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SELECTION OF DATA ENTRY EQUIPMENT

Steve A, Recicer

ABSTRACT

This publication provides information to be used by Federal
orcanizetions in the selection of data entry eauipment, The
oblective {8 to make available information that could lead
to the selection of more offieiont and ecomomica) data entry
systems, This report provides information about economic
and genera) operationa1 eontidorotionu. steps to be followed
in acauisition and training, and other factors pertiment to
data entry eauipment selection, Eauipment prof{les for the
different deta entry methods are also provided.

Key wordst Applicetion} charecter  set} computer
interface) cost) deta entry} edit) opergtor speed)
record sfze) transaction velume) transfer speed)

validate) verify,

Recggoniticn., An Operstions Report entitled "Dats Entry
Guide" was published about 1975 by the Operations Research
Division, Reseerch Design Center, at Gunter Afr Force
Station, Alabama, with Captain Donn Kearns as project
officer. That report provided the basis for meny of the
equipment profiles in this report,
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SELECTION OF DATA ENTRY EQUIPMENT
Steve A, Recicar

Inteagductian

Purgose af this Repgrt

The purpose of this report {s to provide Federal ADP
managers an aid for selecting deta entry eauipment, The
cost of deta entry represents from 30 to 40 percent of the
tota)l EDP budget {n typica) installations, Since dats entry
is more 1.bor-1ntontiv. than most EDP operationms, proper
equipment selection cam produce substantial savings in
operator costse, The process of date acauisition,
transcription and entpy {s continually evolving, Keeping
treck of this market becomes more challenging every vear,
The types of products being merketed are extremely varied,
The number of vendors who are bart1cipot1ng in this market
is auite large, as {8 the size of the market {tself, It is
estimeted that by the end of 1978 there were over 2,000,000
deta entry devices installed {n the United States. It is
alsc estimated that the overall {nstalled bese will grow at
{7 percent per year over the mext five vears,

Because of this enormous growth rate, {n numbers and
technology, new opportunities afe continuously being
presented for uUse of more efficient and economicel advanced
date entry systems {m many Federal agencies, It is expected
thet this report will maeke it easier for the Federal ADP
manager to take better agvantage of these opportunities,

Qeganization of thia Bagast )

This report is divided into three chapters=-Basic Kevyboard
Input Devices, Reader Tvpe Devices, end Special Input
Devices, These three chacters provide eaquipment profiles
for the different dets entry methods, Each chapter is
subdivided into equipment categories (such as
keyboard=to=d{sk, optical  character readers, voice
recognition systems, etc,), Within the equipment profiles,
the following information is provideds

o« A ogeneral description of the eauipment category
imeluding fts definition, characteristics, and options
normally available,

. Operator requirements normally associated with the
equipment,

« A cost ramge for the eauipment,

. Typica) appl{cations of the eauipment,



. Advantages and disedventages of the eauipment.

(Most equipment referred to in this guideline operates from
60 Hz, 115 volt power sources and reauires less than 2
kilowatts,)

The basic {nformatiom needed by an ADP manager to select
eauipment categories meeting the reaquirements of a date
entry application {3 presented, It should be stressed that
this report {8 not intended to provide comprehensive
specifications for every data entry device (or system), but
rather to {ntroduce the types of data entry equipment that
ere availeble., There are several other reference sources
(such as Auerbach, Datepre, end Data Entry Today) whieh
cover specific dets entry devices {n greater detail. Some
other sources of information about deta entry arel

' o Studies such as those done by "Computerwor)d" and
others,

o« Manufacturers’ brochures and presentations,

. Courses by organizations such as the Data Processing
Management Association and the Ameri{can Management
Association,

+ Meetings with others interested {n the advancement of
data entry, s8such as DEMA (the Data Enmtry Marmagement
Association), .

o GSA’s National Archives and Records Services’ program
of pepeprwork modeprnization, including the use of source data
sutomation techniques,

« The organizations’® own date entry, data pProcessing,
Or Uler personnel,

Once an equipment category hes been selected, these
reference sources should be used to research individual
devices or systems {n order to determine which are best
suited for the apPplication,

Eactors in DRata Entey Eguioment Sslsetian

The selectiemn Process {8 complex, especially in large
agencies with many departments originmating transactions in
multiple locations, Three levels of selection factors can
be 1dentifiod ] nrimorv. secondary, and tertiary factors
according to their relat{ive importance,

The three proimasy factors in the selection of data entry
equipment aret

» Trensaction volume
« Point of data origin
« Tramnsaction class

Transaction volume {8 probably the single most significant
factor in pporeply gelecting dats entry equipment; however,
transaction volume and point of data origin should be



cons{dered together becsuse {individual remote Ilocations
within an agency may generaste sufficiently large transaction
volumes to Justify specialized eauipment or even the
installation of multiple data entry systems at a single
remote locetion, Volume analysis can help determine whether
or not an optical cheracter reader or distributed Processing
system can be Justified, For examplie, the data entry volume
that originetes from remote Ilocations can help determine
whether data entry can be esconomically decentralized, or
whether date collection equipment {s a viable alternative to
centralized keyimg, For large agencies, the volume st each
decentralized data entry location wil] govern whigh
equipment type should be selected for esch remote location,

There are three basic classes of data entry transactionss

1. Bagorzd Gcaatignt File additions that  {mvolve
creating a file or adding complete records to an
existing file., Examples are new customer accounts,
new emplovees, new part numbers, new suppliers,
etc, where the 1{nmput transaction consists of
edding a record or account not already containmed (n
the file, . . ‘

2. Regcold Madification: Record changes that {nvolve
medifying or correcting complete records {nm an
existing file. Examples of record changes are
chamges of marftal status, bemeficiary, address,
gross pay, deductions, etc,

3, DRata Updatings Data field activities that {nvolve
only changing or updating certain data fields
within the records of a file. These comsist of the
day=to=day transactions for established files,
These include any other activity on an established
f{le except for {tems 1| and 2 above,

The significence of classi{fying data entry transgctions into
these classes {s that diffepent categories of eauipment are
better suited for handling different types of transactions,
As s ogeneral rule, transaction clesses 1| and 2 must be
entered usimyg genmeral purpole alphanumeriec data entry
equipment, Class 3 transactions cen be keyed on the same
devices as classes | and 2, However, cless 3 transactions
usually are much simpler {n nature, the data frequently
consi{sts of numerics only, and reletively few characters are
recuired to accomplish each transaction, Consequently,
other less costly, and {n some cases, highly specialized
devices have evolved for class 3 transactions, to enable
fast and accurate operstions by relatively unskilled
operators,

The agcondaty factors im equipment selection ere accuracy
contrels and administrative controls for ensuring proper
administratien, Accurscy controls gare eauipment features
that may be designed {nto the eauipment to emhance the
accuracy of data entry, For example, field controls on



keypunch eauiement can prevent alphabetic characters from
being entered in numeric fields or vice versas,
Administrative comtrols include such {tems as accounting
functions, data security provisions, and various features
that may be provided te 1im{t or restrict data entry
operations from improrer employee actions,

Iartiary factors {n data entry eaquipment selection {nclude
med{a compatibility and communications consi{derations, For
example, if a data tramsmission Yimk {8 to bhe used between
the date entry stations and the processing center, there are
communie.t1on factors that must be considered to ensure
compatibility between the remote and central sites,
Alternatively, locally=prepared magnetic medis such a8
diskettes, cassettes, or cartridges may be reauired for
accounting purposes to ensure the 1ntegr1tv of each remote
date entry station, providing s basis for auditing as well
as for archival storage,

Genarcal Conaideratigna
Whemn considering eauipment for data entry applications, the
jollowing auestions should be -asked,

Performance

o+ I8 the equipment sufficiently reliable for the
spplication? .

v Are keys arranged on the keyboard for most efficient
operation? . ;

o I8 the effective speed and accuracy of the data entry
equipment adequate to  meet aPplication throughput
reauirements?

o W{11 paralle! operation of mulitiple units Dbe
reauired?

Physical Specifications

. « Is the currently availeble source of power adeauate
for the device? ,

» Are there any special, hard=to=satisfy environmental
reauirements?

s Will the necessary number of data entry stations and
related equipment fi{t the aveilable space?

« I8 portable eauipment reauired for the {ntended
application?

Imput

o Is the type of {nput medium asppropriste for the
{ntended application?

« Are special forms required?

« Must special fonts be used to prepare deta for input?

« 18 the method of the input mode (real=time or batch)
appropriate for the intended application?



« Does the device support an adequate character set for
the application? '

o Is the character set compatible with that of the
installetion’s computer or will certain special conventions
be required, such as keying a "X" to represent & "("?7

. Are provisions included for enterimg charscters that
are not comtained in a stamdard character set?

Output

. Are the format contro) facilities adequate to meet
the reauirements? o ,

s Are the output facilities suitable with respect to
type and s8ize of medium, code, character set, and record
length?

Error Checks and Safeguards

» How convenient are the error correcting procedures
for the operator? , ,

"« Does the verification process require a Separate
machine?

, Do the error detectionm facilities meet the accuracy
reauirements of the application?

Training and Maintenance

« 18 adeauate customer training ava{lable for new
operators?

» I8 maintenance available where the equipment will be
located end With the responsiveness required by the
spplication?

Future Growth Potential

o Can the system be upgraded? ,

"« Does the manufacturer of this equipment make more
sophisticated equipment? Does {ts product line include
current "state=ofetheeart" systems?

o How expensive is upgrading the system?
« How much retraining or program and format changing
will {t {nveoive?

Table | is a summary of the more significant characteristics
of the principal categories of cdata entry eauipment, The
1nfcrmat(on in the table was obtained pr1mar11y from the
following Chapters i, 2, and 3 and i8s pProvided so that the
reader may more easily compare the various systems,

Ecanomic Conaldaratiocns

Economiec Justification of a deta entry system should be
based upon a cost/performance comparison between the
proposed systems amd the currently=installed system or among



eand1dato systems {f none {s presently installed, A valid
economic amalysis reauires that the total life cvcle coat of
a data entry system be determimed and evaluated, This
includes the inftial procurement, operating and maintenance
costs, aesccounting for potentielly increasing dates entry
velumes, the need for system augmentation and the effects of
annual {nflation, Accurate cost and performence estimates
should be based on detaliled knowledge gained from the
analysis of the wuser’s data entry applicetions and from a
study of available deta entry eauipment or techmiques,

Data entry system cost/peformance comparisons are normally
spec{fied in terms of cost per character of imput, In order
to celculate accurately the cost per Character of inout, the
volume of data and the tota) cost of enmtering this deta must
be kmownm,

The following ceneralized formula can be uUsed to compute the
cost per character of {nput,

Cost per Characgter of Input ® (Equipment Costs + Pgrsonnel
Costs ¢+ Cost of Suprplies ¢+ Facilities Costs ¢+ Erpror Handling
Costs)/Data Entpy Throughput

Equiement costs generally includes

, Rental or purchase cost of the data entry equipment
« Maintenance costs
. Communications cost ({f on line)

Personnel costs gererelly includet

o Operetor salaries
« Personnel overhead (supervision, leave benefits,
vacation, etc,)

Cost of supplies generally include the cost oft

« The recording media (pumeh cards, ©caper tape,
magnetic tape, magnetic disk, ete,)
« The storage and handling of each item

Facilities costs generally include the costs of

o Floor space
. Environmental controls (air conditioning, heating,
etec,)
) s Electrical power

Error hamdling costs germerally {mcludes
. Personne) costs for the time {t takes to track down

and correct an erpor
s System throughput reduction caused by the error



Operator Speed

Approximate Area

Edit/Validate

Transfer Speed Volume Per Unit Time Possible Environment Required Record Sizes Character Sets Available Capabilities Operator Requirements
Keypunch 18-65 characters per 125 eighty 10,000 keystrokes normal office f h re BCD, Hollerith s . .
socond character cards per hour | per hour 20 sq. ft. 80 or 96 characte ST erith, EBCDIC, or limited igl1l;p?;g:er than those
Keyboard-to-Tape usually not greater than | 20% increase over keypunch l0,030-18,000 h normal office 20-25 sq. ft. less than 200 characters BCD, Hollerith, EBCDIC, moderate to extensive |somewhat more skill/training
2400 bps eystrokes per hour ASCII, or vendor unique sets than for keypunch
Keyboard-to-Disk up to 2400 bps 25-50% increase over 12’000'50’000 h normal office 20-25 sq. ft. generally up to 128 characters | BCD, Hollerith, EBCDIC, moderate to extensive [somewhat more skill/training
keypunch eystrokes per hour ASCII, or vendor unique sets than for keypunch
Alphanumeric Displays depends on quality & type | limited by speed of 8,000 keystrokes | normal office 5 sq. ft. 80-1920 characters ASCII, BCD, or EBCDIC extensive limited skills may be

Teleprinters

of line or cable - up to
1,000,000 characters per
second

up to 9600 bps

operator

limited by speed of

per hour

less than other

normal office

slightly more than

depends on computer software

AsCII, BCD, EBCDIC, or

limited to moderate

(buffered devices only)

adequate - depends on the
application

limited skills may be adequate
depends on the application

operator keyboard devices typewriter APT
Optical Character Readers depends on the up to 3600 characters N/A ]arg?r “"Zt? requirel 4q gq, ft, up to 7000 characters OCR-A, OCR-B, Farrington 7B, |moderate to extensive [limited skills may be adequate
gap§b1]1t;eshof.the . per second 23251§Tg:iﬁ air and IBM 1428 depends on the device and the
evice and the interface g application
Optical Mark Readers ggg:gg?ig?e:hgf the 80-1500 forms per minute |N/A normal office 10-15 sq. ft. typically, up to 1,000 marks N/A most are limited limited skills are adequate
device & communication per side per page
line
Cptical Bar Coce Readers depgpds on tze device 3-480 forms per minute N/A ?ormalhoffzge up to 15 sq. ft. usually 12 numeric characters UPC, CODABAR, Distribution  |limited limited skills are adequate
reading spee some hars Symbol, Telexon codes % cthers
Magnetic Ink Character Recognition uzrtgelggg characters gp to 1600 six-inch N/A ggg;1‘¥ computer 25 sq. ft. up to 60 characters numerics 0 thru 9 plus 4 or |moderate limited skills are adequate
p ocuments per minute 5 control characters
Pushbutton Telephone up to 2400 bps ;i21§§grto speed of 322U: lésdcharacters al??ign;"%t less than 1 sq. ft. depends on the number of alpha and numeric characters |[limited 1imited skills are adequate
p per secon € e characters grouped together may be generated
Voice Recognition up to 19,200 bps Timited to the speed that |about 2 words per |almost any at the computer
an operator an clearly second environment less than 1 sq. ft. | N/A usually a vocabulary of moderate to extensive [limited skills are adequate
pronounce words alphanumeric and command
Digitizing Tablets up to 4,480 bps limited to the speed of up to 6600 normal office words
operator coordinate points 5 sq. ft, N/A N/A None drafting skills preferable only
per secon in inputting mechanical or
Point-of-Sale up to 9600 bps depends on configuration |500-3500 keystrokes |retail store graphic drawings
per hour environment depends on Typically, 18-26 characters numeric and control limited to moderate  |cash register experience is
configuration characters helpful

TABLE 1.

