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r STULh’ P~.O5LE~ifQUES110t~ To pi ovlde a brief ~vr r ’~ iew o’ Fac slmi lr
(FLx ) ~~ back ’~~onnd for app r oach ~ ncr a .c t r i ., c t u r r d ana 1yr i~ or ,
“Can ~~~ ~~si~ t t~ r rn anac ~cr ~n accorrip 1i~;Lirv~ h i s  i~~sion ? ” .

S

I . — 

~~~~~~

. —

STUDY REPORT A BSTRACTI

This pa~~ r is c~ brie~’ 3’.~~rv~~~’4 of Facsimile (FAX ) to inclurl

(1) dcf ~ n t ion and charactcri s t ic s, (2) other ~compet in~ 1’ 
~ e~~ns

of coim ’rn ’cat 1on~ , (~ ) current major uses of VAX , and (
~

) eq~ ’oment
aar a~ etc and charact  rL 5tlc s .

‘~ j~~~ t h ir  :)1 c ’ rOuncl , ~: lirt of qu~estions and rel~tted criteria is

i~rovi  :1~-d ac a b an e for an :~ r ing the qucet i r ri , “ can FAX help ~e

to !~~~~ C f~Rct ~~ic 1y acconp 1~ r h  my mIssion ? ” .

~ tna11y , a L r i . f  oo~ :~ t’-.~ fu tu r~ of FAX Ia ~~~~ ~r. ter :ns ~f

~ff or t ~ to  ::it “at e  the  ~~~~ con st ra in t .— t~~::t ~~ ~ri c1 i~t.X (c . ., CD n t

~nd a~ e’-d o ’~ t r in s m is s l on ) .

- 
~~~~-—- ——, “-—

M~udent , R ank Serv ic i dC lass 
- 

~Ua te
E at o n  Franc ic  Ir~l~ r , Jr . ,  73—1 1 May 19731a3 ..1L .A 
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‘ I
I EXECUTIVE ~ UM~ A~~Y

3: .;~. r provides  an . - v r r f l~~w of f a c s i m i i ~ ( FAX )

t:~ inc iudc  ( 1) dt .f in it ion  of FAX wi .th  ma , i or c~~eracter-

i~:tic s such as ty~~s of’ Lnput  (e . ., “~~r au ~:ir ~s ’ )

(2) a liscussion af th~ se communicat ion : :  :y st em ~ ~~~~~~
couriur , tc~~~ty u~ , et c . )  wh~~~ c o mp c t :  wit~. FAX~
(3)  t~~o.-; :. a reas  w} er e FAX Lo c u r r e n tl y ~~ ~~~~~~

(weath r r: i - : r t  In n ~~~ phot o -~ . p e r i .~d’ ca i  .ib~ I —

cat i  ~nr , 1a~ ~ rf o r c  ;~ nt , etc .): and (4) a br c~~i o ~ t , ~r:

- .n~ r a~ t c r m .-~. of the  s r J f ic an~ ; ar a me tcr ~ of FAX as
L re 1ate~ gen~~ra 1 ‘ c ias~~ .o ” of FAX e qu ip m e nt s  ( e . g . ,

U re . :o~~ut n .  ~peed , time , cost).

T~~~ ove r~~it~v~ pr :; ;I.des a ~~~ round basis f o r

a 1i:~ of quest~~ns and related crIt r~~

d€sI :r.~.i to s t r u c t u r e  an analys is  of thc ~u~ stl :n ,

H ‘ Can FAX hclp me to more effective ly a~co-.-i!~~t.~ , 
~y

L ’sion : ’ .

The final. ~ection of the paper addresses the future

11 of FAX in the context of ongoing efforts to mit iJa te

constraints , such as cost an~ speed of transmission ,

which drive the FAX system. Significant work is betn~
done in bandwidth compression and other I

~codin~

techniques.

( 1
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1’ _ _ _ _ _ _ _ _1
Th ’ author ‘-‘~i~~::s t~ ac now l~d ~c t he  ass l .~tance

r e v c~~ved is u r c :p ar Lr : T t h i . -~ n a p e r :

f :.:r • Vcrn Ze i I~~r , D~~f r ~n .~s Co T n u n i c a t ~ ons
( D C A ) .  an old f r i e n d , who cit s  wh e r e  “ I once sat ’ ,

r and whose  help  and co~~ er a tion  in p r ov idtn - access
II to my old f i l e s  and cu rren t  f l ie s  in the facs Lr ieLl e

area , wer e  i n s t r u m e n t a l ;

~1r. h a r r y  Smith , DCA , who “ r ides  h e r d ” on the
current f~ c s in u i :  r e s e ar c h  and development e f f o r t s ,
and wh~) “wrote the book ” ;

Maj or  Lee Jackson , ,i~~ 2 , wh o  pointed t h e  d tr e c t i cn
and al lowed me to f ind  tLc- way ; and

r~y w i f e , Verena , whose supnor t  has been almost a:
:ood as her  secre tar ia l  :~~ill , wh i c h  speaks fo r
it ~:e lf .

