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1.0 Introduction

Assuming the FAX documents are 8 1/2 x 11 inch, 300,000 characters
- P per page, with equal horizontal and vertical resolution, 160 picture elements
The goals of this study are: B ) and lines per inch resolution are implied. , '
1. To identify digital facsimile hardware for use on the NALECOM ' 3.0 User Requirement Implications
message switching network, providing cost, performance and
integration details.

3.1 Resolution
2., To identify hardware cost and performance for alternative fac-

: > : ) .For comparison of the NALECOM resolution of 160 square elements
simile transmission medias and compare these costs with NALECOM ) per inch with requirements for various types of data the following table is
costs. given. '

: - i 4 . Description ' Lines per inch
3. Determine whether the NALECOM facsimile capability is cost effec~ . per inc
) tive with the present traffic estimates and, if nog, %ndicate . Line Drawings (like weather maps) : 48 tov96
. . when a facsimile capability on NALECOM is cost effective. . : Regular typewritten letters 67 to 100
WS . Medium density printed matter (books, magazines) 100 to 150
NALECOM will be designed for message switching of formatted, segmented _ High density printed matter (telephone book) 200
digital data using Binary Synchronous Communications (BSC) 1line protosol. . Photos and Fingerprints 400
Therefore, analog facsimile transmission is excluded. The NALECOM n?uwork _ Newspaper half-tone photos 600
will not provide storage of a digitized document image for transmlission or .

reconstition. That function is reserved -for the user. _ More information about the kinds of Law Enforcement documents to be
’ . s SR C o . o sent via.facsimile is neccessary in order to provide suffieient information
digital facsimile over NALECOM will be pro-, ' ... . " .. .+ for sglection of FAX hdrdware. .- R - -

M AR B R N e I Y
i P . eI R S AR

. Methods of ‘transmitting .
T e . . . o0 -':-‘ Ve 0 e .

Y S N SC K R oo . .'-:‘. e -.':- A -' R «,,. . (;‘ _.‘ et 4 e '. ‘::'... AS~indiC@t€dhy the table '_é'b.ove.,-. the' I'ESOlution réquil,'emen‘t-s;-forf Sar e rmis
‘Alterngte facsimile transmission either digital orﬁanalog nov via * NALECOM are inadequate for reproducing higher detailed information, including
NALECOM) are examinsd insofar as they can provide law enforcement agencies : :

Lt v gL, PN

. . fingerprints. , .
with.facsimile capability more advantageously than digital FAX wvia NALEQOMf:' Niree o A : .o
) T - . CoL . woe e T e - L .. . .& o+ . 3.,2. Transmission and%Resthée Times * s Cor L T
A FAX hardware survey is presented to identify the equipment tvhat t@e Lo . - - o
NALECOM network or alternates might employ. Examineation of available equip- If a document imege is transmitted as a continuous stream of digital
_ ment is necessary to develop cost and performance comparisons. Irends Im o . . .., _data at 2.4 Kb/s it would take 1000 seconds (16.7 min) of transmission time. .,
.o ,-:,_" .. .—-f?jesimile E e'quipment ~deve:!_0pmen‘c a.?.c‘ :t?aIlSmESSf‘:.lon .t?ihnl ql}:;e?:h;;hm_zigcgaa":— . . H v o tenn ST - .ol T:ransmission".‘tim'é . fﬂay .be. 'I"educed' 'by‘ ‘traﬁsmitt'iﬁg' at:'higher"épée'ds -'or .Se‘ﬂ:'diﬁ'g . Y .
tically change the practical application of facsimile, either 2 _ ‘ _ fewer bits by using data compression techniques. These methods require
network or alternative network§ﬂar§ d}§gu§sed:. J S S PSR RO e .sophisticated and expensive egquipment. .. . . o e N
S i ;.‘?:':_ .:’J: .-_"l‘. PETRIER };r.:‘.,‘, . :..:.:‘ ‘: . _'..'..'.....,..? el .’.:.. TN 11‘4;‘ .‘...',‘.”'. ) ::“ = A A N R TR S "- g “_' L P _‘. :. .. K o ¥ Sl ons ."‘.'v‘."' :_e.-.' X T -.‘: . ','-,V.. : K .,.., ‘:;‘ . '.:‘~..- Lo '_“ - =t ‘".. ‘,;". :',-‘:"A:.;‘ S ] Lt ,f‘:-..:' :..'. em '... . .-.,4 - .::" o .::,__ '-.. e ‘,_.,_,_““.._
2.0 ALECOM FAX Reguirements ' " . ' Table 8.1 of NCJTR lists a maximum response time delay of 8 hours for
) o " d in investigatory activity without personal contact." This
: i i ce Tel nicati uirements (NCJTR), JPL . USErs engased o ; P e ;
- 4Docu§enu ;2 37133A= pre 1cn5;tiaﬂAth ffic‘in 1083 is estimatea as 7800 : Standards ‘and Goals (23 January 1973). NALECOM's ‘goal for the same activity is
4% of NALECOM's traffic. io;at r-3 oga . ooy vear state-to-nationdl . - e . . 24 minutes (5% of the total). If facsimile only accounts for L% of the total
. .- . - messages per year state-po-state, 39¢ Qeasag -per y LSS A i voernt e o NALEGOM ‘traffic as ‘projected, this response +time ‘goal can be met providing--. . v s
and 3900 messages per year national-to-state. : other messages. of higher priority require minimal use of the transmission channel
R . s . .ot i during a facsimile transmission. Because other NALECOM messages take higher
FAX transmission is described as "criminalistics information” between . s .. . . .
erime laboratorics having the form of 8 1/2 x 11 inch pages requiring approxi- i prlorlty? f§051m11§ data.mgst be capab}e of 1nterrupt%on agd cont%nuance on
S N 06 bit A a low priority basis. Digital FAX equipment can provide signals in a form suit-
mately 300,000 characters or 2.4 x 1 1ts. : g agble for store and forward interruptible operation. Alternatively Digital
- i ' FAX may be modified to stop and start in real time under program control.
- w~ 3 i divided ; . s maa s X R ; .
. NALECOM network Leqtlrem;nts StaZZttzzztaiidzeizaEZimiiiié Zipr NALECOM : il This implies additional programming requirements on computerized state terminals
:gtfhieougz?iiczziiiz%EiE Z;aphginigirstream is close to 3,000 bits'per seg- ] . ? t? control dat: f%ow. Each state terminal YOUId be ?equired to provide applica-
men%. “See NALECOM User Tnterface Guidelines JPL 1200-168, June 6, 197h. ! ‘ tlon programs hat would perform the following functions:
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to describe the quality of a FAX copy.