GENERAL SUMMARY OF CHARACTERISTICS







Data entry throughput {s defined as the average number of
correct charscters entered during a specified perfod of
time, This period of time must be the same as that used for
the costs (e,0., monthly),

Total Justification for a dats entry system {ncludes not
only cost/perfopmance consi{derations, but also system
flexibility, user eacceptance, and the feesi{bjlity of
possible future enhancements to the 1{nstallation’s data
entry operation,

It is appropriate at this point to discuss error handling
costs, because they can be 8 significant percentage of the
total cost of a data entry system, Furthermore, the cost of
error detection and correction can be quite sensitive to the
time and place of discovery, For example, 1{t has been
estimated that errors deteCted and corrected at the time of
data entry are reletively {nexpensive==agbout 10 cents per
character {n error, but those that go undetected until they
reach the destination f{le media or the processing
environment are muech more expensive==$2 or more per
character depending on the i{nstallation, Error handling
costs can exceed 30 percent of the total cost of a date
entry system, This fact provides consi{derable motivation to
{ncorporate one or more data validation checks as early as
feasible {n the sequence of the data scauisition,
transcription, and entry processes,

The besic fumnction of a1} data entry eauipment is to prepare
information for entry 1nto a computer, Seme computer
applications canm tolerate imaccurate data more than others,
In gemeraly the recorded data must constitute an accurate
representation of the source data, withim the accuracy
1im{ts dicteated by the application reauirements and the
neceasary economic tradeoffs, Prospective users should
realisticelly evaluate the overall cost of undetected errors
(imeluding the {ntangible factors such a8 eustomer
{rritation), and weigh it against the cost of more powerful
error=control facilities to decide just how much protection
against errors {8 really necessary,

Steos £g be followed in Salectinc Data Entry Esuipment _
The following basic steps sheuld be taken in the process of
selecting dats entry eauipment, Some applications or
circumstances mey dictate om{tting some steps, taking the
steps {m a sequence different than the order in which they
are li{sted, or takimg edditional steps, Also, {n most
ceses, severa) steps In the selection procedure will be
conducted concurrently,

1. State=of=the=Art Fami{liar{zation
+ Review available alternatives
o Talk to others having similar applications
o« Talk to others wusing the vapious types of



equipment beina consi{dered
o Select equipment cateqory
. Research {ndividual devices

2. Requirements Analysis ,
« Perform workload anslysis
+ Conduct technical feasibility study
» Conduct cost/benefit analvsis

3. Specification Development
« Prepare procurement justification documents
« Prepare technical specifications, statements,
ete, for imclusion in RFP

4, Solicitation
+« Request for proposal

S, Eveluation
+ Review vendors’ proposals
. Arrange demonstrations by vendors
« Run benchmarks
. Perform forma) evaluation

6, Contract Award
o« INnstall system

7. Acceptance
« Run acceptance tests

8, Operation
o Initiate parallel operation and cutover

. Conduct post=installation evaluatien (comtinmuing
basis)

Considering the magnitude of the costs anmd the potential
benefits {nvolved, cereful study end sound selection
procedures are easential,

With the passage of time, some of the equipment profiles {n
this report will become out of date due to advances in
techrology., Also, as a result of competition and advances
in technology, the prices {n this report will become
increasingly insccurate, They are entered here merely for
compari{son purposes, Accordingly, the user of this recort
should take these factors into account,



Chapter |
BASIC KEYBOARD INPUT DEVICES

Several factors influence the pProspective performance of any
keyboard encoder and can have a signi{ificant effect on
throughput, These factors imcludet

«The operator’s keying speed,

.The time required to feed, duplicate, skip, backsoace,
check, pumeh, or record,
i «The time required to correct errors and machine
faults,

Physica)l l1imitations of the human operator of keyboard {nmput
data entry equipment permit steady keyimng speeds on the
order of 3 to 4 keystrokes per second, This would
correspond to a sustaimed keying speed of about i1i, 000 to
15,000 keystrokes per hour, Machine speeds are much faster
than those of evemn highly skilled operators, Machine
function time, in most cases, i3 negligible {n comparison to
the time reauired to key data or to correct errors, Some
types of equipment can aeutomatically duplicate repetitive
portions of the data and this, of course, {ncreases the
operator’s effective speed,

1,1 Eauipmant CLatagapy! Keypunch = A keypumch i{s an
electromechanical device which converts operator keystrokes
into machime=readeble holes on cerds, Typicel components of
the device i{include an {nmput card hooper, a card punmch
mechanism, a8 print mechanism, a card interpret mechanmism, o
cerd stacker, a keyboard, and control electronics,

1.1,1 Egulpozent Charagctaristica
1.1.1.1 Data Capacity/Speed

1,141.1,1 Icanaiar Sgasgd -~ For most commerically available
keypunch eauipment, the hardware ceapabilities generally
provide for a transfer rate from kevyboard to a single card
renging from 18 to &5 characters per second (this speed does
not reflect delay caused by mechanical feeding of cards),

1elelele? Volums Bap Unlt of Iine - Based on an average 7500
keystrokes per hour and an average of 60 characters punched
per card, a8 keypunech has o data entry velume of
epproximately 125 cards per hour (this speed is limjted by
twe factorss mechanical feeding of cards and the 8speed of
keypunch operators),

1,1.1.,1.,3 Opgerator Secesd = Operator speed ranges from 8000
to 15,000 keystrokes per hour which is equivalent to 100 to
*3peads {nclude both buffered and unbuffered keypunches, 1In
most {mstamces the lower speeds are for unbuffered unmi{ts and
the higher speeds are for the buffered units, The speed
edvantage of the buffeped units is due to theip ability to
everlap the keyi{nmng and mechamical punching operations,
9



200 eighty=character cards per hour, Most sources rate the
average Lkeypunch operator at 10,000 keystrokes per hour (or
slightly less than 3 characters per second) on unbuffered
devices and slightly higher on buffered devices, However,
this speed does not take into consideration factors such as
card and document handling, coffee breaks, error correction
time, etc, These factors restrict the average sustained
speed {n a typical commercial application to approximately
7500 key strokes per hour,

1.1,1.2 Qperatignal and Envirgomental Reguirementa

l1.1.1.2,1 Jomgerature/Hunidity Reguirgmanis =~ Keypunches can
be operated {mn an office environmment, Punched cards,
however, generally require o controlled environment,
particularly when stored for long periods) otherwise the
dimensions of the cards w{ll change with changes {n humidity
and result {n equipment malfunctions, Cards must also be
kept free of contamimants such as dirt and oil,

1.1.1.2.2 A2ealBhysical Location = Eauipment {s desk s{zed
self=containad units requiring approximately 20 sauare feet
per unit,

1.1.1.2,3 Conpuiar Intartace = Keypunches create B80 or 96
column EDP cerds, Some units offer online capesbilities but
are generally limited to slow speed card reasdinmng and
pumehing,

1.1.1.3 Loout Chazactsriatica

1.1.1.,3.1 Record 81288 = Depending on card type, maximum
record sizes per card are limited to B0 or 96 characters,
Longer records may be accommodated by employing a 8seauence
number field {m each card designatimg the card’s position
within the record,

1.1,1.3,2 Chacacter Seta Availablse = Keypunch and card
tabulating units with up to 64 alphanumeric and special
characters using BCD, Hollerith, EBCDIC, or USASCII code
sets are available,

1e1e1.4 Qutput Capgabilities = Output from keypunches s
recorded as rectangular holes punched {n standard EDP cards
(whose dimensions are defined by ANSI X3,11-1669), Most
keypunches also print the punched data along the top margin
of the card,

1.1,1,5 Edits¥alidate Capabilitiea = Keypunches have a
1imited rerge of capcabilities 1including printing, field
defimition, zero {nsertion, skipping, check=digit
generation, and charecter {nhibition,

1.1.2 Options = Available options include the followings
pumrch/verify capabilities, from | to 31 program levels
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(stored data entry formats), from B0 to 800 character buffer
storage, batch production totasls, end others depending on
manufacturers,

1.1.3 Opacator Reguiramgnis = Kevpunches are operated by one
operator per sstation, Skill levels and salery levels are
veually higher thamn those for typi{sts,

1.1.4 Coat BRanges

Purchase lLease
Unbuffered $1,800 « $10,000 $35 = $200/month
Buffered $4,600 -%11,500 $60 « $5260/month

1.,1,5 Ixnical Rata Entey Acplicationa = Punched cards hed
been the most widely used data entry media, The keypunches
which create these cards are uUSed as {nput dovices for many
data entry aprplications, Almost every type of data entry
application has beemn or {8 st{ll being performed by
keypunches,

1.1.6 Aduantagesa and Strona Bginta

Many deta Processing systems today atfe card-=oriented
and dc not reauire modification when additiomal keypunch
equipment {8 added,

«Keypunches have been uysed many veears and both date
processing personnel and users are familiar with their
operation,

Eauipoment cost {s low,

.Individual card records are easy to manipuylate,
inspect, and chanmge manually,

1,1,7 Disadyantages and Limitations

«Re=transcription of data (1o04) keypunching froem data
sheet to punched cards fel!owed by "reading” the punmched
cards to convert the data to electrical signals) results in
additional cost and time for computer data preparation,

JKeypunching wusually reauires a separate unit for
verification or the use of more expemsive punch/veri{fy
equipment,

Keypunching {s susceptible to und{scovered data errors
because ©f the manual keyvying process end because the
keypunches are generally not mear the source data location,

LPunched cerds are fixed in record er record segment
size and do mot allow for flexible record formats,

+Errors {n cards require that entire nrew cards be
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created,

«The noise generated by keypunches adds to the fatigue
of the operators and recuires that the devices be
acoustically {solated from other offices,

Kevpunches are slow due to the mechanical card
movement, duplicating, and skipping operations,

.Card storage can be expensive,

1,2 Eouipment Lategacyt Keyboard=to=tape, A
keyboard=to=tape unit {8 an electronic data entry device
whiech converts operator keystrokes {nto machime=readable
codes recorded on magnetic tape,

This category includes both the
keyboard=toecomputer=compatible tepex and the
keyboard=to=magnetic certridoge/cassette devices, The

keybeardeto=cgnpuier=conpatible tare type devices are now
considered to be obsolete, These machines perform both
encoding and verifying functions, Output (8 efther used
directly by the computer or may be merged with other tapes
and pooled onto a master tabe at higher recordinmg denmsity
for computer input,

A typical kevyboard=toe=tare data recorder {mcludes a kevboard
conforming to either a kevpumeh or typewriter keyboard, s
tape transport, and conmtrol electronics,

1.2.1 Eguipopent Chasactaciatics

1,2.1,1 Rata CegacityiSgead = Online transmission speeds
(from the keyboard=to=tare unit to the central computer)
rormally do not exceed 2400 bps, The data transfer speed
from the kevyboarld to the tare {8 not the determining factor
when analyzing the speed of this eauipment, Operator speed
and automated entry features, such as automatic field
duplication, determime the throughrut of the device.

1.,2,1,1.2 Yolude Ber Unit of Iipa = Reference scurces have
estimated a 20% increase in throughput for the key=toe=tape
devices over keypunch units (covered im section 1.1), This
incresse {n throughput i{s due to the absence of mechanical
card movement (particulerly with regard to the unbuffered
keypunch) and {mproved entry and validation features for the
key=to=tape equipment.

1.,2.1.1,3 Opecator Spged = Some sources estimate that 10,000
tKeyboardstoscomputer=compatible tape produces an {ndustry
stendard 1/2 {nch wide, 7 or 9=track (556/800 or 800/1600
bpi) magnetic tape (usually om a reel 10,5 {nches in
diameter) which can be resd by computer peripheral magnetic
tape drives,
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to 18,000 keystrokes per hour are Dpossible on
keyboardeto=tape systems, However, in an actual production
environment ft {8 difficult to sustain this speed, One
study found that 7150 keystrokes per hour {8 a more
reslistic average,

1,2.1,2 Qperatignal and Envirgnmental Reguiremsnta

1,2,1,2.! Iapparatura/Hunidity Reguirsments = Normal office
environment {8 accectable,

1.2,1,2,2 ArgalBhyaical Locatian = Size of the units varpry
dependinq on the design of the system, Some are completely
selfecontained units with the keyboard, logic and recording
device {m a desk sized package that occupies 20=25 square
feet per unit,

1,2.1.2.3 Corputer lntartace = Kevyboardetoetape devices are
nriman11v intended to i{nterface to computers via 1/2 {neh
magnetic tape, Tapes from individual units are often pooled
by a tape pooler into a more efficient master tape, Some
keyboard=to=tape Units produce 0,15 inch tape on Phillips
type cassettes or ,25 inch 3M type tape cartridges, These
media are prescribed by FIPS PUB 51 "Magnetic Tape Cassettes
for Information Interchange”" and FIPS PUB 52 "Recorded
Magmetic Tape Cartridge for Information Interchamge,"

Most models offer online operetion in a "storewand=forward"
mode, where a8 batch of dats {8 keyed, recorded on magnetic
tace, and later transmitted to the central computer or to o
pooling device,

1.2,1.3 loout Chacagteriatics

1.2.1.3,1 Racard Sizes - Maximum record sizes are genmerally
less than 200 characters,

1.2.1.3,2 Chazactar Sats Availalle = Keyboard=to-tare wunits
sre available with up to 96 (ucper and Jower case)
alphanumeric and special characters using BCD, Hollerith,
EBDCID, USASCII, and vendor unicue code sets, Except for
the tape control functions, the keyboerd layout cam efther
be a keypunch keyboard style or a typewriter keyboard style,
The latter {8 normally found on many of the text=oriented
cassette recording devices,

1.2.143.3 Sgecial Eocn Reguiremgnts = Tape requirements
range from 10,5 inch computer=compatible tarve reels for 1/2
{neh wide computer magnetic tare to the 8elf=containmed
cassettes or tape cartridges,

1,2,1.4 Qutput Capabilitias = A1l keyboardetoetape devices
imcorporate some means of displaying recorded deta, Some
units produce a Printed copy of the recorded datas other
units, lacking hardcory carability, display only the current
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character, In this category, there are two primecipal types,
One s & binary configuration designating the character,
The other {8 the display of the actual character entered,
However, the use of alphanumeric displays (CRT’s) for
display of the entire format {8 becoming more oDromiment,
Other types of output include punched card, punched paper
tape, and online operation with central computer, or other
keyboard=to=tape units,

1.2.1.5 Egissialidase Capabiiities = The follewing features
are common with the stand=alone kevboard=to=tape systemst

» Check digit verification = A check digit {s appended
to a numeric field as an additionmal character whose value {8
determined by a simple formula., Its value cen be checked at
any later time to enhance confidence in the validity of the
dats field,

. Data verification/formet checks = This guards against
skipping desfgnated fields during keying (mugt=enter
fields), placing alpha characters {n a numeric field or
numerie characters {m alpha fields, and overrunimg records,

« Record search = This allows searching tape for a
record ident{ified by a unfaue key,

In addition to the above, keyboasrde=to=tape systems which
imcorporate a Shared prrocessor have many of the features
described for the keyboard=to=disk (shared processor)
equipment category presented {n section {,3,

1,2,2 Qpticnas = Options aveilable for the keyboard=to=tape
systems imgclude the follewinas

Line printers

Card punches ,

Communication interfaces

Tape pooclers

Data converters .
Unattended coperation mode (data tramsmission)
Search and edit tape fumctions

CRT displays

Paper tape punches

® ®» ® © & B » 9 @

1,2.3 Qpacator Beguiraments = One operator per station,
Keyboard operation {s similar to that of a keypunch (or
typewriter), but tape threading, etc., may require somewhat
more ski{ll/trainimg tham keypumnch opersation, Reference
sources indicate that operator acceptance is mormally higher
for the key=to=tape units than for keyrunch equipment,

1.,2,4 Cgat Bangss = The cost of keyboardeto=tape units {s as
follows?

Purchase = $3,000 « $10,000
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Lease/month = $100 « $250

1,2,5 Break=Eyen=Peint{a) = The monthly lease cost of the
kevboand-to-tane units {9 generally more than twice that of
the widely used IBM 029 kevypunches, Several factors should
be considered when analyzing the cost effectiveness of the
keyboard=to=tape units versus the keypunmch,

First, a replacement ratio of three to five can mormally be
spplied, That 18, three kevboardeto=tape units can replace
a combimation of five keypunch and verification units, This
is due to a thpoushput increase of 20 to 40X and the fact
that the keyboard=to=tape units fumction as both date
transcribers and data veri{fiaers,

Second, magnetic tapes are reusable and punch cards are not,

Third, the cost of storing and handling cards {s normally
much higher than that of magnetic tape since cards occupy
much more space and wsually reauire environmental controls
to ensure that dimensional stabjlity {s maintained.

