i c  f r e q u e n c i e s ,  5MHz, lMHz and 100KHz; t w o  t iming  ~ u l s e s ,  lPPS 
and 1PPM; and an u n t o l d  number of t h e  code  s i g n a l s  being d i s t r i b u t e d .  
It  a p p e a r s  t h a t  long  r a n g e  p lann ing  should reduce  d i s t r i b u t i o n  t o  a  
s i n g l e  r e f e r e n c e  f requency  and s i n g l e  t i m e  code.  I f  n e c e s s a r y ,  t h i s  
might be r e l a x e d  t o  i n c l u d e  a s i n g l e  t iming p u l s e  s i g n a l .  No d e c i s i o n s  
have been reached r e g a r d i n g  which s i g n a l s  should  a c t u a l l y  be " s tandard-  
i zed"  on,  bu t  t h i s  a c t i o n  a l o n e  would reduce  t h e  number of c a b l e s  which 
must be run ,  r educe  t h e  complexi ty  of t h e  PTTI  r e f e r e n c e  s i g n a l  genera-  
t i o n  and d i s t r i b u t i o n  equipment and n o t i f y  d e s i g n e r s  of f u t u r e  Navy 
communications, n a v i g a t i o n  and weapons sys tems of e x a c t l y  what r e f e r e n c e  
s i g n a l s  w i l l  be a v a i l a b l e  on board Navy p l a t f o r m s  and t o  d e s i g n  their 
systems and equipments a c c o r d i n g l y .  

One a r e a  of g r e a t e s t  need i s  t h a t  of d i s t r i b u t i o n  equipment;  i . e . ,  
a  new f requency  d i s t r i b u t i o n  a m p l i f i e r  and a "ti~ne" d i s t r i b u t i o n  



a m p l i f i e r .  The AM-2123/U Frequency D i s t r i b u t i o n  Amplif ier  is  a good, 
r e l i a b l e  a m p l i f i e r ,  bu t  it i s  an  o l d  equipment. Modern technology 
should be a b l e  t o  provide  a d i s t r i b u t i o n  a m p l i f i e r  w i th  improved reli-  
a b i l i t y  c h a r a c t e r i s t i c s  and capable  of providing more ou tput  channels  
i n  t h e  same space  as t h e  AM-2123/U. Addi t i ona l ly ,  t h e  Navy c u r r e n t l y  
does no t  have a n  a m p l i f i e r  capable  of d i s t r i b u t i n g  m u l t i p l e  t iming 
s i g n a l s ,  i .e . ,  bo th  time codes and t iming p u l s e s ,  and t h e  need f o r  a  
" t i m e "  d i s t r i b u t i o n  a m p l i f i e r  i s  i nc reas ing .  Bath u n i t s  should be  
capable  of supplying t h e  m u l t i p l i c i t y  of r e f e r e n c e  s i g n a l s  r equ i r ed  
today,  but  a l s o  be capable  u l t i m a t e l y  of supplying t h e  "s tandardized" 
s i g n a l s  d i scussed  prev ious ly .  

A f i n a l  p ro j ec t ed  need i s  f o r  r e l i a b l e  PTTI equipment. The 
"Standardized1'  PTTI PDS w i l l  be d r i v i n g  v i r t u a l l y  a l l  of t h e  p la t form 
communications, nav iga t ion  and weapons systems. Loss of a  r e f e r e n c e  
s tandard  o r  f a i l u r e  of a  swi tch  could r e s u l t  i n  system outage o r  down- 
time a t  a c r i t i c a l  moment and thereby  r e s u l t  i n  damage t o  t h e  p la t form 
o r  even a  l o s s  of l i f e .  Add i t i ona l ly ,  t h e  Navy and t h e  Nat ion ' s  tax-  
payers  cannot a f f o r d  u n r e l i a b l e  equipment; e .g . ,  a r e f e r e n c e  s tandard  
which r e q u i r e s  a tube  replacement i n  excess  of $10,000 approximately 
every  e igh t een  months. R e l i a b l e  equipment i s  a must i f  t h e  concept of 
a  " S t a n d a r d i ~ e d ~ ~  PTTI PDS i s  going t o  o r  even should be  accepted by t h e  
F l e e t .  

I n  summary, t h e  Navy's PTTI Program has  formed a  s o l i d  base  w i t h  
t h e  Requirements Analys i s  and t h e  CNO approved Program Master P lan .  It 
has  experienced some se tbacks  because of personnel  sho r t ages ,  missed 
d e l i v e r y  schedules ,  e t c .  However, t h e  Program i s  moving forward and 
providing t h e  F l e e t  w i t h  needed equipment and suppor t .  

Hopeful ly ,  t h e  next  two y e a r s  w i l l  s e e  even g r e a t e r  growth and 
suppor t  both t o  t h e  F l e e t  and from Navy sponsors ,  p l anne r s ,  progranuners, 
engineers ,  e t c .  Hopefully,  t h e  "Standardized" PTTI PDS Pre l iminary  
Design and L i f e  Cycle Cost Analys i s  w i l l  be  complete and f u l l  s c a l e  
development of PDS1s f o r  cand ida t e  p la t forms  w i l l  have been i n i t i a t e d .  

The Navy PTTI  Program o f f i c e  i s  working t o  make t h e s e  hopes 
become r e a l i t i e s .  
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