Wh ile wr it in~ th i s  paper  the au tho r  :ncnt cons iderable

II t ime in the  technical  areas , which , a f t e r  a r ed i r ec t i on  of

e f f o r t  are not a s ignif icant  part  of this  pape r .  Anyone

interested in addit ional  in form at ion  of a su~ c i f l c  or mo r e

technical value should contact:

V DCA , Code 900
8th and South Courthouse Road

I Arlington, Virginia 20305

Much of the information contained in this paper ,

I tnc1udinc~ all of the WASHFAX section, is the result of

the author ’s three-year tour wtth DCA , and specifically

1 as the DCA Project Officer for WASHFAX durin~ the planning,

I engineering, and Implementation of the Phase II (switched)

system.
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I ~‘~A (•’,, I~~I

A~; o p :~~Tfl~w FOR :Td, MA1~~:;I~RI
ii. od uct ior :

In l~ 38 . A.  N . Go~.ds m i t h  c . n c l  od~ d t~~at te le  i i : i- r.

was a “ uor cond ’ ~f l : f l  c ompared to the f u t u r e  po ten t i a l

of fac s . r s i l e  b rond cast in ir  fl .] . Much onowr ~ ab o u t  t h a t

‘ 1: u-~ r ‘ . out o at do ,‘ 
-
~~ know a b o u t  t~ c 

‘u ~rnc r

Th. ob~ ect i v e  of th i : :  caner  is to pr ov~ de th e  mana ,~er

u L t h  s u f f i cie n t  In f or m a t i on on facsi o’le (F AX ) in o rder

tha t  he oa~ d.~ t e r ’ c, Jo o l  if FAX can be e f fe c t i v e ly u t i l i z e d

as a cors ’nunLcat ion s tool to a o s J  ~t h i m  in cccomp l t : r~tn~
h~~s m i s s i o n .

The a rp r oach  is to ( 1) de f ine  FAX : (2 )  d iscuss  m a i o r

adv a n t a -~cs and d i s adoant a ~-e: of FAX in l iIh t  of othe rci c o m p a r a b l e  ooT .munIca t ions  means ; (3) i t imize and b r ie f l y

I d~ scuss ma .~or uses of FAX: (
~

) he ne rai ly  discuss FAX

equipment s and associated charac te r i s t ics ;  (5) consider

a “workinh ” FAX system; (6) outline a set of crit~ ria to

assist in selecting a FAX system; and finally , (7) take a

quick look at the future .

~
*ABSTAI~~ R

(I This study represent s the views, conclusions and recom-
mendations of the author and does not necessarily reflect
the official opinion of the Defense Systems Management
School, nor the Department of Defense .
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I
0~ Facc~ rnfl c~

The r :  ar c r ail-. . ~~~~~~~~ to desesibe Fib’, d- oe-n ~~r:~ on

Ow oem: r a l  or ~-ncc  I f’ic one de~~~r c s  to . There I3 )

th~ r o f o r o , some ar ument when It come : to: ‘ c:l :-- ; coa l ”

def it ion . This  nr o h l~ m does not . Lowe ;cr , ~ m T o ct 

~ fL.cantl:,’ on t i .  sonsiderot b r :  of tVs mace r. 1:1 tL

th i s  r m i n i .  tv . . , d u f i n . t ions have b~ en :;cl ~t ~ ‘~h

to.::thcr. cover moo t an j  ap :li. 

P~CSIMILE - The process , or the :  reco~ t of ther ice ~~ T ‘~‘t V I 1 mat (  r 1 in ( n
• be ~ ures or mc es is sccnnr c1 and the Li : rm at

c ~n v c r t u d  ~t. onal wa-io u we ich  ai- used either
ioc~ l v :r  r€ m o t e l y  to croduce  in  r e e s i -  d sm
l2keness  ( facs~ - - I l ~.)  of toe nuh .h.yt con y [21

s a c- s ~:.o:icat  L o e  process emm ~
t e rmina l  ~ : u : L : m :  nt wu~ eh conver ts  ‘~r a p h i c s  such as
tJ etc r r anhs  or b u s l e u s s  documents  Ht e l e c t ri c a l

n el s .  -These sL i a ~ s ar~- t h en  c en - .’r - r t u d  i nt o  a
r c p r o du c t  ion  of the on - m a]  s - r a m h i  g

These c e f i n it i o n s  a l lude  to some uses for FAX .

For bu t t e r  r :c ic ro tan din~i, it is n eceu sar~ to more fu l ly

-ocst irate  the cha rac te r i s t i c s  of FAX .

.]rar,htc m at e r i a l  or “~~r ap h i o s ” is u su a l ly  ~i~~~f.- r e n —

- t ia ted  from ordinary bus iness  correspondence such as t h a t

generated or produced by the o r d i n a r y  tyn : wr it e r .  Graphics

include: phst o : :r aph c , :i .rowin ’ 0~~ d ’ a re ’n : , c h a r t s , t H u s —

t r a t i o ns  and maps. FAX is usua l ly  t ied c losely  to  “oraphh ’s ”

because it is th is  capabi l i ty  t h a t  most clearly distine:uishes

I’ FAX from ot ?er commun1catJor~s means .
I- 4

1p~~~~~~~~~~~~~~
i 
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om
~
: oth er -opor tant  Chas  - c t .  r I s t  icr an

i. FAX 1. .; ‘ e r r s - r — l r s - :  ‘‘ in  t . - o ens~ t h at  t ocr c  i s

no chance for tr’oe -ition or t:,uo.r pL~ ca1

error:.

2.  FAX can over some :~~-ic re de r a c l a t i o n  d i r i n ;

trani;m i. scion , Jue to  t - e f a c t  tha t  th e  human

eye ~s the fina l d : t ~~ctor of the in fo rmat ion .

3. Usino FAX , th e  i c c i  -;~.d copy can be la rb er  than

( :~a :n i f . i s d)  or smal l e r  t han  ( r e d u c e d )  the input

c opy .