Fourth, {f a8 Jdata converter (for cessette devices) s
required or 1{f pooling eauipment {8 used, the cost of
reclacing the keypunches will {ncrease, 1¥, however, 10 or
more keyboard=to=tape units share this add{tional eauipment,
the cost per unit would not significantly {nmcrease,

1.2,6 Iynical Rata Entery Aoplicaticna = Key=to=tape units
are normally used for direct keypunch replacement, With
online cepabilities, the keyboard=to=tape units can be used
for remote data entry in a store=and=forward mode, 1In this
mode, data {s batched on tape and transmitted at a Jater
time,

1.2.7 Agduantages and Strong Poiats

o Keystrokes per hour can be from 20=40% higher with
key=to=tape devices than wi{th keypunches, }

., Magretic tape, as an {nput medium, {8 much faster
thanm pumch cards,

. Operators can concentrate on keying data with no
interruptions for card handling, L

. Data search and error correction capabilities are
available,

. The edit/validate features of key=to-tape devices are
more extensive than those of keypunch equipment,

o Key=towtape units can be located at ¢the fumctional
users site and be used as a source deta entry device,

. Koying operation {s quiet and generally acceptable {n
office environments,

1.2.8 Disadyantacss and Limitationa

« Keyboardeto=tape units are from two to three times
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more expensive tham keypunmch units,
« Data conversion or tape pooling is usually necessary
prior to {mput into the computer,

1.3 Eauigmgnt  Lategory!? Keyboard=to=disk - A
keyboard=to=disk {s an electronic data entry device which
converts operator keystrokes into digital codes recorded on

magnetie disk, This category {ncludes both the
shared=procestor keyboardeto=disk and the stand=alone
keyboard=to=di{skette units, A  keyboard=to=di{sk system

typ{cally includes a small processor with 8K or 16K word
memory, 8 magnetic disk drive, a tape drive, a supervisory
station and from 4 to 64 key entry stations, Cate kevyed
simultaneously from any number of stations first goes
through the processor for formatting, verification, and
editing end then {s stored on disk, At selected time
{ntervals, a commend sent from the supervisory station wi{l]
"dump" the 8tored data onto magnetic tape. Some systems
also allow data to be transferred from disk directly to the
host computer.s The disk storage of these systems can also
be used to store up to 1,000 pre=progremmed file, record, or
page formats, ‘

1.3.1 Eguiopent Characteriatics
1.3,1.1 Data Capscity/Saesd

1,3,1,1,1 Irapsfac/lransnisalgn Sgpesd = Some systems offer
online operation with up to 2400 bps transmission speeds,
The data tramsfer speed from the keyboard to the disk {s mot
the determining factop when analyzing the gpeed of the
gauipment, Operator keying speed  and entry
features/software determine the throughput of the device,

1.3.141.2 ¥olume Bar Unit af Iime = It is estimated that o
25=50X {ncrease 1in throughput can be realized for the
key=to=disk devices over keypumch units, This i{s due to the
sbsence of mechanical card movement, to the systems’ abjlity
to insert constants, Justify, skip, duplicate, and to the
many software features which may be {mplemented im the
shered=pprocessor systems,

1.3.1.,1.3 Qparatar Spgagd = Speeds of from 12,000 to 20,000
keystrokes per hour are possible, but an average of
approximately 7150 keystrokes per hour can be expected for o
tyoical! application,

1,3,1.2 Qpagaticnal and Epvirgonental Reauircexenta

1.3,1,2.1 leopecaturs/Hunigdity Reguirementa = A norma)
office environment {3 acceptable,

1.3,1.2,2 Arsa/lBhyaical Lacarion = Space required for each

unit varies depending on the arrangement of the clusterd
units (shsred=processor) but each individual unit requires
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spproximately 20=25 square feet, The self=contaimed units
occupy about the same space,

1.3,1,3 looyt Chacagtariatics

1,3,1,3,1 Begcord 8izes = Keyboard=to=disk systems are
carable of creating records larger than 80 characters,
Meximum record s{zes vary depending on the hardware,
generally up to 128 <characters for date entry and 1024
characters for tepe output operations,

1.3,1.3,2 Lharacter Sata Ayailable <= Kevboardeto=disk
systems are aveilable with up to 96 (upper and lower case)
elphanumeric and special characters using BCD, Hollerith,
EBCDIC, ASCII, and vendor unique code sets, Keyboard lavout
can be either keypunch or typewriter,

1.3.1,3.3 Sgecial Egrms Reauisements = The medium for output
{9 normally computer=compatible 10,5 inch reels or industry
standard flexible diskettes,

1.3,1.4 Quigul n‘am-’-i‘i“

(1) Visual QOutput
e« CRTs
« Typewriter Printers
o« Line Printers
» Character Displays

(2) Computer Media Qutput
« Punched Cards
« Punched Paper Tape
¢« Onl{ne communications with computer
« 172 {nch magnetic tape
o Digkettes

1,3.1.5 Egissialidate Capabiiities = Numeric Checks = Insure
the numeric correctness of Kkeyede=in data, Some of these
areg

; o Check digits A check digit {s asppended to a numerie
field as an additional character whose value {8 determined
by a simple formula, Its value can be checked at any later
time to enhance confidence {n the validity of the data
field,

. Zero Balancing, This provides summation or
subtraction of specific date fields before and after data
entry, The results are then compared,

» Renge values, This checks that the data 1ies withi
orescribed numeric 1imitations, ,

) « Logical checks, This checks that keyed date from one
field 18 {n specific relation to other data fields, esg.:
greater than, less than, etec, ‘

o Format Checks., These checks guard against skipping
spec{fied data fields during keying (musteenter fields),
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plecing elphe characters {n numeric fields or numeric
charscters in alpha fields, and overruning records,

o Toable Lookup, This {s a comparison of keved data
with data stored on disk,

Most edit{ng/validation of dats can be dome "om the fly"
which permits error detection and display during keying,
The system will stop and display the error to permit
{mmediate data correction,

In addition to the listed features, the shared=processor
systems are flexible end perform many usere=defined
edit/validate functions,

1,3.2 Qaticna = Optional equipment aevailable for
keyboard=to=disk systems {mclude the following?

Lime printers

Card punches

Card reasders

Commumnicatiom {nterfaces

Date converters

Paper tape punches

Paper tape readers

OCR, OMR readers ,
Add{tional memory and/or disk capacity

1.3.3 Opacator Beguiremegnta - One ooperator per station,
Operators with keypumch or typewriter ski{ills can be easi{ly
retrained to operate key=to=disk systems,

1.3.,4 Coat Banges -

Lease/mo,./station Purchase/station

Stand=alonre diskette $160=8250 $6,000-%10,000
Shered processor systems
4 gtatiom system $170=up $8,000=up
8 statiom system $150=%275 $6,100~%12,000
16 stetion end up $100=5215 $4,400=88,500

1.3.5 Brgak=gvan=pgints = The keyboard=to=di{sk devices
suffer from the same cost disadventages (when compared to
keypunch) as the keybuard=to=tape devices described {n
Section 1.2, The same factors mentioned in the
keyboard=to=tape Profile should slso be considered for the
keyboarde=to=disk systems, Most of the keyboardeto=disk
systems share a Processor and other common components, This
sharing mgkes the economics=of=scale more aprarent, To be
cost effective, the keyboard=to=disk units will have to be
deployed {n centralized configuration containing 16 or more
units, and [ keypunch/veri{fier to keyYboard=to=di{sk
replacement ratio of either S to 3 or 8 to S5 {8 reauired.

1.3.6 Iypical Data Entey dcglicaticna - Most
keyboard=to=disk systems are I{ntended to replace large
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centralized keypunch operations, Individual kevboards can
be a8 much as 2000 feet from the shared processor (up to
4000 feet with the use of inelinme amplifiers), This tends
to decentralize source data entry to a limited degree, The
stand=alone diskette systems can be located at remote s{tes
and be used a8 source data enmtry devices., The output from
these units must be converted to & computer compatible
format,

1.3.,7 Steong Roints and agdvantagas

« Shared=processor systems possess both a_ price and
speed advantage over most stand=aglone encoders {f a user has
a large oenough {nstallation to reauire a number of
kevyboards, Since multiple kevyboards share a Processor,
{ntermediate storage devices and tspe drives, the cost of
having a tape drive end controller unit for each kevyboard (s
eliminated, The cost of a larger, more versatile processor
and of intermediate storage devices {8 substituted,

» Shared=processor systems with disk storage eliminate
the need for pooling tapes, .

« Verificetion cen be initisted betore record entry {8
complete,

o« Numerous edit/validate programs cam be stored i{n a
program li{brary and called by a single key, o

« Operator can enter data fields in most efficient
sequence and the system can reformat the date for {nput to
the computer,

s Many keyetoedisk systems meke valfdetfon checks
possible ot the date entry level, thus eliminating the high
cost of error correction at the mainframe, .

o In comparison to keypunches, it {s estimated that
operator productivity increasses 25%=50% due to the system’s
ability to {nsert constants and to Justify, skip, and
durlicate fields, o

o The use of key=to=disk systems eliminates the cost of
card hendlino and card storage,

o Key=to=disk oceration {8 ressonably aujet, making {t
suitable for use in an office environment and essentially
eliminating operator noise=fatigue,

1,3,8 Disadyantagea and Limitatiocns

« Fatluyre of a shared compoment in a shered=processor
system wi{)) render the entire system {noperati{ve.

. Most kevboarde=to=disk uni{ts are not easi{ly adapted to
decentralized source data entry because of the Jimited
distance (up to 2000 or 4000 feet) they can be from the
processor, )

. Keyboardwtomdisk units asre more expensive than
keypunches,

1.4 Eguipment Categoryt Fortable Keyed Devices = Portable

data recorders ere small, 1{ghweight, 1ow cost,
manuslly=operated data recording devices. They record data
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on punch cards, paper tape, magnetic tape, or storage media
or they may be desigmed te tranmsmit date directly to a
computer through s communications interface, These devices
are simple to operate since their principal application s
for onwgite date entry, usuvally performed by other than data
processing personnel,

1.4,1 Eguiopent Charactariatica
1,4.1.1 Data Capagity/Spasd

1,4,1,1,1 LrapatersIlranapnission Sessd = The tranmsmission
upeeda of the onlime devices vary from 100 bps to 2400 brs,

1o4s1,1.2 Volune Bar Unit of Iime = The volume of data
transmitted or recorded {8 dependent Upom the speed of the
operator, However, some of the devices producing punched
cards may be limited {n speed by their mechanical oreration,

1,4,1.1.3 Opscator Soged = The speed of the operator is the
14 1t1ng factor for most of the portable recording devices,

1.4,1,2 Operatignal and Epvirongpental Reguizegsots

1.4,1.2,1 Iamanna;unstuumidilx Beguirements - Portable data
recorderl that will be exposed to extreme weather comditions

are designed to withstand these conditions, The devices
which bproduce pPunched cards are not suited for areas with
high humidity. The devices which record on magnetic tape
and the units with communication cacabilities ususlly have a
teamperature range of =18C to SOC and a humidity ramge of 0X%
to 100% (as long as condensation dees nmot cccur),

1.4.1,2,2 Apea/Bhyaical Locatiopn = Some of the units such as
the portable teleprinters, CRT’s, card punches, ete,,
reauire g table top, Others are s8mall hand held devices
which may be carried in the hand or placed on a working
surface for ease of Use,

1,4,1.2.3 Computer Inteptfacs = Some of the devices offer
online operation through standard interfaces such as the EIA
stamdard 232C designed for use with modems or acoustic
couplers used with telephonea, The davices that record on
magnetic cassettes or cartridoes reauire a data converter to
produce computer=compatible magnetic tarce,

1.4,1,3 lopuwt Chapacteriatica

1,4,1.3,1 Recgegd Sizea = The devices producing punched cards
are Jimited to B0 echaracter records, The record s{ze
Iim{tations of ¢the other unmits vary depending on the
equipment,

1.4,1.3,2 LChacacter Saia Ayailable = The larger, less
portable, units (teletypewriters, etc,) are available with
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up to 96 alphenumeric and especis) characters producing
ASCI1, EBCDIC, BCOD, Bauaot, or Hollerith codes, The smal)
hand held units (and some desk top models) typically have
from 12 to 18 keys, imcluding 0=9, a few alpha characters
and several function keys,

1.4,1,3,3 Special Eorm Beguirsmants (cecocding medial = The
following recording media may be reauired depending on the
type of portable recording devices

Thermal paper

Magnetic tape cassettes

Peper tape ‘ )

Paper strip rol) (for strio printer)
Plastic cards (similar to credit cards)
80 column punch cards

1,4,1,4 Qutput Capabilitias = Typical display of {nput data
{s on paper, plasma display, LED (light emittimg diodes)
display, or CRT’s, Some of these portable data entry
devices may al80 be equipped to function ss a computer
output device, In this case, output from a computer (s
1{mited to those devices which have online capabilities,
The output media may {nclude hardcopy, visual (LED or CRT)
display, or voice response,

1.4,1.5 Edirsialidate Capcabilitiss = The edit/validate
features of portable keyed devices are either monegxistent
or were not covered by the sources reviewed,

1.4.2 Ogtians

Herd copy printers
Communication imterfaces
Magnetic tape cassette recorders
Optionma)l character seots

Paper tape punches/readers
Memory size

. ® ®» s o 9

1,4,3 Qgeacator Raguiraments = Most of these devices are
designed to be operated by the user at the site where the
date {8 generated. In many cases;, these devices have
special=purpose  features and keyboard arrangements
specitically designed to the application., Typing or adding
machine skills are usually advantageous,

1.4,4 Coat Rangsa =~

' Type Purchase Price
Teleprinter $1,500-%3,800
CRY Approx, $4,000
Punched card 3 55«%1,500

Hamd held cessette recorders $ 050-%2,500
1.,4,5 Iypical Data Entey Aopiications = These devices are
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well suited for capture of date at its source, The use of
portable keyed devices should be considered for the
follewing appliceations:

e Inventory contro)

« Maintenance reporting

+ Any deta entry task accomplished in
the field or at remote locations,

1.4,6 Advantages and Stzans Bointa

. o The devices can be used for source data entry by the
functional users {n offices, 1{m shops, or wherever data
eriginates,

« Many of the wunits can be used {n extreme
environments, {.,e,, {mn areas nmot normally suited for other
cdata entry eaquipment,

o« The units are simple to operate, ,

+ Many of the smaller units do not reauire an AC power
source since they operste on batteries,

e« The portable keved devices are less expensive than
most other data entry equipment,

1.4,7 Disadyantages and Limitationa

. » The portadble keyed devices lack the edit/vel{date
features available on other types of data entry eauipment,

« The dats recorded on magnetic tape cassettes by some
of the devices require data conversion prior to imput to the
computer,

1,5 Equicment Catagory: Alphenumeric Display Terminals = An
alphanumeric display terminal {8 a compact unit thet
resembles a3 small television set sauipped with a keyboard,
Although there are a variety of screenrs on which
alphgnumeric data may be displayed (including light=emitting
diodes, liayid erysteal, and plasma screens), the most common
type, and the one discussed {m this report, is the cathode
rey tube (CRT) disolay,

CRT display terminals are available {n ome of two basic
terminal configurations, stand=alone or cluster,
Stand=alone units are typically those that contain all
components that support the operation of the termingl,
fneluding the CRT screen, keyboard, communication interface,
buffer memory, and 1in some cases varying deqrees of local
processing or editing cepability provided by smal)
processor with program memory, all in a single cabinet., A
cluster configuration typically {ncludes a terminal contro)
unit and a number of {ndividual, cable=connected
keyboard/display units, The component= sharing technique
used {n cluster systems usually results in a lower cost per
display unit,

Display umits can be connected directly to a computer for
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online operations or to some form of independent storage
unit for off=line operations,

1.5.1 Eguiopent Charsctaristics
1,5.1.1 Rata Cagacity/3gasd

1.5.1.1,1 Icapater/Irananissiogn Sceed =~ Most wunits have
selectable transmission speeds ranging from 110 to 9,600
beps, Their speed {8 1im{ted by the aquality of the
communication 1line, The following sare speeds obtainable
with varfous types of line qualitys

o Voice=grade switched network = up to 4800 bps

o Leased or private 1ines = 9600 bps

o Direct cable connection to a computer = Some vendors
publish rates of up to 1,000,000 characters/second, This
speed may be restricted by the ability of the application
program to accept data OF by the speed of the I/0 channe!
vsed for conmecting the unit, Alse, ceble characteristics
and length affect speed,

1.5.1,1,2 ¥Yolume pet Unit of Iinme = The throughput of the
display unit {s generally higher than for other less
sophisticated data entry devices as a result of various
human=engineered features that may be provided to enhance
operator accuracy and speed, Im any case, the throughput
will be 1i{mited by the sakill of the operator and by the
features actually available on the device, These
humane=engineered features include:

+ Keybosrd design

« Split screen display .