=w o
e N N e

Tag each FAX message.

Accept FAX HALT message 1"rom NATECOM.

Generate halt signals to source or destination FAX machine.
Check source and destination equipment for status. Special
tag status messages to NALECOM.

Accept abort messages and stop FAX operation or accept
messages and start FAX equipment accordingly.

"continue"

Other FAX Requirements

k.1

Quality :

The specifications of resolution is important, but is insufficient
Other factors such as spot size, ability

to vary spot size, geometry of the spot and darkness of the spot contribute to
- copy quality.

compatible end to end would,be needed.
_or compatlblllty must be evaluated

ments automatleally
ment | (or 1dent1fy1ng sebarate y) a computer readable addressing code..

k.2 User Concurrence

4.2.1 Egquipment

Digital FAX equipment compatible with NALECOM's network and
The ability to reach such concurrence

LSRR .o, PR - PR H o ol A L R ) . " A
ST T Lt A, ->v..-‘,. e S . BRI A Ve ey
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P A O P K a3 .

NALuCuM should be able to message switch (route) PAX docu~
. Computer control would require appending to each docu~"" -
"Pre- ..

sently FAX documents are routed over switched ecircuit paths set up +hrough

manual operator/telephone methods.
operators for new procedures over NALECOM 1f automatic routlng 1s elected.

ant

3 -.‘,'._A.“. . A
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place of mail. Local Law Enforcement use might include Polaroid pictures
transmitted from patrol cars.
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that could 51gn1f1cantly alter the low 1983 prOJectlons.

.- .;.l' ;-:3,.-,{:' L

Facsimile users would have to train their
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h 3 Growth Potentlal

¥ . It.dsipossible that  facsimile . communlcaﬁlons could- taKe- the'’

I believe there are unidentified uses for fac--
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FPacsimile Conflguraulon for Comnatlblllty with NALECOM

The hardware conllguratlon pronosed in thls sectlon Wlll prov1de the
capability for facsimile transmission per the requirements given in Section
These requirements are summarized again here:

15,600 messages per year
8 1/2 x 11
2.4 million bits per page, equivalent to 160 lines

Volume:
Page Size:
Data Density:

* per inch resolution suitable for medium density printed matter.
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I have made some additional assumptions to permit reasonable coﬁiar1s1ons
of several nationwide network conflguratlons that can provide facsimile for
the law enforcement community.

)

|

)
)
)

T Ewn

- 5)
6)

¢

Nalecom transmission facilities (leased lines) may be used on a low
vriority, no cost basis for FAX transmission.

Bach state terminal will be furnished with compatible FAX equipment.
Networks using digital FAX techniques will employ 4.8 Kbps modems.
Because dial network costs are particularly sensitive to message
volume (and time and distance) and because the actual requirement
of less than 1 document per day per terminal is unrealistic, I have
assumed a higher figure of 10 documents per day per terminal for
those cases. Other dial network costs relating to distance and time
of transmission are listed in related paragraphs.

Maintenance and Spare Parts will cost 5% of hardware purchase price/yr.

Operator costs are not included.

5.1 Off-Line Fax Preparation — Method 1 (See figure 1)

* Y R e 8 ‘.v. e

'§:l.l--Equipment Required

ol

l)“ Dlgltal Ay eouwpment NodificEE 1oﬁs'ma§ Be"rEQﬁ“red'fo”".'

The bit stream would include 1n1t1allzlnr conditions,
graphlcal data, synchron121ng 1nIormatlop and 1erm1nan1ng
. ... codes. ; o .
‘. 2)- Computer (poss1bly mlcroprocessor size) #ith core or
solid state memory. &
3) 1 or 2 mag tape units.?
.32 Operator console (keyboard/typer or, TTY)a.“

5.1. 2 Scenario

L Y e sourdd docimient 18 p051t10ned by Hi® 0perator off the

Digital FAX machine.
2) The operator enters his 1dent1fy1ng code via heyboard

enﬁry of address. Onerator initiates’ FAX sequence.
3) The FAX document binary image’ is recorded on mag tape

" “#1.a8 an unblocked.record. = --. W g e e T

L) The computer reads the contiguous aata from tape
from the digital FAX and prepares transparent text
messages of required length and Format for NALECOM as
an object tape® on mag tape #2.

Steps 1 through 4 may be repeated for several documents.

5) The object tape is loaded into the compatible state
terminal mag tape unit.C

l or

-s i+, provide--a-<continuous -bit: stream to: ‘e local- ‘computer. .=

The .gamputer. responds Svial typewrlter and. requests.. operatol >



6) The operator would initiate object data transmission

. via state terminal interface to NALECOM.

7) Receiving state terminal operator would take the recovered
object tape and manually reload it onto FAX subsystem tape
unit. '

8) Operator would initiate tape to FAX operation which is
automatic reformatting to blnary image and transfer of
control to digital FAX for reproduction.

8.

b.

One or more of these functions may be performed using available equipment.

Producing a document image on tape may be necessary if direct processing
to NALECOM format cannot be done in time.

If FAX subsystem is remote, object data may be accessed by the state compu-

ter using normal interrupt and communications technigues, bypassing steps
5 and 6. :
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. Figure 1 )
Method 1 - Off Line FAX
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5.1.3 Facsimile Configuration Method 1 - Costs

Lease Option
Lease/mo Maint./mo

Purchase Option
Purchase Maint./vr

Hardware ~ per terminal estimate

Dedicated minicomputer $ 5,000 $ 250 $ 150 $ 21
1 Mag tape with Controller 11,000 550 400 46
1 High Quality Digital Facsimile 12,000 600 550 50
1 Operator Console 1,200 60 '~ 50 5

Totals $29,200 $1,460 $1,150 $122

Both Hardware interface and Software application program
cost should be around $10,000. Assuming all 52 facsimile subsystems are identi-
cal, this amount is insignificant in relation to total costs when distributed
over the system lifetime of 7 years.

