
• 
AO—AUfl 407 AR~CO FORCCS COMMUNICATIONS AND EL ECTRONICS ASSOCI AT I_—ET C F/S 17/2

PROCEEDINSS oc Tit ANMJAL SEMINAR (2N0 ) • THE ART OF COMMLINICATI—CTC(U)
SEP 77 S KREVSI(Y

UNCLAbSIF IE C AFCCA—FMfl 14.

I _ _
I Wi~flIfl !i ~

_ _  

Irlu
L DQti;I~mIk;iIU



A .

i III~ ~~
_ _ _  

2.2

11 1.1 ~ ~ 2.O

‘I HH ’ 8
I .25 Ii~Ui4 . Wll~

6

Mi I~~XA) PY R~SOLU I II N lIST CFIA~11

~~~~ ~ JI~f Al l~~~ l~~~ AN[~~ l~[l



1

ARMED FORC ES COMMUNICATIONS AND ELECTRONICS ASSOCIATION

FORT MONMOUTH CHAPTER

H

P R O C E E D 1 N G ~
OF T H E

S E C O N I)  A N N U A L
S E M I N A R

>— “ THE ART OF COMMUNICATIONS INTERFACES”
cD
(__) 

15 SEP’1’ 1~:N1 F1ER 1 9 7
1 LLJ

~~~~~~~ ~~
\ p~pprr

~~



ARMED FORCES COMMUNICATIONS AND ELECTRONICS ASSOCIATION

FORT MONMOUTH CHAPTER

PROCEEDINGS

OF THE

SECOND ANNUAL

SEMINAR ~~~~~~~~~~~~~~~~~~

“THE ART OF COMMUNICATIONS INTERFACES~”

15 SEPTEMBER 1977

P.O. BOX 805

EATONTOWN , NEW JERSEY 07724

APPROVED FOR PUBLIC RELEASE

DISTRIBUTION UNLIMITED

L J

~ V 
-

_~__~i ~~~~~~~~~~ -.--

.- 

-~~~~~



— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PROCEEDINGS INFORMATION

Responsibility for the contents rests upon the authors and not the
Seminar Ccmi~ittee or its members . After the Symposium, all the
publications rights of each paper are reserved by their authors , and
requests for republication of a paper should be addressed to the ap-
propriate author . Abstracting is permitted and it would be appreciated
if the Seminar is credited when abstracts or papers are republished .
Requests for individual copies of the papers should be addressed to
the authors . Extra copies of the pooceedings may be obtained fra n the
Seminar Chairman . Requests should include a check for $15.00 per copy ,
made payable to the “Fort Monmouth Chapter , AFCEA” . Copies may also be
obtained for a naninal fee fran the National Technical Information
Service (NTIS), Operations Division , Springfield , Virginia 22151.

Proceedings of the first annual seminar are availab1~ fran the Defense
Documentation Center , Cameron Station , Alexandria , Virgtinia 2231L1.
The document ni~~ber is AD—A023907 .

eral Manager and Itor
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NESSAGE FROM THE GENERAL CHA IRMAN

We of the Fort Monmouth Chapter of AFCEA are delighted to host the
second annual seminar on “The Art of CarfnunicatiDns Interfaces ” and
trust that todays presentations and discussions will bring us closer
to a technical and operational understanding of where we are in the
state of this art .

More than ever , the interfaces among carrnunications systems are crucial
to the t imely and accurate t ransmission of the highly sensitive corrrnand ,
control and intelligence inforTnation needed to win battles and wars .
This is as true for the peace time detente situation as it is for the
nuclear hot war ar~ageddon. It is in~this context that the subject of
cayriunications interfaces is so vital to the national conr~and authorities.
This seminar presents 10 papers on important aspects of,tactical and
strategic caTinun~cations systems interfaces.

The Fort Morrrnouth Chapter is very grateful for the time and effort put
into the promulgation of this eeminar by the Generals Paschall, Hoover,
Hilsman and Paige and for the speakers and their respective organiza-
tions and of course to the Chapter Staff for their untiring efforts arid
devôt ion.

Your dialog discussions and conrients are highly appreciated in improving
the seminar as a forum and suggestions for future topics are also most
welcome.
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TE CHN ICAL CHA I RM A N

f t

BERNARD D. DE MARINIS

Mr. De Marinis is a Project Engineer at Booz , Allen
Applied Research. He has more than nine years of profes—
sional experience in fiber optics , satellite communications
systems, digital tropospheric systems , down-the -hill commu-
nications , and ECM systems. He has been extensively involved
with military inventory radio equipment assemblages and
their tactical and strateqic communications interfaces.

!~Rr.. De Marinis received his B.F .E. degree from the City
Colleye of New York and his ~~~~~~~ degree from the Poly-
technic Institute of Brooklyn . He has also completed the major
portion of the course reauirements for a Masters Degree in
Business Administration from Fairleigh Dickinson University .

Mr. De Marinis has been an officer of the Microwave
“heory and Technioues , Antennas and Propagation , and Circuit
& Systems groups of the IEEE and was chairman of the l97(~
International Microwave Symposium . He is presently Vice
Chairman of the Princeton Section IEEE and is a member of
AFC~Th , the Association of Old Crows , ADPT’, Tau Beta Pi , and
Eta Kappa Nu.

5

~~~~~~~~~~ 
• -‘ • ~~~~~~~~~~~~~~~~~~ 

.~~~~~~~~~ ±:~~~i~ ... ~~~~~~~~~~~~~~~~~~~~~ ..



- .. . — 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

.. ..... .
~~~~ 

. ... ...... .. 
~~~~~~~~~~~~~~~

~~~~~~~~~~ C ATFhA~

~

~r. ~e*ersor is ~he ~~~~~~~~~~~~~~~~~~ ‘~~~~~r ‘- ‘r~~~ea “
~~~~~ G T  ~v~varia n~~rra~e~ ,

a rcsi’~ an he has he1~ ~ha ~he aan’ tha~~ ~~~~~

A aa~ive c~
’ 
~artai~~, ~~~~~~~~~ h~ ~~~~~~~ a ~~~~~~ ~e~ ree ~rar~ t~~

c~
’ 
~Ttsc aas in , arr~ ~~ ~~~~~~~ ~‘aa ~~~~~r~~ai Tha~reer~a~- aa’~ ~~~~~~ ~the T
~~ a~rsit’i a” ‘~~cbic-aa ar:~ ~~~ ~a

t~e ea~~er’~~ the ne a r  ~~~~~~~~~~~~~~~~~~ ~r-~ a~’ ~~~ ‘T .h~~’.’ ~a ~ ~~, a~’ter te
~e~~ar.a~e1 T”~ “r~r’ the •~(~fl~~ ~~r .  ~~~~~~ ir. the ~i~~,a1 ~~~~~~~~~~~

~~~~~ a ~am .niaat~~’r.i~ ‘~~~~
“

~~ ~~~~~ ~.a ~he ~nr~ar ~.ar , r.~~a:a
4 
~r ~r ~he ~eaa~’~—

a~at c” ~lectr ic~t~,’ n~’ ~~~~~~~ 
‘
~~ 

‘~~~~~ aa~’ a~ °’- :, ar~ ‘~~‘~ ~a:n ~erarate ~coa~~~~a:
ar 1n~t~aictor here at ~ort ‘-~car~ a ~-h~ ~~~~~~~~ ~~~~~~ aaa~aea~ c~

’ the ‘i~aa1

~chool .

trir,p his twenty years in ir,~ ra, h~ ha~’ ~er~” I ~r. —~.a’. er~r i~ eeniar arl
~~~~~~~ “~~~~r rnara r’”~ an~~~~~~’~~ ~~~~~~~~~ ~~‘r. . ‘ (.~~~~ 1 2 ~‘~I -~r-~~ ~~~~~~~~~~

t~e is c’~~’eat1v ~Tice Fre I~~~ ‘fl ” -“~~rn  “~r ~~ ~nr~ or~~~~h ‘TharY’r,
A ’ ~TA~ ‘eer~t~~ z of the ~~~~~~~~~ ~~~~~~~~ ~scoiat ~ an arid a.

a ” TTi.~~ ~~~~~~~~ ~~~~

He r~s~Iea In ~-1~-s ~~~~~~~~ ‘
~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~

6

V _
~• . - * ,,.‘ ,. . . -“ . .  S. . 



—~~~~~ - 
~~~~~~ ~~~~~~~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ ..  .

L . h  ~

‘, 4

I

LT TT. H~~ TTgJ . ~T ‘ TT TT TT’P r~~ c’ou .~~ T

Lieutenant “~enera~ Lee ‘~c~h~ert co PaschalT wan ~ crn in 2terlinig , Cob ., on
Januar ‘

~l , 1022 , and cr a t~atnh ~~nn. ~h~~ n~ x ni na Hiab $chocl in Phoenix ,
Arizona in 193P . He at~ en~ the  ~r. :cr’n~ tv ~f’ Alabama and ohtaine i a PA
in History in. Th.ne lQ~7. T~a~er he ‘i ~n I~~I ~hn ~ecra ” Hashinc-t an T niversity
and recel’j ed the “A Ie~ ree ~n ~‘~a’nrn.aYnna~ • f’f’airn in T.jj .~p 

~~~~~~~~~~~

His coamands inc u~” the  ~ H ~~~~~~~~~ ~~ ar ~~~~~ ( AHflfl an~ 2erutv ?irectca
of 2oman~ f”rtr~~ a~yI ~~- r n a ~~~-a ~ ~~ ~~~~~~~ ~r .~ Hv 1071. He assi.~aed
duties as ~ir er t~ r F~~ an. ~~ :~ i-~ a~ i~

As Director , ~enera1 Han cha ll  in ae snnns i~ ~e f’~r the  r .arareaent and d irect ion.
of ’ the worldwide He f’ense ~~~~ Hca ’ i nns h’st~ n.. He is also resnonsible Car
the nyster . eraineerinr and chn i~~~~ a r T -r~ t~ the HatJcnal Military Horr anI
f’vst”n arvl for nrcvzInian~~ f’ ~~~~~~~~ r ’:~-r~~~’ f~~ the worliw-ide r.ilitarv cc’rnmand
and contrr l  standard a’~~’r-dr ’i c H~~ : r ‘c a I r n  n :r t en.n . In his capacity as
“nnarer , Ha t I cna  ~‘rrr , ’~r . h~~~ Inn:  7’r ’ r~r , he I n  r~ar~nnih1e Car rovi l irn eCCec ’ ive
IIrec~ ion t~ the wnrHl - : id ’  ~~~~~~~~~~~~~~~ ~~“r an a .n 2vn ten , which inn iudes the
comnnIca~ I nna racii 1t1 n ~~~

“ ‘He vaai ia ~~~~ ~‘-~rci~ a cina . T’he Hirector , ~~~~
‘ - -

is al so ~hwinaaa, ~I11~~a~”i ‘ ‘~‘T _ . vr r.~~~~ ~ mard , nr ov i I i r . . a l ia innr .
nclnt Car ,4’H nt ar in 4 r~’r~ ’ :~ ~ ~‘n~ r~ ‘a~ Iflns ~a’ters .

H~ n”rn 1 Parchai l  Ia  - ‘ - ‘ - I ’  ‘
~~~ ~~~~~~ 