« Operator crompting (f{11=in=the=blank)
s Simple dats editing or error correction

1.5¢1,1.3 Qgscatar Scaad = Because of the higher degree of
equipment and software sophistication oroviding various
automated functions, the oprerator of a display termina)
Probably needs less than average kevbunch or tvyping skills
fn a source data entry application, Features such as
operator prompting and splitescreen display serve to
compensate for lack of ski{ll and may significantly i{ncrease
throughput {n many applications,

1,5.1.2 Qreraticnal and Envirgopental Reguirsments

1.5.1.2,1 Iemgerature/Hupidify Reaguirepents = Most units
reauire a normpl office environment although some unmits can
operate in less controlled environments, such as warehouses
or shors,

1.5.1.2,2 Azea/Bbysigcal Logcation = A typical alphanumeric
display unit requires approximately S square feet and can be
pleaced on a desk or table too, Seme displeys have
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detachable keyboards, providing {ncreased configuration
flexibility and operator convenience,

1.5,1.2,3 CLomeuier Interface - Alphanumeric display
terminals are {nterfaced to a computer bvy:

o Direct comnection to computer vias cable, or
» Communication 1ines (leased or dialed)

1.5.1,3 loput Chacacteriatics

1,5.,1.3,1 Becard Sizes - Record sizes are lim{ted to the
size of the {nternal buffer which {8 at least equal to the
maximum number of character positions which can be displaved
on the screen, Typica)l record siZes may ramge from the
number of characters Iin a 1ine (80) to the number of
characters displayed om a full sereen (1920),

1.5.1.3,2 Chacacter Sata Available - Most units offer 64 to
95 graphic character keyboards, representing ASCII, BCD, or
EBCDIC code sets,

1.5.1,3,3 Special Egry Reguirementa = None,
1.5.1.4 Qutout Cacapilitiea

« Hard copy printers = thermal, ink]jet, or i{mpact

« Photooraphic devices that use polarcid or microfiim
techniaues for permanent record of CRT display

o Visual display on CRT screen, typically frpom 480 to
1920 characters

« Paper tape punches

. Magnetic tapes = computer compatible or cassette

» Card punches

1.5.1.5 Ediss¥alidate Capabilities =~ Alphanumeric display
units are usually considered to be one of the most flexible
source data entry devices currently available, The features
which aid {in the edit end validation of data {nclude the
followings )

) + Protected fields = This festure allows the use of
forms for a "fillein=theeblank" techmnique of data entry,
The transition from a manual method is eased when a fam{liar
form canm be displayed on the screen and the usepr can insept
the required information in the appropriate fields, Al
data entry applications can have the formats of recuired
forms stored for retrieval when needed,

o SP1{t screen = This feature {8 similar to protected
fields, One part of the screen can contain fixed
(protected) data and the other part of the screen (s used
for the variable cdata to be entered by the operator,

« Cursor movement = On most units, the c¢cursor can be
moved up, dowm, right, left, and home, This allows the
operator to easily progress to any field for data entry or
for correction of an error,
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« Error correction = Characters or lines can be
inserted or deleted,

o« Tabulatiom = The cursor can move to a predeterminmed
position, This feature {8 similar to the tab funmctiom on a
typewriter,

« Character or field emphasis = Characters or fields
can be emphgsized by varyinmg their intensity and/or causing
them to blink on the screen,

o Scrolling = This technicaue elimimates the tor (or
bottom) line of displayed data, moves all 1ines of data up
(or down) the screen one line, and inserts & new l1ine at the
bottom (or top), This feature {8 normally used for
reviewimo textual data, ,

« Paging = This feature stores two or more frames or
prages of data and displavys any selected page,

1.5,2 Optiocns ~ Alphamnumeric display devices offer a wide
range of options, including both peripherals and orerating
features, The most common peripherals {nclude: magnetic
tare (computer compatible and cassette), hardecopy Printers
(thermal, inkjet amd impact), remote TV monitors, magnetic
disk, card readers, card punches, paner tape readers, paper
tape punches, photographic recorders, badge readers and
l1ight pens, Optiomal orerating festures include: chofce of
keyboard style (kevyrumch or typewriter), numeric cluster and
special funmction keys, various numbers of characters per
displaved 1ine or 1ines per pager variable tranmsmission
speeds, communficatiom {nterfaces, protective housings, a
choice of character sizes, character sets, and memory si{Zes,
special purpose software and firmware, and bells or buzzers
(for operator attention),

1.5.3 Opgecator Beguirements = Alohanumeric display devices
can be used effectively by the personnel responsible for the
capture of source data, These devices are beimg used in
many applications by orofessional as well as clerical
personnel, Many levels of skill can be accommodated by the
alohanumeric display units because of their flexibility,
Obviously, the more skilled overator cam achieve more
throughput, The operational procedures can he designed so
that the operator can be led through each imput step, not
worrying about which field comes next, or how many leading
Zeros are needed, for example,

1.5.4 Cgat Banges - The cost of alphanumeric display units
has been steadily declinmimg during the past few vears,
primarily a8 a result of decreases 1in the cost of
electronics hardware and logic components, This tremd to
lower prices for the same functional capabilities is
expected to continue as user acceptance (and sales volume)
increases, The Price of a display unit i{s influermced by the
number of characters displayed on the screem, the editinmg
and formatting features offered, and the aquality and
leoibility of the imace. The cost of a display terminal {s
also affected signi{ficantly by whether the terminal operates
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in a complete stand=alone mode or whethepr {t is one terminal
in a multitermimal system {m which much of the storage and
logic reauired for each terminal {s centralized {n a control
unit, The purchase price of units range from Jess than
$1,000 to 815,000 and lease prices from 350 to 3400 per
month,

1.5.5 lypical QRata Entey Aeelicatiops =~  Alphanumeric
displays are considered to be the most flexible data entry
devices available today, Almost any applicatiomn cam be
accommodated with aealphanumeric displays, Professicnal and
clerical personnel find the units easy to use because of the
unit’s ebility to display formats, operastor instructions,
error conditions and other helpful I{Information, Typical
data entry applicatione {melude inventory control,
production conmtrol, accountimg and finance, personnel,
maintenance, t1i{ght scheduling snd online software
development,

1,5.6 Agvantagea and Strcona Bgints

» Speeq = An alphanumeric display 1is an electronic
device that is {nherently faster than {ts electromechanical
competitors, Teleprinters typically operste at 10
characters per second, During inmput, a CRT cam display as
fast as the operator tvypes) during output {t can operate up
to 40,000 characters per second, When memory is used in the
display, dats exchange with the computer can be at the same
speed regardless of the directiom of transmission. However,
speed 1{mitations (typically from 300 to 600 characters oer
second) are usually imposed on display operations when they
are connected by teleaphone 1imnes to the computer,

4 Human Factors = An alphenumeric display {s reasonably
noiseless and therefore rreferred im environments that are
sensitive to disruptive sounds, Operator noise fatigue does
not present the problem that is found in the
electromechanical devices,

« Flexibility and Convenience = A user typically has a
number of wunfaue data {input end output reauirements, An
alphenumeric display can be used to fulfill many of these
specific meeds by combinimg {npuUt and output capabilities
within ome unmit, In additien, unmiaque dats opresentation
features reduce operating complexity and facilitate
cperator/computer {nformation interchange., The ability to
partition display memory, for example, allows the user to
display instructions or special forms to aid the coerator {n
performing his task without having to retype permanent or
semipermanent information, The data formats displayed on
the screen can be quickly changed by the computer or by the
operator, The display, therefore, is uniquely suited for a
variety of data input/output acplications,

e« Error Contro)l = Immediate data display, special
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editing features, and the {nteraction between the computer
end the terminal operator greatly simpljfy and {mprove error
detectiorn and correction, Simce the data is not permanrently
recorded on the CRT screen, i{t can be changed easily,
Tyeical operating experience 1{ndicates that 90 percent of
the keyed errors are sensed by the operator and can be
corrected immediately after they are made, Computer
comntrol, im mamy cases, can detect data input errors as they
sre beimg recorded., Conseauently, the complexity of error
detection and correction 1{s greatly reduced, and the
resulting "correctiom time" is mimnimized.

1,5.,7 Qisadyantages and Lirmitaticps

o Cost = Alphanumeric oisplays themselves are normally
less expensive than the keypunchi but, {n addition to the
cost of the display, communication interface costs and line
costs must be considered, Generally this additional cost
results {n the comparative cost being slightly higher,

o Lack of hard copy capability = A printing device
(sometimes a builtei{n feature) {8 required to Produce a hard
copy of the image displayed on the screen,

1.6 Eguinpent Category: Teleprinters = A teleprinter is an
electromechanical typewriter=1ike keyboard entry device
desigmed to transmit data over communicatiomn lines, It also
provides hardecoPy paper outout capability, The teleprinter
can perform a8 an online remote data entry terminal,
Althouoh data 18 usually not buffered and {s transmitted
asynchronously (charscter by character) as the keyboard (s
actuated, a8 paper or magnretic tape attachment opermits
cft=1ine cdata oreparation and storage for batched continuous
transmi{ssions, Recently, bubble memories, diskettes amnd RAM
memor{es have become {ncreasingly popular as storage devices
for batched continuous transmission {nstead of punched paper
tape equipment,

1,6,1 Eguioment Chacactariatics
l1.6,1,1 Qata Capagity/Speed

1.6,1,1,1 Ircansterilcananingion Sgeed = Older teleprinter
equipment s electromechanical and is gemerally class{fied
as 5 slow data communications device, While some of the
more recently developed electronic units contain
imput/output data buffers and carm operate up toc 9600 bos,
most unmits receive and transmit asynchronously im a range
from 110 to 300 bps, This range eauates to approximately 10
to 30 characters per second,

1e6als1,s2 Yolume Bar Unit of lize = While teleprinters are
generally slow, lowevolume devices, throughput {8 1im{ted by
operator keying speed (most wunits are unbutfered) and
low=speed electromechanical keyboard and printing
mechanisms, These constraints have been overcome {n more
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modern units that have electromic keyboards and ink Jet,
electrostatic or thermal printers,

1.6,1,1,3 Opecator Speeg = As noted above, operator keying
speed {s sometimes a limitimg factor when assessing the
speed of teleprinter devices, The keying speeds schieved on
these devices are generally Jlower tham those of other
keyboard devices that have such human=engirmeered features as
better keyboard design, skipeing, automatic field
Justification and field definition,

1.6.,1.2 Operation and Enxirgnpental Beguizemeants

1.6.1.2,14 Iemperaturestuniaity Reguiremsnis - Most
teleprinters are designed to operate {m the normal office
environmant, Some units are more ruqgoedly designed for uSe
by the military or to operate in a less controlled
environment such a8 a warehouse or shop,

1.6.1,2,2 AreasBhysical Locatign = The typical umit reauires
slightly more Space tham an office typewr{ter, Many units
are available with small table or pedestal fixtures,

1.6,1.2,3 Conputer loterface =~ Most teleprimter units are
designed to {nterface with a computer by cable or by
telephone 1ines through either a modem or ar acoustic
coupler, DOff=linme orperation can be accomplished using paper
tane, magnetic tape cassette, or a diskette,

1.6,1.3 lpout Chacacteristics

1.6,1.,3,1 Bgegld Sizes -~ Qther tham the number of characters
that can be typed per line, the grouping of characters to
form records {8 determined by the computer te which the
teleprinter {8 attacheds thus record sizes are dependent on
the software controlling the teleorinter, I+ the
teleprinter USeS a paper tapre or magnetic tape unit for
cuffering, logica! records could be captured by one of these
med{a,

1.6.1,3,2 CLharacter Ssts Ayxajilable = HNewer teleprinter
models are avalilable with up to {28 (Upper and lower case)
alphanumeric and s8special characters representing ASCII,
EBCDIC, BCD, amd APT character sets,

1.6,1,3,3 Special Eorma Beguicements - Depending upon the
printer mechanism, paper reauirements for teleprinters range
from specially treated ©vaper for thermal printers, to
standard paper used with the impact orinters, Many of the
teleprinters have attachments for handling paper taoe,
magnetic tace or diskettes for performing offeline
batch=oriented dats entry operations,

1,6.1,4 OutgMt Capabilitiess = Teleprinter output
cababilities include orinted hard copy, punched paper tare,
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megnetic tape, diskettes, and onlime communicetions with a
computer,

1,641,5 EditsValidate Capabilitiea = Edit/validate features
of teleorinter devices are available only on those devices
that provide some form of buffering,

1,6.2 0gtions = Teleprinter ootions {ncludet

« Various communfication IJinterfaces and transmission
speeds,

o Intermediate storage devices such as paper tape units
and magnetic tape units,

. A choice of character sets and kevboard layout,

« Several primting techniaues (inkjet, impact, or
thermal) amd printing speeds,

1.6.3 Opacator Baguicaments = In 8 production enviromment,
the operator should possess teleprinter or typewriter
skills, If the device is used in a functional area (source
data automation environment), these skills will prove
beneficial,

1,6,4 Coat Bangea = The purchase prices of teleprinter
devices range from $600 to $12,000, Lease prices range from
$40 to $550 per monmth,

1.6,5 lyxoical QRata Eotoy Agelicatigna <«  Teleprinter
terminals find use in many teleprocessing and datas
communication epolications, with computer time sharing being
perhaps the most significant, Other applications include
file updating, deta retrieval, dats dissemimation and
message interchange, Traditionally, the primary aprlication
of teleprinter terminals has been for low=volume,
timemdependent cemmunications where the data {8 not
temporary in nature and s local hard copy {8 nmeeded.