4. FAX doe s not r equ i re  “ s- - i ll ed ” op era tor s for

efficient operation .

FAX is usually constraine d, in any - iven sys tem , by

size of copy, quality of reproduction , black and whitc

versus color , shades of ~rey, speed of transmission , cost

and security limitations, dependin~; on the system

r equ i remen t s .

The size of copy is a factor of the mechanics  of the

equipment . Whole newspaper pa~;-s can he sent on those FAX

equipments designed for such use, but most general-purp ose

FAX equipments are designed for standard letter-size pages.

- 
The quality of reproduction depends on the resolution

U (sample density measured in lines per inch), the type of

reproduction process, and the stability of the system.



I
I Must FAX systec~s provid e b ack and whit cony . Col r

‘ 
1: oucomiri available for sp~ eiai uses .

Shades of grey  capabi l i ty  allow s for  an a l it y  r aro-

du c t i on  of ph otop ra~ hs .  “Black and w h i t e ” n h c t o p r m -h s

rea l ly  conta in  shades of : :rt  y ” betwc -r n the  ex t r e m e s of

1 black and whi te . Incri~ased  logic is r’quir~d for the FAX
- equipments to ~enerate the a d db t b o n a . 1 i n f o r m a t i T o  S e d r d

to identify some finite number of shade: of rr’ :.’ for

t ransmiss ion .

Speed of transmission is a factor of the amount of

f informat ion to be sent , the speed tha t  t : 5 i n f o rm a t i o n

become s available  for  t ransmission and the capacity  of t oe

I t r ansmiss ion  medium ( e .g . ,  radio system , te lephone c i r c ui t ) .

• Cost is dependent  upon all of the  other pa rame te r s

of the  FAX system, and increases as size, quality, speed ,

and capability increase .

Security requirements can be considered as a special

capability which is available at an added cost .

With this brief explanation to ensure a common basis

for discussion, it is now appropriate to look at other

means of communication with the associated advantages and

disadvantages.

1 4



I
I T i ’  C .:~~~~‘ t i tt o n

br ard ic ~n r’::a s s r i  is o b v iou s l y  dL :t r i i . u t - ~d w o r l d —
• 

~~~~~~~ on a d a I l y  as is . T h i s  f ea t  is accomplished primarily

I t hr ou eh  ~ha t s tn I w a r o  of the c -m n u n t c a t J  nec s umr s u r.~ ty the

:):tal Sy tem . TL r~ is no :iuest lcri  t hat most any v ra oh tc

~r~f r :ri r. can be eooe:i’.mtcated by mail. Why worry about

I FAX tL n? A closer look at the mail an~ some c-th~~r corn-

coin~ ca tions  systems can hem an:w~ r that quest ion.

I
Mail

I The ~ -o .i] ’ h a s  been (and  is)  the mo st c ommon method

for the transmission of rout in ’ correspondenc ~~~. Tue mail

I - - can be slow and is, in eneral , relatively inexpensivc .

i Graphic: may take days or weeks to arrive at it’ s des-

tination depending on distance , Weibi :t , size, handl 1n~

I and/or t i e  amount of maney you are wi ll in : to spend .

Th f re is also some chance that it may never ir~-rivc . Since

I it r e q u i re s  no “translation ” of information , th- . re c e l — e d

I in format ion  is exactly what was transmitted (~ iven that

the information doe s arrive and is not damaged).

~~~~
. I Classified or otherwise restricted ~raphic information

can, with some except ions , be sent throu~th the mail. rhcr~

j I is, however, a chance that the information could be corn-

promised during the transmission process.

I
5
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P t ’
I Cour h i-

\ i 
TI c i d - - a  et  a o~sir~ m t  :yct~ m ci mters art ~nJ t h e

~
‘hanJ ca r ry ’ or ‘ sp cc ia~ h and s i r -ì aparcach to

I commun Ication . As ont of the oldest m o d - s of corn -

• -ounication , it Ls bnhr rcnt in many ott~er mean : of

I coc :mon tca t ion . ( Y e s t e r d e y t s “b ony c x p rc s : ’ r i de r  and

I 
t o da y ’: ru r a~ let te r ca r r ie r are ~courier s~~. )

Most all of tee corre:tsonQ~ r~c within an or :anizateon

• and often mmcl i  of that flowirl between or-ant zatbon s is

handled by couri ers. The considerations that drive this

( means are pri mar ily t i m e  and security . The w e l l - o r a n i z ~ d

courier oyst~ m can shave dc:,: off t he time require d t o

I ~aIl tee information . Local or worldwide , Lhe  t i m~

I savings may be important ; however , often the security

prsvtded by the courier is dominant . For m any  :u ar:,

I U t :  was the only approved means for communicatin hi ~ly

classified or “sensitive ” raphic information .

I
Video

In the extreme , video presentations such as TV

pictures could be considered in the context of this paper.

This r equires the assumption of some means of obtaining

hard copy . The cost arid required quality of the graphic s

would be the important consideration .

6 1I



r
IS d ic c u s si n  FAX and those means  of commun c at i or ~

~ I L C h  com E: tc  in the t r a n sm i s s ion  of ~-r ap h i c  i n for m a ti on ,

i t  is im p or t a n t  not to lose siCh t of the fact that most

any p r i n t e d  tn m nr m a t ion  (w i th  some ex c cp t i n n ~ for  overa l l

si ze  and leve l of d e t a i l )  can also be t r a n s m it t e d  by FAX .

Hence , teletype m e c c a  i sy stems ( TWX or tele~~r a r i )  and

c omputer -based  d m it a i  message h a n d i i n~ systems also

compete with FAX .