Supplies - paper, tomer, etc. = $100/mo
Installation and Checkout of hardware and software - one time
cost per terminal = $4,000.

* Method 1l..- Per .terminal éommarz A . S . .
LemDelhT L 0 msrr Gaas 0 ovto . ilen . oo Purchase .Optiont .- | . .Lease Option . .
i b Purchase .Valnt /X~, Lease/mo Maint./mo

Hardware $29,200 $1 460 §1,150 $122
-~ . :Supplies (7 years) e o - enoee s . 8,4000 00 o .. .- 100 L0
Installatlon and Checkout . e 4,000 0 - QT 500 .0 :
Totals 941,600 1,460 $1,300° %122
Lzl 4+l 2 Method. 1 Facsimile .Capability added: to NALECOM"4“1:&:;J“~}:}-3'; . J:.;v,*r;?ﬁ,,g
' Purchase Option Lease Option

‘52 terminals, 7 year system life $2,163,200 P . 85,678,400 L

R . . 531,440 M ‘ 531,440 M
Pty ces B gl e b b et T e e 2 82 1694 640 Patalt ool $$6,2094840 .Total, e -
i . vo2e2 On Llne FAX Méthod - Method 2 " ’

.
e T K . . . .
v s, “ . t . B

| 5.2.1 Equipment Requlred

| 1) Optical code typewriter used to create machine readable
address data needed for automatic routing of FAX data.

; 2) Digital FAX transmitter (modified to read optical code
i i preceeding text, plus ability to send or receive line at

a time).
3) Local computer.
4) Disc buffer - temporary storage medium to hold FAX data

when local computer is unable to process or transfer FAX
- . data in real time. -

e ceebne 1 yr.Purche 4 Maint. o, 7.yr.lease.+ Maint.: ... .

5.2.2 Scenario

1) Source documents are appended with machine readable
code of address, transmission speed and other set up
parameters, using the optical coded typewriter.

2) Operator then loads source documents into FAX document
loader.

3) Document is automatically scanned and binary data out-
put to local computer,

4) Local computer comverts to NALECOM format.

5) Local computer to State computer data transfer for super =
vised output via NALECOM. A minimum of one line of FAX
data buffering is needed in the State computer to accom-
modate NALECOM system retransmission requirements.

6) Addressed state computer receives and transfers data
1n NALECOM format to local FAX s computer. ' i

SRR "1,7) NALECOM to blnary FAX.code conver31on. ’ L”{;‘.ﬁ IO
8) Set up parameters decoded and FAX copy made.

TL9) Acknowledge Or error message«returned to orlgln for
display.

.......
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5.2.3 Facsimile Configuration Method 2 - Costs

Hardware Purchase Option Lease Option
Purchase Maint./yr Lease/mo Maint./mo
‘Optical character typewriter $ 400 $ 20 $ i5 52
Dedicated Minicomputer 5,000 250 150 21
High Quality Digital Facsimile
Transceiver 12,000 600 550 50
Operator's Comsole (keyboard/typewriter) 1,200 60 50 5
Mini Disc 2,000 100 75 8
Totals $20,600 $1,030 5840 586

Hardware interface costs:
Same comment as in Method 1.

Hardware maintenance and spare parts @ 5% of Purchase Price.

Hardware installation and checkout -~ one tlme cost =
$2 OOO/termlnal.’ : : :

... . e . . ... [ R N L B
* or e . Yo . 12", . o . ’, ,,,., . P IR Ly e

Gen e ;'-~u.”f._lazku;§ T paper> toner,‘ﬁtc-q— $100/mo e eyt

te* .
. LN ~

Software Appllcatlons programs to control and buffer Fac-

': 31m11e equlpment plus intefface with state computer dre’ requlred. .The stdte com=."

.prer state of $1O 000..“

.Method 2 - per terminal summagz

puter programs ‘would also require modification’ to. commnicate with thé FAX dedi-
cated minicomputer. chause state computers may be different, each interface
must be considered a separate task I will assume a 6 man month effort at a cost

g ,'

. . N . ¢ . .
ot ety LU S et o e la - . e .
|.. . e T SO o te a1, T, DI R S S B LR S R N R 2 -2t o
’ . - e e i N e e by, e . Tt e, AR I e -~

3

Purchase Option . Lease Option

wa » B R S ﬁ:;PﬁrcHése‘ Maint./yr . Lease/mo. Maint /mg. +'it:
. Hardware $20,600 $1,030 § 840 . 386

g, <10 IRStallation and Checkout e L 22000, 0 0 25 o O
o Supplies” P OB e g 400-'-H R AR R 1 1) ORI, s AR e
. -+ Software - o s 10,000 - _._ - . -120 . _ 0

id e eloon s ey sy vy o Totals ;-03$41,OOO’ ;$1,O30.:N:.wf§1@085.;$;.*$86u1

T A TSN DRI S

-7 e

Method 2 Facsimile Capability added to NALECOM
Purchase Option Lease Option

7 yr Purch. + Maint. 7 vr Lease + Maint.