‘
~~~ ~~rnI~ H.dwarda of’ Heaver , ~n 1n . ‘~hev

have tha”~ ~~~M dr ’n :  r s ~~1 y  ~- ‘~a ‘ f l T h~n , “ r’~~nn T , . ,  and ~av H

7

L’’ . _
- 

_:~ :_~ —~~~ 
—~~~~~~~~~~~~~~ A



‘a

2HHF~ - T .T”HH ~‘TiH”°’~ hr’TP

John E. Hoover was horn in  ‘ Hat e ’-vi l ie , H ir n i n ia , 25 Anril l92~ . He en-
listed in the Army in 19!12 and , af’ter aervi nn l~ months as ar enlisted
man in the Siguab Coma s , wan Iisohan.crni to enter the US Hilitary Academy ,
~:est Point , Mew York . ~
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Lieutenant , Sigral 0n mra , in  ~hr neaular ~m a .

In lO~ 2 General Hoover ‘.~an a~ airu ed t~ Ha:hirrton , DC where he at t endel
Georgetown r’n ivemsi ty ,  n .n aduatinn  wi’h a Masters Degree in International
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SYSTEM ENGINEERING FOR THE
DEFENSE COMMUNICATIONS SYSTEM

G . E . LaVEAN
Associate Director for En gineering Plannin g

Defense Communications Eng ineering Cen ter
1860 Wie h le Avenue

Res ton , VA 22090
(703) 437-2332

Abstract

The Defense Communications System (DCS) is an integral part of the
Worl dwide Military Command and Control System (WWMCCS) and as shown in
Figure 1 , the DCS provides the principal connectivity between the National
Comman d Authorities (NCA) and the elements of the Armed Forces. It , thus ,
provides most of the long distance or long haul communications for the
Defense Department. This paper discusses the DCS as it exists today , and
how we plan to chan ge the DCS , in the 1985 timeframe , to be res ponsive to
the WW MCCS requirements .

Introduction

The current system today , the DCS , is a worl dwide system . As shown in
Figure 2 it extends from the Con tinental United States (CONUS ) to Europe and
beyond into Turkey , it can also serve parts of Africa. It connects CONUS
with the Far East , Taiwan , the Phili pp ines , an d beyond (the Indian Ocean
area). Therefore , it is truly a worldwide long haul communications sy s tem.
The concept of the DCS toda y is based on the utilization of the extensive
public tele phone service that exists throughout the worl d an d has the
characteristics shown in Fi gure 3. In cases where the commercial service
is not adequate it is su pplemented by Government owned facil i t ies . This
de pendence on the public telephone service means extensive use of frequency
division multi p lex and analog switches . Because the DCS draws on such a
rich transmission capability , the pub lic tele p hone service throu ghout the
world , it is quite surv i va ble and can draw on the other available resources
within these countries to p rovi de alternate rou tes in case the p rimar y
shoul d should fail. However , as a result of this de pendence the capability
to provide secure transmission and certain other military features is
limited.

A typical communication system is depicted by Figure 4, as shown here
the communications system takes advanta ge of a long haul pipe , indicated by
the large black surface in the long haul section of the slide . The access
areas are those regions where channels of the different subscribers are
concentrated in to groups and added together to take advantage of the long
haul ca pability. The local loo p region is generall y where most of the
subscribers are locate d , an d they may enter the sy stem , or take advantage

15
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of the long haul facilities by several different means. They can ei ther
enter the long haul facilities directly, as dedi cate d users , or they can
be combined with other subscribers by mul tiplex equipment into groups and
then added into the l ong haul faciliti es , or concen trated by local telephone
exchanges. A large trunking switch provides the highest degree of concentra-
tion . This can be accomp l ishe d for bo th voice ci rcui ts , as w i t h th e AUTOVON
system , or with digita l circuits as in the AUTODIN system , the digita l
network , where store and forward switches are used . T he name of t he g ame
then is to utilize the available resources in the most efficient way. Th i s
is accomplished by taking advantage of the statistics that are available due
to the fact that subscribers do not normally desire an end-to-end connec-
tivity to the same destination all the time . There fore , it is possible to
share these resources among the different subscribers , and reduce the cost
to each individual subscriber with the penalty that he may find the
transmission facili ty busy at certain times.

There are principally two ways of combining subscribers. It is
accomplished either by a multiplex , which does it on a fixed basis , or on
a call -by -ca ll basis by a switch. Therefore , the way the econom i es are
obtained is determined by the multip lex i ng and sw i tc h ing structure tha t i s
used in the system . FigL ’e 4 doesn ’t indicate whether the swi tches or the
mul tiplex are digital or analog , bu t cur ren t l y the system is im p l emen ted
with analog switches and analog multipl ex . In the future they are to be
replaced with digita l multiplex and digita l switches.

Since the basic 4kHz analo g voice circuit can be assigned permanently,
as w i th mul tip lex , or it can be dynamically switched as with the circuit
swi tch , and those circuits are called either dedicated or switched depending
upon which category they fall into . In the DCS today ossentially 45 percent
of the tra ffic is dedi ca ted and 55 percent is sw i tche d.

Figure 5 shows a typical system structure within the current DCS net-
wor k where the FDM mul tip lex equipmen t forms groups and su per groups and i s
then sent on out over the transm i ssion med i a . C i rcu i t sw i tc hes essent i all y
sw it c h a trunk vo i ce channel between d if ferent subscri bers . Store and
forwa rd swi tches take digital i nputs and s tore them unt i l a channel
becomes available to the next point in the trip to the end user.

T he basic 4kHz vo i ce c i rcu it can be use d i n many ways and has been
taken advantage of by different techniques. It can be used for vo i ce , or
teletype , or data up to 9.6Kbs which has many applications including tying
computers together or remote terminal s for computers . The standard voice
channe l  ~an also carr y several tele type chann els t hat have been mult ip le xed
or it could be used for facsimil e or telemetry .
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Transi t ion to ~J~~~~ l DCS

If ana l og circuits are so good and so flexible why then should we
wan t to change to d igital c i rcu it s? A few of the mos t importan t reaso ns
why we chos e to upgra de or chan ge the DCS to a dig ita l syste m ar e di scusse d
in the following paragraph. First , a major military consideration is
secur ity , an d we have been exam i n i ng ways to ma ke the OCS mo re secure so
the enemy is unlikel y to gain any advantage by listening to our transmission.
Also , the DCS would be a more flexible system if it could respond automati-
ca l l y an d e lec t ron ic a l l y as a result of different stimulus that might be
imposed on the system. We are also faced by an increasing load of digital
traffic as computers are utilized more throughout the military agencies.
Also , some of our equipment has become quite old and requires a significant
ex pend iture to operate and ma i nta in it , there fore , the new technology will
allow us to reduce manpower. A major consideration is the real need to
intero perate with the tactical digit al networks deployed for combat forces .
Interface problems will be drastically reduced if we maintain the same type
of serv ice and same system characteris tics as we transi ti on from one system
to another .

The way to implement a new digital system is an evolutionary process ,
i t is impractical to throw away everyth i ng that exists in the DCS today
and start over with a new big digital system . Therefore , the strategy is
to conver t a segment of the system to di g i tal and then go on to the rest of
i t . It makes sense then to start with the new upg ra des tha t w i ll be go i ng
into the transm i ss ion elemen t of the system , when they are converte d to
digita l it is relatively easy to install digital switches and to field a
completely digita l system in the future . Accepting the fact that there are
going to be both analog and di gita l segments of the system co-existing at
the same time , wha t would be the bes t analo g to digi tal convers i on
techn ique? Having both types of facilities in the system strongly
influences your dec i s ion . The factors that wer e consi dered to determ i ne
how to transi tion from an analog system to a digital system are as follows .
Because many DCS circu its span thousands of miles and some extend ten
thousand mi les , it was necessary to make sure the long haul performance
was ma intained . It was also important to accommodate quasi -analog signals
so they could traverse over the system without deterioration (e.g., 9.6 kbs
modems). The availability of established technology was investi gated to
make sure the desired capabili ty would be available in the proper timeframe .
We also had to factor in the impact of squeezing the digita l transmissions
within the same bandwidths that the analog transmission had utili zed . We
also had to maintain a high degree transition flexibility .

These factors drove us to utili ze the highest quality A-to-D conver-
sion technique that could be effectively procured in the 1976 timeframe .
Th is resulted in the selection of an 8 bit PCM type of A-to-D conversion
for the transmission facilitie s . This has permitted the flexibility of
performing the transmission upgrades one segment at a time since it is
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possible to transform from analog to d ig it al and back to analog and back
to di g ita l again without suffering significant degradation in the signals.

Figure 6 shows the wide range of signal inputs that could be expected
to enter the PCM channel bank. The requirement is for an A-to-D conversion
technique that can convert these signals to digital format and then back to
the original analog forma t , at the distant end , with hig h fidelity . Other
data s treams may have been der i ve d f rom~digita l telephones , computers , or
even a packet type of terminal. They would be combined by a time division
mul tiplex before going out to various means of transmission media.

A n example of a more complex multiplex structure is shown in Figure 7.
An analo g s ig nal passe d through t he PCM convers i on p rocess to become a
digital stream . This Output would then be added to severa l other converted
FOM outputs so that this PCM box also perform s the function of a multiplex .
It A-to-D converts signals and develops a composite digital stream by
placing the different subscribers in the time domain so that they can be
properly extracted at the other end. To do thi s requires the PCM box to
establish timing and framing. That output then is combined with other
users of the TDM mul tip lex , agai n with the proper framing and structuring
of the signals. Now it is possible to encrypt the digita l stream and make
it secure.

Once the capability to combine different types of digital streams has
been established a philosophy on how to combine them is required . Quest i ons
to be resolved are: how many channels should be in each group, how often
shoul d you break ou t the grou ps , where s houl d you use sw i tc hes , and w here
you should use multiplex. So a multiplex hierarch y is developed with these
pa rameters taken i nto cons id era ti on .

I t  i s necessar y to look at t he loca ti on o f the su bscri bers an d the
resulting capacity that is expected to be required between different
locat ions . The A-to-D conversion technique determines the basic bandwidths
i nvolve d and the transm i ss ion cos ts , but the number of channels is impacted
by the tradeoff of switching versus allowing subscribers to be dedicated
users . It is also necessary to examine the mix between digita l traffic
~n d ana lo g traf fic , and how much flexibility is required for adding new
communities of users and adding other locations that might need service .
Ihe need to restore circuits and utilize alternate routes also impacts the
mul tip lex s truc ture.

Another significant issue is the number of and types of systems that
are requ i red to i nterface w it h the DCS and t he i mpor tance of actual l y
passing through that interface without decrypting, breaking down signaling
structures. After looking at these factors , as they apply to the DCS , it
was determined that a flexible hierarchy that allowed the DCS to interface
wi th a wide range inputs and still be able to change configurations rapidl y
and reassign system capability to contingencies and new subscribers was
needed.

18
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Figure 8 shows the resulting DCS multiplex hierarchy start ing at the
sub-multiplex level , through a primary multiplex level and on up to a
secon d level of mul tip lex . The resu lting signal is provided to the modems
and radios which adapt it to the transmission media . The sub-multip lex
level combines teletypes or inputs from computers or facsimile. These
are data streams which were less than lOKbs. The p rimar y mul tip lex level
accepts data rates of 56Kbs or above or it could take groups of FDM sub-
scribers and convert them into digital data streams . Typically the out-
puts of the primary multiplex level of hierarchy would be a Tl type
carrier which is in the one and a half megabit region. T he second level
multi plex combines the Tl carriers into higher data rate streams , i n the
neighborhood of 10 megabits. These digital output streams are used to
drive modems which are the devices that modulate the carriers of the
transmi tters.

Coninuni ations satellites fit into this transition philosophy very -‘

well since they allow connection between upgraded digital communities and
other compat ible coniaunities wherever they might exist throughout the
world. Thus, allowing the possibility to jump over or leapfrog geograph ical
regions that are still analog. This is essentially tying together islands
of dig ital service to form a digital system . And it also , of course , allows
the flexibility to tie togethe r networks of special users. For i ns tance , a
secure voice network or a computer network , co uld ac tuall y overla y the res t
of the system and these subscribers treated as a special class of user .
Satellites also permit the system to be reconfigured very rapidly so that
resources can be reassigned to any position in the world.

Figure 9 shows a typical case where islands of digita l service have
been es ta b l i shed in  Korea , in Alas ka , a n d a t d i f feren t loca t ions  in  Europe.
Rather than pass through A-to-D conversions to connect these islands by
submarine cable to the United States it is very feasible to tie those islands
directly to the United States utilizing satellites , and this application
of satell it es i s s hown in Fi gure 10 . The DSCS , the Defense Satellite
Comun i cations Sys tem, provides globa l coverage and connects different
communities of users directly back to the United States . By 1 982 digital
fac ilities in Europe are expected to extend from England down through
Italy and to isolated digital islands in Greece and in Turkey . As s hown
in Figure 11 the satellite terminals provide connectivity into Greece and
i nto Turkey even t hough they are not connecte d by terrestr i al means . Also
the satellite terminals provide the possibility to have local digital service
in Spain and still be tied into the digita l network even though there are
no terrestrial digital transmission facilities that tie it directly to
England or Germany . And , of course , the satellites provide an additional
degree of surv i va bi lity allow i ng the terrestrial back bone to be severe d at
any point and still be feasible to communicate with any portion o the
system . Therefore , for survivability , t rans iti onal , and flexibility
reasons it is important to have a satellite capability to augment our
terrestr i al fac i l it ies .
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The Second Genera ti on DCS

The second generation DCS then will have a very large digital element
and the programs that will form the basis the second generation DCS will
follow in the order shown on Figure 12. The first step is to perform the
digital transmission upgrades , wh i ch woul d essen ti a l l y convert the back-
bone of the DCS to dig ital . It would allow the DCS to accept both analog
voice and digita l inputs. When that is completed it would be possible to
i n s t a l l  secure vo i ce sw it ch es , w hi ch woul d a l l o w  an au toma ti c secure vo ice
network , which is called AUTOSEVOCOM II. In addition to that the digita l
networ k for data , AUTODIN II, would be implemented . To help supplement
those networks and to provi de flex ib ili ty the DSCS Phase III , the third
genera ti on spacecraf t , would be introduced. This capability will establish
wideband digital service throughout the world. The next evolutionary step
in this process would be the ability to integrate AUTODIN II and AI ITODIN I
to perm i t the comb ina t ion of all digit al traff i c i nto one sw i tc hi ng networ k
called Integrated AUTODIN System (lAS). These programs and the timeframe
they would occur are shown on Fi gure 12. Figure 12 indicates that by the
1983 t imeframe i t would be possi b le to have an opera ti onal secon d genera-
tion DCS .

Future DCS

The DCS doesn ’ t sto p there , we are a l so  ta l k i ng a bout a th i rd genera-
tion DCS. In this case we are looking further into the future where the
DCS woul d be provi di ng serv i ce i n the 1995 to 2000 t imeframe . On the lef t
of Figure 13 are the different services the DCS would provide and they go
from teletype to wideband service . To satisfy those services today the
DCS employs the AUTOVON analo g sys tem, a secure voice network and the
AUTODIN dig ital network. The composition of the second generation DCS S of
the 1985 era , was discussed previously and is shown between the years of
1985 and 1995 , i t is , of course , a highly digi t ized system . In the 1995
t imeframe we see the th i rd generation DCS and its princi pal fea tures .
First a distributed communications network , that has very little dependence
upon the back bone , where the transmiss ion facilities and switches are
essentiall y di stributed so that it i s more surv i va b le and less
susce ptible to single point failures. The other principal characteristic
woul d be an integrated signaling structure . This is important to overcome
the interoperability problems associated with interfacing with many
di fferent systems. This allows the DCS to essentially accept any signaling
format or any signaling structure and retransmit it. It also means that the
same resources can be used for differen t kinds of services , tha t i s voice
and data woul d be using the same transm i ssion an d sw it chin g fac i liti es ,
therefore , the system would be very efficient.

Examp le of DCS System Enginee ring (AUTOSEVOCOM II )

One of the networks that wi l l  be part of the secon d genera ti on DCS i s
of particular interest to us these days. That is the AUTOSEVOCOM II which
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is the worldwide secure voice network we c~xpect to have in the 1 985 to
1995 timeframe . Figure 14 shows a typical network configuration for
AUTOSEVOCOM II as it would be configured in the 1985 timeframe . The world
is broken up into three regions --the CONUS or the US region , shown on the
left; the overseas reg ion , shown on the right; and a p ie shaped section ,
shown in the top center which would indicate operational ships and aircra ft ,
those subscribers who are generally considered to be in mob ile platforms and
have difficulty tying into fixed facilities . On the far right is a digital
switch which is the TTC—39 or the TRI-TAC switch which is configured in
this case to support the tactical users. It interfaces directly with the
switch shown in the midd le , which is a TCC-39 switch which is configured to
support the DCS as opposed to a tactica l set of users. On the far left is
a switch that would be located in the United States and it is a modified
ESS No . 1 switch and it is designed to emulate a TCC-39 switch . T here fore ,
these three different categories of switches with different problems
involve d in each. The AKDC is an automatic key distribution center and in
case of the TTC-3 9 it i s an i ntegral part of the sw i tch and i n the case of
ESS-l it is an additional appendage. The AKD C i s t he sys tem element tha t
distributes the key automatically and electronically to the different
subscribers so that the voice communications can be secure on a call — b y-.
call basis. CB stands for conference bridge. Conference brid ges shoul d
operate in the black or secure , the switches have analog subscribers and
digital subscribers. There are very significant problems in developing a
switch that adds many subscribers together and still does it in a secure
mode. One of the more difficult problems is to tie together in the same
con ference , subscribers who are accessing over narrowband facilities and
those who are entering over the wideband facilities . The quality that is
normally afforded to a HF channel is quite poor and when it is added to
the other subs~ ’ibers who are of higher quality it can degrade the quality
of the con ference. Therefore , special techniques are required to combine
these classes of users together . The ability to tandem wideband channels
and a narrow band c hannel w ith out degradation , i s also a rea l challenge .
To include these different classes of subscribers in the same system and
have them all be able to play together and function properly is a real
significant sys tem design problem . The different end instruments and
different interfaces are shown in Figure 14.

C o n c l u s i o n s

From the previous discussion it should be obvious that designing a
worl dwid e c ommun i ca ti on sys tem i s a very complex prob lem and requ i res a
great deal of knowledge of the components that make up the system . As
you develop the system design it is necessary to perform tradeoff analyses
between the cost and the optimum performance that is desired of the system ,
always looking for the best way to accomplish a particular function with-
out increasing the cost beyond allowable limits . An important part of
this , for a military system , is the ability to establish the proper net-
work design that provides a highly survivable system but within the
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the econ on~ic constraints. The good des i gn i s robus t an d a l l o w s  the system
to be severed at many points and still communicate satisfactorily. Other
design criteria must be established by examining the missions the DCS must
support and the specific user requirements . That is , in order to design
the system it is essential to know what the users of the system really want
and what they are willing to pay for a particular capability . Doing this
requires developing different alternatives that possess a range of
capabilities to tradeoff the different features , for instance , survivability
versus flex ibility or security versus flexibility , these fea tures have to
be examined and analyzed to assure the proper mix of each. Once the
ca pab i lit ies are des igned i nto the sys tem , it is essential to make sure the
sys tem i s conf ig ured and uti l ized pro perly to take advantage of all the
inherent capa bil i ty . Therefore , system eng ineer ing  for t he DCS i s a man y
face ted d iscipl i ne that translates user needs i nto system al ternatives and
presents the performance of these alternatives , with related costs , i n terms
t ha t can be unders tood by the dec i s i on ma kers . The ca pabi liti es , selec ted
by the dec i s i on makers , are developed in sufficient detail to permit the
implementing agencies to field a responsive subsystem that fits into the
overall structure of the DCS . The system engi neer also su pports the
operating system to insure proper system utilization , and identif i cat i on
of system deficiencies .
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As Assoc i a te for En g ineer ing Planning at the Defense Communications
Agency (DCA) Defense Communicatio ns Engineering Center (DCEC) Mr. LaVean is
responsible for the long range planning initiatives for the Defense
Commun i ca ti ons System (DCS). This includes the Worldwide Secure Voice
Arch itecture (WWSVA) and tb~ in lra +H on of the special Worldwide Military
Comman d an d Control  Syst em (w ~-~-~c C~~) i n i t i a t i v e s  into the DCS. Prior to his
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Abstract

A new , modern , costeffect ive multi—mode telecorrux~nications sIster: . for
military posts and bases is being discussed . The system is tailored fror .
exist ing and emerging corrinercial product lines. It is expected to provide
a quantum jump in features and functions , require less space , personnel , and
consurrables , including çcwer , provide savings in transmission capac ity (band-
widt h and bit rate),  and cost less to own or lease than the existing systems
with all their shortcomings.

Intreduct ion

The ~~~~~~~ ‘r t  of Defense t h r o~~ --r- i lie Defense Conr-;unioat ions A~enc~’ ~fon~v1atir~- a r e . ,  ~icde r~ defense on ~ur ica t io~ s systot . The military depart-
ments and - t i  J~r -ional Jeour~ i :/ &~ er cy ore our - xn r’t i nJ DCA in that task. ~~Arir~y has been ~~~~ ~~ - o  th . - r~ o r o il ii ~t :/  to develop the access area •d1f ~ltO1
swir ching syo~ - . ( -J-

~ 
. . ) as a s ~r~~~— -Locomunicat ions system in a Jeognaphic

area that  car ~:r v ~ - o~ o r  • a i . ;  in t~~h area .

~ J1A J w i .  ci 1 -  he Leca:u: uriications interface between subscriber
input, ’oit t ~~ 1e~~ ~~ ‘ :- u a o c e s o area , fran one access area to adjacent
access ar~e t.: , t o  he ~~

‘ . -
~~ n~ syot or ., and to  other governmental , allied,

and comerciai r~e~ w r y .  for  r~ e r f ~ ce w~~ h distant subscriber input / o u t r u t
devices . ir ~i i~ be a -- .: — - . . 1 sy~r e:-~ that can simultaneously and in cor~
b ina t . io i  handle all xp. - . 

~i 1/ • r~ xleo , ~ncIudi ni clear and secure voice ,
tel etype , data , fac~ Lr l i e , w c -  :10 - - ~i~t c , and television .

A single syoter:  hat , oar cerve the c ~r:~:c~~d a~~ contro l comunity , the
intelligence corrmunity, t h e  loof s t i - a i o , and a host of other more and less
demanding user o~’oups is r~xpe ct ed ~o result in considerable savings from
sharing costly sw~ tchirro aid t ransniss ion facilities. It is also expected
to provide a quantum j L~~~ ~ r i  service feat ures and funct ions and at the sane
time be easier to maintain arid to o pe r- -o  . The capability and cost trends
in electronics clearj .y show that ::nder’r : eiectroni c equipment and systems can
be more costeffective t han their eicctioinechanical predecessors . The micro—
prcx~essor and electronic calculator fields are examples of that trend .
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the new telecarrAw Li ntt  1 ens systems cost less to ac ~uire , are :r e 11 exlr
to  meet changing and tor:re1 ~~~n~” new requirements , arid nt-ed less pow~. -r - , less
space , less pers onne l , and less Looistios supIYJrt .

The AA DSS development is now entering the concept definit lor:  and va 1l,~a-
tion phase . Systems alternatives have yet to be identified and t ,rade~off
ana lyses performed to arrive at the best possible technical approach and a
costeffective system. Using some kmwn requirements and filling many ~~ps
with personal conjecture, a system is postulated that can be engineered from
existing and evolving carrnercial telecorruainicat ions equipment and could be
operational in the early 1930’s.

ACCESS AREA D F I ITI~~J

An access area can generally be described as a geo~~’aphic area coinpris—
ing one or more post , camp , station or base entities and smaller subscr iber
~ -‘oupings or clusters within or adjacent to the past, camp , s ta tion , or base .
in consonance with DOD policy for joint telec oronunicat ions service , one acc ess
area system will serve all DOD subscribers in that ~eorraphio area . Here j O

New Jersey , Fort Monscut h might be considered an access area that serves the
Fort Monmouth organizations, the Earl e Naval Ammunition Depot , the Bayonne
Military Port Facilities, the Lakehurst Naval Stat ion , and a host of additlcr- :’uii
snail user ~~‘oups in this area . Fort Dix and the Nc ’iuire ~ ir ’ Force Base cou b
be part of this access area , or could be an adjacent access or-ca wi th :Ur - ’ °
interarea trunking . Figure 1 shows the geognaphy . A satellite t err - .intd coo !
provide trunking to other access areas and to the DCS t:ic~-d*’ r i ~ 5:/ote” 
restial trunking to one or more DOS backbone switches such as the : ‘edar i - I ~~~~,
and Neucong A U’IOVON switches or their successor swi~ ches would r rnv idc mul~ it
homing to the backbone system to ensure a survivable network .

SYSTEMS REQUIREMENTS

The m ilitary teleconmunic-ait ions systems are in an irr ~~r-1 ant nraj 1s i t in r
fr t t r : i  separate special purpose sysi er- s to an int .egnated common user tele—
conirunications system . The m ain objactives are modern service features and
for otions ; improved f l ex ib i l i ty ,  end—to—end inter ’operability , reliability,
survivabIlity, and security ; simplicity of operation; and lower overall cost .

DCA 1: now pest ial t i r ~ - a transactional systen /slbsys ’ T r-ru .i r r r n I ’ - t r , r r r  r~ r-
t han a t rausrarent approach in structuring the new DOS ( 1) .  This t t O r O ~hto
sahs:~one ~-is are ojo ic-do d for their own requirements and different srrbcyor - - : r
are t hen matched with . ‘

~~~~ eway int erfac e eqid pr ie mi r  . This Ic a c occ i n:~ :~ —

proach which can be expec t ed t o  resul t, i n  considerable reductions in ‘
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equipment ar id system oorrr~’d exit y and provide cost 0O~ lri~ O versus a tr~oio r X e r c
dcci ~i where the- whole subsystem has t o  be b urdened with the canp iex it i -oc
of hil o1’f :Icirr~T subsystems .