• Th is consideration becomes important when compuLIft

the o v e r — a l l  e ffe c t i v e n e s s  of a FAX syst em, hi t more

important , FAX has been shown to compete favorably with

teletype systems for rnessa~ c transmission (primarily on

the error-free and operstor traininh Issues) ~ 3]

The above information, althouj basic in nat-ore ,

has been presented here in order to provide the per-

spective for discussins the advantage s and d i s a dv a n ta - c s

of FAX . This will be done in the next section while

- • addressinu some of the most common uses of FAX .

II 7



I C or r e n i ~

I There as many :3pecla ’ izcd uses  far  FAX , h o w e v e r

tb ; c  l a rge-s t  and most imn -r t an t  me a q e  is in mescaoe /~ r a ph i c s

I 
I communica t ion : .  T k - i s  sec t ion  m c  laid in tha t  c o n t ex t  and

i i s  c on c e r n e d  w i t h  tb ad-;anta -es implicit in the  f ac t  that

YAX :ia: been ceo:cn a: the mean: fur meetiri -~ many divcr:i-

I f le d  communica t ions  r e q u i r e m e n t s .  General advant a~ e: and

d i cadvantac -es are also add-r’- ssed. 
- -

- I  
_ _ _
Weather

I Ther e are a number of wire and ra dio FAX n’oow or k c

- I 
which broadcast weather charts on a recuiar basi s . Of tb:

various nets thrum :l out the wor ld , the Nationa l W e a t h e r

i Network is the iar ;est , covcrin-o the United State:  and

parts  of Canada .  There  are s ome 50 ,000 mi les  of telephone

~ I 
channel: ~r -Ji ii more than 900 receiving stations which

s imu l t a n e o u s l y  cony weather  c h a r t s  being sent f rom the

I ~atiumal Meteorlo~ica1 Center in Suitland Maryland .

I w L a t k  er data  is rec~ ved at Suitland from all over t~

wor ld or~ a r~ - u lar basis .  The transmission schedule is

-; I tw.flty~f u r  hours a day, seven days a week. The users

• 
• 

of this service include the Weather Bureau, Air Force,

I Navy, and 4
~-e Airlines [21 . pictureb of the earth ’s

‘ 

I cloud cover are also recorded by FAX from signals sent

by the Automatic Picture Transmission satellite system ()4)

8 •
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I New: Photograpo:

r~~~~ rapid receipt of ~J o - o cl 0 iclity , n~w :n •rt~ :iI peotc~ rap:.s for tim ‘p- use in n~w::r-an rs asH en T /

I a da~~~y r :q u~ r e m c nt met  by

Boto coL or and b l a c k  and w r i t e  uhot o — rap- : are se nt

I w o r l d - w i d e  by w i t  and r q d i o  FAX ne ts .  Tn-: Associa ted

Press  and U n i t e d  Free: In t e r n a t ion a l  arc t h -  ~~~ est u sers

I in the United Stat : LL ~1

Feriodic ’i l P u b m i : h L n g

Large fo rma t  pk oto- -r apr lc FAX r eco rde r:  are  he m i -

used in the I l A b l i s h  in in du s t r y  to re ta in  o r ih i nal  f o rm a t

I and e r r o r - f r e e  t r a n sm i s s i o n . For lnstanc L , “The- Wall

Street Journal” transmits whole-page ne:’-ati-ic : which can

I then b transferred to plates usud on the ir rotary

I 
printing presses. Hence, the east coast layout can be

transmitted to the w:st cuest where it is again printed ,

I thereby precludin~. the shipment of newspapers across

the country [41

I The Japenese are also using FAX for pr 1ntin~’
newspapers. The thousands of ideographs contained on

a single sheet of newspaper make FAX an ideal m~ians of

transmission [21 .

I Law Enforc ement

FAX in law enforcement is primarily a tool for

I suspect identification . Fingerprint cards can be sent
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to a c e n t r al i z ed  f i n  r p r i n t  f i le  f o r  c o-u ar son . Whe n

identified , the suspect ’s recor d can the - n he t r ~ r :m i tt  d

to tec or i ; i na t o r  of tee r e q u e st  L ~
S t o r a c and Re t r ieva l

Once the FAX system con v e r t s  the  r a p h i c  i n f o rm a t i o n
u into some f or m  s u i t a b l e  for e lec t r ica l  t r an smi s s ion , it is

the n ns-~ sible to aih i t iz e  the i n f o r m a t i on . That  i n for m a t i o n

can then ue placed in c omputer stora -c , and upon r equest ,

it can be reconverted and printed on a FAX ou tpu t  d e v i c e .

h ence , printed matter in any fo rmat  w i th  p ic tu res , diagrams ,

maps , e t c . ,  can be stored and retrieved intact [2J

General

Thus f a r , this  paper has  define d FAX , discussed t h o s e

commun ication systems that might logically be considered

as competing with FAX, and looked at some of the most

common uses of FAX . In this setting, it is hoped that

some of the advantage s of FAX have become apparent . For

the sac’ of conciseness, howeve r , advantages (and

disadvantages) are listed below .

Compared to the mail:

FAX is much faster (measured in minutes or

I ~ fractions thereof).

FAX is more expensive (differences in cost is

relative to the specific application).

• -; 11
10
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\ I Compared to a courier system:

FAX is ~a :t e r .

FAX is more or l ess  expensive . Jy;endin-

on the  s uc c i f i c  a p pl i eat i o n .