52 terminals, 7 year system life $2,132,000 P $4,739,280 L
374.920 M 374.920 M
Totals $2,506,920 , $5,114,200

5.3  Method 3 - Independent Overlay Digital Facsimile Network

5.3.1 Description: 5 Region Multidrop Network - See Figure 3.




‘Purchase Maint./yr Lease/mo lease/mo Maint./mo

Line cost - 13,715 mi @

54¢/mi/mo $7,400 $ 7,400

60 Service Terminals @ $40/

terminal/mo 2,400 2,400

60 - 4.8 Kb Modems @ $125/ .

modem/mo or @ $4,800 P $ 288,000 7,500

5 FAX Controllers @ $300/ - ,

‘mo L or @$8,000:P 40,000 § 2,000 .1,500 $ 168

_. 60 FAX Transceivers @ $500 L o P o oo T o]
Ceor @°812,000 BT Fre i 7205000 T 36,000 0, e s -+1 30,000 13,000
.Supplies @.$100/transceiver . - . 6,000 ... - .. el oiee oni i 65000 < i e
' Totals 81,054,000 £38,000/yr 59,800/mo 354,000 33,168

© 7 yr System Lifetime . =

., :-‘._ Tdtal N "~.'.'... ines r.,,‘._.,..; AN DA S RN

~11-

Five regions were selected to balance and limit the traffic
to a manageable flow within each region. The regions would be adjusted from the
hypothesized 5 region NALECOM network to limit the number of terminals in a loop
to a reasonable number using polliing techniques. Each regional loop can handle up
to 500 pages per day. Interregional FAX traffic will be handled using additional
regional Facsimile equipment whose master controller is arbitrarily located in
Washington. This network is completely independent of the NALECOM network, but
could function as an alternative or fallback to NALECOM. The approximate cost of
the configuration is the sum of the following:

Purchase Option . Lease Option

DR e

" Purchase Optivtn” .~ Ledse Option‘

Purchase $1,054,000 s 0
7.yr maintenance 266,000 266,000
. 7 yr lease . y . 823,200 4,603,200

PR

Towe ETIA02,360 0 v

T B 8695200% AT
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TPPICAL | o 5 REGIONAL MULTIDROP LINES ToO

OTHER STATES

TNTER REG/IDAIAL LEGIONAL
MASTER CMLY ZIASTER
D/GITA L D/ /THL
-] L) FAX FAA
cavrrkoes CONTRILLER
D/6/TAL DIGITA L DI&ITAL
MULTIDRO P

LING T0 OTHER REG/ONAL FAX @r?qﬁscszofﬁs

/6 /1A L
S

D/6/74 &
FAX

. Figure 3

Method 3 - Regional Multidrop Network -
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5.4 Method 4 - Direct Distance Dial Network ~ See Figure &

5.4.1 Digital Transmissions -~ Method 4A

Equipment and Services Required

Digital Facsimile Equipment
External modem
Dial equipment

Scenario is typical of operator initiated calls and automa-
tic answer equipment, and no further description is considered necessary.

5.4.1.1 Assumptions

-Long distance telephone toll charges depend on con-
nect time and distance as tables below show. The most unpredictable factor is the
volume of traffic involved.

. 1) 10 documents per day = 300 documents per month, per terminal.
. 2)-'Average document will require moderate resolutlon (1e. handshake, send and

.termlnel time will be around 2 mlnutes)

"3)- ‘Average distance sent: between 676 -and- 925 miles.

4) Average toll cost per call is 70¢ (3 minute mlnlmum)

5) Paper cost is 5¢ per copy.
6) Purchased equlpment maintenance cost is 5% of orlglnal price per year.

.

5.4.1.2 Equleent and Seerce Costs per termlnal.

Purchase Option " Lease Option
“Purchase. Maint. /vr. Lease/mo" +lLease/mo ‘Maint./mo

High Quality, Dlgltal Facsimile ‘$1%?QQQ _ $600 ... . $550. $50
Measured Business’ L1ne - ) T "-"‘$fv7?50,mv:hz;.T:SO.z“zqdm
4 ,8K modem 4,600 230 125.

Data Access Arrangement 5.00 5.00
Interstate toll charges and o )
supplies ) 225,00 °  225.00 -
Totals $16,6OO $830/yr $237.50/mo 5912.50 S50

Transmission (toll) cost per termlnal per month
with assumptions above is [300 documents/mo(.70/toll call + .05/paper] = $225.

Method 4A DDD Network-Digital Equipment

52 terminals, 7 year life system Purchase Option Lease Option

Purchase ‘ $ 863,200

7 yr Maintenance 302,120 $ 218,400

7 yr Lease 1,037,720 3,985,200
Totals $2,203,040 $4,204,200

14~
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5.4.2 Analog Transmissions

Analog equipment capable of sending and receiving documents
whose quality is comparable to digital equipment and at rates comparable to digit-
al equipment speeds has not been identified. However Analog Facsimile Equipment
transmission facilities are available which can meet the same requirements and
assumptions given in Section 5.4.1, except for speed.

Equipment and Service Costs per terminal
Purchase Option

Lease Option

Purchase Maint./yr Lease/mo Lease/mo Maint./mo

Moderate quality Analog

equipment $6,000 $300 $150. $25
Data Access Arrangement $§ 5. 5.
Measured Business Line 7.50 7.50

Interstate toll charges and

supplies 525, 525, o

$6,000 $300 $537.50 $687.50%% 825

%% Interstate toll costs-per terminal per month calculation:

N ee

__QOQ‘Pgé/moﬁl.Zb;gyg:“po}i éééf}déé:%:.ds.papgr éééf/ffaﬁsmf;sidn) = $52§tt t’ )

Method 4B DDD Network - Analog Equipment

. A2 terminals, 7. year life system . _ . Purchase Option Lease Option

Purchase $ 312,000
7 yr lease 2,347,800 $3,003,000
:'.7 yr maintenancé - . e T atnoa % 169,200 . .- - p e 109,200, .
) Totals =~ $2,769,000 $3,112,200
5 #5 ~:Method- 5.~ WATS. FAX -Switcher R TR S S T P roa - s S SRR P R

WATS Switch Center

WATS Inter- WATS
From State { —} : — face [ To State
FAX Equip. { — in —1 Sw. out [ ¢ FAX Equip.
(Dialup) —_— — Equip. +— \ (Dialup)
* Lines Lines

. A pair of interstate inbound and outbound FAX lines (to and from)
the WATS Switching Center will cost approximately $3,400/month for up to 240
hours useage. The requirements from Section 2.0 are easily met. It is mneces-
sary to add about 2 more minutes of tramsmission time per document for handling

Lot -
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at the interface of the WATS Switching Center. Because each document now requires
4 minutes of WATS time and because one can expect some other inefficiencies, we
can expect to handle about 12 documents per hour on each pair of WATS lines. At
least 2 sets of WATS lines would be needed and preferably 3 sets (to reduce the
queueing time for randomly arriving FAX messages). This system may be expanded

to accomodate up to 12 pair of WATS lines. The approximate cost for such a sys-
tem would be as follows:

Purchase Option Lease Option

7 vear Lifetime Purchase Maint/7 yr Lease/7 yr Lease/7 yr Maint./7 vyr
Equipment (same as Method .
4A) $863,200 $302,120 3,003,000
WATS costs: 6 full period ’ ’ 73,003, B 302,020
"lines ' 856,800 856,800
Manual/Automatic Switch- 7836, -89
board 35,000 60,000
$898,200 $302,120 $856,800  $3,919,800 § 302,120

Lease Option

Purchase Option

L c$k,2215020

.. $2,057;120
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' Excludinig other factors such ‘as cost of money,’ operators ahd power, -

.a cost. summary of -the configurations considered for a 7 year -operation.is shown

in Table 1 below:

it b e ey e | oL YE PuTchase o
pRe et e e e T T AN e et 2 Requited | 7 rileadd. &
Method General Description + Maintenance "+ Maintenance
W e Fe OFfaT The " Digital v 12 5700,000 -0 ) 869100007 ¢ e T
2 On-line Digital $2,500,000 85,114,200
B Dt B IndépendentReg_ SUa s e e eee et b s e s RN
. Overlay-Digital - '$1,400;000 - 34,870,000
4 | DDD Network o S
A) Digital Equipment |$2,200,000 $4,050,000
B) Analog Equipment $2,770,000 $3,110,000
5 WATS Switching Center |$2,060,000 $4.,220,000
Other
Graphnet | (Digital FAX Equipment)$3,000,000 $5,140,000
Graphnet (Analog FAX Equipment) {$5,925,000 $6,179,000

Table 1
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Because factors cther than cost enter into network selection, can-
didate networks are rated in Ts#lle 2 using a subjective weighting method. Weight-
ing factors and weights are my cloice and may be challenged. The higher the to~-
tal, the more desireable the method.

Flexibility/ Security &
Method Lowest Cost Simplicity Expansibility Controllability Total
Max. 50 Max. 20 Max., 20 Max. 10 Max. 100

1 30 5 5 : 7 47

2 30 3 5 7 45

3 50 10 5 4 69
4A 35 © 20 20 "5 80
4B | 30 20 20 5 75

5 40 - 18 18 5 81
*Graphnet B ~ -0 | ¢ w15. . Lo 10 -« R I ¢ B “e 25

. yaple é'

Table 2 Characteristics bescribed

. .. - Lowest Cost - This factor considers.purchase and maintenance  costs of equip-

ment and transmission facilities, '

other facilities, 'and educating persomnel how to use thé facsimile equipment.

Flexibility and Expansibility - This factor rates the ease of carrying more
~.t- messages-with any additiemnal..costs.required.to-add.more.equipmenf or trans-
mission facilities.

. Security. and Controllability - ‘This ‘factor considers costs of physical sec-
urity and logical security to ensure proper message delivery. Network con-
trol includes ease of administration and regulation.

6.0 Digital Facsimile Networks

Facsimile communication is experiencing rapid growth in applications and
equipment variety. Consequently digital facsimile networks or digital networks
" that will add digital facsimile capability are in various stages of development.

Four such networks are described below.

Simplicity .- This, factor considers. the ease.of implementing, integrating with ..

e

o me en

. Plementation costs..

6.1 AUTODIN

This is a Department of Defense digital network operating at 2400 bps,

employing computerized message switching store and forward of packetized data.
Character code is ASCII and protocols are similar to those proposed for NALECOM.
Facsimile transmission over AUTODIN is in the test stage at the Army Electronic
Proving Ground in Fort Huachuca, Arizona, and is expected to be implemented in 1
or 2 years. See IOM 3385-74-130 from B. Goldstein.

6.2 Graphnet Systems, Inc.

This is a new communication common carrier authorized to establish
a nationwide packet switched store and forward facsimile and data communications
network. Subscribers will be charged for connect time. They plan to permit any
FAX machine to communicate with any other regardless of type..
which is scheduled to begin in December, will be limited to 4 and 6 minute type
machines. The Graphnet system concept is an alternative means of providing Law
Enforcement agencies with Nationwide Facsimile Capability while overcoming disad-
vantages such as low volume, heterogenous FAX equipment and high FAX network im-~

.. ..+ .. Using Graphnet's tar; i i

JE vl s s ESEN

o
St e gt D e . «w . . . . . . A
T, Dl O " LT B AR A ‘ ST R Ly e e

L On July 12th, Graphnet fiied its
- Tariff with an effcctive date of Sedtember 12,7197+, The . . Ca
Tariff covets those services which Giaphnet will offer’as a .
first step toward the'implementatién of the overall network
which the FCC authorized. It is anticipated that these rates |
will decrease once the network is in fuil operation.

L A

N T S LR T S R - e, o . . ..
TR e e T e ERETE + SURSCHIBEROUTPUT.OEUIVERY DPRIONS /- * " o o et 8 v vt o
INFORMATION IS DELIVERED 0 A STORE %D FORWARD BASIS : I
BY THE GRAPRHET SYSTE® 70 A:

FACSIMILE DEVICE

Tt e e e e tmesam L R L
. 15 b 15 2 4 )
Mins Hes. Ming, Hr.
SEAVICE CLASS A 18 zn
Rt e . Vg o, X BERMINTE, L 357 885 348 3
! T minmium cHaRtE BT IR TXT R T S i R R R PR
SRR T e T B e Purchase » 7 ... Leasg-*,
Equipment {(same as Method 4B) $ 312,000 $§ 556,920
Equipment Maintenance (same as Method 4B) 109,200 109,200
Lease (Graphnet Toll) Transmission Costs 5,503,680 5,503,680
$5,924,880 $6,169,800

1,310,400 documents/? yrs @ avg. 60¢/min x 7 min = $5,503,680

OR

iff béloy, and assumptions, given. for Method 4B,

However the service,

.an‘appfoximate equivalent hbsf'péiﬁg Graphnet?s: systém is' also shownl” " 7= & 7 WL
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Using Method 4A with Graphnet facilities: Purchase Lease
Equipment (same as Method 4A) $ 863,200 $3,Ogg’228
Maintenance (same as Method 4A) 302,120 302,1
Graphent toll transmicsion costs
t 1.40 avg minimum charge) 1,834,560 1,834,560
(1,310,400 documents x $ g o M RE T