~Dff rous t be able to ~nterface with the present i rP and the Phace IT Y~i
ii i  the early 1980 ’s , and t ransition to the Future DOS of the 199 0 to 2000 time
frame . The telecommunications requirements for the 1980 tir : e franc car, be

k projected with reasonable confidence , but not with complete certainty. ro tE
case of uncertainty is the di tit-al voice rat e which is now stat ed at 16 -rhps ,
but is hoped to drop to 8, LI or even 2 kbps using~ r- ”ii :tiv~- ‘n ciin ~:. For 1990
and 2000 the requirements are considered speculative and will be ~~‘eatly in—
fluenced by yet undeveloped technologies and unpredictable s tratefic  situotior .: .

In view of the expected evolution during the AADSS operating l ife a flex~
ible addressing, routing, sigualirg, priority, preemption , and scheduling :‘:‘iethc~imust be employed to effectively use and share the facilities among the command
and control community, the int elligence community, the logistics community , a i d
other user groups . Shared use of t h e  costly switching and transmission facil-
ities will result in overall savings and will make then less susceptitle to
traffic peaking than several separat e systems would be. Shared use inc loden
radio and television broadcasting arid cable television service. These media
can provide new dimensions of service not normally considered now in the c on—
mercial area due to exclusive regulations and tariffs . In the ~~)D system these

• broadband facilities may be capable of providing most or all trarisroission re-
quirements in some cases and in other cases may au~orent the transmission facil-
ities during off— hours and during mobilizat ion and other enercency situations.

The new DCS is projected to serve 1 million subscriber instruments world-
wide in approximately 1500 access areas of varying size . The smallest areas
will range from 50 to 300 subscriber instruments; medium areas from 300 to 2000 ;
and large areas from 2000 to 10000. Exceptions of course are a few of the
larger posts and bases , including the Pentagon which can be partitioned or
otherwise spec ially treated .

TRAFFIC REQU V~~ TS

The I/O device traffic can be cat egorized into five main mcxies and , wdnh :’:
looking at detailed traffic statistics, their overall impact on the systeros
desigu can be projec t ed . Tab le 1 lists the modes and associated charnel ra’ons
or bandwidth.

I
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Rate / -a r idc .i u t J
_____________________ ( BPS_/__11cr )

VOICE 16 k
______________________ 

2 , LI, or 8 k projected

TELE2YPE LI 5 . 5  to 9 .6k
_______________________ 

to_16k_buffered

DATA to 16k standard rate
Interactive to 13V1 high rate
and Batch

FACSIMILE AdD to 16k standard cote
SLJ .~ ~~AN TV to 1 .5M hi~-,h rate

T~~EVISION to 3GM / 60

Table 1 INPUT / OUTPUT DEVICE MODES

Voice t raff ic is categorized by t raff ic rates of 16 kbps , usir o cc’-nt -io-
uously variable slope delta modulation, and by holding times of the order of
several minutes. Transmission delays of core than one quarter of a second
become disruptive to the flow of a two—way conversation and therefore T iUSt
be avoided . Call set—up times of a few seconds are ;ener’ally acceptable. The
d.i ’ ital  traffic volume of a single voice call can be up t o  3 r ij I l n i  h i ts  in
each direction. With data reduction , by deleting •cri ent periods , the single
voice call traffic can be reduced to ornr ’cxir:at :l-;  1 rrJlTi c ,n bits.  The access
network must be designed to handle approximately one simultan eous call for
every ten voice subscribers . A 10,000 subscriber access area may therefore
require a system with a 32 il~ -: simultaneous t hroub iput cariacity without data
reduction (10 ,000 x 1/10 x ‘I ( : , flOO X 2 ) ,  and 5 o lC 0bps c lnLdtaneOus through-
put capacity with data reduction ’ . Futu re D -pier cntat i-: n of 8 , LI or 2 kbps pre-
dictive coding will reduce the t raff ic  volum e to 1/2 , 1/LI , or 1/8 respectively .
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Teletype traffic is categorized by approximately 10,000 bits per
message page . The average message can be delayed several hours in the
teleconinunicat ions system, but access area delays of not more than a few
minutes are required for priority messages. This is achievable with modern
character reader or other electrical character origination equipTient which
avoids retyping each message at the communicat ions center. The total sirnul’-
taneous access area teletype traffic volume is in the order of 1 to 3 kbps ,
a negligible amount when added to the voice traffic of several Mbps .

Data traffic comprises int eractive messages and bat ch messages . The
interactive messages are generally less than one thousand bits and can tolerate
delays of several seconds . One interactive message origination of 1000 bits
generally results in an interactive reply of 1000 bits . The total simul-
taneous interactive data traffic volume in an access area is in the order of
1 to 10 ~~ps. The batch messages are generally 100,000 to 500 ,000 bits in
length, but can tolerate hours of delay . The total simultaneous batch traffic
volume in an access area is also in the order of 1 to 10 Jr<bp5 . ‘bcether, the
total data traffic is equivalent to the capacity of one diiital voice circuit.
Future increases in data traffic can be accommodated by the system capacity
being freed as the voice ratem decrease to 8, 14 and 2 kbps .

The f acsimile traffic is categorized by approximately 10 trillion to 100
million bits per message without data reduction , and 1 million to 20 rrdllic> n
bits with data reduction. Delays of a f~w minutes are tolerable . Use of
facsimile for the transmission of alphanumeric messages requic~s a 

. rodee:ff
of t ransmission capacity versus the cost and time of retyping tho infornat ion
into a message, or the cost of an alphanumeric character reader, or other
electrical character origination equipment , since the facsimile :r essar€- r~—
quires one to five thousand t imes the transmission time or the trar sroissioru
capacity of a teletype message . Slow scan TV requires only “ t t ~ third to o r e
tenth of the transmission capacity of a facsimile message for tror sroi o~ iso a
single frame due to the lower resolution of the IV frame . The total siciul —
taneous facsimile arid slow scan TV traffic in an access area can be 10 to 25
percent of the simultaneous voice traffIc. Future increases can also be
comodated using the capacity freed due to the decreasing voice rate.

rp~j  traffic requires 6 rlegohertz per channel for analog TV and apprro x tonr ely
30 :cie~ mtts per second for diiital TV. For a ten channel system 60 Me~~hert r
capacity is required. Cable television systems are readily available comer—
d aily and pose no significant problem in the access area itself , but r, rni ’ cr-Jssion
between access areas may create bandwidth and transmission cost probleros ,
especially if a number of TV channels are required .
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Prom the above traffic categorization it can be seen t bnt  t h e  a n e t s
area system when designed for voice can also handle the ~eder ,~ ’J t- a i d  ciat a
t raffic without any ~Juu 1noct on the system, other t han local ,- f o r -  ‘io~—
lay ed delivery, multiple delivery, and trarr rrrjssiori rat e aS o b u i r i a .  t o- o j oj i ,-
and s1c~ scan TV t raff ic  requires that the  voice Sy5~~Prr1 L u  ov - i ’ Y.cred h:/ 0 1—
proximately 10 to 2 5 perc ent , depending on the expected one of Or :‘ ruo d on .
TV traffic requires suc h a large bandwidth that it cannot P ’ o j co d , -ci over n h -
voice network. Fy contrast , where a TV network is used , all of ho °
t raffic , including voice , can be carried over the TV network e d r h .  • r r t  r o o M  al
modificat ions to the T\T networ k and ‘a 10 to 25 percent i ncroas- , - J r  r n-n-ok
capacity . This means that the AADSS must either be desi ri€’d as or ,- x r i a r ’~J~~r
voice network where no iv is required or as a modi fied TV , a rb 4 1 c r - - oil
nodes of t raff ic  are requ ired . The technology is avai l abLo f r -  -c i c r-  s:;5 r ‘cr
and poses no unusual problems in the access area . Huwr v :T- , r z o r .c ’ M ;: ; T n
bandwidth requirements between access areas nay create fr ”r :oor r~ ass ~o o rc
and cost problems , especially within the continenonil U r i O d 24 at -- cr .

SYSiF11 DE-ID lb

Military post and base corrimirrications clesi O ’iers 1’n : ‘ .•. ; r  r - - - i i - : -d  cr
cor u erc ia l and commercial—adapted systems and co~ui~ err o nce’ h -it ’ ~oi’- nc—
municat ions requirements. The AADSS mus t cant D u e -  t ha n i-el iot -c aini ‘-u- ~ loO t
the performance p~owth potential irtherent in the c-v l n l r r - u s o - i c l
if a costeffective system is to be fielded. 2~,)rt onone1y , th o ~elccnr T: u io , r i nt o;
industry has alread y started the development and fie ld ir O of a r o w  ‘enc-r -atcicr
of systems arid equipment that can be readily adapted to meet the AADO” ;ncc I~eos: ::.
This reliance on the commercial teleconriunicat ions industry prroduct line s pays
off by drastically lowering the r :aterial acquisition and life cycle costs and
shortening the delivery schedules. It has the furt her advanta~e t hat. no -eL i —

ization and contingency stocks need to be established by the ‘loverncr ’ent , since
the telecommunicat ions industry can be tapped for stocks during critical r i ces .
The commercial di~ ital systems also lend t hemselves readily to the incorporation
of CCt-ISEC equipment . Already today we can have a dJ d tal  electroni c exchange
and digital subsets delivered in three months that cost one tenth and probably
have 10 tim es the features and funct ions for access area switching of the
Ad/b’l C—39 . Over the next three years the commercial capabilities are expect ed
to at least double as the latest designs on the drawing boards are hcir~~ colt -
vert ed to product lines . The equipment coSt is expected to fu rther decrease
as more “calculator” technolo~j  is being applied .
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The system functions cam be described in conventional ter~as of subscriber
terminal , mult iplexer/c oncent rator , t ransmission , and exchange (Figure 2),
but this does not mean that each function is a separate equi~’cruent entity .
These funct ions are interrelat ed and are ~ ‘ouped or distribut ed to achieve
optimum system performance. Multiplexing and concentration are inherent switch
functions that can be distributed throu~~out the area. li-i effect the conven-
tional line finder funct ions of the electromechanical switches can now be per-
formed within a subscriber terminal cluster and the transmission path becomes
a long junctor. The next logical pro~~’ession exploits the junctor capacity
(b it rate) to the fullest by assigning a given subscriber terminal as much
currently unused capacity as that terminal can operate with . This adaptive
multiplexing trades instant unused capacity for shorter holding times and
thereby pr~ovides more futur e traffic handling capacity . Adaptive multiplex-
ing also makes efficient use of costly transmission facilities by eliminating
the transmission of Idle bit streams , especIally on expensive satellite and
undersea cable facilities between access areas and the DOS bac~thone system.
Adapt ive mult iplexing is predicated on a flexible mult imcide addressing and
out—of—band signaling and supervision scheme that allocates the needed band-
width/bit rat e and coniminications security for the specified duration at the
specified t ime. Out—of—b and signal ing and supervision alleviates the inad-
vert ent simulation of control codes by the I/O generated traffic, with or
without encryption , and therefore offers the user a virtually transparent
traffic channel without code restrictions . The addition of common channel
signaling on multi—channel gnoups simplifies the common control interface by
deleting duplicative steps of signal distribution and collection between the
common processor and a number of parallel channels. The proposed Federal sig-
naling system No. 6 can be adapted to provide the interface between access area s
and with commercial and allied systems . The conmon signaling channel can he
used to exchange traffic status information with these systems and between ex-
changes within an access area to provide certain features such as call comop let ion
after the distant I/O devic e becomes available (ring a~~ in) ,  without occupying,
transmission capacity while wait ing.