Compared to a messa~ i; t r an smi ssion  sys tem:

FAX is comparable in speed in some cases and

slower in o the r s .

FAX does not require skilled operators (as

opposed to computer or teletype operators).

FAX is error-free.

FAX has proven itself more cost-effective in

r some applications .

It can be clearly seen that advantage s and dis-

advantage s arc difficult to define without complete 1 y

defining the specifIc systems to be compared. Each FAX

system iS d i f f e r e n t , based on the r equ i r emen t  equipment s ,

pr ior i t ies, conflt:uration, and environment . Hence , it is

difficult to generalize .

Ii
11



I ~quiprncnt s

The backbone of the ~AX s yst e m  is th- terminal

t eq-: i p i ~~r its .  Tee r equ i r ement  ( m i s s i on )  drive: the  s el e ct i on

I of equ ipmen t s  and the associa ted  c~ -n r n u n i c a t i an  l ink . The

most c ommon param eter : to be consi dere d In d i f f e r e n t i a t i n g

os on : FAX equipment  are overa l l  :y :t em cost , speed , ou t p u t

I qua l i t y  and copy size .

FAX equipments will be discus sed ecre without referenco

I to specific manufacturer; howe-icr, a r e cr e s c n tat i v e  L i st

I of ma :r- firms in the FAX field is included as Appendix A.

The requirement can be- stated in terms of time , cost ,

I spee d , qualioy~ or corshiriation thereof , wit h o the r  para-

mete r s  suc h a: secur ity and t h e  capability ol’ i-~ cciving

I copy at an unattended terminal also conHdered .

‘ 
As ment ioned pre vi ously, quai~ t y i s  a f ac to r  of t~-e

r~ s o l u t Ion  measu red  in line : per inch . The iSher the

I resolution , the  better  the qua lit y (and the 1ar~ cr the

amount of information to be tran:mitte~ per square leek

I ~f copy) .

Let us assume tha t  a r e q u i r e m e n t  e-~~~sts for  trans-

rn it t i n g  handwr i t t en  notes , page : extracted from technica l

I publication: (to include drawings ar~d char ts , but  no

photo~raphs), and normal typewritten correspondence . This

I requirement f i t s  the most common FAX category ; and hence ,

~~1
1 
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I the y-c s a ior L e :c~ e C t i o ;  of ~~lu ~ p ! :nt a a ~~ eeie te

me -ct t~Yc r ’e - i r ere c nt .

1 Fid Iro 1 o~ ows a gen~. r a l  d b r e a c e - i s  o~ FAX c~~e ir re ’ r t

I sai  u r n e t .  r s .  FL: ! o s o Ju t im  ran~~ r ~~ — lo c I ~n:s per inch

is con s i s t en t  m i th  th e  assume d r~ q i J  r~ n- et.

Soeed is m~ asured  in l ine : per m in u t e  and :Icuc ods

r r im ari ly  on th e  k :ndw idth  of the c o n - u n i c a t  ions  l ink .

I (TI c wid r the  bandwidth t h e  rcat~ r the speed and the

I hi :ner t r  c o s t .)

The t ime to t ransmi t  tn minu te :  per pajc is d i r e c t l y

( related to the sn eed , a l t n o u e -H  t h er e  are vurtation : -~ue to

the ‘echanical  “t an d l i ng  t imc :~ of tee difrercrjt equipment :.

I T~.e costs shown are representative ranges. The fac t

that some r e l a t i ve ly  more “erficient ” equi pments  appear  to

cost less is due to the emphas i s  by d i f f e r e n t  ma n u f a c t u r e r s

f 1 u d i f f e r e n t  areas of the marke t .  Hence , a g iven  f i rm

may only produce equipments to operate at 540 lines/minute.