1.6,6 Advantages and Strong Paints

« Teleprinters are low cost date entry terminals,

« They can be uUsed as a scurce data entry device,

« Many units are designed to be rugged amd portable and
can be used anywhere a telephone {8 located,

o« They produce printed hard corvy,

Their operation {8 no more complicated tham an

o1ectric typewr{ter,

o Units with temporary storage devices (pacer tape,
diskette, magnetie tape) can be operated in
store=and=forward mode,

1.6,7 Disadyantagea and Limitatiops
« Teleprinters are one of the slowest termimal devices

available, )
« They generally have mo edit/val{date carcabilities,
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. ODperator acceptance {8 normally not as high as
compared with the electronic devices such as alphanumeric
display units,

. Some of them are very noisy,
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Chapter 2
READER TYPE DEVICES

2.1 Eguloment Calagoreyt Optical Character Readers
(OCR)* = An optica) character reader {s a device which
recognizes the shape of characters by the contrast of lignt
end dark areas created when Jight {s reflected from the
surface of a document (or transmitted through a fiim),

OCR’s are generally clossified by three characteristics:

. the style of characters or fonts which can be
recognized )

« the character sets and repertoire which can be
recognized

o the 8{2e or type of forms which can be sccommodated

Based on the number of character styles (fonts) an OCR can
recognize, 1t 1{s classified as a single=font, multi=font,
multiple=font, omn{=font, or handprint reader, With{n these
classes, OCR’s may be further divided by the character
set(s) recognized! numeric, aelphanumeric, symbols, and
special  fumctiom nmotation, In addition, OCR’s are
distinguished by the size or type of formg that the device
will accept, Page readers typically accept forms up to {1}
by 14 {nches while document readers tyoically accept forms
up to 4 by 9 {nches, An example of s form used on a
document reader 18 the "turnground" credit card document,
Cocument readers generally read one or two Ili{nes per
document, while Page readers are carable of reading a whole
page,

Other forms freauently used a8 imput to OCR devices {nm¢lude
Journal tapes (e.gesr paper cash register rolls) and
mierofilim,

There are two basiec modes of operation used with OCR
systems, When the generation of source documents can be
controlled ({,e,, the correct font is ysed, the auality of
the raper and of the printing is consistent, and acceptable
document s{zes are used) a Direct Read mode is used, This
mesns the source docuUments are read directly by the OCR,
However, {f the generation of source documents cannot be
controlled, a Retype mode {s used, In thi{s mode, pert or
ell of the source dates {8 retyped on acceptable forms using
an esppropriate font,

Before the advent of key/disk systems, tvyeimg on electric
tycewriters and suUbseauent scanning (the retype mode of

*0CR {8 plso used as an abbreviation for Qptical Character
Recognition,
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operation) proved to be more economical and accurate than
keypunching and verifying, {f the inatallation was utilizinmg
& large typimg poo)l comprising thirty or more emplovees, At
the present time, using the retype mode of operstion would,
in most cases, be diff{cult to Justify,

2.1.1 Eguioment Charagctgristics
2.1.1.1 Rata Capacity/Speed

2,1,1,141 Iranaisrilcanapission Speed =~ OCR speeds are
1im{ted by three factors: the rated speed of the
communications inmterface used, the caPpabilities of the
mechanism that handles the documents or pages to be read and
the electronic character reading speed of the device,

2,141,142 VYplume Ber Unif of lige - Typical speeds for page
and document readers are as follows}

Eagea/lMing ChapactecalsSec.
Page Readers Up to 400 Up te 3600
Document Readers Up to 1600 Up to 3600

2.1.1.1,3 Qpecasar Seeed = Not applicable,
2.1,1.2 Qperatignal and Envirgnmental Reguirementa

2.1.1,2,1 lamperature/tumidity RBeguiremants = Most OCR units
can oprerate {n ordimary office environments; however, Some
of the larger units reaquire supplemental air conditioning,

2.1,1.,2,2 AceasBbyaical Loecatign - Most of the OCR units cen
be connected directly to a computer through an 1/0 channel
similar to that used by a card reader, Other OCR units are
designed for remote operatioms and are conmrected to a
computer through a modem and communication 1ines, Some
OCR’S are designed to be used {n an off=lime mode and
provide am intermediate magnetic tape, magnetic disk,
punched carde, orf punched Paver tape,

2.1.,1,3 lpout Chacagteriatics

2.1.1,3,1 BRacgrgd Sizea =~ Minimum and maximum record s{zes
for OCR devices range from several characters per document
for the simple, 8ingle 1ine special! purpose devices up to
spproximately 7,000 characters per page for the more
sophisticated page readers,

2.,1,1.3,2 Charactar Sets Available = The most significant
difference amonrg OCR’s {s their ability to recognize
different shaves (stvyles) of machine=generated characters
(fonts) and their abilfty te recognize handprinted
characters, The more common machine=generated fonts {nmclude
ANSI OCR=A and OQCR-B, Farrington 78, end IBM 1428, Most
OCR’s with the abfli{ty to recognize handprinted characters

32



are limited to a small repertoire of characters {ncluding
numerics only or numerics ond few alpha and special
characters such as C, T, X, N, Z, ¢+, and =, However,
several 0NCR manufacturers provide machines that can
recognize the full set of alpha and numeric handprinted
characters, Although handerinting at the source seems to be
e very good techniaque of collecting data {n certain
epplication areas where cdeta collection personnel cam be
edequately trained, error rates ranoing from 3 percent to 20
percent are common depending on the operating environment
and date preparation controls, FIPS PUB 32 "Optical
Cheracter Recognition Character Sets"” and FIPS PUB 33
"Character Set for Handprinting" provide information inm this
area of {nterest,

2,1,1,3.3 Sgegial Eorn RBeguiremantis = Forms are probably the
most critical reauirement of amn OCR operation, The destign
of the form must meet the reauirements of the readimrg device
and also heve an efficient layout for the user, The QOCR
depends on the contrast of the characters to the background
of the form for character recognition. The parer must be of
high quality, free of dirt and other foreign substances, and
{ts thickmess must be {n a specified range, Data usually
must be {n predefimed locations and the characters must be
properly registered,* crisp, and well defined with very
1ittle skew, FIPS PUB 40 "Guidelime for Ortical Character
Recognitiomn Forma" provides guidamce im this area,

2.1.1.4 Qutput Capabilities = The input to optical character
resders {8 1{m human=preadable form and the output §s {n
machine=resdeble form, Optical character readers can
operate {n either am online or an off=line mode, When
operating onlines the OCR transmits to a host computer via
communication {nterfaces or a Jdirect channel connmection,
Qff=1imne, the OCR wuses a temporary storage medium for
output, This may take the form of punched cards, paper tace
or magretic tape, Some OCR’s use a CRT for commumications
with the operator, displaying operational status and error
conditions, The CRT also facilitates error correction ¢
employed with a keyboard,

2.1.1.5 Edits¥alidate Capabilities = The contro]l component
of eny O0OCR system {8 a minfcomputer, As with medium and
large scale computers, the capability to manipulate and edit
or validate data 1imn Jocal storage {8 thus amn inherent
feature of all OCR equipment,

The following are examples of editing functions that cam be
performed by the OCR3

o Character deletion

LA L L LA 4 L 4 A 2 L LA 2 X J

*The physical posi{tioning of & <character, vertically and
hor{zontally, with relation to the form,
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Line deletion

Header data {maertion
Keyboard {nsertion
Numeric field cheek
Rearranging of fields

Reject correction can be accomplished "omn the fly" usimg a
CRT device.

2.1.,2 Options =~ Options available on Optical Character
Readers are as followss

CRT terminals

Line printers

Communication interfaces

Expandable computer memory

Disk drives

Tape drives

Teleprinters (conscles)

Optional fonts, including handerinting, marke=sense,

etc,

Paper tape pumches, paver tane readers
Card readers

Journal tape readers

OMR, MICR

Additiomal sort pockets

Journal tape listers (printers)
Microfiim/microfiche {mage recognitionm

2.1.3 Qpacator Beguirazenis = If the OCR system uses
keybcard device (CRT or teleprinter) for error correction,
keying skills are beneficial, However, the personnel who
place the data on the forms read by the OCR are the critice!
1ink {n the success of amn OCR system, This {8 especially
importent where the reading of handprinted characters {s
{nvolved. If the OCR {mput {s prepared on a typewriter, the
typist should be specifically trained in the preparation of
the OCR forms, If the {mput wi{ll be handprinted, the
cersonne) preparting the O0OCR 1{mput should be thoroughly
famil{ar with the rigid reauirements of OCR mhandprinmting,.

2.1.4 Loat Bangea = The price of OCR has decreased
considerably durimg the Jast several years due to the
decreasing cost of electronie legic ecomponents, Document
readers can be rented for under $1,000 per month, single
font page readers for 82,000 to %4,000 per month, and
multi=font preaders for over $10,000 per momth, Purchase
price for single~font readers range from $20,000 to $30,000
while purehase prices for multiefont readers ramnge from
$100,000 to $1,000,000, Although lowwcost OCR devices offer
an economical means of data capture, they require tighter
controls om preparation of forms than do higher=priced, more
sophisticated units,

2.1.5 Iypical Data Entey Apeiicationa = In many {nstances,
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OCR*’a are used as direct replacement for keypunches with
typing and visual verification beina substituted for the
keypunching and veri{fication orocesses, An  application
which requires the generatiom of a hard copy as a by=produet
of data collection coulo lend itself very easily to an OCR
system, (QCR’s have had a tremendous impact om acPplications
using "turnearound" doecuments as in the insurance, retail
and ot1l {ndustries, The ability of Optical Character
Readers to read handrrinted characters should make the OCR a
prime candidate for applications where small amounts of data
reed to be collected from many locations, This ability
makes the pencil! anmd paper a powerful Ssocurce data entry
tool,

2.1.6 Aduantages and Strong Palnta

o« OCR’s convert humanwreadable and human=prepared date
directly into computer=readable codes, The key to efficient
end more ecomomical data entry lies {n the elimination of
dats transcription and the associated labor costs by direct
data cepture at the source, Optice!l Character Readers offer
s means to accomplish this feat by direct reading of
printed, typed, or handprinted data without special manual
intervention,

o« When the OCR {s used as a keypunch replacement, the
keypumch can be replaced by a typewriter, Reference sources
state that the operation of the typewpriter is faster and
generally more accurate than keypunching, Users
congistently supPort the {dea that accuracy via typing and
proofreading 19 comparable with that obtained by keypunmching
and ver{fication}) {.0., ! to 3 percent error rate.

. Extansive edit/validation procedures can be applied
to the Jdats as {t {s being read by the OCR, Software
executed on the OCR’s mim{computer can assume some of the
deta manipylation normally accomplished on the larger host
computer,

2,1.7 Disadyantaces and Limitationa

o« OCR operations are unique in that document control
plays a significently more {mportant role {n reading
reliabili{ty than does any other single consideration, When
there 18 strict control over source documents, OCR works
well, Controlled conditions exist whem operating rcersonne)
are experienced, well trained, and can be directly
supervised, While Towwcost DCR devices offer an economical
means of data capture, they require tighter controls over
the form than do higher criced, more sophisticated units,
To date, only very large applications can Justify the
expense of the more scphisticated character readers capable
of fumctioning satisfactorily with completely uncontrolled
field documents,
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) « In addfition to the high cost of the hardware, the
{ntroduction of OCR un{ts {nto an EDP system can entsi|
imdirect or hidden costs, These i{nclude comprehensive
design of forma to meet OCR requirements, adjustments of
{neut precaration procedures, and modification of the data
processing system itself,

o« The most serious shortcoming of OCR readers today
1i{es in the reliability with which they {nterpret
hardprinting, Handprinting {s presently being read, but
with an  appreciable rejection and substitution rate,
Relections require human {ntervention, thus a high reject
rate can essentially neutralize the automation benefits of
the reader, Errors may not be discovered until late in the
data processing cycle, and correction then {s usually more
costly, In brief, new technology is nmeeded to lower the
rejection rates and thus reduce the need for correction
pProcedures,

. o Keyetoe=disk systems are currently more costweffective
in many data entry enviromments tham are optical! resders,
The combinmetion of key=to=disk and OCR systems {s obeing
offered by some vendops, Thig combination offers the best
of both systems and wi{ll be covered in section 3,4 of this
report,

2.2 Eguicment Lategozyt Optical Mark Readers (OMR) =
Optical Mgrk Readers are electronic devices which sense the
physical position or locetion of marks on a document anmd
correlate each mark position to a previously defined
eauivalent character, There are three categories of optical
readers) Optical Character Readers (NCR), Optical Mark
Readers (OMR), and Optica! Bar=Code Readers (0OBR), OMR
readers are the simplest of the three different types of
opti{ical readers, Seme of the mark readers handle
conventiona! B80wcolumn cards while others handle fullesize
sheets of parer, Mark readers typically read data in one of
two ways, The first {8 by interpcreting rows of marks {n
exgctly the Same way a8 punches in a card are {nterpreted,
Thus, one column of marks can be uSed to Pepresent one
character, This technique is usually limited to the coding
of numeric Imformation, since manmual encoding of alrhabetics
requi{res at lead8t two marks {n a colummn and requires
memor{zation of the Hollerith code, The seconmd techmique
used by mark regders transmits to the computer a binary
{mage o0f the marks which {8 then interoreted by software,

2.2.1 Eguiopent Chapacteriatics

2.2,1.1 Rata Cagagity/Speed

2.2,141,1 lcanaiar/lcanamiasign Sgeed - The online
transmiss{on speeds of the OMR readers vary dependimg omn the

mode! and manufacturer, They are, however, usually 1limited
by the paper=hand] ing mechanism, the speed of the
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communication 1ime or by the electronic reading speed of the
device,

2,2.1.1.2 Ygolunme Ber Unil of Iige = The reading speed of an
OMR reader {s application dependent, Reading speeds
generally range from 1,000 to 250,000 marks per second and
from 80 to 1,500 forms per minute, The faster speeds {n the
rarge are possible when both sides of a ferm are read
eoncurrently,

2.2.1.1,3 Qperator Sesed - Not applicable,
2.2.,1,2 Opecatignal and Envirgnpental Reauircements

2,2.1,2,! lagperatuce/Humidity Reguirementsa = OMR units wil)
operate in a normal off{ce environment,

2.2.1,2,2 Apsa/Bhyaical Lacaticn = OMR’s are commonly found
in computer rooms and {n offices, Some units are contained
in stand=alone cabinets about the size of an office desk
while others, 8ueh a8 the remote UOMR’S covered {n section
2.5, can be placed on a desk or table top,

2.2.,1.2,3 Compuiar Inteptace = Most of the OMR readers can
be connected directly to the computer through an I/0 channel
similar to that of a card reader, They can also be
connmected by communication 1ines, O(OMR’s used off=line may
create punched cards, magnetic tape, or punched paper tare,

2.2.1,3 lpout Chacacteriatics

2.2.1.3,1 Becargd Sizes = Record si{zes are dependent upon the
maximum number of mark (or reSponse) positions which can be
accommodated on the largest form size or page accectable to
an  {ndividual OMR unit, Typically a single 8=1/2" by 11"
form can accommodate about 1,000 marks on each side, each
representing a "ves" or "mo" binmary choice.

2.2.1,3,2 Chazacter Sats Available = Optical mark readers
sense the presence or absence of marks on the form being
scenned, The location of these marks is interpreted by the
software {n eccordance with previously defined meanings,

2.2.1,3,3 Special Egoeczn Beauinesents = Generally,  each
epplication has unique reaquirements for the design of a
form, It should be noted, however, that in many cases forms
manufacturers may elready have developed a form which will
satisfy any particular application.