Group transmission for the non— TV modes is based on the  corr erci  -
~

carrier system which provides two l .5LI~4 -Tbps ~~~up channels over t~- r” cable
pairs ( one channel in each direction) . Several gnoup channels can be corried
over several pai rs in a single cable. Where possible , U—screened cable cr
two separat e cables are used t~ reduce interference bet woon pairs ci -03’ lrg ii
opposite directions and thus tolerate longer repeater spaci so. For n - v  -ohio
installations coaxial cable will be used that can handle umeup and suFeI ’—~~nui
channels dependi ng on the specific reqcM n- -oe n~ . The U— LI icahie s s t o - , for
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ononicil cables x M l  77 - :L- 2 iJ erich (or’~ : X l ~~i M , - r i  i h a - t t O ’ r i s  a
sp r e) .  di em - TV i r~ - i s  i - - irO ned , a :c ll :~~ - - i 0 l ~~ - o n  lye -ou~ 1 -~ - - -J : i-o
u yxI er:1 will be ‘ oI: -; r t ,  i - n~i Ie  i,he ‘ s c i S o l . ~~~ a- S o S  i Lj c -
V iSio ,~~ channels am’ - r -escr-veu for - go - up an- I s-i; - i ’— i 2 -h ; r n- -~ :. I~ i- - —
Stirr ing channels r i t e  tv f t - i -  i c r  i t t  tO ~vo r est ‘l o c - -  5 - -

~~~~
- : ‘  

- - ,
t r aining, sta r t - i a !  r od  -2 i t a m - v  cab le tel- - v i o L i n , i all t h c r ” • r c - t m - -M v
video reoai rera -n ; .; . A t h i r t y  c f t u c u o l  i r i t r -o~~ iv- - - a L i t :  OL- l - V i O -  n ~~on
curren t lv  b e l i e  , - ; ( , — ; nx-i-o’ted i i i  2 l u - l os , l b  by :; rr cr - ‘ -i~~(~~ Oem-I ( 2 ) .
A t bber opt ic l i s t  n - i t - a i n  ~vsto is b t i n ~ ‘ n-st on it  ‘i•lco ~~ , - is i :
T~ 1 (3)  and can also ho ccr is i der - e - i  ii ~he f m  i i , - i~ she r~~-st cr -m-- • ;~ r- r :~~f~ j

i~ - :- orc i ing  on t l~ i 3:-Iou;. of th~- -cx i in i i i  cable I lamit , t-he Oi oa Tc:n : xor r :t , o~n 1 l
t i - cl usseni ng of t b -  cuL oc -iner nern:don ls , c i sh e t  a r ing  or a • -aor ‘ l i m i T  A—
n o n  system t i l l be u st - -~I .  i - l ures 3 o n I  14 :i, - ctcir - and t i n  r : i s s - n  i s :
for the r o o t  post -are - i v r unt . - e sSOaith. ;‘igul- - 5 cl -r rh  - u s c n - i n c  I n .  el
n- Lo cus t s r  cc of subset- i t en’ c-i t aL c- n -; fot-  he sa c- ii i- ’ and M-P1 2 ‘It  - n c r  O l E - - ;
• icc - ossc -oio5ed 7 - s i  t j im

D1-TiUi2Y -7j~~7i3 
;~ n ;j ’ t c g  • —~

lIon square i-cc n c cl usc c

FFICL o I - ~E Jo~: l ,000 10

2i-’ifb AFab~ 5, 000

SERVICE AREA 2 ,000

I fj 7j FE7rIfT7 ITIRL 500

b-i PiablDtl-iF TAi 200 2

SURBIJRBAN 100 2

RURAL 50 2

rpable 2 SUBSCRIBER DFIJSITIES
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Drop channels from the intraarea access hub points to the individual sub-
scriber t enniral s will be tailored to the specific requirements of the ter-
minals involved. In an office complex the drop channels terminate on a
remot e switching cabinet which in turn provides modern dieita l nn ’l h ome ,
teletype, data , facsimile and slow scan television services, off ice ln er-—
communications, word processing center access, and similar services . in
housing, barracks, and training areas the drop channels provide interactive
cable television which provides specific gnoups of channels for these user
groups and includes telephone, security and fire monitoring, and similar
services .

Intraarea tninking interconnects the outlying sections of the Fort
Monmouth acces s area as shown in Figure 6. Mobile radio access is provided
from a few net radio access equipments that provide coverage for the whole
area . The trunks to the DOS backbone switch at Cedar Brook and Netcorig will
be one leased T chain-tel each. Four additional T channels will provide local
commercial access . Commercial toll access will be handled via the DCS back-
bone system as close as poss ible to the local call area of the called sub-
scriber. Commercial cable television to the video headend is l eased ftos, a
commercial cable television company . A satellite t erminal provides sched ml 2i
T channel and television access to other access areas and the DCS backbone
system.

Communications security is provided for one percent of the subscrib er
t erminals and is a funct ion of the I/O device , rather than the AAL~$S. Yey
variables are updated from the DCS backbone system. Called address and sim~raling information is protected by first establishing a call to a DOe distr i-
bution center followed by encrypted readdressal . Link encryption can be pro-
vided on the T channels to the DCS backbone switches . System control is per-
formed from the DOS backbone system . Scheduled and event orient ed status
information is provided to the backbone system . Operation and sai nt enance
control is retained locally. Automatic message accounting is used to super-
vise authorized use and to apportion system and traffic charges .

ACCOMPLISI-ll~ NTS

Comprehensive anal ysis of the commercial telecommun icat i~-ns capabilities
and trends has shown that the system described above can be fielded in 1980 .
The na iri difficulty is the judicious selection of the most effective ferntw’ecr
and services that are required in a specific access area and which t h e  users

1
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are r U l i ng  and able to pay fm-i - . ihi - adapt a b i l it y  of ;a ,c:ior-n a w in ;h irg c-’ aO~ —
r~ nt has been tested with an advanced cii -ltal elco “ , n i ,~- r r - cvam e r m : o : ’ I c

branch exchange , the Oortii c mn Telecom SL—l ( 2 4 ) .  This system convent s all
tine and t runk t raf f ic  individually to 614 kbps PC~-l and uses a digital bus
transfer technique to switch the lines and trunks (Figure 7) .  The bu rr  (c- lui n-
alent to the long junctor mentioned in System Design above) can be ext ended
over T channels to remote subscriber clusters . This relegates nh n - - n r n i n u s
1ir~os to short local drop channels. The 72— 1 system uses o u t — o l — t r r n 2 24 00
bps signaling and supervision to the 72—1 subscriber instrument yb -i nb has 10
( expandable in increments of 10 to a total of 50) prognanimable keys ( rcrilcst —
lator technology ) which can be assigned 22 different functions from the sys-
tem cont rol keyboard . These functions include multiline , conferen ce , call
transfer, call forward , executive over’r-ide,preset dialing, and ring o c ~in.
Table 3 is a typical assignment sheet for a small office or t eanri arrru e1r er ’ .
rphe users themselves can progrum and reprogram called numbers on l-:eys assict-~ c
the preset dialing features named auto dial and speed call . The :irst has -a
single called nurrber , the latter has lists of up to 10 and up to 50 called
numbers . A typical 10 address speed call list is shown in Thhie- 14 •

Mr.  K Mrs . L DCEC
DCA 2CEC — —Office P Office S Ft .  Iluach
USACC USACEE IA

COb H hr. H °ffice DE
flAMA DPJVfl DRCDE

Ms . D •1

Thble 14 TEN A [-DRi -~:i~~- -i END CAL L Ii~7
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SUBSET FEA’IURE 
— 

ASSIGNME1~YrS

TYPE INSTRUMENT SL —1, 500, 2500
- 

KEY LAMP ~1~ IP 1 to 5
HUNT NUMBER Directory Nu~rber

LAST HUNT KEY 
— 

i t o 8

TRUNK GROUP ACCESS RESTRICTION 1 to 16

RING NUMBER PICKtJP GROUP 1 to 128

CLASS OF SERVICE CODE 7 of 16 Codes

KEY LAMP FIELDS 10 to 50 Fields *

* Each Field May Be Assig~ied These 1k~nctions :

Station Nunber ( 1 to 140 Separate Nuithers )
Auto Dial ( One Preset Nurit er )
Speed Call ( 1 to 10 or 1 to 50 Preset Nurrbers )
Conference ( Up To 30 Conferees )
Private DCO Line
Override
Pri—acy Release
Call Waiting
Can Pransfer
Call Pickup
Call Forwarding
Ring Again
Attendant Recall
Intercan ~ izz
Intercczn Voice
Release

Table 3 SUBSET FEATURE ASSIGNMENT DATA
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The interesting use of long distance abbreviat ed lialing should be - , e-r
this list . Preset numbers without the last 3 or 24 digits allcM speed calling
to a distant office . While the call setup is in progress the remaining di,gts
are added by the caller. For instance, the 3 digit abbreviated number used at
the Defense Comunications F~igineering Center ( DCEC) In Reston , Virginia , a nsI
the 14 digit number used at the Army Comunicat ions Conrnand ( USACC) in Fort
Huachuca , Arizona . The SL—l system was easily adapted by the manufacturer
to move the A/D converter from the line circuit to the subscriber Instrum ent
which provided us a digital subset with programmable features . The SL— l
system and the SL—l digital and analog subsets were delivered within three
months of contract award and have been tested for nine months at Fort Monno ’ ith .
This test certainly proves that reliance on cornercial product l ines and ex-
ploiting their performance growth potential is the preferred way to provide
the Department of Defense with a costeffective post/base telecommunications
system, maybe it is the only way considering the current emphasis on more
economical military systems .
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l N l l ~ )[)U(’ lIO N

The AI IODIN 11 is being designed to attract subscribe rs 3 . Te rminal access arrange ments . Termina ls may
pi-imarllv fro m the Interactive. query - I-€-s pon s e , and bulk directly interface the network in one of three basic ~av s :
f Ile - :~ns f t-r- communities . At the same time the service directly connected to the node via an acces s line to the
pr ese ntl y provided to the narrativ e traffic subscriber must Terminal Access Controlle r (TAC~, interfa cing through a
be maintained. There fore , it was decided to implement a time division multiplex er located for geographical co s t
packet -switch ed serv ice to provid e the low delay for the fast savings within the network architecture , or via an interface
respons e t ra~~c and to provide high speed t runidng to the Cont rol Unit (ICU) which , in turn , interfaces the TAC and
p it -sent A [ lO D IN subscribers , provides rudimentary cont rol for half duplex terminals .

A major design goal is to minimize the impac t of AUTO- Each of these devices are described in detail in D( ’A
DIN use on the user . A desi re is , of cours e , to require no pub lica~ ons and these details are not covered in this gen-
changes in eithe r the operation or procedures which are pre— era! discussion . It is considered sufficient to say that in-
s ent lv In use by potential sub s c r -ibe rs , While this desire is div idual cases must be coordinated with DCA prior t o in
esse ntially impossibl e- - the interfac e requirements are a cl usion within AUTODIN and the particular method will s
combin ation of re(-ogni/e ( I electrical and logical standards determ ined during this coo rdination . The pu rpose of this
plus an absolutel y minimum amount of infoi mat ion from paper is to indicate the info rmation requirement s fro m a
us ers over and above the text (or data) to be transferred by general user in order that the netwo rk may transpo rt infor-
the network . This paper attempts to outline these requi re- mation for the users .
mont s as the y are known at this stage of the design in order
t o facilitate plar ning at the gene ral level for users desiring USER MODES
to make use of the AUTOI)IN .

To the general user there are three mode” of interface
INlF: l tFA c F: ME-rHODS to AUTOD~N U; Mode HA , which is a charact - r interface ,

Mode VI which is a binary interface , and Mode I, which is
In order to understand the AUTODIN U, a diag ra m is basically designed to handle current AUTODIN I subscribers

presented as Figure 1, This diagram shows the salient directly interfaced to AUTODIN H nodes . Of these modes ,
features of a network node with the various methods for net- the ones specifically addressed in this pape r is the Mode ILA
work connection . The means of network connection may be and Mode VI. This is not intended to ignore the third , but
categorized into three fundamental ways : in the early time frame of AUTODIN 11, the previous two

categories are the most probable users and are considered
1. User-provided front end processors programmed by the most important to the readers at this time . Of these

the user to satisfy the protocol requirement s of the network , two , the detailed discussion will concentrate on the hA
The sp ecifications for the protocol will be published by DCA which will be the method by which a character oriented sub -
as a by -product of the network development so that the user scriber will interfac e with the netwo rk .
may program the front end in either a 1-IOL or nat ive language
according to the user ’ s dictates . At a minimum , the Seg- Mode h A
ment Interface Prot ocol (SIP) must be implemented in order
to present the network all of the mandato ry information for This mode will be used by a subscribe r with a cha racter-
addressing , security protection , error control , and category oriented terminal which may be epitomized by a keyboard
of service (precedence) desired fro m the netw o rk , In ad— device such as a Model 35 Teletyp ewriter . Transmission
itio n , if the user wishes to converse with other AUTODIN II is effected by a serial character-by-character stream in a
us~irs who subscribe to the standard Transmission Control variety of sig nalling codes; the speciftc code be ing irre le-
Protocol (TCP) , he must implement this protocol , However , vant to this discussion . Recognize that the particular in-
it is not network mandatory if the user has develop ed a trans - out dev ice (e .g. , paper tape reader , keyboa rd , cassett e ,
mission control protocol within his own closed commu nity . etc .) is of no concern; only that the transmission is seri al

by cha racter in a recognizable and acce pt ed code set .
2 . Network provided control units (Single Channel or

Multichannel Control Unit s (SCCU, MCCU) ). These devices , FIgure 2 indicates the info rm ation required as a min i-
based on minicompute r implement ation , allow a user to at- mum by the network to establish a communicat ion path
tach a host to the network and , according to the sp ecific in- throug h the netwo rk , The terminal op erator unuld ty pe (or
te rface options selected by the user , ‘ manage s the desired punch) a SOH character followed by a selected command
connections through the network by providing the host Inter- code and an EOL character immediatel y prior to the text
face (Host Specifi c Inte rface) and the previously mentioned of the t ransmi ssion , The transmission would then be
TCP and SIP. This device wi ll be provided in author ized hounded by the ETX character . The network access area
users by DCA on a tar iff ed baai~ . This device is the key- (in this case the TAC) would hav e previousl y been loaded
stone to the desire not to impact the user when connecting with a “ canned ” leader which would be selected for the
to the network and contains all of the protocol hand lers and access line upon receipt of the command code . This leader
accountability package s for the network to provid e the service would then contai n all of the inform ation required to route
desired by the user , the transmission to a destinat ion contained in the ‘canned
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‘•MULTI PLEXED SYNCHRONOUS CHANNEL t XT MACTO R

Figure 1, AUTODIN II Connection Diagram
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(-~s an i s i l i - , t Ire -re is Pr -se nt ly in I vest ig tloII pe r-fain —
i rig to p r-obabi i ity of rnlsde 1 lvi - ry tha t In lie at es t I - it ~ i cahil l —
liv if  a redundant :idci s.-ss and TC( field which woul d add

o anothe r t ight characters to the requi r-ement . Final li- dgn

$ 
will probabl y contain this red undant fie ld .

There are two po ints which should he highlig hted he r-c .
The above description of r-equ i red information is in addition
to any required format information that is requi red by the - 

-

COMPL ETE ASCUSTR ING user community, For examp le , if the community requ ired a
formal format (or procedure ) such as JA NA I’ - 12 - . or similar ,

- this Information Is carried as text in the AUTOI)IN II network —

and no level of control or procedure in the net w o r -k make s use
‘ENDOF LEADER A 5 c I Ic H A R A c T E R r 0 B E DIFINED of the inform ation in the text field , Secondly, what ever seg-

Figure 2 . Cha racter Canned Segment l eader , Type J - mentation occurs to the text in the network for transmissio n
Mode TIA purp oses (packetizing), the information discussed above Is

prov ided only once at connection esta blishment and applies
leader at a predetermined precedenc e and unclassified for as long as the connect ion exists ,
se cur i t y  level , F\r rther- , a p reselect ed TCC would he in—
s e r t€ -d t o identify the comm unity of interest associate d wi th Mode VI
the source-destination pair . Not e that while this is the
m inimu m amount of informa tion requ ired for connectio n - Mode VI exists primaril y for intelligent devices which are
establishment , it also presents the least flexibility of net- capable of segmenting traffic on a connection into approxi—
work connection to the user; one predetermined destination , mate ly 4700 bIts or less . Further , it is requi red t hat a 32

TCC , and precedenc e , and unclass ified security level , bit cyclic redundancy code be generated for each segment and
the Advanced Data Conrmun ications Contro l Procedu re

The next level of sop histication is illu strated in Figure 3 , (ADCCP) flag sequence and header be constructed , This for—
This differs In that the user may ident ify the destination mat assumes a programmable (or log ic al c ir -cu lt equivalent)
and precedence of eac h con nection hut is still rest ricted to device such as a Channe l Control Unit (SCCU , MCCVI , Front -
an unclassified security level and a single community of in- End proc essor , or host main frame .
terest , Howeve r , it should be noted that the re is a require-
ment for only six data items (10 characters) in addition to The illustrative fig ures (Fig ures 5-7 ) are included for re-
the text . ferenc e. The field uses are similar to the formats described

in Mode h A .

o g AS

S i s a  a a e a s  L I i _ i~~ t~
T

r - - ~~ T - r i - i  - 
- S —

~~E - I
~~~COMPLETE TEST STRING I - - - - I -

i l l  —

‘END Of LEAD ER ASCII CHARACTER TO RE DEFINED - 
- -

Figure 3~ Character Unclassified Segment Leader ,
Type 1< - Mode HA -

Finally, there- is the comp lete capability offered to the ~~~ : -

Mode h A  us er , Thi s is Illustrated in Figure 4 , This ~
allows the us e r to specify all field s upon connection es - - I -
tablishment . Again , the total requirement is for eight j j_J
data items (15 characters ) . -

— LOG ICAC - — 

-~ A U  ‘ 5  S 1 1

c c c c c ADD RESS 
- 

C Fig-ore 5, Type C - Character Segment leader Mode VI
, , S S S S S I U S U S S

COMPLE TE AS CE STRING

‘ENDOF .5*0(5 C HA RA C t E R

Figure 4. C haracter Segment Lesder , Type 1 - Mode HA
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true,

Comp lete specifications of the logical and physical (eiec--
t rical and mechanical) interface will be published as a pm-
duct of the design arxi implementation and will be available
as a publication from DCA to affected parties .

s~,~j S~J5 ~~~~~~~~~~~~ 

___________

_ J LJJ

ThE -- -  
f?H H

Figure 6. Ty pe D — Character Canned Segment Leader/
Mode VI

~~
i
~~t P ~~~~ ~

‘ 

~~~~

- - _1H’~ hi
- r 

•• •  
- 

~~~~ F , 
-

- 
1 5 5  -J L ______________________ L - -

5 S O S - f r  I S 5 5 0  ~~~~ I

Figure 7. Type E — Character Uncl~ssi f led Segment
Leader/Move VI

SUMMATION

An attempt has been made to illustrate on a general level
the Informa tion required by AUTODIN II to establish a con-
necti on between two users . The particular data Items de-
sired from subs c ri bers requi ring three levels of flexibility
have been presented .

While any packet sw itching network with multiple levels
of independent pr otocol exhibit s a formidable level of In-
ternal network desIgn details, the ultimate result s as viewed
by a single user need not be overly complicated . The design
pr inciples in the AUTODIN II are s implicity to the user with
a resultant minimum impact on user procedure s , program s ,
and equipment , As the design effort continues toward an in-
it ial Implementat ion in 1979 , some deta ils of the formats
may occur , However , it is anticipated that the changes will
be minimal and that this descri ption wil l remain essentiall y
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DIGI’I’AL Mi )D~~4 ~‘FCdNO LOGY
FOR STRATEGIC AND TACT TrkL TROPC~ -CAT ~~~ AP PL lCA TT ( N~

Walter J . Cyl rowski
Communications/ADP Laboratory

[TSAECOM , Fort Monmout h , NJ 07703

Abs t rac t

The Adaptive Decision Feedback Equalizer , t he Dis tort ion Adant ive
Receiver and the Combined Coding and Modulation modem s are the most advanc ed
modulation/demodulation 1-ec ~.niques for transmission of digital info rmation
over strategic and tactical troposcatter links . The theory of operation for
each of these mod ulation/d emodulation techniques are described . Over-the-
ai r test results for each are presented .

Intro duction

Recent interest in multimegabit digital troposcatter communications has
prompted the develo rxr-tent of several advanced modulation/demodulation
techniques. The digital modems offer improved voice and data channel quality
for long haul strategic systems and improved link reliability for tactical
systems . —

The two most advanced techniques are the Adaptive Decision Feedback
Equalizer (ADFE) and the Distortion Adaptive Receiver (DAR). Each of these
two techniques were developed to provide up to quadruple diversity operation.
They have undergone extensive testing over both simulated links and operational
L and C Band tropo links in the U.S.  and Europe.

A combination coding and modulation technique has also been developed
in a non-diversity configuration. Testing over simulated link and limited
over-the-air testing at RAD C has been accomplished on this mod~~.

These new modem techniques have a perfoi~ance advantage over previous
troposcatter digital modems in that performance is enhanced by utilizing
available in-band frequency diversity.

The troposcattor channel presents special problems to the modem designer.
The Rayleigh distributed fading and time dispersive characteristics of the —

tropo channel cause various degrees of signal distortion and intersyinbol
interference. The advanced modems discussed herein have been successful
in minimizing intersymbol interference and gaining additional diversity
performance.

Discussion

Media Effects

The troposcatter channel is characterized by short term received signal
level fading at a nominal O.2~ to 10 Hz rate with l~-2~ dB fade depths . Long
term yearly variations in received signal average 10-20 dB. ~1S multipath
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I iver~ i t y r~ -ht ~~~1u~ - :~ 1c -  i-ssp loye- I .  Dua ~p a - e  d iver :~i ty ~ ~ - commonly u c ~
~~ ta - - L i c a l  - m l  vl t r f  ~t r a t r~ ie links. Comi- ir i at ions of v~Jace and frequency

y are erT p loyet  t o  oI L-i~n quadrw - te  diversity normally used for lc~rs~er
st- rat egic links .

severe rnultipath conditions cause intermodulation -d i s to r t ion  and cross-
talk in present FDM/FM analog systems. Digital systems suffer intersymbc l
interference leading to an irreducible error rate floor. The new mo -len s
eliminate intersymbol interference, within certain limits, and utiliz~ the
f requency selective fading over the transmitted signal l- ~-m lvi i t h  to  achieve
added in-hand div ersity.

Art estimate of the mu1tip~ tt~ delay for a particular pa th can ~e found
by a method proposed by Bello~’

) . The geometry and ante9na yearn wi -Ith of
the path are used to calculate the RMS multipath spread t 2 0 ) defined as the
two-sided standard deviation of the delay variable Q~). The 2c value of
tnultipath delay may be a significant part of or greater than the transmitted
data symbol wid th , (T) resulting in intersymbol interference.  The received
data symbol energy is spread out in time at the r eceiv er and some of this
energy overlaps the following received pulse causing errors . This effect
can be visualized as being caused by many independent scattering paths which
are uncorrelated .