I

13
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FAX Par a-~ t~~rs

I Cost
R~ sol of ion

I :Jnes ’inch Lines/Mm Mm /Page Le a :e ’M~ Bu~’

~~~~~~~~~~ o ioo-~ - - 6-i 5 t5C-7 -O C l0K-i~~

I “5-i00 20l-3ii o 2 .~~-h .3 150-7 30 5 .5E- l6K

75-iOO ~~ l -5:~~ ?-3 150-I’50 5 .5K-16~i

I 75-100 50l-1~~ iQ 1- 1.15 ~)4~ -TD~

The ident ical costs l imits  shown occur because the ’

I same eam ipm en t  may be built  to operate at several fk’- r en t

speeds simply by se t t ine  a switch .

I Equipments  and t ransmiss ion  paths  exist wher e by speeds

J 
of up to 18,2CC line s per minute can be transmitted . This

equates to approximately ten seconds per page , or six

p pages per minute . The equipments have resolutions of

between 100-200 lines per inch and the equipment costs

I run $1200 per month (lease) and in excess of $50,000 to

J 
purchase . All the costs in this section are for one

- complete terminal which may be a recorder (receiver) and

scanne r (transmitter ) combined , or two separate pieces of

equipment . Hence, costs must be doubled for each two-way

l ink . :1
I



I
WASH FAX

The W a m i n  ton Ar e a  Secure J l i h~ Sp~~ d Fac s i m i l e

(WAS HFAX ) Net is not a t ye i ca i  FAX system: i~~wc ;r .

i t  is a r e l a t i — i c y sophis t i ca ted  n’-- t w - e r k  and provide:;

or. ~x ce1lcr~t vehic le  f or  d i scuss ion .

&~d N - twor k

WASHFAX is a crypto~ raph icaily  secured ( a e p r J v E - d  for

— t r ansmiss ion  of SECRET i n f o r m a t i o n) ,  h i - I -speed FAX n e t

intcrconnectin h i  I -leve l su b s c r ib er s  in  the W~ :kinrtar1,

D. c., ar a .  (The subscr iber  l ist  is c l a s s i f i e d  CONFIDENTIAL ) .

F t u re 2 de~e ct: WASHFAX in it-s on ina l  ‘ de d i c at e— ~’

con f i  cr ~t i or .. X erox Corporat ion LDX (Lon. :  Di:tonc~

X er o r a p hy )  t ’ r ’ILin a  w r ~ ut i l  iz’. d on a one fo r  one

b a -  s f o r  each c i r c u it .  That is , there  were ~ ivc  LDX

t e r m i n al :  at Sit e  “D ’ , ‘e ach permanent’y ti e d into one

of the f i v e  c i r cu i t s  r a d i a t i n g  t-e t h e  o th e r  f ive  si t e s .

The communicat i- .-n circuits were special wide bandwidth

(240 KH z) links; very expensive but providin: hi f :h page

throughput (six pages per minute).

The WASHFAX was deemed a “necess ity ” by the sub-

scribers notwithstanding the fact that the system ‘was so

expensive that it could not possibly ’be ~ustified based on

the usage factors (e.g., total pages per day). Rather , the

system was justified on an emergency (contingency)

use basis.

15
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I Fi ure  2

WA SIIF’A X ( D e d i c a t e d )

It was  determined that  an emer : -cncy that could

r e q u i r e  the rap id t r a n s f e r  of the r a p } ic in f o r m a t i o n

from one user location to another , could very easily

be the type of emer’:ency that would preclude putting

a cour ier on the strc ts of Washin rton , D. C . .  This did

not , however , completely explain th e high-speed factor , to
1 which most of the h i gh  cost was attributed. Much close

liaison with the users finally disclosed that they “ 1i~ccd ”

the system to euch a degree that it would have been cheap

at twice the cost .

11 
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j~~- e ~~ :~h tw srh

I rk)w teat — ‘u’s ho-ic s’ en the old ( d :  d i ated) :v:ten.

the new ,-~~tcf- (j system (F~~ - .r. 3) is a log .cal tmnroved

vc iuJ on .

It can he r ’~. ’ ..n f r o m  t h e  f i ~ ure th a t  t e ’- network now

r wo lve s a r ou n d  a :ewitH l :ard at :ii.te T3. The idea  of a

switch ste-c’s U from a desir . to increase tue nunher of

user s in the net. Un-icr t he  old (dedicated) system concept

• a n w  p i e c e of terminal equipment was required at cacr site

wishing to tie into a new subscriber. In addition , half

the cost of a very expensive new commu r~i.caticn li n k also

— h ad to be paid for . Hence , the advantage of a switched

• s y s tem become s very clear .

1 Fi- ur~.

WASIIFAX (Sw~tehed)

HI

Hit
k~~i 
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F i yu r c  3 doe:, in fact , sl ow some new subscribers;

‘:w v e r , the  num ber of LDX t~ rmina1 equipments remains

about the same . This  is poss ib le  s in c e hit e .  D , for
-

~ 

• instance , now ha : tL~’ee LDX terminals , v ice the f ive

term nals previously .

A d isadvantage  to t I - c  switched system is that a user

can be “busy ” . (This could not happen in the dedicated

s y s t e m . )  This has not been a s i M n i f i c a u t  p ro -e l e rn  in the

WASHFAX ; however , a “priority ” system could be implc-

rcented if some future need r’ quircd it (based on addi-

tional subscribers). This mieh t be no more than a

- telephone call from the user at the top of the  “ peck iny

I order ” saying, “You will discontinue your current

transmission and accept mine ” .

I

-t - I

C -
4 -
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I

~o n ~ n ~~~~~~~~~~ ~ ap r ~ 1 ~ this oar~~