6.3 FTS Digital FAX

The Federal Telecommunications System will have a digital facgimile
network in operation by November, 1974, It will interc?nnect their 10 regional
offices by way of dedicated unconditioned voice grade ?1nes. A Dacom 430 systeg
FAX with a 610 FAX controller located in Washington whlcb pglls gnd addresses the
terminals will be used. Terminals are conmected on multipoint lines and op;ratih
at 4800 bps. The FIS dial system will serve as a backup. ?he system also as.lle
capability of broadcasting a document to any number of terminals. Documenti il
primarily be interregional messages in original form that were sent over tele ype.
before. Plans are to operate this -system 19 hours a day. After a 6 month test -

i feriod the system, if successful, might be expanded to include other locations. .

? S

o et 164b 1 IRS Digital Fapgimdler - i e e oSt

Since April, 1974 the Internal Revenue Service hds been testing.a

T TRPPE e T 11 r.Ibéated'ii‘washington;'”Seven'%égionél 135 of~
Dacém 430 FAX with 610 controlle Data ig trans-. -

.fices ‘are 'tied on- a- multipott €2 conditioned. liile providgé-?y.GSA. :
mitted at a 4800 bps rate. There is' no dial backup cagaolllty anq the sygtem is
used during the business day to transmit mainly typew§1t§en form informations. .
Thej had, hoped .to use facsimile to replace TTY transmissions and employ store an

. Etuard fechnifues in thé futufe. - Copy “quality is not as ‘good “hs they would 1ike,

so they are looking at other equipment for possible improvement at the enq of the

.t ot AR R S | R R T et

L o e, e e e ooyt . . .y .
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7;0 Facsimile Trends

The direc~-

the DDD network as the principal transmission medium more efficie?tly by employ-
thereby shortening the transmission time to between

i ssion techniques . .
ing compress aes: Lower cost digital

ds and 2 minutes for low and medium density document§.
iiaizzzgsion facilities will soon be available ?rom AT & T in the form_og
Digital Data Service and Graphnet's computer switched network. These dlglﬁal
facilities will match the digital FAX equipment t¥end. %erox, vho holds a ogt .
60% of this market, will probably introduce spee§1er equipment in 1975. Alt?oug
it will probably be priced somewhat higher, the %ncreased t?ruput and convenience
of faster copy should set the pattern for competitors who will probably make com-

patible equipment available later in the year.

W

ren .. ‘oFacsimile .equipment: is ipm§;$t39$%§%0naligtaﬁeg.éThe;EQSQ.$9P913I.ﬁgpipmﬁnty,1
"'js inexpensive business oriented amalog equipment of tﬁe 4 to 6'm1nute variety
" vwhosé copy quality is adequate for low and.meglum'd§n31?y dgggments. [The d@irec-
* .:-fion which this-equipmént-development‘appears to be: takitigr 18’ te continue using-. "

cnaicpm e
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. tto, carry. short interactive: messages..
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Data compression technology will likely employ digital techniques similar
to those used by Rapifax, Dacom and Electronic Associates, Inc. These machines
were designed, however, for a more specialized facsimile market that could afford
the much higher prices in exchange for speedy transmission of volume traffic.
Those original digital FAX manufacturers will probably direct their efforts to-
ward producing even higher quality copy at 15 seconds to 2 minute speeds capable
of efficiently using private networks or high speed common carrier channels. ZLaw
enforcement agencies, like the business community, will find applications for low,
medium and high quality facsimile. It is unlikely that any single manufacturer's
model of equipment will £ill all requirements, since agency (state and federal)
traffic volumes will range to both extremes. By 1976 one can expect optional
compatibility between business oriented digital equipment and digital specialized
equipment when operated at speeds up to 4800 bps. This will encourage the use of
facsimile over NALECOM digital network.

Other trends are toward more unattended operation, use of ''plain paper"
and ability to use one's facsimile equipment locally as an office copier. This
last mentioned trend would also encourage integration with NALECOM.

8.0 Relationship of Methods Proposed and NALECOM

The NALECOM network is being designed with voice grade leased lines meant
‘ T / , Methods 1 and 2. propose’using NALECOM net-. .
word on a fill-in bagis. As long'as the FAX traffic volume is low, all is well.

“Even 'a small idcrease in FAX“traffie; however, ¢an ‘tax “NALECOM's abilify to trans-

Fddstry'

. higher cost.

mit more FAX messages. This is mainly due to the fact that cach FAX message ra-

.quires at. least an-order of magnitude.more bits than ordinary NALECOM messages..- :

Lay‘enﬁqrcemeny.pseage'of facsimile..could mushroom, much.like :the copy -in-.
introduction of Xerox Copiers caused business and industry copy to mul-
If this should happen, Method 1 and 2 might not be able to handle it,
Methods 3, 4A and 4B would not use NALECOM transmission facilities, but
would be.colocated and require NALECOM persomnel .to .run.them,,.Method. 3 Facsimile ...
‘thruput is highly dependent upon traffic volume and doclment types. Each region
could probably handle up to 500 documents per day before saturation. Expansion |

tiply.

- .by Method 3.wqul@}reguire a large.expenditure with subsequent predictable satura:

tion. Methods 4A and B utilizing the dial network are more attractive in terms
of flexibility since bottlenecks can be releived simply by adding terminals.
Method 5 is almost as flexible, but takes advantage of lower dial network

wi.poStE of WATS: “ It is possible :thatsthe.added .syitching wrequired might degrade: - i r.ils. s

the speed of transmission which in turn would result in less document thruput and
" The Graphnet 'System has mo frack récord.  High' cost and ‘lack of security
appear to rule out use of this commercial network.
Another alternative method should be mentioned: the U. S. Mail.
can be sent via U. S. Postal Air Mail for 13¢.
the cheapest way to send copies anywhere.