During frequency selective fading conditions a segment of the trans-
mitted signal spectrum fades a significant amount as compared to the re-
mainder of the spectrum . If these uncorrelated energy differences could be
detected, an in-hand frequency diversity performance improvement could be
realized . Gaining implicit diversity requires the identification of the
signal components receiv eçl from different delay paths arid utilizing these
in the decision process (2). The amount of implicit diversity (Di) to he
gained is proportional to the multipath spread (2a’ ), and (w) the signal
bandwidth, Di = 2a- W. Thus the greater the transmitted signal bandwidth
or multipath spread, the greater the achievable implicit diversity advantage.
Since transmitted signal bandwidth is normally restricLed to 3.~ , 7 or lO.S
MHz for the 99~ power bandwidth , the amount of link multipath available
will influence modem perfo rmance. The effect of increased implicit diversity
on system performance will be to reduce the probability of experiencing a
fade below a threshold error probability. Additionally the d3~ration of
fades below the threshold that do occur will also be reduced .U )

An upper bound extsts on the amount of multipath a modem can tolerate
before intersymbol interference occurs . This is normally expressed in
terms of 2 a / T  the ratio of delay power spectra , multipath , to the symbol
interval P.

Figure 1 shows the effects of mu1tipat~ ~
n the performance of an Adaptive

Diversity Feedback Equalizer (ADFE) modevL.”3) Average Bit Error Rate (BER)
is plotted versus 2 ~~

•‘
~ /T wi th the modem operating at 9.Li mb/s, in a simulated

quad diversity configuration. The performance increases as 2 c /T approaches
unity and then decreases as dominant intersymbol interference causes demodu-
lation errors. Note that for constant receive signal level of Eb/No = 11
and 12 dB, BER performance increases by an order of magnitude with an increase
in multipath from 0.1 to unity.
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Due t o  he L - t r~~e path losses associate- i wi th  t rn~s~ ~ - a t ~~cr communicat icr ~~,
• c( ~’t ivr- u~e of b i t e t r :uivnd t ter power out~put stage must I - c  made. This

. t a 5 ’e is t\-~v1 ca~~I y a kl ystro n amplifi er operated in the saturation region
fcr -t ’t - i n i u -~ :~vii ’~e power efficiency . A constant envelope modulation signal
i s  -r e f o r r e  to avo l i AN/PM ansi A1~VAM e f fec t s .  A hig h ia ta  packing factor
L also - ic :  u - a s - I c  from a spectrum utilization viewpoint . The requirement

— 1 c- ’ns -m t envelope signal leads to FSK and PSK modulation. PSK
-
~~~ I 1 i  y es less scrupie  I an twi ith  than FSK and has better theoretical per—
fsrnar ss -e . PSK was therefore chosen as the basic modulation format for

~ h n s~w r - ~s - i  e n s

a.  A ias t ive  Decision Feedback Equalization: The adaptive equalization
-~:v rn:i5 -h u ses a decision directed feedback equalization technique. A
tapsed i e lT -  li ne wi th  feedback control is used to adapt to the varying
-s e i~ -i ~es s , - iu l5 i v-a t I ’ an - I  doppler frequency o f f s e t . In Figure 2 ( 3 ) the
- i l . - s r :1 v r~~r e I - - e r  own-converter outputs at IF 70 MHz are amplifi ed and

ia-i l fcs rwar i f i l te rs .  The fo rward f i l ters  consists of 3 tap
: t v c u : - i c  s u r f a - ~e r avE 5  delay line ( SAW) devices with t a p  soacings of one-
ha lf a ~yr -ol h1 te r v— i ] .  The function of this transversal f i l ter  is to

na ch s~ fil’ er reception and reduce intersymbol interference due to
fut ure received . ut  r o t , yet - iec ls ion  -Ie tec ted , data symbols. The diversity
equalized si~ rals are coherently su’amed by an equivalent mavimal ratio
r e i e~ s~cti csn r or - s- in er  -mn ~ the resu lt ing  sin~le 70 MHz signal sent to the

icr - cs Iu l s b n r .  The i er-io-iulator perform s detection of the QPSK :igr ] ,
fi ltering arid A/N conversion. I and Q channel data are then  con- ’ Esc r- i
into da ta - ie c is l on :  and error signals . Differential decoding is p~ rfo nii ed
arid an error signal is formed by taking the difference between the output
of a f inite integrator and a predetermined decision level . The error signal
is supp lied to the forward and backw ard equalizers for decision-directed
adaptation of these filters .

The backward fi l ter has up to three taps , the number us ed depending on
link multipath . This transversal f i l ter  is ligitally implemented with tap
spacing at the sym bol interval. The function of this filter is to cancel
past digit intersymbol interference.  Backward f i l ter  tap weights are fcrme d
by correlating delayed data with the hasel -an ii  - iecisio n di rected errnr signal.

A time tracking loop determines receive timing from t h e  ADFE error
si gnal and continually co rrects offsets  in transmit an receive timing .

The modulator used with the ADFE modem is a quadrup le phase s h i f t  keyed
(QPSK) modulator shown in Figure 3.  The r i- leo int-erface nrovl ies level
matching between the balanced inputs.  Transmi t data  mult iplex an~ t iming
circuit provides the capability of multip lexing two input dat a streams with
the 6Lt Kb/s service channel. The QPSK modulator is a straight fc~rr-ar i
modula tor. The 70 MHz spectri~n control an I driver ]j y j t  the occur iei o-i %
power spectrum of the modulated 70 MHz s~gnri l . The sign—i ] l v  a mp l i f i e t  an-I
- I i vided providing two outputs for diversity tran sr a l t t e r s .
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r u  I t  1 s t  ~v~ - s -  t h e  - i i  r E - ~~-~~- I s ’ at l~ . 11 /v- nfl -I  t . - I-I /s
are bsus s in Fi~~ut -e: )j - us - : ~~ ~ re sect i ’iely .

The AOFE m o - l en , known as the Meg il i t  Dig i ta l  Tropor n - it t er  f in - sy stem (?‘fl)TS)
comenclat-ure d MT t — sl B/GRC , was developed im er t h e  srogr -m management of
U3ACSA and technical  d i rec t ion  of TJSAECOM u n l er  Cont ract DAAB07-7L~-C-OO Lh - .

h . Distortion Adaptive Receiver: The Distortion Adaptive Receiver (DAR )
utilizes transmitter tim e gating of the modulated c- ar r i vr  to avoid in ter-
symbol interference caused by multipath. In Figure- s C - i )  a 70 MHz intermediate
carrier is PSK modula ted by the information -i ts. The rc cs iu i ate - i  IF carrier
is then time gated to have an approximate ~o% off period . The off period
fo rms a guard time so that the multipath distorted oulses , do not overlap.
A matched f i lter receiver imp lementation makes use of all the energy in the
s-vmbol in terval . Thus the DAR gains an implicit diversity advantage due to
in-band frequ ency diversity .

Figure 7~~ is a block diagran of the DAR receiver for simplicity,
a binary PSK implementation is shown instead of the actual QPSK . A matched
filter receiver is formed by multiplying the distorted received signal by a
reference signal and integrating over the symbol interval . The reference
si gna] is formed by using a recirculating loop with a gain of approximately
0. ° . All recei v ed symbols of 1800 phase are converted to ~ 0 phase in the
loop. The delay line causes several past pulses to he stored forming a
memory of the tropo channel . Signals add coherently and noise adds in-
coherently in the loop yielding a processing gain of 13 dB for K = 0. -~.A nearly noise free reference is es tablished .

In a quadratu re diversity system an individual adaptive matched filter
iv used for each di versi ty channel . The outputs of each channel are a i ce l
and the reference signal is multiplied with the sum . This combining is
pre-det-ec tion due to the linear nature of the detection process. It is
equivalen t to vaxi r - al ratio pre-detection combining .

The above -lescript ion assumed the time gate was sufficiently wide to
ac t as a guard and to prevent intersymbol interference. As the data rate
is inc r e sm:e t  or medi a multipath increases the time gate will no longer be
wide enough and an irreducible error rate is reached.

Receive pulses will overlap, causing intersymbol interference , and the
it decisions will he increasing incorrectly. By adding a Decision Feedback

Equalizer (DFE) to the DAR modem the intersyrthol interference can be
adap tively removed . Referring to Figure 8 an error signal is formed and
wil l  he non-zero wheneve r intersymbol interference occurs. The error signal
is multiplied by the pas t received hit , inverted , and added to the output
of the integrate and dump filter to cancel the intersymbol interference. This
is also Iaiown as a tail canceller circuit. When the magnitud e of multipath
Ie1 - i -~’ , 2 ~ , approaches the sym bol interval the tail canceller circuit is
required . The circuit ext ends the multipath capability of the DAR , however ,
the no--len complexity grows .

The data packing fac tor for the PAR is approximatel y 0. b b/s/Hz due to
the 8W required to operate.
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Another implementation method for I-he DAR is an interleaved pulse approach
using offset IF frequencies. This interleaving of time gated signals yields
an almost constant signal envelope for transmission Figure 9. It is the
lIAR implementation approach taken for the TRI-TAC AN/T RC—1 70 family of
digital tactical troposcatter radio terminals.

Test results for the DAR-IV modem , without AD~~ over the air testing on
the RADC upstate N.Y. li,nk are given in Figure io~~~

) for 7 Mb/s quad-
diversity and Figure ll~b) for 3.5 Mb/s quad-diversity.

The DAR-IV modem was developed by the Department of the Air Force ( RADC )
under Contract F30602-73--C-0273.

c. Combined Coding and Modulation Approach: A modern technique
utilizing a data interleaved (2)4, 12) Golay code and a channel mea~u~ement
probing signal with Viterbi decoding algorithm has been developed.”5)

A block diagram of the modem is shown in Figure 12. Input data is
coded and interleaved, 12 information data bits interleaved with 12 parity
bits , then combined with a pseudo-random (PN) channel probing sequ ence.
A single resulting data stream QFSK modulates a 70 MHz IF carrier. At the
receiver the 70 MHz IF signal from the radio receiver is amplified and down-
converted to baseband . In-phase and quadrature baseband channels are
detected . This received digital information contains the PN channel probing
information bits. The received PN bits are compared to a locally generated
FN sequenc e, identical to the transmitter PN sequence. Cross-correlation
yields bit sync information and the metrics (distances) needed to implement
the ma dmum likelihood demodula tor using the Viterbi algorithm. The received
data bits are then fed to the channel measurement deço~ier to remove the
( 22i , 12) Golay code. This last step employs a Chase~

6) developed algorithm .

The use of interleaving allows the randomization of errors, i.e. breaking
up long error bursts into small blocks which can be handled by coding . The
use of a (2)4, 12) Golay code is for error correction but it also is a form
of time diversi ty allowing the modem to gain a performance advantage over
an uncoded sequence. The Viterhi decoding algorithm uses the troposcatter
channel as a time varying convolutional encoder therefore giving the modem
an in-band frequency diversity improvement.

With a 2.3 Mb/s information data rate input to the mo d em the Golay 1/2
rate code increases the transmitted data rate to ~.6 Mb/s. Use of the
channel probing PN sequence in addition to coding causes the 2.3 Mb/s
information rate to increase to 5.5 Mb/s transmission data rate.

BER versus Eb/No results of over-the-~ir testing on the RADC 168 mile
test link are given in Figures 13 and 1)4. “ 7) Figure 13 shows perfo rmance
with and without (2 )4, 12) Golay coding and interleaving. Figure Th shows
results with and without Multiple Rat e Coding . Data for Figure 13 was
taken with a 2.66 MHz 70 MHz IF fi lter yielding n early a 2 b/s/H z data
packing factor for the )4 .6 Mb/s 1/2 rate coded transmitted signal and nearly
a 1 b/s/Hz factor  considering the inf ormation data rate of 2.3 Mb/s .
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Interfaces

A general dua l dive~’si ty strat -e~ ic or tactical di~~ tal troposcatter
terminal is shown in Figure 15. The mo-len interfaces with a multiplexer
or other data source at basehand an- i supplies a modulated 70 MHz IF carrier
to the radio equi pment for transmission. On the receive side the modem
accepts the outputs of diversity receivers at 70 MHz and demodulates the
carrier providing the multiplexers or receive data sink with basehand data.

A master station clock, accuracy of better than 1 part in 10
8
, supplies

the modem ard radio up and down converter stages with a stable reference
frequency. The modem can supply t iming for the 1DM multiplexer on the
transmit side or obtain timing from the TOM multiplier output data. On
the receive side the modem supplies receive data and timing to the 1DM
demultiplexer. A bulk encryption device can he inserted between the 1DM
mux and the modem. -

The modems discussed previously have been designed to operate at
nominal data rates from 1.5 Mb/s to 12.6 Mb/s corresponding to from 2)4 to
192 6)4 Kb/s PCM voice channels .

Systems tests of equipment configurations similar to Figure 15 have
been conducted successfully on the RADC CONIJS test bed and on two OCONIJS
NATO ACE HIGH system troposcatter links as part of the Combined US/NATO
Digital Troposcatter Test Program. (8)

Summary

Three advanced digital troposcatter modem techniques have been described.
Each is distinctly different in terms of modulation—demodulation technique.
However , all have the common goal of achieving high quality, low BER,
digital cornxriunications over the fading and time variant troposcatter
channel. Over-the-air test results verify the capabilities of these
techniques. Effective use of in-band diversity was shown to have an
important part in modem performance.
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THE COMBINED US/NATO DIGITAL TROPOSCATTER TEST PROGRA M

John L . Os terholz

DE FENSE COMMUN I CATIONS E N G I N E E R I N G  CENTER

RESTO N , V I R G I N I A  22090

ABSTRACT

The US an d NATO have successfully completed a cooperative test program
i n which  two prototype dig i tal troposcatter modems , the MDT S an d DAR , we re
tested ove r coninunications grade troposcatter links in a system configuration.
NATO provi ded two links of the NATO owned ACE High troposcatter system ,
a medium length trans-alpine link and a short diffra ction link . The US
provided the prototype digital troposcatter mo dems and associated TDM and
PCM equipments along wi th specialized test equipment. NATO has responsi-
bility for the analog in te rface between the prototype modems and the ACE
High ra dio equ ipment. The US ha d p rimary res po n s i b i l i ty for the digital
i nterfaces between the mo dems , TDM , PCM an d specializ ed test equipment.
Test direct ion and data analysis responsibilities were share d by the
Defense Conhhiunicat ions Enginee ri ng Center (DCEC) and SHAPE Technical Center
(SIC). The US A rmy and Air Force provide d the modems , TDM/PCM equipment ,
test instrumentation an d technical support .

INTRODUCT I ON

The Combine d US/NA TO Digital Tropos catte r Test Program was chartered
to provi de megabit digital t roposcatter t ransmiss ion  system p erformance
data on commun i cations grade links. This data was required for the follow-
in g reasons :

• To veri fy existing methods and , if necessary , to develo p new
methods for reliably predi cting digital troposcatter performance
on the basis of measured and predicted RE link perfo rmance .

• To provi de a statistical data base to characte rize digital tropo-
scatter channels and user services.

• To gain experience with the operation of di gi ta l  tro poscatter l i n k s
an d systems under realistic conditions .

• On the basis of the above , to confi dently e s t ab l i sh  the f e a s i b i l i t y
of digital troposcatte r transmission in both DCS an d NATO ACE High
sys tems .
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• To establish a basis for additional theoretical and experimental
activities conce rning digital troposcatter transmission , as re q ui re d.

The tes t e ffort descri bed he rein encom p asse d a 7 mon th , 24 hour a day
sys tem test of two di gi ta l t ro posca tte r mo dem p rototypes an d was accom p l i s h e d
between January and August 1977. The links utilized in this test program
are part of the operational analog NAT O ACE High troposcatter system wh i ch
were removed from servi ce for the test period.

The test program required system level testing at nomi nal digital trans-
mission rates of 3.5 , 7.0, and 9.4 Mb/s. Digital Time Division Multi p lex
(TOM) equipments used in this program were either DCS inventory equipments
or prototype models wh i ch are functionally similar to equipments likely to
be used in NATO or DCS digita l transmission systems .

TEST LINK CONFIGURATION S

L i nk Charac ter i s t i c s

The Comb ined US/NATO dig i tal tro posca tter system ut i l i ze d two l i n k s
of the NATO ACE Hi gh troposcatter system. The fi rst test link was a
287.5 km trans-alpi ne test link operating in the 780-960 MHz frequency
band . Per ti nent l i nk charac ter i stics and a path p rof i le are containe d
in Figure 1. The RF equi pment in p lace on th i s  l i n k  was reta i ne d for the
test and is equivalent to that found in the OCS. The second test link is a
170.2 km diffraction link within a Fede ral Republic of Germany operating
in the 4.4 - 5.0 GHz frequency band. Pertinent link data and a path profile
for th i s l i nk are p rovi ded in Fi gure 2 . Both test l i nks we re en g ineered
an d installed by Marconi , Ltd . in the 1965-1969 time frame and have consis-
tentl y demonstrated high reliability as analog troposcatter links.

Di g i tal  Test System

Two major confi guration s were utilize d on the test links depending on
thei r transm it ted data ra te. The fi rst con fig urat i on , illustrated in
Figure 3, was used for system leve l test and was operate d at a nominal
data rate of 6.3 Mb/s. In this confi gura ti on , the AN/GSC-24 Asynch ronous
1DM was use d to mul t i p lex in p uts from US and NATO (CCITT Compatible) PCM
channel banks alon g with a high rate (1.544 Mb/s) pseudo random bit stream .
This con fi gurat ion ena b le d the collect i on of system performance data re la t ing
to PCM channel outage statistics and PCM/TDM synchronization stability .
The secon d con fi gurat ion , as shown in  F ig ure 4 , was use d for 3.5 Mb/s DAR
an d MOTS l i n k  tests and 9 .4 Mb/s MDTS l i n k  tests . This  confi gurat i on
facili tated the collection of digital troposcatter modem/RE subsystem
performance data. MOTS and OAR digital orden~iire capabilities were integrated
wi th the station facilities and used for both test and operational ACE
High p ur poses .
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Transmi tted bandwi dth constraints imposed on the MDTS and DAR for the
test program are give n in Table 1. It was the objective of the test
program to make availabl e the necessary bandwi dth for each technique . The
larger question of bandwidth availa bility for actual OCS/NATO implementations~while not addressed by this program , is currently un der study by DCEC and
ECAC .

TABLE 1. TRANSMITTED BANDW IDTH (8W) CONSTRAINTS

MODEM DATA RATE BW (99 PERC fl

MOTS 3.2 3.5
6.3 7.0
9.4 7.0

OAR 3.5 7.0
7.0 10.5

Data AcQuisition System

The Data Acquisiti on System (DAS) utilized in this test program was
assem b le d pri marily from equipment al ready in US and NATO inventories
thus avoiding a major custom instrumentation effort. STC did , howeve r ,
fabricate a multichannel digital tape recorder which was effectively used
to collect fine grained performan ce data for off line analysis by DCEC and
SIC. A functional level block diagram illustrating the major elements of
the DAS is shown in Figure 5.

TEST RESULTS

This section suui~arizes the major test results which have been validated
to date . DCEC and STC will coauthor a comprehensive test report which will
provi de a more detailed analysis to support these results .

Link Anal ysis

Received Signal Level (RSL) statistics for the trans-alpine test
link , IDGZ-AFEZ , are presented in Figure 6 along with the predicted RSL
distribution for the link. Excellent agreement with predicted val ues was
obtained with receiver 4 while only moderate agreement was measured with
recei ver 2. Recei vers 1 and 3, however , were seen to devi ate significantly
from the predicted RSL distribut i on. Analysis of the short term RSL
distributions for all receivers has indicated that a specular (non-fading)
component was present in varying amounts in all four diversity recei ved
signals . As typified by Fi gure 7, the ratio of specualr to scatter signal
power is seen to vary from near 0dB (mostly scatter) in the case of receiver
4 to almost 15 dB (mostly non-fading) in the case of receiver 1. This
observation is supported by Figure 6 which shows receiver 1 and 3 having
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hi gher long term medi an signal l evels and smaller standard deviations than
recei vers 2 an d 4. These distributi ons are characteristic of a forward
scatter path with a large non-fading component . The propagation mechanism
which caused this behavior is curre ntly under study . A possible explanation
for this phenomenon is double knife edge diffraction , a l t h o u gh it is unl i kel y
that the path pro filed in Figure 1 will support this concl usion. A more
p lausa b le ex p lan at ion may be tha t off ax i s ref lec t ion /d i ffrac t ion is
res ponsi b le for  this  phenomen on s i nce it appears to be h ig hl y space selec tive .

Dive rs i ty branch envelo pe co r rela ti on coe ffi c ients we re ca lcula ted
on the basis of measured data for all di versity paths. In every case almost
total short term decorrelation of dive rsi ty RSL was noted. As an example,
Fig ure 8 is a scatter p lot of RSLs measure d i n rece i vers 2 an d 4 over a 24
hour test day and containing over 4 x 105 individual data points. The
envelo pe correlation coefficient calculated from this data was .06.

Multi path data for the IDGZ-AFEZ trans-alpine link was not directly
obtained due to the unavailability of a mu ltipath analyzer. Howeve r, the
backwar d eq ual i zer contro l volta ge of the MDTS was foun d to p rov ide a
reasonable ind i cator of the amount of m u l t i p ath di spers i on p resent on the
l ink and therefore this voltage was recorded. The final analysis of
mul ti path di spe rs i on stat i stics for th i s  l i n k  has not been com p l eted at the
date of this submission. A preliminary anal ys is i nd ica tes tha t the Root
Mean Square (RMS) multipath dispersion measured on the trans-alpine link
was much greater than the originally predi cted value . A review of the
pro pagation data sup ports th i s ana lys is .  It is l i ke ly  tha t the actual l i n k
exh i bited a compos i te multipath profile such as that illustrate d by Figure
9 where the mix ing  of specular  an d de l aye d sca tter components resu l ted  in
a lar ge overal l delay spread. The total diffe rential time de l ay measured
from the specular signal component to the extrema of the troposcatter delay
profile can easily result in a total multipath spread almost twice that
predicted for the troposcatter propagation mode alone. Additionally,
the total mul ti path spread was seen to have a diurnal variation wh i ch
coinci ded with increased fading activity of the link thus indi cating that
as the link began to fade it also became dispersive.

Data on the 4.4-5.0 GHz diffraction test link has not been analyzed at
the date of this submission. Supplementary material will be provide d as it
becomes availa ble.

Digital System Performance

Digital performance data on both the MDTS and OAR prototype modems and
the MDTS modem in the system configuration was collected ove r a seven month
period from January to August 1977.
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Performance of the MDTS on the trans-alpine link was measure d from
January to May 1977 and is summarized by Figure s 10 and 11 . Figures 10
an d 11 represent Bit Error performance data taken wi th the MDTS 6.3 Mb/s
system test configuration and includes the effects of occasional modem and
TOM losses of Bit Count Integrity (BCI). As indicate d by Figure 10 , the
MDTS/TDM system provi ded a mean Bit Error Rate (BER) of better than lO~~for 99.99 percent of the test period in quad diversity . From Figure 11 it
is seen that  better than 85 percen t of a l l  MDTS test secon ds we re error
free at 6.3 Mb/s. While this certainly indicates very good performance , a
mi nor perfo rman ce degra dat ion  was measure d an d att r i bu ted to the effects of
l a r ge di vers i ty si gnal di f ferent i al s  on the MDTS IF ci rcu i try.

Wh ile the con cept of mean Bit Error Rate is not particularly useful in
the development of link engi neering standards , i t neve rtheless p rov id es a
broa d in dica tion of the performanc e of di git al systems . A more releven t
parameter is the probability of fade outage, wh i ch is the probability that
the perfo rman ce of a dig i ta l  channel w i l l  degrade below a spec i f i e d thre shol d
for a peri od of time which is noticable to the subscriber. DCEC digital
t ransmiss i on system en g ineer i n g i s base d on speci fyin g an acce ptable  pro b-
ability of fade outage . The final test report for the combined US/NATO
Digital Troposcatte r Test Program will analyze MDTS and DAR performance
base d on th is more accura te per forman ce pa rame ter .

Fi gure 12 shows the results of MDTS performance tests at 9.4 Mb/s
in a 7.0 MHz transmitted bandwi dth (1.34 bits/cycle) using the link test
con figuration . Since the total test time spent at 9.4 Mb/s was limi ted ,
little can be said beyond the observation that usable voice communications
was achieve d an d that the performance of the modem degraded signi ficantly
whenever the channe l mul ti path dispe rsi on became noticable. These obser-
vations indi cate that a signifi cant reduction of the multipath handl ing
capab ility of the MDTS was experienced as a result of transmitter bandwi dth
limi tations and also that the remaining capability was marginally effective .
Howeve r , further tests need to be accomplished to quantify the performance
of the MDTS modem at RF spectrum efficiences greater than 1.0 bits/cycle
since suboptimal b roadbanding of the RF equipment was responsible for
much of this degradation.

OAR performan ce on the IDGZ-AFEZ link was measured over a one month
period between 4 May and 6 June 1977. OAR performance data was collected
usi ng only the link test confi guration . Because of severe bandlimiting
in the RF equipment at the transmitter site , th~ OAR performance was mixed.
Ban dlim iting in the high powe r klystro n resulted in a loss of multipath
han dling capability in the OAR. At 7.0 Mb/s , wh i ch is the h i g hest data ra te
of the OAR , performan ce ranged from excellent during non-fading periods
to marginal during pe riods when the link was fading. As all OAR test
runs we re accomplished at hi gh RSLs , the OAR performance appeared to be
l imi ted p ri mari ly by an i na bi l ity to accommo date the compos ite b a n d l i m it ed
radio/troposcatte r channel. Figure 14 sumarizes the BER performance of
the DAR on the trans-alpine UHF link at 7.0 Mb/s. The OAR and MDTS modems
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were also tested at the 3.5 Mb/s (nominal) transmis sion rate. Test data
at this rate in di cated that both techniqu es performe d wi th essential
equ i va l ence .

Bit Coun t Integri ty (BCI) or synchronization performance of the MDTS/
TDM/ PCM system configura t ions was monitore d continually. A summary of this
data i s presented in Figure 13 for both dual and quad di versity. In quad
diversity loss of BCI events we re observed in only 4 percent of the test
runs . None of these BC I losses were charged to the MOT S modem .

In  dual divers ity , loss of BCI events were noted in 6 percent of the
test runs.  Approximately one ha l f  of these even ts were char ged to the MOTS .
In  a l l  cases , however , BCI was regained in less than 50 msec. The refore ,
l oss of BCI was not a signifi cant sourc e of system degradation even in
dua l diversity . BCI losses at 9.4 Mb/s we re more fre quen t an d we re observed
i n  app rox ima te ly  5 percent of the quad dive rsity tests. The increased
frequency of BCI loss obs erved at 9.4 Mb/s ( 1 . 3  b ists / cycle) was undoubtedly
due to the signifi can t i ntersymbol int erfe rence suffe re d in that configuration .

CONCLUSIONS

The results obtai ne d in this tes t ,  when considered together wi th
previous Army and Air Force tests , establish that toll quality megabit
digita l t roposcatte r transmission can be rel i abl y p rov ided over commun i ca ti ons
grade troposcatt e r l inks at RF spectrum e f f i c i e n c i e s  up to 1 b i t / cycle.  A
troposcatter link which has provided acceptable analog service should
provide noticably improved service if dig itized. Analog troposcatter links
wh i ch have performe d ma rg ina l l y can be s ig n i f i can t l y im p rove d by the
app l icat ion of digita l transmission. The demonstrated robustness of PCM
transmission for voice comunications un der varying signal leve l conditions
to gether wi th  the cap ab i l i ty to v i r tua l l y el i mina te per i od i c system an d
l ink align ment make digi t izat ion a desirable and necessary method for
upgrading those troposcatter l inks w h i ch w i l l  be retained in the DCS.
Digital t roposcatter technology has matured to the point where pilot
im plementation can now confi dently proceed.
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The Use of Graphics
in a Tactical Environment

Mr. Leon Bloom , Manager Advanced Computer Systems ,
Litton Data Systems , Van Nuys , California

ABSTRACT

New technology has made possible the introduc- their role in improving communication among
tion of graphic communication and display in the various echelons of front line troops. The ability
tactica l environment. This paper describes two to reduce message composition time and trans-
devices: one , a large multi-color flat panel dis- mission time while improving the ability to under-
play system; the other , a hand-held intelligent stand and take action based on the communica-
terminal , and indicates their interrelation and tion will be stressed.

INTRODUCTION

The importance of communications to tactical Fixed format messages have been developed that
forces has been recognized since the days when handle most of the basic needs and also reduce
jungle drums and smoke signa lswerethe primary composition and transmission time. The
means employed. While elementary messages shortness of the burst makes it difficult for the
could be sent in this manner , more complex enemyto locatethetransm itterwh ilethe addit ion
communications , particularly those that required of crypto devices reduces the probability that the
secure transmission , were handled by messeri - messages w ill be interpreted by him. The short
gers. Communication in modern warfare has transmission burst also helps to clear the airways
advanced to the point where most messages are so that more traffic can be handled with fewer
communicated by voice to the extent that two- frequencies . and the one-way-at-a-time nature of
way conversations filled the airways durirg WW the commun ication eliminates the temptation to
II , Korea , and Vietnam. get into a conversation.

While this form of communication could handle The fact that a received message can be viewed
many basic messages , it left much to be desired . and reviewed by the receiving party minimizes
Shortcomingsincluded the fact that themessage the confusion factor but does not completely
transmissions were error prone and often eliminate it. This is because certain types of data
deteriorated into lengthy two-way conversations are not immediately amenable to verbal descrip-
that tied up the frequency channels , used tion . When it comes to describing the position
excessive radio power , and could be easily and movement of friendly or enemy forces to be
detected or intei ~epted. Long transmission times taken (or not taken) to reach an objective , angles
made it easy for the enemy to locate and jam or of attack to be attempted , or terrain features to be
destroy the tra nsmitters. Messages were often avoided , a picture is probablyworth lO ,000 words.
misunderstood , and the lack of hard-copy, while
somewhat alleviated by radio-teletypes , made it This fact has long been recognized and is
impossible to reconstruct what was actually said manifested in the use of planning boards and
or meant by the communicators , maps at the higher echelons and scratchings in

dirt or sketches on scraps of paper on the frontIn the past few years , technolog ica l  lines. Where this type of graphic communicationadvancements  have made possible the is required , all concerned parties must gather indevelopment of hand-held, battery-powered , one place to review and develop the plan , whiledigital communication devicestha~, when used in messengers are used to carry the “word” to theconjunction with voice band radios , allow the responsible action parties In the process , vitalcommunicator to compose and edit an time and messengers may be lost in thealphanumeric message and transmit it in a one- communication.or-two second burst to a computer or other
digital message device. There the message can
be received , displayed , and , if necessary, printed .
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INTERACTIVE COMPUTER PRESENTATION clear , eas i ly-understood formats For example , in
PANEL (ICPP) the case of the Litton ICPP , enemy forces are
The development of the Interac tive Computer shown in red; friendlie s in green . and the FEBA ,
Presentation Panel (ICPP) will soon automate and NFL, in amber
and computerize the planning board Using
computers and a dynamic large flat pan el display
integrated with a paper map. the ICPP will permit
commanders to graphically view the tactic al
situation in real time , plan st rategy and tactics
based on c u r r e n t  d e v e l o p m e n t s , and
communicate the resultant picture to other
t~~’Ps. Use of the Conference Mode will , in time .
‘permit joint planning to take place by sever al
commanders , each located in his own area of
control but able to engage in multiway graphic
conversation with other commanders

The ICPP presents the dynamic battle situation
under contro of a host computer and an
integrated con troller. The 1 meter by 1 meter
panel shows such data elements as enemy and
friendly troop dispositions . No Fire Lines (NFL),
and the Forward Edge of the Battle Area (FE BA).
As the situation changes. the computer displays
t h e  updated locations. Integratio n with the paper
map shows all positions relative to the specific
areas of the map. The instantaneous graphic representatio n of the

current battle situation al lows the commander to

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. make immed iate , intell igent decisions ~‘ l hOu t
the need for overlays or other rnech ar - 1 , di aids
that have , up until now, tended to del ay and , at
times. completel y impeded the planning process

While the ICPP wi l l  so lve the g raph ic

~1 
representation and communicatio n p ohir’ m for
the commander , it wi ll do l i t t le to help the wer
echelon personnel who can hardl y beex pected to
carry an ICPP into a forward observation post .

___________________________________________ forward air control post , or at tack a i rc ra f t  and
the idea of an infantry platoon leader .arry ing
int o battle anything but the smallest of
communcation devices borders on the ludicrous

Yet , the inform ation that might be made available
on a graphic communicat ion device could be
invaluable. Answ ers to questions like, “What is
my position relative to yours ” or “ the next
plat oon?” or “

. .  Company B” or ‘ the
enemy?” or ”.. . ourobject ive ” can hegiv en most
clearly and succinct ly in a graphic t o r n

Using an Interact iv e Operator Control (100) unit . INTERACTIVE DISPLAY TERMINAL (IDT)the operator may move for ces around (in a
planning mode) or ask for amplif ying dat a about With the development of the Interactive Display
spec i ’ic forces that are represented on the map Terminal (IDT) , it is now possible t o compose,
by standard military symbols. edit . transmit, recei ve . and display gr aphic

messag es using a unit that is less than 100 cubic
Symbols can be created , modified , moved , or inches in volum e and weighs less than four
grouped Sy stem response time is measured in pounds, including batter ies It’ s 3” 4 ’