n e c essar i ly  pr ’:cl ~J: s an ~n uc-uth ana ly si s o1 FAX an-i t he

I as::cia~ - d p~ r ac ; ’ t e r s :  it  s. t h e r e f o r  Us:  ~ra~~le a s

J so n’. means of s t ru c t s r i . r~ . an ana’ ys~.s of s1e w e st  or .

Car ~AX h e l p  me to mor~ el fe et  ~ic - y a c o o c I  1 ..sh my m~ s:i.:n? -

I he d f i s ed  . ? . t- uc r I  3 ~s a ~. :t :~ uessions a-rd r latci

c r i t e r i a  a Im ’ :d a anew r u t~ r :ib cv- -sc: et I on.

I In a - l y i n  - t .  ‘ s t ee n :  ~ue It should be rem - m~~~eU

f that the ena ’.y:L: b e :  r~~t • r o ; i d r  am a n e w -  r .  T .  th ci : :
1 is still c ~h , ec- t~ ‘is or:: r.~ ~ht~~u l  1:; l-;ft n to the man a~ cr

J ( d t C i ~~ iOfl n a h e r ) .

The f i n a l  sect Lou of t h i a  p ar er  looks to the  f ’ it u r r

I t hrou gh the o n - - o t n ~ e f f o r t s  to tnve : ti~~ate t h e  ma .ior

cons t r a in t s  inhe rent  in the  FAX sy s t e m .

I
I

I ’
’

II
‘ I
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I The

1 If t L &  r e is on’ f a c tor  : t a ~ i r T h i  b to the’ -
~~:‘ of iJX ,

it is.  of -c ou rse , c o s t .  This i s  not a n w  c i t  -at~ on.

I it i.~ only  m -re  cr it i c a l  now t c&t  mon ey  i s  i i  W h a t

i 
is not re ces :-~ril.y a p o a r ;n t , t h o u e - -h , is the “ v i c i o u s  c i rcl~~’

su r r o u n d i u b  FAX .

k I There  arc  t h r e e  i n t e r d ep en d e nt  par a r .. ~:‘ .r s  t o  cons L d r :

c

~~

st , qu o ]  ity ,  and s ue e d .  l ua l i t y  connote s  u i~-~ resolu t ion

£ I or ~rcy scale which equates to ouch information to be

t r an s mi t t e d .  flow , if the  in format ion  can he sent  s l o w ly,

tue r i  the  cost is r . ’ a t ive ly low and p r imar i l y  involved  in

J the hardware . If , how ever , speed Is a si~ n i f ic a n t  f a c t o r ,

then  the t r a n s m i ss i o n  link become s the problem , due to the

I requirements to move lar le amounts of informat ion  in a

I 
short period of t ime . This requires a laryc , and hence

expensive , communications “pipe ” . It should be clear

I that  the only way to minimize cost is to minimize q u a l i t y

and speed. Or to look at it another way, for a ,~ive ri cost

you have to trade off quality and speed. (You cannot

I increase one without decreasing the other). There is some

hope , however , that work currently being done in the areas

I of bandwidth compression and redundancy reduction will

realize increased improvements beyond those already

I realized Cs] [6) [7J
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I j-~armJ’~

..idth c~ nrrc- s- on i s  a n o r a l  t . r m  for  are ’

sechn iq o wh e i - - .by i n f o r m a t i o n  is; “co P U ” such  t : u t  less

1 t i an she f i l  or.  ut  of : nformat~ on can be transrnitt- U

I and still i. e abl’; t~ r’ c-m ; :t i t -at t .  all the  Ln~’ :-r : a t  on zn

the  o~ - r en d . A i m ~’le examp le  ml  P t  i: . the use of

I a b b rev i a t i o n : , w h e r e  two let t e r s , for  instance , MO , can

be trans m itte d and he under s tood  to mean y :s s ou r i .  U oin~
7 ::i~ hly  s o pu i e t i c a t e d  t ec h n i q ue s  adap t ab l e  to FAX , it is

I s - sr r en t i y  po:eib~ c to achieve a 6: 1 r e duc t  ion  fo r  general

a pp lica t ion , and still h i~ l :er r educ t ion  ra t ios  f o r  sp ec i f i c

j r e q u - i r - e m e n t s .  Th i s  means tha t  a compl i ca t ed  d r a w i n - w h i c h

normally t akes  s ix  minut . ; s to t r a n s m i t  ove r a give n band-

I width c i r c u i t , wi l l  take only one minu t e  (on the a w cr a . -r :)

using bandwidth compression t echn ique s .

Another  t echnique  for  incr easing;  the amount  of

informat ion tha t  can be t r ansmi t t ed  over  a give n bar i-

width circuit is the use of modems (modulat. r-demodulators).

A modem is capable of somehow compartmentolizing some factor

11 such that the transmission c i rcu i t  is more e f f i c i e n t l y

utilized. Time and frequency are example s of fac to rs  used .

Mode ms can be used in conjunction with bandwidth compression

techniques to gain added reductions . Hence , if the cost

~ I of modems and of bandwidth compression loh ic is kept below

the increme ntal cost for the transmission circuit required
I;

to obtain the same transmission rate , then overall costs

I’ 
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I will be reduc ..d. Current]:j, in many case:, U’ mon ey

~ 

saved on r’. du c e d  c ir cu i t  cost s , ‘e ric tn an  n ay s  for  the

adUL t tonal equi pment:.

1 Thus , we hav e  qu ick l y covered FAX . It t h e

~sc-iin of the au thor  t h a t  the perspect i” :  ~a i ncd by

I t~ e o v e r v i e w  is f a r  more valuable  to Ui-  a . ’ t r a ~ e- -canage r

than dwcl lin ~ on a few specif ic:  w i thou t  t ha t  p e r s pec t i v e .

FAX is he ic  to stay . ‘ ]ct a h a n d l e  or i t ” and is.

I can he lp  you solve your manaaenn ent n r ob~ cm s.

I
I

H I
I

~t I
-j I

I
I
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A epend ix  A