Forms used on OMR equipment must be of high auality and free
frem dirt, steins, and other foreion substances, and their
thickness must be within a speci{fied range, The design of
the form must also be acceptable to both the uyser and the
OMR reading device, Since an OMR detects only the absence
or presence of a mark, and simce 1t may be used in an
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application where erasures can occur, OMR forms canm be
"rougher" than OCR forms, This roughness implies less light
reflectivity; however, this {s acceptable for OMR’s since
they only nmeed to detect marks (as opposed to reading
characters),

2.2,1,4 Qutout Capebilitias = OMR readers can operate in
either an online or an off=1ine mode, Online, the OMR
transmits directly to a host computer via communmication
interfaces or directly to an 1/0 chanrnel, Off=line, the OMR
uses a temporary atorage medium for output such as punched
cards, peaper tape, or magnetic tape, Some OMR’s use a CRT
or teletypewri{ter to communicate with the operator,

2.2,1.5 Editsialidate Cacabilities = A few of the Ootical
Mark Readers are minicomputerwcontrolled and have the same
edit/validate carabflities as the OCR readers discussed in
Section 2,1, However, most OMR readers have very limited
edit/validate capabilities,

2.2.,2 Qptians = Options available on Optical Mark Readers
{nclude the tfollowingg

Pumched card read feature

Magnetic tapes

Peper tape punches

Communicatiom interfaces

Error stackers

CRT or teletypewriter operator consoles
Edit and reformatting features

2.2,3 Qgercatolr Reguiraments = Operator skills play a small
part imn the OMR operation, Individuals who enter data on
the OMR forms should have instructions and basic training on
how to fil) out the form, In general, however, the training
reauirements for DOMR are much less than those for OCR since
the OMR equioment 1{s more tolerant, accepting greater
tolerances of marking, Informetion has been successfully
captured for meny vears on OMR forms {n such acplications as
test scorimg and taking survevs, These applications
typically i{nvolve pecole who are given only a few
instructions and who then are able to complete the forms
easily,

2.2.,4 Coat Banges = The purchase price of optical mark
readers are much lower than OCR readers and are genmerally {(n
the $2,000 to $50,000 ramge, Lease prices remge from $50 to
over $1,000 per month,

2.2,5 Iypical Qata Eptry Aoplications = One of the most
common (MR applications is {in the field of testing and test
scoring. Multiple choice questions ere used and the Dperson
taking the test simply "marks" the appropriate box, Qther
applications {include meter reading, surveys, fmventory
accounting, exception reportings, anmd sales ordering,
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Applications which need to capture & Jimited amount of data
from semimcontrolled sources could be a candidete for an OMR
system,

2.2.6 Adyantagas and Strconge Bointa

« OMR eauipment {8 much simpler and less costly than
OCR devices, .

o Preparation of OMR data does not have to be a8
closely controlled as data for OCR equipment,

. Date can be collected wherever there {8 an acceptable
form and a penci{) or pen,

2.2.7 Risadyantagesa and Limitationsa

« OMR systems are {nflexible due to preprinted forms,
packed format, and difficulty {n human reading of the data,

. It {8 questionable whether the optical mark reader {8
a "statewof-the=art! data entry technigue, Most sources
agree that as scom a8 OCR’s handerinting readability
{mproves (end 1{ts cost becomes more competitive) the OCR
will replace the OMR,

2.3 Eguipnment Categgryt Optice) Bar Code Readers (0BR) =
Optical ber code readers are electronic reading devices
which optically semse special combimations or aerrangements
of marks (bars) and correlate these marks to previously
defined characters, Various types of marks are used, but in
most cases they cannot be formed by hend and are not easily
reedable by humans, Usually, special devices are reauired
to produce the bar code imprinting, The most significant
area of OBR applicetion {s in point=of=sale (POS) eauipment,
This equipment category {s described in section 3,6,

2.3,1 Eguionent Characteriatica

2.3.1.1 Rata Capacity/Speed

2.3.1,1.1 lzsoatecslrananiaaion Sgeed - OBR’s are typically
conmected one=line to a locsl microprocessor {mncorporated {n

a cash register, The trgnamission speeds are at the device
reading speed between the (OBR and the microprocessor,

2.3,1,1.2 ¥olume Ber Unit of Iima = O0BR’s reading speeds
range from S0 to 400 characters per second and from 8 to 480
forms per minute, These spreeds are limited by the
operator’s abjlity to handle the products beimg scanned,

2.3.,1.1.,3 Opercator Spoead = Not aoplicable
2.3.1,2 Upecationral and Envirgonmental Reguirementa
2.3,1.,2,1 lempecaguce/Hunidity Baguirements = Most units cen

operate {n a norma) off{ce or store enviromment, Some of
the scanmers Used for package routing (label reading) are
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placed in facilities with Hharsher enviromnments, such as
warehouses,

2.3,1,2,2 Acea/Bhyaical Locatign = The size and location of
0BR units vary from the small hand=held wand readers used {n
P08 systems to the larger units which reauire a table top
pedestal, opr dedicated floopr space,

2.,3.,1.2,3 Computer Interiace = OBR readers can be conmmected
directly to the host computer through a channel similar to
that of a card reader, Some offer on=linme carability via
communication {nterfaces, In an off=1ine mode, OBR’s may
use periphers] devices te produce purched cards, magnetic
tare, or punched paper tape,

2,3.1.3 loout Charagtariatics

2.3.1.3.1 Becald 3izes = Record sizes are dependent on the
number of characters that can be represented on a form
(Yabel, document, etc.)e Twelve mumerics are most commonly
used,

2,3.1,3,2 Chapagcter Sa8ts = Characters are represented by
combimations of marks (bars), Most bar code Ssets are
limited to numerics, A typical bar code 1{s the Universal
Produect Code (UPC) which is now founmd om the labels of many
grocery {tems, Some other bar codes aret CODABAR, for
library hook {nventory and circulation controly
Dister{bution Symbol, for use on distributor shipments as
shipping container outer markings}; and, Telexon Code, used
for shelf marking of in=store {nvenmtory,

2.,3,1.3.3 Sgecial Egrp Beguiraments -~ Some spplications use
ordimary typing raper, some use specially designed
turn=ground forms, Imprinting om self=adhesive labels s
becoming common in shipping/receiving and {nmventory
soeplications,

2.3.1,4 Qutput Capabilitiges = Octical bar code readers can
operate {n either an one-linre or off=line mode, In an
on=1{ne mode, the OBR transmits directly to a host computer
via communication interfaces or an I/0 chammel connection,
In an off=line mode, the OBR uses a temporary storage medium
for outout, e,d9,, Ppunched cards, paper tape, Oor magnetic
tare,

2.3,1.,5 Edits¥alidate Capabilitiea = A check digit s
included with each bar coded lahel, Alse, a parity bit s
associated with each character,

2.3,2 Optiocns = Options available for 0OBR resders {nclude
1ine printers, card punches, paper tape punches, magnretic
tare drives, and communicatiom interfaces,

2.3.3 (Qcerator Reguirerenta = This s not a critical
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requirement, An advantage of the O0OBR is that {t is not
particularly sensitive to direction of scanning and does not
reauire more than mimimal ocerator training or attention,

2.3.4 Cost Bangea = Purchase prices of optical bar code
readers range from approximately $6,000 to $40,000,

2.3,5 Iypical Rata Eniry Acplicationa = Some credit card
applications use bar code {mprinting for sales receipts,
Point~of=sale (POS) applications use bar codes such as the
UPC code, Supermarket, {nvemtory and warehouse applications
use bar codes imprinted on labels for routina and 1{nventory
control fumctions,

2.3.6 Advantages and Strons Boints

s Optical bar c¢ode readers are simpler and less
expensive tham optical character readers,

. + Skew and character registration {s not as critical
for OBR readers as it {s for QCR’s, Thus, bar coding can be
read on containers of different shares (other than {flat
surfaces),

2.3.7 Diaadyantaces aad Limitaticns

. Bar code readers are limited {mn their usefulness {n
human=oriented 8ystems since the bar codes cannot be easily
resd and are {mpossible to write by humans,

« Bar codes are not space-efficient, teesr 2
consi{derable amount of space {8 reauired to represent a few
characters,

2.4 Eguloment Categgryt Magnetic Imk Character Recognmition
(MICR) = MICR readers are electronic reading devices that
recognize characters by analvzing the magnetic waveform of
the i{ndividual characters and i{dentifying tham, The ink
used {n {mprinting these characters is a s8special i{ink Wwith
{ron oxide particles, This {ink 1{e& magnetized orior teo
reading, The entire MICR technology was developed for and
is presently used almost exclusively by the banking
industry, MICR characters are encoded on checks and deposit
slips (thpough a manyally operated keybeoard device that
encodes amounts and serves to valideate amount totals of
these daocuments), MICR readers are usually dual purpose
devices, In addition to reading, they also sort the
documents {nto as many as 32 sort pockets,

2.4,1 Eguioment Charagteristics
2.4,1.,1 Rata Capagcity/3ceed

2,4,1,1,1 Irapater/Icananission Sgeed = MICR readers can
operate {m an online or an off=line mode, In the online
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mode, the reader {s comnected directly to the computer via
en 1/0Q chanmnel and can read and sort documents and semd the
{nformation directly to the computer, In this mode,
transmission speed is 1{mited to acproximately 1600
characters per second (besed on 1600 documents per minute
with 60 characters per document), In the off=lime mode, the
MICR reader {8 only capable of reading the documents for the
purpose of sorting them,

2.4,101,2 Yolupe Ber Unit of Lige = The maximum volume
currently available {8 1,600 six=inch documents per minute
and {8 limited by the reader’s paver handling mechanism,

2.4,1,1,3 Oparator Speeg =~ The operator speed {8 normally
not s factor imn MICR reader operation,

2.4.1,2 Ogeratignal and Envirgnomental Beauirepants

2,4,1,2.1 Isoperatucelbunidity eguirements = MICR readers
are desigmed to conmect directly to the computer and are
vsually {m the controlled environment of a computer
facility,

2.4,1,2.,2 Apsa/Bhyaical Lacatign = The MICR reader cem be as
large as (or larger thar) a standard card reader (depending
on the number of sorter pockets), The unit {8 normally
located im a computer room,

2.3.1.2,3 Compuser lotsctace = MICR readers are normally
eonnected directly to a host computer via an 1/0 channel,

2.,4,1,3 loput Chapactariatics

2.4.1,3,1 BRecorgd 8izea - Most MICR readers are capable of
reading up to 60 characters per document,

2.4,1,3.,2 Chapagcter Sats AvailaRlg = Character sets used
with MICR resders are generally limited to the numerics 0
through 9 and four or five special characters, These are
uniquely shaped characters printed with magnetic ink, The
special characters are symbols used {n the banking industry,
Some MICR units provide OCR capabilities with character sets
typical of OCR readers,

2.,4.1,3,3 Sgecial Egrp Reguirementa = Most MICR readers are
capable of reading documents ranging {n length from S=3/4
inches to 9=1/2 inches and ranging {n width from 2=1/2
{nches to 4=1/2 inches, Paper quality is not as critical in
MICR spplications as {t {s im OCR, Characters read by MICR
readers must be printed with a special ink containing {ron
ox{de particles,

2.4,1.4 Quteut Capabilitigs = MICR readers transmit directly

to the computer, Some units offer lister attachments which
1ist transactions as they are being processed, Operator
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communications and reentry correction operations are
somet{mes accomplished through the use of CRT units,

2.4.1.5 Editsz¥alidate Capabilities = In MICR applications,
edit/va1idato operations are normally performed by the use

of cheeck digits and software executed on the host computer,

2.4,2 Options = Some of the more common options available on
MICR readers {nclude combination MICR and OCR reading
cepability, automatic endorser, and additional sorting
pockets, Some vendors offer such options as microfiliming
systems, @ wide veriety of rejectereentry systems
(keywtoedisk, pumch card, OCR), and sophisticated document
repair equipment (mechanical devices that physically repair
ftems so they can be processed automatically),

2.4,3 (oerator BRagulrementa = Excent for the document
hamdling funmctions that involve loading the reader, clearing
Jams, and removing unreadable documents for reentry, this {s
rot a critical factor 1n a MICR operation,

2.4,4 Coat Bapges = Purchase prices of MICR readers range
from below 330,000 to over $200,000 and lease prices range
from around $700 to over 33,000 per month,

2.4,5 lyeical Rata Eptry Apglications = Since fts inception,
MICR eauipment has primari{ly been used for a single
application, the processing of banking documents (esmpecially
checks), Aimost all of the MICR readers features have been
dictated by {ts prime user, the banmking industry,

2.0.q Advantages angd Stcang Painta

» They allow the direct reaginmg of magnetie imnk encoded
characters which are insenmsitive to penecil or 1ink
overmarkings, ‘

e« They have been used successfully for many vyears f{n
the banking {ndustry,

« MICR specifications are standardized (ANSI X3,2=1970
"Primt Specificationms for Magnetie Ink Character
Recognition” amd ANSI X3,3=1970 "Bank Check Specifications
for Magnetic Ink Character Recognition®),

2.4.7 Qisadyantaces and Limitations

« MICR readers reauire special forms opreparstiom and
read o limited character set,

o« Ultimately, the development of imnexpensive, flexible,
fast, and reliable optical character readers will orobably
reclace most MICR readers,

e MICR’s have not gaimed peopularity {m any {ndustey
except banking, For this reasom, capabilities and features
which would be bermeficial to other tvypes of applications are
not readily available,
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2.5 Eguipment Catsgorys Remote Scamners = Remote scannmers
are optica)l readers (e{ther OCR, OMR, or OBR) which are
configured to operate as remote data terminals, They are
desigmed to provide both remote data capture and timely
transmission of processed data to the computer, Previous
sections of this report were devoted to large, fast, and
generally expensive optical readers that are usually
configured to orerate a8 centrali{zed data imput devices, In
contrast, the remote scanner {8 capable of economically
scanning data at decentralized locations and allows the
functional users to retain complete control of their source
documents, FPresent remote 8camners vary in their carability
to read marks, bars, and characters, FEach, however, permits
operator {ntervention via a keyboard at the source for
ocrperator communication and reentry/error correction,
Because Dprevious sections have covered the basic
characteristics of OCR, OMR, amd OBR equipment, the
equipment profiles for the remote scarrers will not be
{ncluded {n this report,

2.6 Eguioment Categaoryxt Prepunched Tag Readers = Prepunched
Tag Reacders are reading devices that read small merchandise
tags encoded with prepunched holes, Prepunched tag systems
have been {in use for neerly 20 vyears {n the retail
merchandising {ndustry, Currently the systems are being
replaced by magnetic encoded tags eand other more
soohisticated POS syatems, Reference sources do not
consider prepunched tag readers to be "statewofethe-art"
data entry devices, For this reason, an equipment profile
for this device wi{ll not be imcluded in this report,
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Chapter 3

SPECIAL INPUT DEVICES

1.1 Eguicment Categgryt Pushbutton Telephone <« Pushbutton
telephones use pushbuttons rather than rotary dials for
entering the dialing {nformation, Rotary=dial telephones
have 8 disk with 10 "fingerholes," with each hole
representing one of the 10 numerics, 0 through 9, Dialing
information (telephone numbers) i{s entered by placing a
finger in the hole representing the appropriate number and
then rotating the disk clockwise,

Pushbutton telephomes have a pushbutton keyboard (simjlar to
the nmumerfc keyboard of an adding machime, although the
order of the keys {8 {nverted) i{mstead of a rotary=dial
disk, The depression of the pushbuttons (keys) enters the
dialing 1{information, Each key generates a unique
combination of freauencies which {8 {nterpreted by the
telephone switchimrg system,

In addition to the pushbutton telephone’s primsry purpose
(vojce communication), it can easi{ly be adapted to fumctionr
a8 a data entry terminal, Inm this mode, the user simply
"dials" the host computer’s telephone number, awai{ts the
connection, amnd them enters data through the pushhuttons,
The host computer can communicate to the usSer by
trangmitting audible tones op by voice presponse (machine
generated or recorded speech),

3,1.1 Eguioment Characterinatics
3.1.1,1 Rata Capacity/3geed

3,1,1,1,1 Icansfer/Iransnisaion Sgesad = Transmission speed
is the user’s keyimg speed,

3.1.1,1,2 Yolumg Bee Upnit aof Iize = The throughput of o
pushbutton telephone would be 1imited to the keying speed of
the operator,

3,1,1.,1,.,3 Ugecator Speed = It has been estimated that the

average operator keying Speed uUsing a pushputton telephone
is 1.5 characters a second.

3.1.1.2 Qoecational and Epvirgnrental Rsguirspents

3.1.1,2,1 lereecature/dumidity Beguirements = Telephones can
be placed in almost any environment, {ncluding offices,
shoprs, wWarehouseS, outsider, moving vehicles, etc.