~~~
” 

LED

fract i ons of seconds with all data presented in display and infinitely variable keyboard combine
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to pi Qv rb ’  1 i i p i t r i  lily ,irel f l exib i l i ty  that f idve trie map to within l O b of their true locations by
previousl y r io t  been ,iv. iilahle r’~ ’n in larger . using the symbol keyboard of the IDT in conlunc-
more complex lev i r ’e s Display resolution on tion with the digitizer When the map is
maps , cha rt r~ or qna phs is .ippr o~ imatel y l~ so completed . it can be transmitted instantaneousl y
that , for exani p le . e,i i h dii iii’ position on a 2km to other lOTs
2 km map displ ,ny r’J on the lOT nir presents 20

HOW GRAPHICS WILL BE USEDmeters.
A typical sequence of events might involve a
Forward Observer (FO) establ ish ing an
observation post and transm itting a message to
the battery commander defin ing his location , the

- direction he is ‘.~cing. in mils , and the map area he
- wishes to view. Using a speciall y designed tem-

plate, the operator at the IGT selects the appro-
priatel y scaled paper map, orients the digit izer to
the direction indicated by the FO , selects the pro-
per scale , registers a corner of the map area and.
using the digitizer sty lus . traces the appropriate
terrain features and enters selected symbo logy
including the location of friendly and enemy
forces. The IGT operator then transmits the map
to the requesting FO’s lOT (As the troops move.
updates are sent ; and map symbol s are moved

The received map, not only displays the area of
While the map display area on the lOT is small , ~ 

interest , with a 1°/o resolution , it displays it at the
can represent an appropriate area of interest and orientation requested by the FO. The entire
a useful resolution for a forward observer , corn- process . from initial request through map
pany commander , or survey party, when a 2 km generation and transmission to receipt. takes
or 4 km square area is shown; or for a forward only 3-5 minutes.
air controller or Stinger or Redeye Missile team , By using the functions within the unit , the FO or
when a 16km square area is showr . Changes in other forward element can now: 1) move acursor
scale on the display may be achieved by to any point on the map; 2) enter symbo logy;
requesting transmission of various size areas of 3) draw lines; 4) calculate distance and angle
interest from a higher echelon or by scaling an from one point to another ; 5) request identifica-
indicated area within the IDT itself. tion or amplifying data ; 6) calculate the coordin-
Map-related data such as location of friendly and ates of a point: 7) change map scale , and 8) trans-

mit , receive , and display any of the above infor-enemy forces , NFLs , safety zones. that are trans- mation to another IDT , to a larger display. or to amitted to and displayed on the lOT , are merel y
subsets of the identical data appearing on the computer. Included with this capability is the
ICPP. Terrain reference points ’ e g . roads , ability to designate a target and target type
rivers , hilltops , buildings. bridges , which directly on the map, and transmit the resultant
normally appear on the map overlay of the ICPP fire request so that the target coordinates enter

the TACF IRE computer , Battery computer . oralso must be digitized and transmitted to the IDT Fire Control Calculator directly w~ le thefor use by forward element forces. receiving lOT displays the target at its map loca-
INTERACTIVE GRAPHIC TERMINAL (I GT) tion, The aforementioned computers will calcu-

late fire commands , while the commander willThe ability to capture and transmit this type of make his decisions on when or whether to firedata has been developed as part of the IDT based on his graphic displaysystem. The mechanism uses a digitizer
connected to an IDT. This combination is This tatte r function: i.e. , that of displaying the
referred to as the Interactive Graphic Terminal , location of the target on the map for the decision
IGT. As the user of the digitizer traces the map maker , represents the key element in the use of
terrain features with the stylus of the digitizer , the graphics in a tactical environment By using
lines which are drawn , immediately appear on the various size graphic displays at different eche-
map display area of the IGT according to the map Ions, from the ICPP at Corps , Division, a~d Batta-
scale previously selected. Symbology such as lion to the IEYT by the FO, Platoon Leader . Corn-
buildings , bridges , hilltops . etc may be added to pany Commander , or Air Defense Weapons team .
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and making use of the same basic data base , all The author has n :‘~d 23 years of experience in the
forces in the field will have the ability to see an design of information systems and is a co-
up-to-the-minute picture of the area of the battle- inventor of the Interactive Display Terminal (IDT).
field of interest to him. His position relative to
others w ill be instantly presented in a clear , easy
to comprehend form. Graphic communication
will include:

• Battalion Infantry Commanders defining an
objective to be taken

• Company Commanders sending attack
plans up for approval and then transmitting
approved plans (frag orders) to platoon
leaders

• Forward Air Control Posts assigning aircraft
for close air support while defining directions
of approach and safety zones

• Artillery FOs pointing out targets and hay-
ing the target location and type appear in
graphic form for instant decision making

• And many more.