lc M a n u f a c t u r e r

Th is list i s  re p r e s”n t a t t vc  of ma . o r  b u s ir . so f i r e :

I in the  f a c sim i le  ar e a .

‘ 
Alden ~ie ct r o n i c  and Impu lse  Reco~’dine E qu ip men t  Co ’onar ~yW a o P L n ton i lt r e c t ; W es tb or o , .Ia : .sachuset ts  0l~ 31

A . 3. Dick
5700 W. Tonly Avenue -; Chican o , I l l inoIs  6o648

~l~ c t r o ni c  ima ~~e 3y sterc s , Incorpora ted

I Lit Com Division of L i t t o n  Indus t ries
1770 Walt Whitman Road ; Me l vil le , New York ll7~~

I ~.:a~-navox System , Incorporated
270 Park Avenue ; New York , 11cw York lf ~0l7

I f~u irhea d  Instruments, Incorporated
I 1101 Bristol Road : ?~io~ntainsidc , Ne’~’ ,Ter:cy O70~)2

Stewart-Warner Electronics1 1300 N. Ko stner  Avenue ; Chicaro , Illinois 60651

Tc-lautograph CorporationI 3700 Belanca Avenue ; Los Angeles , Ca l i fo rn ia  50d14 5

I 
Western  Unio n

Xerox Corporation

I

‘ I
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• 1
I A~-n . n d 1 x  B

Cr it ic r a

1 fkj .e- s t i : - n C r i t er i a

1. Do I t a ’ .-: a G r a p h i c s
• requirement ? Me esauc

I Both

2 .  Pow impor tant  is the Cr i t i ca l
r e q u ir e m e n t ? Rout~ n€

3 .  What vol u:nc of input l t ih h

i ~ ~~~~~~~~ Low
I i~. What type of r equ i r e -  New

ment  is it? Replace

I Backup

~l. What I s  the quality Photographs

I r equ i red?  Fine de ta i l
Typewritten
Handwritten

I h. What is the speed Fast (.15 mm /page
required? Medium (1 mm /page

I 
Slow (6 min/pan’e)

7. What is the con- Dedicated
figuration required? Switched

1 8. What is the security Secret
classification required? Confidential

I Unclassified

9. What are the special Color
requirements? Grey scale

I Size

I
I 

*

I
2~4

4



I I
I Y our answer :  to the above que stion : can all ~~:

~elatcd to system cost. In ~cneral , IJ (: cost :  i n c rr a s”

d i r e c t l y  as sys tem pe r fo rmance  incr~ a :cs.  The f o l J o w L n :

l~iea : are to help ~uidc y our analys:s:

A c r i t i ca l r eq uir e ment may j u s t if y  a h i ~~ cost ,
w e cr e a c  a r ou t i ne  r e q u i r e m e n t  mt ~ ht  not .

A new r c q u~ r ement  could al s o  .j u st t f y  a h i :ih  cost .
wherea s  a re. s ’ a c r r e e n t  or I ackup r e qu  r-: m c n t  woul d
p r o b a b l y  not .

A c rIt i c a l  r e q u i r e m e n t  may not n”cessar l ly  . iu s t i f y
t r ansm is sion  at f a s t  s ur e d .

I A rout I ne requirement probably cannot justify
— t ran smi ss ion at fas t  Cp ee d .

With  a be t te r  fee l  for  the  paramete rs  of the problem

you are now prepared to talk to your communications

personne l about  some speci f ic  equ ipments  t o  f ul l i l l  y o u r

f
R
I T

1’

1 25



ANNOTATE D BIBLIO 1~APHY

— [~1 M-sC:rin~ 11 , K. R .  “0v e r v i e~ el’ F a c s i m i l e ” . c t ;r ~-u r - : o c nt d -~t The Inst It at ’ . for L~raphie’ Sc !er :cr ’
Csn fer enc ’-  or. F a c s i m i l e , I p o w i c h , M a s s a  h u o ’ - t t ~~,; r u  27, 157 9.

A n n n n u b l i s h ~ d “han dout ”

t i  tational Con-eunications System W search and
Development  and T e l e c o mmu n i c a t i on s  Tee! r.~~ o -

~~Report 2 Volume on GraphI c ~ommunicat lcn:,- March  21, 15b9.
An e xc€ l l e n t  overv iew of state - --- f - t h e -a r t .

developments  in the f i r : l d s  of tic ’: e!.ston ,
facs imi le  and op t t c a l  c h a r a c te r  r~ co n i t i c n .

r [3’l Smith , H.  Personal  in terview at the Defense
Commun ications A-cr :oy , A p r I l  1973 .

Discuss ion  of Army t e s t s  (USASTRATCOM )
- c ompar in - f a c simi l e  with  te let yp c

- f~~1 McConnell , K. R.  “Curr ent and Eme r~~1 ni: M a r : c t s ” .
Lecture presented at The I nst i t u te  for  G r o e h i c

J S ci ir c ’  Conference  on Facsimile , Ipswich ,
Ma ssac hu set ts , April 23, i’o70.

An unpublished “ handout ” .

1 [51 1Iuar ~~, T. S. “Picture Bandwidth Compression ” .
Lecture presented at The Institute for Graphic

I ~iciences Conference on Facsimile , Ipswich ,Massachusetts , April 28, 1979.
Class notes.

I 161 An’Ier son , G .  B., and Huang, T. S. “Piecewise
I Fourier  Transformation for Picture Bandwidth

Compression ” , IEEE Transactions on Comrnun i-

I cation Technology, XIX (Apri l , 1971), 133-LI.0 .
Recent advances in digital computer ~ndoptical technology have made image spectra

J 
deternilnat!ons possible . A rigorous look at
treating pictures adaptive ly on a piecewise
basis to obtain bandwidth compression using
Fourier transform ,

II
I’
II 

~~~~~~~~~~~~~~~~~~~~~ 26

I



I
I t~~ ~~P ’  ~~ “Redundancy  Reduct ion T e ch n i q ue:

and A p L 1  icatt-ons ” , Te lec ommunications , XII
• (Octo ber , 1 u ( ) ,  ~5- I t3 .

T i n e  method : of r edundancy  r e d u c t i o n  ar
addressed  fo r  bandwid th  compress ion  of f a c s i m i l e
and sI ow scan TV.

I I
I

I I
‘I
I
I
I
I
I
I

I
I
I 

27

I



SSP Iin].er , E.F.
73-1 Facsimile an overview for
IML the manager

IUU& SYSTEMS MANAGEMENT SCHOOL UBRARY

~A 202
FU~T Da~~ ViRGINIA 22060

~