3.1.1.2,2 Apcea/Bhysical Lacation = Telephones require less
thar one square foot of space,
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3.1e1.2.3 Computer Interface = Normal telephone 1ines are
used for transmission,

3.1.1.3 logut Chacacteriatics

3.1.1.3,1 Racolrd Siz8a - Datas 19 transmitted one character
at a time and record sizes are dependent on the number of
characters grouped together at the computer,

3.1.1,3,2 Chazagtar Sets Available = The keyboard of the
pushhutten telephone has 12 keys (16 keys are also
available) = numeric 0 through 9 and two (or six) keys which
can be used a8 function or special purpose kevs,
Alphanumeric characters can be generated by the pushhutton
telephone, Numerie characters require only one key
depression while alpha characters require two or three key
depressions, Another way of entering data {8 by prepunched
plastic cards which can contain up to 14 characters and are
read by o Card Dialer, The card can be divided into fixed
fields and cen stop after each field tramsmission, thus
permitting variable date to be entered at the kevboard,

3,1,1,3,3 Special Egrn Beguirspents = Not applicable,

3.1,1,4 Qutous Capabilitiss -~ Hard copy output capability
ex{sts by means of a quarter=inch strip printer attached to
the telephone., Audio response capability, either by tone or
voice response, {8 used to communicate with the user,

3.1.,1,5 Edis/ialidats Cacabilitiea = While there are no
error= detectiom features associated with the touch tone
pads, the computer program may perform this function and
{nteract with the user, On the other hand, when the user
recognizes ome or more keys have been decressed {n error,
deta correction can be accomplished by depressing the
appropriate button (or special combination of pushbuttons)
that indicate the last character(s) were in error, The
character(s) in error will be deleted and the user may then
enter the correct data, The user {8 notified of rejection
or acceptance of {mput by either an audible tone or by the
verbal repetition of the {mput received,

3.1.2 Ogtions -~ Normal options i{mclude s hardcopy strip
printer (one quarter {nch paper), an asutomatic card dialer,
and audio response (at the host computer), A pushbuttom key
pad and adapter are avalilable for use im conjunction with
rotary=dial teleohone sets,

3.1.3 Qpepator Baguirempangs - Not applicable,

3,1.4 Coat Bapgges = Pushbutton telephones range from $7 to
$30 per month, The higher rates include the hardcopy strip
printer,

3,1,5 Iynical Data Entey Apglicatiocna
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« Sales ordering

. Remote {nauiry such as credit authorization, bank
balance, etc,

. Production contro!
« Inventory control

3.1.6 Adyantages and Stropa Boints
. Equipment cost {s low,
« Telephones are commonly found in almost amy location,

« Audio acknmowledgement of data transmission is
possible with a voice response system,

o Fixed or constant type information cemn be transmitted
with the ootional automatic card dialer, The card may
contaim infoprmation such as a telephone numbepr, a salegman’s
number, a product code, etc,

3,1.7 Qisadyantages and Limitaticos

« Data entry i3 slow,

. Generation of alpha characters reauires two or three
keystrokes, thereby increasing entry time and the
probability of keying errors,

. Limited hardcopy output,

e All editing/validation of data must be done hy the
computer,

« Error correction {8 complex,

3.2 Eouipment Category! Industrial Data Collection
Equipment = This eauipment category covers speciaslized data
entry systems designed to capture deta {in an industrial
(factory) operating envirormment, The devices 1In this
section are classified on the basis of the aprlications for
which they are used, These aprlications imclude emplovee
time reporting, plant security, materials accounting,
production scheduling, auality control, maintemance,
shipping/receiving, sales/marketing, and purchasing,

Industriel Data Collection systems {ncorporate many
automated analog and digitel, sensing and data entry
devices, Some of the most common devices {nmclude:

Badge Readers = These devices read identification cards
or badges which contain prepunched or magnetically encoded
{information sueh as employee nmumber or social Security
nUmber, Badge resders are commonly found in employee time
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reporting systems, oroductiom control, and plant security
systems,

Time Clocks « These devices are usually configured with
a badge presder (or other {dentification devices such as a
kevyboard or card reader) and are Uused to capture data
concerning ar emplovee’s work time,

Card Readers =~ These are normally slow=speed,
lowsvolume punched card readers used to capture information
such as employee number, product code, routimg information,
operation code, etec,

Remote Scanmmers = Optica) Bar Code Readers (0OBR) are
often used to read product f{nformation from bar coded
labels, Aoplications include {nvenmtory control, bproduction
control, materials routing, auslity control, ete,

Keyboards, Levers, Thumb=wheels, Toggle Switches,
Rotary Dials = These devices are used to {mput information
such as employee numbepr, work gtatiom, operation code,
product number, inspection data, security codes, and
location {demtifiers,

Hand Geometry Recognition Ecouipment « This eauipment
recognizes the umiaue features or shape of an individual’s
hands (the fimgers and palm), It {9 primarily used inm
1{imited=access security systems,

Voice Recognition Systems = These systems are most
often used ifn  {ndustrial data collectiom or control
acplications which require that the operator enter dats
while his hands are used for other purposes, Voice
recognitiom systems are dedcribed imn section 3,3 of this
report,

Hand=held Portable Keyed Devices = These devices are
used {im data entpy applications whepe operatopr mobflity {gs
reauired, This equipment category {8 described in section
1,4 of this report,

Alphanumeric Display Units = These devices with
keyhoard {mput are used inm many inmndustrial data collection
applications, Because of their flexibility, they car be
used {n conjumction with the capture of almost any tvpe of
data, Alphanumeric displays are described in sectiom 1,5 of
this report,

Teleorinters = Industrial dats ccllection applications
whieh require an immediate hardcocy of the input data
frequently Use teleprinters, This equipment category s
described in section {,6 of this rerort,

These {ndividua)l data emtry devices (above) can be combined
to form a configuratiom referred to as an integrated date
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entry system, The heart of the intearated data entry systenm
is a controller or minicomputer which s capable of
coordinating data entry from all the entry stations, editing
and validating the dats, manipulating local files, informing
managers or supervisors of exceptions, and communicating
with other computers, Because {ndustrial data collection
encompasses such a broad spectrum of specialized equipment,
the profiles for i{ndustrial data collection will mot be
{neluded in this report,

3.3 Eguionant Categgryt Voice Recognitiom Systems (Speech
Recognition  Systemsx) =« Voice recognition systems are
electronic systems which are capable of interpreting spoken
words according to predefined meanings, Voice recognition
represents a new dimension {n source data entry techniques,
Khile the technicque fs st{11 {n {its {nfamcy, With
considerable research currently being conducted by a number
of companies, there are many applications of voice
recognition that employ spoken vocabularies ranging from {0
to 100 or more words,

The National Aeromautics and Space Administration (NASA) has
been wusine s 100 woprd vocabulary spreech pecognition system
since November 1973, The United Parcel Service and severa)
commercial air carriers have been using speech recognition
systems with somewhat limited vocabularies of 20 to S0 words
for package and baggage 8Sorting operations, Several
companies have been f{dentified as having commercially
aveilable voice or speech recognition systems that cen be
used for source data entry. In all of these systems, it 1is
necessary for the system to be adapted to recognize each
speaker {n a training session before actual operation,

3,3,1 Eguippent Chacagteristica
3.3.1,1 Ratas Capacity/sSpead

3,3.1,1,1 Izenaters/Irananisaign Sgeed = Vendors were found
to orovide interfoces for data commumicatioms with rates up
to 19,200 baud,

3.,3.1.1,2 ¥Yoluma Ber Unit of lime = Throughput is limited to
the s8speed with which an operator can clesrly Pronounce
words,

3.3.1.1.3 Opacator Spaad = One reference source {ndicates
that acceptable rates of speech are 4 words per second for
reeding out loud, 2.5 words per Second for scontaneous
xSpeech recognition is a process or i{nterpreting spoken
words according to predefined meanings wherees scesker
recognition {8 a process of i{dentifying a Speaker by
analyzing his speech pattern,
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speech, and arproximately 2 words per second for machine
distinguishable voice inmput (isolated word recognition),
This dates rate {s substentially faster thamn writimng or
keying, Keying speed (typewpiten), for example, is
approximately one word per second, Hamdwriting  and
handprinting 8peeds are approximately 0,4 words per second,
Keyimng speed using a pushbutton telephone {8 rated at 0,3
words per second, Marking om a mark sense card i3 rated at
0.1 word per second,

3.3.1.2 Ogerational and Envirgomental Reguirenents

3.,3.1.2,1 Iengecatuce/tunidity Reguirsments - Voice
recognitiom equipment will operate {n most environments,

3,3,1.,2,2 Apea/Bbysical Lacatiocn = The onmly deviece reauired
at the source data entry location is8 a wired or wireless
microphome, or in some cases, a telephone. The recognition
hardware (preprocessor, minicomputer, etc,) can be located
elsewheore,

31,3,1.2.3 Qoneuter lInierface = The soeech recogmition
process reaquires cons{derable computational capability and
as a conseaquence all voice recognrition systems operate
onlime to @ computer which may alse be shared for other
processing functions, Additionally, some vendors provide an
intelligent terminal option, permitting the system to act as
an off=)line, remote i{nteractive terminal, Between the
speaker and the computer, there {8 usually a microphone,
cable, and 2 preprocessor/feature extractor, The
preprocessor and computer (usually a minmicomputer) are used
to convert the voice input into predefined digital format,
Once this comnversion 18 accomplished, the resulting code cen
he directed to a Storage medium, used to update or
manipulate Jocal files, or transmitted to another computer,

3.3.1,3 loout Chacactariatica
3.3.1.,3,1 BRacorgd Sizes - Not applicable,

3,3.1.3,2 GChacacter Sats Ayailable (Vocabulary) =  The
vocabulary of a voice recogrition system 1is the set of
predefined words which can be converted into machine
understandable code. The NASA system, referred to earlier,
has a vocabulary of 100 words, Most systems have a basic
vocabulary of 32 words and are expandable in 64 word units,
Memory s8ize and orocessing sSpeed are the two primary factors
whieh 1{mit vocabulary, In a source date entry apolication,
the voeabulary could include spoken alphanumeric and command
words, Examples of these would be "one" (1), "two" (2),
"zero" (0), "alpha" (4), "gelete" (delete last emtry), etc,
New 8peakers or new vocabularies are accommodated by a
"training" session with the system, This is accomplished by
keyimg the word, on & CRT or teletypewriter, and then
entering the word vocally, Perfadic "trainimg" sessions may
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be meeded to reduce errors to wWithim am acceptable range,

3.3.1.3.3 Special Egrz RBeauicemant = This  requirement
derends on the peripherals used with the system, For
imstance, {f a paper tape resder i{s uUsed, paper tare would
be recquired, If a thermal printer is used, treated paper {8
needed,

3.3.,1.4 Quipy:t Capabilitiss - Qutput from e voice
recognition aystem can be in several forms, OQOutput from the
system can be transmi{tted to another computer, Veice
response can be used a8 an acknowledgement of the voice
fmput or to request data entry {an a tutorial mode,
Alphanumeric displays are used (CRT or 1{ight emitting diode
display) for {nput ver{fication, orerator {nstruction, error
correction, and for the system "training" sessions referred
to earlier, Teletypewriters cen also be used to produce
hardcopy output, There are many output devices available
for use with minfcomputers, Although they are not usually
included {n standard configurations, maonetic tape units,
magnetic disk units, line printers, paper tane Punches, and
other devices can be used for output from a8 voice
recognition systenm,

3.3,1.5 Edits¥alidate Capabilities -~ A high deoree of data
editing and validation cean be accomolished by the veoice
recognition system, Since a min{computer {8 normally used
o8 & controller, software separate from that emplovyed for
the recognition fumction also can perform the necessary data
edit/validation requirements, The amount of memory
available and the processing speed of the min{computer will
determineg how extenmsive the data editing software can be.
Data correction can be accomplished with operator feedback
using voice response or an alphenumeric display followed
either by respeaking or use of a keyboard,

3.3,2 (otigns = Typicel optioms avaiable for voice
recognition systems imclude the followingt

o Additiomal {nput stations, , .

. Additiomal mim{icomputer memory, This {8 reaquired
when the vocebulery size 1is {ncreased over the standard
size,

» Expanded vocabulary size,

. Optional microphones, Basic voice recognition
systems include a headset type microphone, Optiomna) noise
cancelling microphones may be needed if there {8 a noise
background at the data entry location, .

« Voice response, Data entry verification can be
accomplished through the use of a voice response systenm,
The voice response can be digitally synthes{zed (machine
generated) or "played back" from a recorder,

. Many of the peripheral components (such as magnetie
tape cassettes, magnetic disk, paper tape units, punch card
units, and keyboard devices) commonly available for
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minicomputers can optionally be configured with the voice
recognition system,

3,3.3 Oparator Reguirements - One operator is reauired for
each active {nput station, The orerator canm be performing
other functions as long as it does not affect his speech
{nput, Reference sources {ndicate that only minima}
training is reauired for the operator, However, it would
probably be advantageous to use amn operator that s
well=disciplined {n clear and consistent pronmunciation of
words,

1.3.4 Cgat Bapngsa - Basic system cost is $10,000 to $20,000,
This dncludes a minjcomputer, two microphones, a 64=word
vocabulary, a lé=character display and a local orerator
consale,

3.3.5 Iynical Rata Eotcy Acrlicatiopns = Systems are used by
airlines for baggage=handling, These systems permit an
airline emplovee to direct baggace vVvia a computerized
convaeyer system by simply indicating the flight mumber or
destination into s headset microphone, Systems are also
beimg used by a producer of ¢glass products for quality
control, In this appli{cation, am {nspector canm {nmDut
television tube measurements while his hands are free to
manipulate gauges,

IBM field engineers are using a voice recognition/response
system via telephome, as an aid im eauipment diagmostics,
The uUser inputs equipment model mumber, respomrds to query
type of auestiomg with "yes/no" answeps, and {s directed to
the cause of the problem by audio response,

Voice recognitionm systems have successfully been used i{n
security applications for speeker verification ang
{dent{fication.

Voice recognition systems can be used in mamy applications
{n Govermment systems such as}

Eauipment and process control

Tactical data entry _

Automated checkout, diagnosis and instruction

Air traffic contrel

Target search, acouisition, and weapom control
Computer programming and {interactive problem solving
Agccess control to secure area

A{ds for handicapred

3.3.6 Agvantagea and Strong Painta

o« Voice recognition systems allow the user to {nput
data end at the same time perform manual tasks, For
instance, an operator can be {inmspecting eaquipment, counting
parts inventories, opcerating machinery, etcer while
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{mputting data vocally,

« Vocebularies are flexible to a certain extent, Words
can be added, changed, or deleted from the vocabulary,
However, additiomns to the standard vocabulary s{ze may
reauire a faster processor and additional memory,

« Speaking 18 substantially faster thamn writing or
keying,

o« Telephones are currently unacceptable as an {nput
device for some of the commercially available voice
recognition systems, Reference sources indicate that the
auality of telephone transmissiom is not adequate, However,
some systems use telephones as their 1/0 medias, Telephones
can be used successfully as an {nput device to a voice
recognition system, In sdditioen, it may be possible to
enter data through a portable microphone and radio
transmitter, thus eliminating such constraints as cables or
other wire connections,

3,3.7 Diaadyantagsa and Limitationa

« Voice recognition systems are 8tijll relatively
expensive, A typiecal configuration for one or two enmtry
stations would probably cost in the range of $10,000 oper
atation,

. Error rates may be a problenm, Vendors claim that
overall error rates of as Jow as | percent can be achieved,
There are not, however, many voice recognition systems {n
commercial use, thus error rates based on extansive
practical use are not currently available,

» At present, voice recognitiom systems are not capable
of doing a good Job of automatically recognmizing speech in a
general sense, {,0.) With a vocabulary approaching that of
the average person and a8 normally spoken Iin a
conmnected/continuous manner, Presently each word must be
spcken as an acoustically separate unit (i{solated word
peacognition).