In all cases , each element will be able to see his
position relative to other friend lies , the enemy,
the target , and various terrain features. The pos-
sibilities for improved decision making and the
resultant savings of lives is difficult to estimate ,
but we are sure it w ill be more than worth the
investment in this new technology.
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N E W  TECHNOLOGY I~H OGH AMMABLE I NTE R FACE
FOB ABTADS AUTOMATIC T~~~T

By:

D . M .  Priestley

One of the limitations to efficient applicat ion of automa tic test systems has been

the interface betwee n the tester and the units - under-test (UUT).  Whenev er a

test system serves a va riety of different UUT’ s , there has been , in the past ,

a proliferation of special ada pter cables and test-adapt er boxes. The interfac e

hardware makes the unique interconnections to the UUT and augments the test

system with special loads and interface circu its. The procurement , logistics

support and change control of suc h adapters for fielded UUT ’ s becomes very

cumbersome and a major expense to the user

A Programmable Int erface Unit , introduced in the AN/USM -410 Automatic Test

System , is a viable solution to the interface problem. The AN/U SM — 4 10 with

programmable interface was first used by the Army during OT III support of

the ARTADS AN/TSQ- 73. A utomatic test pro grams were developed for test

and fault isolation of printed circuit boa rds. The fl exibility of the programma-

ble interface simplified the interface adapters required for test of the AN/TS Q—

73 at Homestead Air Force Base during the June— D ecember 1976 OT III tests .

The AN/USM-410 with Pro grammable Interface Unit shown in Figure 1 pro —

vides a complement of 128 identical Universal Test Po int circuits , each of

which can , unde i program control , be connected to a [J UT interf ace line for

measurement purposes or for excitation from a selected dc , ac , or pulse

stimulus. The num ber of Universal Test Points that can be provided in a given
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Fi gure ~~~. Dual  I ~niversa I Test Point Board and Ij v l , r i d s

Conventiona l d i sc re t e—ci rcu i t  packaging method s would lead to a physical ly

large unit that would he subj ec t to system noise problems and performance

degradation from line capacitance and resistance .  The designers wet-c moti-

vated , therefore , to use hybrids  to reduce the physical size of the uni t  to
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mana geable levels. Cost/per formance trade— off studies rev ealed the desir—

ability of converting three circuits of the universal test point to hybrid package

confi gurations . They are :

(1) 8-Channel , Latching Relay Dr iver

(2) Digital Stimulus Buffer

(3) Measurem ents Buffer

The studies showed that the desired miniatur ization of the hard ware by using

hy brid microcircui ts could be realized without cost penalties , even in rela-
- • - (1)

tively low productio n quantities

The Programmabl e Interface Unit (P IU) was configured as a set of universal

test points , plus associated buffers and multi plexers to perform three bas ic

tasks:

• Generate and /or route analog and digita l stimulus to the app r opriate

[JU T pin or pins .

• Condition and route analo g and digita l measured data from the appro-

priate UUT pin or pins to the ATE measu rement subsystem.

• Apply programmable loads at the appropriate UUT pin or pins.

In addition , the PIU contains probes and discrete connectors for routi ng rf

signals (above 10 MH z) and high current (above 2 A /pin) as required.

Universal test points conc ept is shown in block diagram form in Figure 3.

Each universal test point is identical in design , and consists of a single

printed—circuit car d (see Figure 4). Henc e , the overall design of the
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Figure 3. Programmable Inter lace Unit — a set of universal -test -POint printed-circuit
cards ,

-.