A letter
As you can see, this is still

9.0 - Conclusion

Digital facsimile hardware suitable for useage on the NALECOM message switch-
ing network is identified in Table I. At this time there are only a few digital
manufacturers whose equipment appears to meet NALECOM's vague requirements.

NALECOM requirements need expansion to allow a proper selection of FAX equipment,
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. Considerable further study of FAX requirements is needed to define: 1) which
terminals want FAX, 2) what type of documents are transmitted, 3) what degree
of copy quality is required, 4) what number of documents each terminal sends, 5)
what response (copy speed) is required and 6) what degree of operator assistance
is tolerable.
Other alternative networks for facsimile transmission were compared with
FA{ via NALECOM's network for cost and performance. These comparisons indicate
the Ffollowing:

. Implementation of a facsimile network to accomodate 1983 traffic projections
and requirements will cost between 1.5 and 6 million dollars (ignoring infla-
tion, cost of momey and personnel costs) depending on lease or buy.

.- Adding facsimile capability to NALECOM's system would not be cost effective
(compared to other methods) unless FAX traffic increased by at least 5 times
over 1983 projections.

. On balance, for 1 to 3 copies per terminal per day FAX over dial-up facilities
appears best.

,“'5“.-Technoloalcal trends are toward faster coples -2 to 4 times the number of copies
presently madé in 2 given time. Equlpment costs.are hot 1ikély’ to decline for-
medium-and high regolutiocn PAX-equipment.-.This means-that-even in the future, ...
low FAX traffic volumes still will not make FAX over NALECOM's system cost

. -erfeutlve. . Cevn

. v . ‘. <yt K . et FUCIN . .
. B ..l. . ... .0

much larger selection of low priced FAX equipment becomes available. The
combination of lower equipment cost and faster copies, enhance the use of FAX
equipment over both dial.and leased line .facilities. ..But unless law enforce-'
ment TAX traffic increases 51gn1f1cantlv ‘the ‘ease and conveniehce of using
dlal fac111t1es outwelghs the cost beneflts of FAX sharlng NALECOM facilities.

. ‘Last but not least one should compare the convenlence and cost of obtalnlnd
copiles via facs1m11e with the low cost, but longer delivery time system, of
the U. S, Mail., The key word is 'convenience' and only the reader can place
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PR :; Table 3
f 'DIGITAL FACQIMILE HARDWAREf GO T/PERTORMANCE DATA
. Max - . 1'* R Transmit Bed Special
Transmission Line Dop Size'; Resglution¥ - Transmlssion Doc Doc Printer Wt Dimensions S3Purch.,
MFG & Model Rate Kb/s Cond .: W“ x L" % Vert. Horz. - Time; 2)33)  Moves Static Paper Lbs H W D Lease/mo,
" Dacom Lo .ff 6j- 200 1 12" 0’2 miin $13,000
400 Series 4.8/2.4 -~ . 8.1/2 x 14 100 200 - "50 - :60. sec v’ v’ 375 39x%25x33 to
. o '\ 200. 200 35 - 45 sec $15,0001
- ;' ' .o R $475-5501
Model 410 ~ Data scrambler w1th 7 x 109 selectable encryptlon code selections.
Model 412 - Militarizediversion of 410 with-use of extarnally interfailed modem up to 19.2 Kb/s.
Model 430 - ©No eneryption. Has selective address and polling electronics.
Model 450 <~ Controlablerfrom a local computer. Optional keyboard data entry.
Model 441 =~

i

{

Rapifax 100 42x 7% ? $15,0001
oo SRR - A $350 1
EAT e 296 125 "+ 1 1/2 min $9,800
FAX T 9.6/4.8/2.4 C2@9.6, 9%/2 x 14 128 187 30 sec v v 250  43x36x21 to
Series : N G192 249 ° . 15 sec $11,3001
S S ; T $300 1
Model 60 modem req.”is 2.4 Kb ‘Only 2 fésolution choices per model available and one must be the
Model 30 modem req..is 4.8 " lowest indicated. Also transmission time for Model 60 ranges from
Model 15 modem regq. is 9. 6 ¢ condltlohed) 1 minute to 7 minutes and for Model 30 from 30 seconds to 3 1/2
e s . v mlnutes‘ )
Litton o ;
Datalog o i ¢ T R
Model 9.6 8 I/2 x 11" 96. 7 "3 1/2 min ? ? ? ?
DIGIFAX 2 ’ e : .

“af

o
Y .
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Transmission

MFG & Model Rate Kb/s

D

¢
"

Line . Doc, Size

'™

»

> . N
“Vert.Horz. .

LiResoLﬁtioﬁl)‘ Tfansmiséion Doc .Doc

© DIGITAIL, FACSIMILE HARDWARE* COST/T ..‘ORMANCE DATA cont.

Transmit Bed  Special
Printer

Wt
ILbs

Dimensions
H W D

$Purch./
Lease/mo.

Alden
11" Digital 4.8

Cond. W' x L"

y

LN

li 11 %‘cont.g'

‘o,

e,

. :“

- Pime D 2Q Moves Static Paper

9% : - T to 1'1/2/min v —

e
P

300

50x30x21

$600 L

Dest Data
Model OCR/FAX 2.4 - 9.6

18 1/2 x 1177 1207

o,

™7

.

-

120

15

éec; v v’

270

27x36x35Trans $32,700C:

. ~ . . 90 15x17x27Rec $ 9,000
. % z 8 A
_;’ Y : : 1
K A ! : N
* Standard page and voice grade chamnel o b B
D Average density text on an 8 1/2 x 1l page .+ ¢ y
2y Also average depending on compression’algorithm 7| '
3) Assuming highest transmission rate Y J\ N
B -’ o
H 'l",. H .:".
) - ' R
K .:: ’:v' 1,' -
] .E.: Te ,.’ : .'....A
. { N Lo
L}
.2' ). B ‘: . "/.
. e - . Fi :
R Ty . . h
;.. -4‘:' . ::." ) .
- N, R Y X -
B i(' ‘e . T
a, i " oy 5
- ) R N 87
A :' :l’ ._‘{.
N :' ',:,. ‘-'. :.: ..:
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%, ANALOG-FACSTMILE HARDWARE® S0ST/PERFORMANCE DATA