ST1A4V U • STIMULU S
R OUTING

PR OGRAMMABLE
_____________ 

LOADS

~~~~~~~~~~~~ DC

STiMULUS RETURN

FR OM 
: BUFFER BUS

COMPUTER 
_______DIGiTAL MESSAGE ________ UNIVER SAL

GEN/RCVR T , P .

)iGI’AL RESULTS • DUAL MEASURE-
THRESHOLD ERROR COMP - MENT ONLy

PARAT OR 
~ fr Y R .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 4. Universa l test point. Each UTP consists of a relay matrix for stimu lus routing a one-bit slice of a d ig ita l
message generato r/receiver , programmable loads , measurement and stimulus buffers, and a dual voltage
comparator (for threshold error detec tion).
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Programmable interface Unit is flexible , in that numbers of universal t est

points may be added or deleted as required in order to create ATE systems

capable of testing large or small equipments.

Analog Stimulus

For analog stimulus , the Programmable Interface Unit (PIU) acts as a routing

mechanism , whereby the proper stimuli , generated within the ATE , are routed ,

either singly or in combinations to the appropriate UUT pin or pins . Based on

past experience with the stimulus requirements of hybrid (analog and digital)

UUT ’ s as well as on the capabilities of the ATE system , the following analog

stimulus buses are routed to all UTP ’s:

• Five separately programmable dc stimuli (both hi and to brought out

on separate buses).

• Three-phases and neutral of a programmable ac power supply.

• Two—pulse generator stimuli (main and delay pulse) .

• One arbitrary waveform generator.

• Three phases of a synchro generator.

• One ac /dc sta ndard .

Analog Measurements

All  analog measurements below 10 MHz , and at amplitudes up to ±200V , are

made through the PIU. A measurement buffer/attenuator on each universal-

test—point card will be used to buffer and condition the signal as required before

routing it to the measurement subsystem. Each test point is connected via a

set of relay multiplexers to any of four measurement buses , as illustrated

in Figure 5. MUX “A” consists of four separate 16- to— i relay trees , and

116

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___  — - ‘ ._



.-. .~~~~~~~~~~~~ - .

set-vices up to sixteen univ ersai  test points (UTPs). There are four “B”

MUX’ s , each a lh —to— l relay tree , which multiplex the outputs of all “A” MUXs

onto the tou t ’  i i i t ’a su t ’ t.’ment ~)uses. Hence , the output of UTP K can be program—

n’iabl v I’Oute( I to 11115 l~l , UTP K + N to BUS #2 , UTP K + M to BUS #3 , etc .

Digital Stimulus/Hesponse

The concept of a Programmable Interface Unit consisting of a number of identi-

cal UTP’ s presents a unique opportunity to eliminate a discrete digita l message

generator/receiver. Instead , one slice of the message generator/receiver is

placed on each UTP board . This provides an optimum configuration for noise

immunity , crosstalk, and skew. Figure 6 illustrates a typical digita l test

setup , utilizing three UTP ’s.

I __________ 

UNIVERSAL

SUS NO. i l  ..r ~~ I i I
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BUS _  _

MUX “ 5”

Figure 5. Analog measurement routine with the Programmable Inter lace Unit.
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Digita l responses a rc’ routed to the computer for evaluation , using a set of 16—

to— i digita l multiplexers. In addition , threshold error detection is util ized on

each IJTP board , and a flag set upon detection. These flags may be examined

by the computer , using the same digita l multiplexers.

The stimulus buffer is capable of buffering all digita l and clock outputs from

the 256—bit shift register used as the digita l message generator and receiver .

This buffer consists of a programmable level shifter , covering the range from

—6 to +6 Vdc , with a slew rate of 250 V/p s , or covering the range from —30 to

+30 Vdc , with a slew rate of 100 V/ps.

As a source of sink , the stimulus buffer is capable of up to 100—mA operation .

Using the programmable voltage level VH 
and V

L , the stimulus buffer is

capable of generating logic levels from —6 to +6 Vdc in steps of less than 5 mV ,

or —30 to +30 Vdc in steps of less than 25 mV. As a source of digita l stimuli ,

the buffer is capable of transmitting data at rates greater than 10 MHz.

The measurement buffer is capable of handling input signals of up to ±150 V in

amplitud e. The circuit consists of switchable attenuators (— 1/— 10/— 100)

feeding a very high speed (slew rate 1500 V/ps), high-input-impedance unity-

gain buffer . Overall loading is greater than 1 megohm , with less than 80—pF

capacita nce. Bandwidth of this buffer is greater than 10 MHz. As shown in

Figure 4 , it is possible to programmably bypass the measurement buffer when-

ever unbuffered measurements must be made.

The output of the measurement buffer may be programmably routed to the shift

register when receiving digita l data. Before reaching the shift register ,

however , it is first passed through a dual voltage comparator , whose upper
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and lower voltage l imits  are controlled by the Vn~j n “1” and V max “0” voltages.

Thus , it is impossible to check high a rid low logic voltage levels in steps of:

1 mV to ± 1 Vdc 50 mV to ± 50 Vdc

5 mV to ± 5 Vdc 100 mV to ± 100 Vdc

lO mV to ± lO Vdc 500 mV t o ± 5 0 0 Vdc

The 236—bit shift—register chip forms a single slice of an n-bit digita l message

generator/receiver distributed over all n UPT ’s. This device performs the

following functions:

(1) Output a static parallel signal which , in conjunction with other UTP ’s ,

could mean a static parallel output word of up to n bits.

(2) Output a clock parallel signa l , clocked by either the main pulse ,

delayed pulse , or externa l clock , at rates of up to 10 MHz.

(3) Output a serial strea m of lap to n bits , either as a burst or continuously

recirculated , at a data rate greater than 2 .5 MHz , clocked by the

main pulse , delayed pulse , or external clock.

(4) Input a parallel signa l , either static or clocked at up to 10—MHz rate.

(5) Input a serial strea m of up to n bits , clocked by either the main

pulse , delayed pulse or external clock , at rates of over 2 .5 MHz.

Finally, it should be noted that the switching configuration of the UTP is ideally

suited for self—test and calibration , since any of the stimulus outputs can be

routed to the measurement inputs without the riced for any externa l connections .
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Programmable Loads

In addition to its stimulus and measurement capabilities , the Programmable

Interface Unit contains the capability of applying a programmable load resistor

at any UUT pin , using one or more UTP ’s. To accomplish this , each UTP

board contains five resistors , which permit any one of 31 resIstance values

to be connected , either In series or shunt at the pin . A shunt-to—dc return

(up to 5 A) or open circuit is also possible. Unus ed stimulus buses may be

assigned as common buses to achieve even more versatility.

Test Probes

Three probes are available for use by the test operator; these can be connected

to UTP ’s so that the probes themselves become programmable in function .

They may accept ac or dc voltages to 200 V, analog waveforms to 10 MHz for

frequenc y or time-interval measurements , or digital data to 10 MHz. In

addition , they provide all of the stimulus capabilities of the UTP , so that sig-

nals may be injected as well as measured at interna l test points . Note that

with two probes , dual—channel time— interva l measurements , as well as stim-

ulus /respons e testing , are possible. The third probe is an active device , used

when making extremely low voltage measurements (down to 100 pV) . This

provides the capability of amplifying such low-level signals prior to introducing

them into the ATE routing environment.
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COM~1AND & CONTROL SYSTEM APPL I CATIONS
USING DEMAN Th -ASSIGNED -MULT I PLE-ACCESS

TECHNIQUES

I)onald W .  Hom er
M o t o r o l a  Government  E lec t ron ics  Div i s ion

A t Motorola GED in Scottsdale , DAMA is a four phase program which
we are engaged in a TRI TAC is in Phase One . (See Figure 1)
sponsored Navy contrac t to In the first phase , Motorola w ill
develop a Demand Assigned Mul- develop the TDMA functions and pro-
t iple Access (DAMA) System . v ide a m a n u a l l y  operated Channel
In tended  pr inc ipa l ly , i’or use Control  Order W ir e (CCOW ) an d Re turn
with UHF s a t e l l ite R e l a y s  such Channel  Control  Or der W ire (R C COW )
as Gapf iller and e v e n t u a l l y  which will be utili?ed by the Navy
FLTSATCOM the system could al- for manual channel management. Also
so have terrestr ial applica- in Phase One , Motorola  is to develop
t ions . the prel iminary design of an Automatic

DAMA system which will fully automate
The primary func tion of uHF- the channel control functions . Since
DANA is to increase the througti it is the automatic DAMA system which
put of a 25 KHz satell ite— has terrestrial applications , we w ill
relayed channel to its theo- concentrate on that systei. .
retical/pract ic al l imit .  This
increase in throughput is oh- The Automatic DAMA (which will be
tam ed by a time-division- backwards compatible with manual
multiple-access (TDMA ) techni- DAMA hardware) will be a micro-pro-
que wherein low to med ium data cessor based system at the subscri-
rate users are provided store her location and a mini-computer at
and forward burst access to the control site, The subscriber unit
the channel with  ver y l it t l e  DAMA will be ca pable of handl in g four I ‘0
guard time and overhead . TDMA channels arranged for half-duplex
eff iciency is measured by sub- operation or two I/O channels which
tracting guard and overhead can be connected in full duplex if a
time from the theoretical ca- full duplex radio is connected (DANA
pacity of the channel and di- has an IF interface to the receiver /
viding the result by the the- transmitter.) The baseband ports
oretical capacity. DAMA effi— can operate at data rates of 75,300,
ciency is 80 per cent for the 600,1200 ,2400 ,4800, or 16,000BPS . TDMA
satell ite system but has a po— burst rates are 2400 and 9600 sym-
tential maximumof over 90 per bols/sec biphasa modulated and 16 , 19 .2
cent in terrestrial applica— and 32K bits/second quadraphase . (See
tion such as the mobile sub- Figure 2 for Design Considerations.)
scri ber access subsystem . We
have reviewed the architect- Information bits are uncoded or half
ural requirements for this sub- or three quarter rate encoded (Viterbi
system and they appear to be Algorithm) The encoded bits are then
in overall consonance with our randomly interleaved in blocks of
approach in UHF DAMA . 224 bits .

DA.MA is much more than a TDMA The coding and interleaving were both
system in its present applica- specific Navy SATCOM requirements
tion, It also provides for generated by the need to communicate
link or channel management.UHF in severe RFI environment aboard
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larger ships w hich utilize P- link test (used by the controller
Band a ir sear ch r ada r s. Codes in channel assignments) , report
are set up for one (own ship the conditions he is experiencing
or adjacent ship RFI) or two locally, cancel a ca l l  prev iously
(own ship p lus adjacent sh ip requested and report rel inqu ishment
RFI) interfering pulses. IF of a circuit.
pulse blanking was incorpora-
ted in the modem to avoid/to In the control message , each of the
reduce pulse stretching. request slots is assigned either to

an individual user or to a prece-
All RF channels assigned to dence - level where random-access can
DANA contain a command-signal- take place. Assignments of users to
ing slot and request—signal- a common TDMA slot , slot preemptions
ing slot which are repeated or preemptive warnings and new net
each f rame . These slots are establishments are prov ided in each
ut ilized in the Automatic DANA frame . The first frame of the eight
for system timing, COMSEC con- frames also provides system status
t rol , System Control , call in the form of precedence - level
requests and subscriber status. threshold and time-limits established
Each signaling slot operates for calls .
at 75BPS baseband bursting at
9600BPS rate. Both are pro- There is also signaling exchanged be-
tected by external COMSEC de— tween the user and the subscriber unit.
vices . The control slot When the user goes off-hook , the sub-
transmits a message which scriber unit will provide a dial-tone
spans eight TDMA frames while (or other “data—ready ”indicator) to
the request message is struct— the user which invites him to insert
ured to be transmitted in a his demand . The user then inserts
single slot, the number of the party/net he wishes

to call and the precedence of his call.
By using the request slot , the The subscr iber unit stores this infor-
DAMA subscriber is able to mation until the first available re-
signal his request for a com- quest slot at which time it transmits
munications channel , the con— the signal inserting its own ID# and
troller/alternate controller indicator that this is the first trans-
are able to execute control m ission of the request. At this time .
handover , and a net controller the subscr iber would be informed by
allowed to request new nets , an audio burst that the transmission
There are eight distinct mes- had been sent . If the request slot
sages which can be sent on the selected were dedicated to that user
RCCOW slots which , in the or if no contention was encountered .
aggregate provides much more the call is acknowledged by the con-
information than is normally troller to the subscriber unit in
available at a wire-line about 3 seconds. At this time , the
switch . The RCCOW can not subscr iber unit would inform the user
only handle the three requests by another audio burst that the call
mentioned above but is also had gotten through and the average
able to report in and/or re- “wait” time (in seconds) would be dis-
quest a link test (maintaining played on the user ’s instrument . If
the unique characteristic of the wait time is excessive to the
satellite communications which user ’s needs , he has the option of
enables the sender to monitor cancel ing the call or re-inserting
his own signal on the downlink his demand at a higher precedence level.
side) , report results of his
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The Automat ic I)AMA has , at in is receive. Motorola has developed a
po int  in the  process , provided scheduling algorithm which avoids
the user with more information user transmission over the control
than the w ireline system does . slot .
However , there is more. If ,
for example , a precedence level These two features would no t. be
threshold had been established requ ired in t he Mobi le Su bscr iber
by the control , the subscr iber Access system since timing due to
unit would have provided an range differences would be within
immediate busy signal to the ± 60 microseconds (4 0KM r e l ay )  and
user equivalent to a “trunk hardware guardbands will be several
busy ” signal, If the called orders of magnitude above that .
p a r t y  is engaged in an equal
or higher precedence call a The TRI TAC Mobile Subscriber Access
user-busy signal will be pro- (MSA) subsystem , interfaces the wire-
vided to the user . If both line system of the TTC—39 and unit
part ies are assignable but the level switch with the mobile radio
system is so busy that the call system . The NSA subsystem consists
must be put  in queue , a trunk of the Mobile Subscriber Central
delay audio burst is generated (MSC), Mob ile Subscr iber Term inal
accompan ied by the wait time (MST~~, inc lud ing single channel
( in m inutes) . Once aga in , the radios and access un its . We sha l l
user can cancel or increase use MST and MSC to characterize DAMA .
his precedence or wait for an The MSC DANA would act as a net
automatic ring-back when the manager for radio nets and would allow
circuit becomes available, t ime shar ing of the VHF nets for

record t r a f f ic users and prov ide
There are several features in frequency agility for the various
Motorola ’s UHF DAMA that are voice radio users which reduces their
peculiar to the satellite app- susceptibility to jamming .
licat ions (See Figur e 3) .  For
example , there is a TDMA slot The radio operates in the low portion
which is used exclusively for of the VHF band and is a 25l~Hz channel-
users to measure their range ized radio . Current usage envisions
to the satell ite. In a TDMA FM modulation using analog baseband .
system , a timing reference of It would be relatively simple to pro-
some sort is necessary and in vide a baseband and control inter-
a satel lite relayed system , face which would allow for digital
the round trip time of a signal bi-ternary FSK modulation and fre-
can vary  from about 240 to 280 quency hopp ing .
mill--seconds depending on user
location. The DANA system will In this interface. Motorola ’s DANA
automatically transmit periodic would be much simpler than in the
(period in hours) ranging sig- satellite application . DAMA would
nals to establish a time refer— consist of the control micro-pro-
ence at the control stations cessor , the bi-ternary generator , a
within ± 50 microseconds , rece ive bi t synchron izer input~ out-
Another satellite peculiar ity put port logic and a DC/DC power
also stem s from the long round supply .
trip delay time . The satellite
user must key his transmitter The mobile subscriber application would
240-280 milliseconds prior to also allow for much simpler frame for-
the beginning of his assigned mats. In the satellite mode . there
burst time and in the haif-du— are 6 baseband rates (all 75 x 2u) and
plex user ’s case when he keys
his transmitter , he cannot
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5 burst rates (2 . 4 , 9 , 6 , 19 . 2 , 16 and (throughput d iv i d ed  by throu ghpu t
32KBPS) plus 2 code rat es (3/4 and plus guax’d) is only 42.8~ and i f
1 2) both with interleaving. The Hi t ’  ent i i ’  25KHz channel were to
MSA DANA could use one burst rate b~ f i l led  by 75BPS users , the
(19.2 KBPS) and has a sufficiently overall ~ t f i t iency would be 4l.2~~.
high C/N0 so that coding and low- (See Figure 4, i i  one 16KBPS , one
er speed burst rat es provide no 2.4KB P S and out 75l~PS User were
noticeable error-rate improvement allo ca ted slots on the same channel ,
A 19.2 KBPS burst rate will fit then the ov&’x ;ell efficiency would
into a 25KHz channel using the be 96 . 2. for that channel .(See
bi-ternary FSK (formerly duo-hi- Table 1)
nary) modulat ion format which re-
duces FSK bandwid th  requi rements  The DA~1A c o n t r o l  microprocessor
by a factor of 2. 19.2KBPS also has stora,.te for 512 fram e formats.
has the fol low ing advan tages: it T his means th a t we could construct
is a 75 x 2~’ rate thus I 0 port tables containing 512 permutat ions
timing and buffering is simpli— of the MST 7 baseband rates
f ied for low and med ium data r a t e  wh ich is a reasona b le se t of those
users. At the same t ime , it will possible. The frame formats stored
accommodate the 16KBPS voice tells the microprocessor in each
(DSVT) or DNVT user and still DAMA what baseband rate is asso-
leave 3.2 KBPS for requests and ciated with what burst time marker .
ciiannel control information, and when , in the 19,200 bit counter

progression , those bits should
In the MST appl i ca t ion , the hard- be burst.
ware guard band allowance could be
allocated as follows : The concept of operation f’or MST

1.5ms frequency change DAMA would follow closely that of
l.Sms = power up the UHF DANA . The user would sig-
l.9ms = signal acquisition n al h is r eques t (in the clear or

encry p ted)  to the  Mobi l e  Subscr iber
Add ing the range and clock differ- Central DAMA which would respond
ent ial of 120 microsecon ds and w i t h  an acknowledgemen t  fo l lowed
180 microseconds respectively by an a s s i g n m e n t .  In  t h i s  ass ign—
(assum ing a l0~~~’sec clock capa— meat  messa ge , a new mes sage would
ble of free running for 3 minutes) be added which would refer to a
the total guard time appears to be frequency-hop pattern telling both
about 5.2 milliseconds or 100 bit net participants w h i c h  frequency
counts at 19 ,200 bits per second . to use for which fr ame num ber and

both transmitter and rec’~iver would
Deleting the two satellite appli- hop together . The pattern could be
cat ion time slots from our present generated in a random manner which
format and increasing the control would make the system highly re-
and request slot lengths to 200 sistant to an intelligent jaminer .
bits each , to allow for slightly
more da ta , the basic overhead of The precedence threshold , ring-back ,
the MST DAMA is 600 bits out of user signaling and other attractive
19,200 or a frame efficiency of features of UHF DANA would remain
96 .35’~ . The e f f e c t  of the  5 .2 as fundamental features of MST DAMA .
millisecond guard time between any
two users is to decrease the over- The int ei’face with the unit-level
all efficiency by another factor switch could be via the Access Unit
we could call slot efficiency. For operator who would be rung by DANA
the 75 BPS user , slot e f f iciency and connected to t h e  user who would
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verbally provide the wire-line face. Such an application would
number he wished to reach and his provide Tactical Communications
precedence. The operator ’user with sophisticated service at a
interface would be “red analog” , very moderate cost.
At the point of electrical con-
nect ion , the TTC-39 COMSEC System
would set both the users COMSEC
equipment to a common key and
then allow communications . Even’-
tually, this interface could be
unattended with the wireline
switch/DAMA exchanging in-band
signaling. Even initially the
operator need not become involved
in the net-radio to net-radio
interface as this would be handled
by DANA .

MST DANA would be able to handle
either secure TTY Nets or store-
and-forward data from the mobile
radio teletype terminals. The
DAMA input/output port buffers hate
the capability of accepting data
at the baseband rate , storing the
data until the TDMA slot assigned
is reached ,and bursting it out to
fill the assignment . At the dis-
tant end , the burst is received
and loaded into the buffer at the
burst rate and then clocked out
to the user at the baseband rate .
The UHF DAMA interfaces are all
MIL—STD-188-lOO low level.

Summary . In this paper , we have
presented a review of the capa-
bilit ies projected for the TRI
TAC sponsored , Navy developed UHF
DANA Automatic Satellite Communi-
cations System . This system ,
capable of increasing the number
of subscribers to a 25KHz satellite
channel by a factor (proportional
to user baseband rate and burst
rate mix) up to 80 percent of the
theoretical capacity of the channel ,
will have very sophisticated
fea tu res . These same features with
very little modification could be
provided in the terrestrial , Mobile
Subscriber Access Subsystem , with
the addition of frequency hopping
and the unit level switch inter—
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TITLE

“ COMMAND AND CONTROL SYSTEM APPLICATIONS USING DEMA ND
ASSIGNED MULTIPL E ACCESS TECHNIQUES”

ABSTRACT

Efficient communication management is provided for geographically
spread , diverse data users by time sharing transmission channels
using a system currently under development by Motorola Inc.,
Scottsdale , Arizona , under a TRI TAC sponsored U.S. Navy contract.
The technology being implemented is Demand Assigned Time Division
M u l t i p l e  Access .

(DANA)

Demand Assignment automatically allocates channels as a function
of user requests through in -band  orderwire  c h a n n e l s .  Time Divi-
sion Multiple Access allows efficient bandwidth/power utilization
by providing simul taneous , on deman d , access for many users over
an available transmission channel . User equipment can be deployed
on a wide ran ge of mobi le and fi xed pl a t f o r m s , includ ing jeeps ,
sh ips . and a ir c r a f t .

An overview of several DANA 8ystem Applications for both line-of-
si ght  and re lay /satell ite links is presented in this paper .
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ARCHITECTURA L IMPACT OF FIBER OPTICS ON
FUTURE MILITARY SWITCH ING SYSTEMS

Dr. Edmund A. Harrington
GTE Sylvania Inc.
Eastern Division

Needham Heights , Mass.

ABSTRACT

Significant advances in fiber optics technology have been made in indus-
trial and DOD research laboratori es during the past few years. The main
impact to date has been in the realm of the transmission plant. However , it
is expected that fiber optics will soon be entering the switching plant.
This paper will address the problem of phasing in fiber optics into the design
of military swi tching systems . Various fiber optics swi tching architectures
will be assessed in terms of their present and future cost effectiveness.

1.0 INTRODUCTION

The future of fiber optics in militar ~’ telecommunication networks is very
promising. Of crucial military importance l S  is the fiber cable ’s resistance
to EMP/li ghtning effects, the ability to reduce adjacent channel crosstal k
below -95 dBm , reduction in weight and volume/unit bandwidth over metallic
cable and finally the reduced number of repeaters required on long haul trunk-
1mg links.

The princi pal disadvantages have been the cost of the fiber cable , the
tactical survivability of the cable , and the inability of the fiber cable to
transmi t DC power. In the future , great progress is expected in these areas
and more and more of the transmission plant should convert to fiber cable sys-
tems . This will certainly impact the switching plant.

As fiber transmission becomes more cost effective , the architecture of
the whole telecomunications switching network will certainly be affected.
This is examined in Section 2.0. The evolution of fiber optics across the
transmission/switching interface is assessed in Section 3.0 and its eventual
impact on the architecture of the switching matrix is examined in Section 4.0.
Finally the future trends of fiber optics in telecommunication switching net-
works are discussed in Section 5.0.

2.0 IMPACT ON SWITCHING NETWORK ARCHITECTURE

Optical fiber transmission systems promise to yield very wideband tele-
comunication networks. Areas where access switching was used to conserve
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transmission bandwidth may not be necessary in the future , s i nce the cos t of
bandwidth should be greatly reduced. In addit ion , the cheaper bandwidth
should also enhance the use of wideband digitized voice techni ques. This is
especial ly important to the mi l i tary because of the commun i ca ti ons secu rity
problem . Hence , w ideband data distr ibut ion networks should increase in im-
portance .

Opt ical fiber transmission systems should favor a common data bus net-
work architecture. Telecommunications between subscriber terminals can take
place over a corri~on opti cal path w i th eac h terminal commun i ca ti ng to ever y
other term i nal , sendi ng out informati on on a t ime share d bas i s.

There are currently two main configurations being considered for the
optical distriL.ut ion of data to a set of remote terminals. One is a serial
distribution system employing access or T couplers , and the other is a
parallel distribution system employing a star coupler. A block diagram of
an N-terminal serial distribution system with T couplers is shown in Figure
1(a) and a similar block diagram for an N—terminal parallel system with a
star coupler is shown in Figure 1(b). These configurations can supply non-
blockin g access between all subscribers without any switching nodes per Se.

These configurations will prove cost effective for a limited number of
subscribers . However , for a network w it h a lar ge number of su bscr ib ers some
form of opt i cal sw it ch ing  w i l l  sti l l  p roba b l y be ne cessar y to conserve t he
optical transmission bandwidth.

Also , as fiber optics penetrates the existing transmission plant , it
must i n tero perate w i th the sw i tch i n g nodes curren t ly in place . Hence , there
will be a need either for some type of conversion at the transmission/switch-
ing interface or mod i fication of the switching node to accommodate some form
of direct optical switching.

3.0 IMPACT ON TRANSMISSION / SWITCHING INTERFACE - PHASE I

The initial impact of optical fiber transmissio i systems o~ s~ itc birI g
nodes will be at the transmission/switching interface . Thus , ~ne current
terminal circuit will have to be modified to accommodate opt ico ’ f iber s . The
terminal circuit will have to incorporate a fiber optic t r a n sr nt t e r  a id  re-
ceiver. As shown in Figure 2(a) the fiber optic transmitter/receiver in the
terminal circuit will allow the switch to interface with the electrical base-
board signals of the transmission facility . The rest of the switching process
can take place in the norma l manner and only the terminal circuit is affected.

For the fiber optic transmitter one can choose from a variety developed
for the transm i ss i on world . The choice of the transm itt er s houl d take int o
account the out put power requi red , ease of modulation , long lifetime , low
cost , and fiber compatibility . Three main kinds of optical transmitter
sources have these general chara cter i st ics -. sem i con ducto r l ig h t em itting
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diodes (LEDs), semiconductor injection lasers , and so l id  s ta te  lasers  such
as Nd:YAG. Presently, semiconductor injection lasers are the most promis-
ing in meeting all the desired characteristics.

Optical detection for the fiber optic receiver can be accomplishe d by
using either p-i-n photodiodes or avalanche photodiodes (APD). Both photo-
detectors are well-developed technologies . Optical receivers using p-i-n
photodiodes are usually therma l noise -limited. To increase the sens itivity ,
avalanche photodiodes that have internal amplific ation are used. High data
rate reception using APD detectors is usually limi ted by signal shot noise
or amplifier noise. The status of the optical receiver sensitivity is
shown in Figure 3, w here requ i re~ power is plotted as a function of data rate
for var ious front-end approaches°.

4.0 IMPACT ON SWITCHING MATRIX - PHASE II

Just as digital transmission has led to digital switching, so also
optical fiber transmission should lead to cost effective optical switching
(See Figure 2(b) ). Direct optical switching of information on optical fibers
will be implemented in the future through the use of integrated optics.
Integrated optics treats that body of technology wherein guided wave structures
inclu ding semiconductor lasers , op tical waveguides , optical modulators and
swi tches , d i f f rac tors , and couplers can be fabricated in various hybrid semi-
conductor structures .

Various la boratory optical switches/modulators have been implemented using
electro-optic , acousto-optic , magneto-optic , and electro-absorption effects in
bulk materials . The fi rst three effects produce refractive index changes in
response to the appropriately applied electric , acous ti c , an d ma gnet ic f ie l ds .
The last effect produces a chan ge i n opti cal absor pti on i n res ponse to an
elec t r ic  f iel d.

Low crosstalk optical swi tches can be realized readily wi th thin- film
integrated-optic structures. Several electro-optic crosspoint candidates ,
such as mode converters , Bragg gratings , and d i rect i onal couplers , have been
compared i n a recent report 7. Layout drawings are given for a low crosstalk
matr ix employing electrically controlled directional couplers as tandem cross-
points , and a matrix design including pairs of swi tchable gra~~ngs i s a l so
presented.

However , before these optical switches can be fully utilized in a truly
opt ical data t rans fer network , they must be cou p le d to fiber transmission
li nes . A prob lem relate d to the polar i za ti on sta te of propagating waves ar i ses
when fibers and micro-optical devices are connected8~ Since both polarizations
are usually present in single mode fibers , and since micro-optical thin film
devices usuall y process differen t polarizat i ons w it h di fferent eff i c i enc ies ,
the performance of micro-optical devices is expected to be significantly de-
graded when they are incorporated in a fiber opti cal data network . The
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problem of fiber/micro-optical waveguide coupling is currently being re-
searche d at GTE La borator ie s an d elsew here .

5.0 FUTURE TRENDS

In another five years or so one should see the prototype implementation
of optical fiber telecommunication networks using optical repeaters and
switches. Since optical fiber transmission links have already been installed
in GTE ’ s and AlT ’ s commerc i al ne twor ks , systems wi th optical repeaters/
switches can be regarded as the coming “secon d genera ti on .” Inte grate d
opt ical  components w i l l  en ab le the ca p ab i l i t ies of the opt ical  fib er as a
telecommun ications medium to be more fully utilized.

The full capabi l i t ies of fiber optic networks w i l l  be real ized when the
source signals are designed as an integral part of the network. For exam p le ,
the TV camera conver ts opt ical images to ele ctron i c s i gnals wh i ch are sub-
sequent l y processe d an d t ransm itted . For f i rst an d secon d genera tior~ systems
the electrical signals will be converted to optical signals before trans-
miss ion . It is logical to consider the construction of a TV camera such as
to form an optical image which is optically scanned and serialized. This
opti cal s ig nal would then be di rectl y sw it ched and multi p lexed for trans-
mission via fiber systems . As another example , s peech may be conver ted
directly to optical si gnals via acousto-optica l transducers . Optical encryp-
tion techniques can then be used for transmission security . This type of sys-
tem concept should alter the military telecommunication network economics in
a fundamental way . The individual terminal units should be considerably
cheaper due to the absence of the extra conversion to electrical signals.
This fundamental attack on the subscriber equipment and its compatibi l i ty
with the switching / transmission media may well resul t i n a cons id era b le  re-
duction in the total network cost.

The evolution of optical instrument / switching /t ransmission cystems to
the third generation wi l l  be rather gradual . The optical fibers themselves
wi l l  be required to transmit with low loss and low dispersion throughout the

• v isible band; new optical sources w ill be required , and integrated optics
will certainly be mandatory . This stage of military switching network evolu-
tion wil l  be very much conditioned by the success of the f irst two stages.
Fiber optics wi l l  certainly play a major role in all phases of the future
evolution of military switching networks.
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