* b
DI

Fastest . I Resolutiom ™ Qémpat¢'3 o Copy

Make & Transmission Other f (lines/in) | with Xerox® , .- Paper Cost Wt Purchase Price/
. Model Speed Speeds ‘4 Vert, Horz.' Telecopiers ™ (cents per sheet) Ibs Size Tease/mo
RE ';;_‘- ‘.\'! . R . . B

Litton 0w

Datalog . ;i . o oo v

Policefax 4 - 5 min T S-S 1 25 R 6x21x17 $ ,000P
MR Series 4 - 5 min L PRt L 25 R 6x21x17 $4,000/pair
MKT CE 9L - - o 35 T 6x21x17 R$  65L

e

Policefax Cd U ' - R TS  65L
DM 9% 9 min == . ¥ 2007 200 DV 35 35x30x20 $1,495P/
§ 2251
Graphic ; %' ;;.'. g

Sciences e N i s 5 [
Dex 520 2 min by v 62x 967 R EE 5 47 5x15x%22 $4,600P/
A o . o v $ 95L

>0 3 min 6 sw 96 -l T 5 47 5%15%22 $4,600P/
| 6. = & . 9%x 96 VT $  95L

585 6 min T 176% 9%, Cime 1 5 47 S5xl15x22 $4.,6001/

270 4min -2 . 1247x 96" I 5 47 5x15x22 $4,7002/

.'}. . . $ 100L
4100 6 min - T 176.% 967 SR 5 | 75 34x12x17 - P/

3# © 88/96x 96- R $ 153L
Z - s 62/64x 96" v o

3MVRC II 4 min ~ % Ghx 96 v 6 59 12x24x17 $3,195P/
TR S § o

' . L S - .{

VRC 603 3 min -0 64 x 64 N7 6 18 5x14%18 $1,645P/
4": -'{: 64 x 96 r"‘ ; ¥ 6 $ 581,
6,7 % 64hx 64 Ly 6
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Fastest o i Resolﬁtionﬁ' Compat. % .g ' Copy
Make & Transmission Other © .- (lines/in) with Xerox~™ - Paper Cost Wt Purchase Price/
Model Speed Speeds . Vert..Horz.’ Telecopiers . ‘(cents per sheet) Lbs Size " Lease/mo

PRI
e g

TAXON 811 1/2 min ‘3 f ii 100?? 1704100 Optipnalf' 'L . 1 200 36x40x21 Est. competitiv
" i % L ‘ o with Xerox 410

R
Ly o tee

Telautograph 3 min S 83,3 et SRS 3 71 T15x16x19 $3,000P/
300 L P . S 65 R15x16x14 $ 105L

Victor . : o p

Graphic 3 min =+ . 7 100'x 100°% cem o E 3 ' 63 T13x16x18 $5,500P/

Systems 3618 6 ° - 100.x 100 S A 60  R14x16x19 $ 195L

: B -:‘ '-,. .‘( v .‘ . ; s .

6030 1.8 min : ~= ' <. 100‘x 100° R Do 3 63  T13x16x18 $5,700P/
3.6 -1 100;x 100, o ot $ 210L

Stewart
Warner
Datafax 360
180
150

-

min £ 7 90 x 1007 TR 4 45  12x15x21 $4,895P/%125
min Sy 96 96 L 4 45  12x15x21 $4,295P/4115
min W f 115.x 138" R T 4 45 12x15x21 $4,895P/$12¢,

. o0 . - : - . |

' i ‘.

O o

Xerox . . . ; g A
Telecopier410 4 min - A 96 x 64" L S 5 65 9x23x30 - 84,5809/
. 6 . 9%6.x 964 ., L $ 100L

400 4 min -y 96 “x 64i: ;Z'v F ' 5 18 5x19x14 $1,540P/
6" " 96.x 96} . $ 60L

ke

*Page size handled - nominal 8 1/2" xﬁll”, except for Litton ?oliqéfa% 8 x 8 fingerprint cards. Works with voice grade trauns-
mission channels. ’ ol A -
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Lt 2’1700 :Walt Whitman Rd.-.

'Englewood New Jersey 07631 S

;Etcommerce Park .
Danbury, ‘Cont. 06810

's":

Names and Addresses of
Organizations Mentioned in This Study

Alden Electronic and Impulse
Recording Equipment Co. Inc.

Alden Research Center

Westboro, Mass. 01581

Dacom Inc.
1060 Morse Ave.,
Summyvale, Calif. 94086

Dest DatavCorporation
1285 Forgewood Ave.
Sunnyvale, Calif. 94086

Electronic Associates, Inc. (EAI)
West Long Branch ’
New Jersev 07764

FAXON Communication Corporation
34 Squth Broadway :

;. WRTES: Plalna, Nevw’ York 10601

' .w__ - . * PRI
. v-,~...‘.

'Graphnet Systems "Inc.

99 W, Sheffield Ave.

Graphic Sc1ences Inc.
Corporate Drive

3M Company

"f3Dup11cat1ng Pridicts D1v1sion

3M Center

St. Paul Minn. 55101

".— S '. 'v & ':z'.'“:".o'. -
thton Industrles Inc.
Datalog Division"

ol

Melville, New York 11746

Rapifax Corporation
Columbus Ave.
Valhalla, New York 10595

Stewart-Warner Datafax Corporation
1300 North Kostner Ave.
Chicago, I1l. 60651

3o D
Dept. of Treasury '

Telautograph Corporation.
8700 Bellanca Ave.
Los Angeles, Calif. 90045

Victor Graphic Systems Inc.
3900 North Rockwell
Chicago, Il1l. 60618

Xerox
Xerox Square
Rochester, New York 14644

e teal tletil e Tt e

.. "--.4.

Federal Telecomnun1Cat10ns SysLem

Office of Telecommunlcatloﬂs Operatlons

1121 Vermont Ave.,NW

".. Washington, Di C..20405.-.

Headquarters

U.S. Army .Electronic Proving Groundsv L

I Pért Huachuca Arlzona 85613 -

i American Telephone & Telegraph Co. : o
7 195" Broadway. LT

New York, New York 10007
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