3,4 Eguipmant CLateggry = Mixed=Media (Keyboard/Reader)
Systems « A mi{xed=med{a system is an electronic data entry
system which {ncorporates both keyboard=to=disk amd optical
scanning equipment, A market for mixed=media systems has
developed because many oOrganizations have data entry
aprlications that are vel)l sufted for optical scamrning vet
el80 require a certain amount of keyboard data entry,
Investing in two separate systems could be a waste of money,
11 keyboard=to=disk and optical scanning {8 combined {nto
one system, then duplication of the min{fcomputer controller,
memory, edit/validate software, and other features can be
elimimated, Source documents unsuitable for scannimg are
assigned to the key entry seetion of the i{installation and
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processed 1im the conventional manner, In addition, data
found in error by the optical scanner can be corrected st
the key=enmtry stations, Input from all entry devices {s
stored on disk and then transferred to computer compatible
tape for further processing,

3,4.1 Eguiement Charactaristica
J.4,1.1 Rata Cagacity/8Sceaed

J.4.14141 Iranaferslcanapisaaion Sgeged = Overator keying
speed, opticel reader Sreed, and entry features/softvare
determine the throughput of mixed=med{a systems,

3.,4,1,1,2 Yglume Ber Unit of line = The throughput rates of
mixed=media systems are 1in the general range of 800«3600
characters/second, 180=650 forma/minute,

3.4,1,1,3 Operator Spaed = Operator keying speed will affect
the system’s throughput, Keying soceeds from 12,000 to
20,000 kevstrokes per hour are possible, but an average of
approximately 7150 keystrokes per hour can be expected based
on estimates for tvpical keyboardw=towdisk systems {m g
production environment,

3.4,1,2 Qgerational and Envirgomental Reauirsnenta

3.,4,1,2,1 larpecature/tunidity Seguiremenia = Most of the
equipment of this type (optice! scanners and
keyboard=to=di{sk) can cperate in a normal office
environment,

3,4,1.2,2 ApeslBhyaical Location = This varies depending on
configuration and location of the kevyboard terminals,

3.4,1.2.3 Comguter Intesiace = Mixedemedia systems wusual)y
operate offsline amd Produce computer compatible magretic
tape, Communicatiom interfaces are available for online
cperationm or onl{ime tramnsmission of data recorded on
magnetic tare,

3.,4,1.3 loouwt Chapacisrniatica

3,4,1,3,1 Bacord 3izea = Maximum record sizes ramge up to
4096 characters but practical maxima are mormally under S00
characters,

3,4,1.3,2 Charagter Sats Avallable - Some of the mixed=media
systems {mcorporate multifont QCR readers canable of reading
most scannagble fonts {ncluding handprinted charscters, The
character sSets available on the keyboardeto=disk subsystem
are typical of the sets avalilable for kevyboard=towdisk
systems covered in sectiorn 1.3,

3.4,1,3,3 Spegial Egen Eeguirsmgnta = Paper for optiona)
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1ine printers, paper tape punches, or teletypewriters may be
reauired, Forms are probably the most critical requirement
of an QCR operation, The desigmn of the form must meet the
reauirements of the reading device and also have an
efficient leyout for the user, Since OCR depends on the
contrast of the characters to the background of the form for
character recognition, the paper must be of high auality and
free from dirt and other foreign substances, Its thickness
must be within a specified range. Data usually must be {n
predefined locations and the characters must be properly
registered, crisp, and well defimed with very little skew,

3.4,1,4 Qutout GCapabilities <« Mixedemedia systems are
carable of generating hard copy output, recording on
magretic tape and magnetic disk, anrd transmitting to a
computer,

3.,4,1,5 Editsz¥alidate Capabilities = The mixed=medis systems
have most of the same edit/validate features typically found
om OCR’s amd keyboard=to~disk systems, The controlling part
of the system {8 usually s minicomputer, and the capability
to manipulate data {mn memory i8s gn imherent festure of the
minicomputer, Software can cerform the editing as the dats
is being entered, The UuUse of alphanumeric displays for
cperator faeedback {im combinmnation with OCR {ncreases the
edit/validate capabilities, OCR error/rejects can be
handled by video {mage display and keyboard correction
techniques, The video image {8 a duplicate of the field {n
error exactly as {t was "seen" by the optical scanmer, In
addi{tion, features such a8 character delete/{nsert,
splitmscreen, "f{ll={mwtho=blanks," and conversational modes
of date entry ease the task of data editing and validating,

3.4,2 Qpticns = Options avaj)able for mixed=media systems
{nelude Journal tape and line printers, punch tag readers,
teletypewriters, additional memory, magnetic tape drives,
magnetic disk drives, an expandable number of key=stations,
appli{cation software, user programming languages, and
various communication interfaces,

3.4,3 Dpepator Beguirepents = Since mixed=media systems
incorporate both am OCR system and keyboardeto~disk system,
operator requirements should be the combination of the
reauirements for both systems, The requirements can be
found {n sections 1,3 (Keyboard=to=disk) and section 2,1
(Optical Character Readers),

3.4,4 Caoat Bangea = The least expensive mixed=media aystem
sells for approximately §100,000 for 8 20-station
configuration and $150,000 for & 32 station configuration,
More Ssophisticated systems cost from approximately $200,000
to $600,000 depending om the ocotions and the number of

keystations used,

3.4.,5 Iynical Qata Entey Apolicationg = HBecause of high
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equipment costs and potentially high throughput, mixedemedi{a
systems are primerily suited te high=volume, centralized
dats entry, Mixed=media systems should be considered for
applicetions which can Justify anm QOCR but must alse process
non=scannable documents,

3.4,6 Adyapntagcea and Sirang PBoipts = By  sharing of
components, mixedemedia systems coffer a cost advantage where
both optical scamning and keyboard=to=disk capabilities are
recuired,

Extems{ve ed{t/validate features can bhe applied to bath
keyed and scanned data, easing the burden on the mainframe
computer,

Most of the strong points and advantages that apply to the
categories of optical character resders and keybocard=to=disk
systems (covered {m sectionrs 2,1 and 1,3, respectively) also
apply to the mixed~media svystems,

3.4,7 QRisadvantages and Lioitatigns = Mest of the
disadventages and limitations thet apply to the catenories
of ortical charscter readers and keyboard=to=disk systems
(covered {n sections 2,1 and 1,3, respectively) also apply
to the mixed=media systems, In additiom, it should be
emphagsized that the fa{lure of a8 shared component wil)
disable the entire mixed=media svstem and may create o
severe data entry bottlenmeck,

3.5 Eaulgment CLatsgory! Digitizing Tabiets - Image
digitizers (ot which digitizing tablets are a Specific type)
are the broad category of electronic devices which semse the
movement or position of a cursor (a stylus or other drawing
mechanism) relative to a flat working surface, These
devices are generally used for diqitally recording the
continuous recresentatiomn of some analog function or
measurement or other applications reauirimg graphic fmput,
Tycically, a digitizer is & two=axis device with a cursor
that {s free to move over a flat workimg surface., Curser
position {e detected and recorded digitally for output to
cards, magnetic tape or a computer interfsce, The most
common digitizer appears to be the digitizing tablet,

One tablet that {s being marketed {8 @& sonic digitizer
incorporating a 8sound emitting handeheld stylus, & 14 x 14
fmeh sauare (optionally up to 72 inches) writing or drawing
surfece with a perpendicylar L=shaped microphone sensor
bordering two sides of the tablet, With the stanmdard 14
imeh by {4 {nch tablet, 4,000,000 points on & 2,000 by 2,000
matrix can be detected and digitized (converted) into (X,Y)
coordimnate pairs,

Another manufacturer provides & digitizimg tablet which

{mcorporates a {4 imnch sauare tablet surface and a hand=held
stylus, It hes its sensimg electronics embedded inm ¢the
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teblet surface,
31,5.1 Eguipment Charasteristics
3.5.1.1 Data Capacity/Sgaed

31,5.1,1,1 Icapatecslrananissaion Sgead = Onlime transmission
speads of digitizimng tablets were not found {n the reference
sources used in preparing this report, However, the maximum
digitizing rate ranges from approximetely 200 to 6600
coordi{nate points ner second,

3.,5,1.,1,2 Yolums Bep Unit of Iize = It {s inconceivable that
an operator can accurately move the stylus faster than the
device can sense the movement, Therefore, the volume of
digitized points per umpit of time {8 limited to the Speed at
which the operator cam trace, drew, write or touch the
tablet surface,

3,5.1,1,.,3 QOpecator Spasd = Operetor speed {8 & limiting
factor {in predicting the 1{nout speed of the digitizing
tablet,

3,5,1,2 Operatignal and Epvirgnmental Beguirementa

3,5.1.2,1 Iageeratucs/bumidity BReowicemanta = Temperature
and humidity ranges are not critical for this eauipment,

3,5.1.2.,2 ApealBhysical Location = This equipment reauires
approximately 4 to 5 sauare feet of space on a table or desk
top,

3.5.1.2,3 Cooguier Interface = The digitized coordinmates
gererated by digitizing tablets canm be recorded on externma!)
peripheral devices or they cam be transmitted to a computer,
The commumication Imterfaces and Jinme speeds available for
digitizing tablets were nrot included in the reference
sources used in preparing this rerort,

3,5.1.3 lpout Chapacteriatics
3.5.,1,3,1 Record Sizea = Not applicable
3,5,1.3.2 Charagctar Sets Avallapls = Not aeplicable

3.5.,1,3.3 Saecial Egrn Reguiramenis = Pre=printed forms can
be placed on the tasblet surface, Various form designs can
be used, By assigning aspecific meanings = alphanumeric
characters, programming commands, graphic symbols, even
whole sentences = to specific coordimate pairs, the assigned
meaning can be determined from the coordinates generated
each time the stylus touches the prescribed area, This type
form {98 commonly associated with a menu, where the operator
selects his choice by simply touching the {tem with the
stylus,
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3.5.1,4 Qutput Capabilitiea = Output from the digitizinmg
tablet cen be directed to pacer tape, magnetic tape, punched
card, plotter, programmable calculator, computer (usuel!ly a
minfcomputer), or small display device which displays the
(X¢Y) coordinates, These (X,Y) coordinates can be {n the
form of a four digit number or an eleven bit bimary number,
derending on the application’s requirement, Output can also
be directed to a graphic display which reproduces all or
part of an image, or to a microf{lm, or to a slide image
generator,

3.5.1,5 Ediss¥alidate Canabilities = The digitizimg tablet
does not possess edit/vali{date capabilities,

3.5.,2 Options = Optioms avajlable for digit{i2ing tablets
{mneludes

Tablet sizes up to 72 imches by 72 inches
(X,Y) coordinate display screen

Magmetic tape units

Paper tape pumch units

Pumech card units

Ball point pen stylus

Mierofiim/sl ides

Flat bed plotters

® ® & 9> & o ©°

3.5,3 Qgesator Reguirenpents - If the digitizing tablet s
used for the ({nputting of mechanical or graphic drawings,
the operator should preferably have drafting skills,
Otherwise, source dats entry applications would mot reaquire
operators with special skills,

3.5.4 Loat -~ The opurchase price of a digitizinag tablet
begins at aporoximately $3,000, Thies price includes only
the basic componrents of the system=tablet surface,
microphone sensor base, stylus, and conmtrol unit,

3.5.5 Egopomic Considerations = It would be diffjeult to
justify the use of digitizimng tablets for alphanumeric data
entry since each tablet costs 53,000, This {s not to say
that digitizimg tablets should not be consi{idered, bhut
{instead that there are many kevyhoard devices {n the Same
erice ramnge which have more general flexi{bility. Most of
these keyboard devices are capeble of receiving output from
the host computer and the actual characters entered are
visually displayed rather tham Just the coordirnates which
reoresent them,

3.5.6 lycical Rata Eotey Acplicatiops = Imege digitizers are
used for many diverse applications, with little in common
except that they all convert graphical date to digital form
for computer processing, Digitizers are used {n fully
automated drafting systems for such aoplications as: the
conversion of parts drawinas to digitel form which are
recorded on magnetic tape to be uUsed by rnumerically
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controlled machine tools, the generation of input from rough
sketches to produce eccurate drawings, and the digitization
of the shares of design models used in the ship bujlding,
automotive, and aircraft {ndustries, and {n architecture!
design,

Digitizing tablets have been successfully used {n source
data entry applications such as {nventory control,
production comtrol, order entry, and in other applications
where uUntrained personnel enter data,

1.5.7 Advantages and Steoopg Polnta

o Digitizing tablets can be located in most source data
entry locations,

o Their operation can be very simple, thus skilled
operators are not reauired,

. Complex drafting or desigm Jobs can be computer
assisted at qgreat cost savings,

3.5.8 Disadyaptagas and Limitaticna

. Digitizing tablets used for alphamumeric source data
entry do not possess the capabhiliti{es of other sim{larly
priced data entry devices,

) o The data captured by the digitizing tablets is {n the
form of matrix coordimates, These coordinates must then be
converted into the appropriate mearimgs by software on the
host computer,

3.6 Eguicnent Category! Point=of=Sale (P0S) = A POS system
{s beasically a source data collection system designed for
the reteil trade. It {s used to collect business data at
the point of transaction and record {t in computer=usable
form, thereby elimimnating the need for {ntermediary
handling, Most POS systems are modularly desigmed and are
usuelly configured {n one of three wavst local recording
systems, centralized or {nmn=store controlled systems, or
remote onli{me fnteractive syatems,

A Jocal recording system typically imncludes stand=alone cash
registers with a builtein processor and a magnetic tape
recorder (cassette or cartridge)., In this enviromment, the
POS termimal opPerates very much like the conventiomal cash
register, except that it camn collect more busimess data
fastar and more accurately,

The centraljized, or I{n=store, configuration i{ncludes a
number of termimals sSharing one controller (min{computer or
8 preprogrammed hardwired pProcessor), Centralized systems
can perform many more Sophisticated Processing fumections
that are not feasible with stand=alone terminals, These
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include credit verification, automatic price lookup,
{nventory control, extensive editing and formatting
capabilit{ies, generation of management reports, and data
communications with s host computer,

The online asystem usually consists of several inestore
subsystems which communicate with a centra) host computer,
In this configuration, conmtrol orioinates from the host
computer with the driving programs housed {in the store-based
controller (or minicomputer), The on=li{me system provides a
furthear dimensiorn of processing sophistication not possible
with {solated in=store systems,

Regardless of the differences in system configuration and
procegging capabilities among these three altermatives, they
are essentially the same with regard to data entry at the
point of sale, Data entry {s accomplished by the cash
regi{ster kevyboard supplemented by an optical character or
bar=code reading device, Additional informatiom on optical
character and optical bar=code type devices may be fourd {n
sections 2,1 and 2.3 of this report,

31.6.1 Eguioment Characteriatics
3.6.1,1 Rata Capacity/Sgesd

3.6,1.1,1 Irapaferslrananisagign Spesd = Some POS systems are
restricted to 2400 bits per second, while others can
transmit up to 9600 bits per second,

3.6.1.1.2 Volume Ber Unit of Iize = The throughput of POS
systams varies depending on the eauipment configuration,

3,6,1.1,3 Operator Sogegd = The speed of operators usinmg POS
equipment was mot found {m the reference sources used in
preparing this report,

1.6.1,2 Opecational and Envirgnmental Rsguirements

3,6,1,2,1 IsopecaturesHumidity Reguirementa = POS eauipment
{8 designed to operate in the environment commonly found {n
retail stores,

3.,6,1,2,2 ApeasBhyaical Lgcatign = The size and location of
PDS equipment vary dependima on configuration,

3.6,1.2,3 Computer lnteriace = Local or stand=alone POS
equipment {nterfaces with the computer by magnetic tape
(cassette or cartridge), Some of the older equipoment Uuses
punched paprer tape as the computer {nterface, Centralized
or {mm=gtore POS systems are cable=comnected to a
mim{computer or hardwired processor, Online POS systems
interface to the host computer via communication linmes
(Usually leased or switched network telephone linres).
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3.6,1,3 loout Charagteriatica

3,6.1,3,1 Record 3izes = This information was nmot available
{n the reference sources used in preparing thi{s report,

3.6,1.3,2 (Lhacacter Sets Ayallable = POS equipment s
designed primarily to capture numeric data, The keyboards
of electronic cash registers, credit veri{if{ers, etc.s
usually are limited teo numeric and specfal fumction kevys,
Bar codes such as UPC (Unfversal Product Code), commonly
found on food packages, represent numeric data and are read
by fixed or hand=held bar code scanners {onrtiomally
sveilable on some POS systems),

3,6,1,3,3 Sgecial Egen Racuicamants <« Forms requirements
very depending on the equipment {n making up the POS system,
The most common forms reauired for POS  systems are
fdent{fication/price tags and rolled paper used for printing
customer recejots,

3.,6,1,4 Qutput Cagabilitiea = Most of the POS terminmals,
such as cash registers, provide both visual output and hard
copy printed output, In addition, date i{s usually either
recorded at the station on magnetic tape or purmched paper
tape, or {t is transmitted to the host computer,

3.,6.1,5 Edits¥alidate Capabilities =~ The stand=alone POS
terminals have self-contained processors with Jim{ted
cerabjilities, They are carable of automatically extending
totals, adding sales tax, etc,, but they are not capable of
performing meaningful edit or validate routines,
Centralized and online systems {mncorporate minm{computers or
small busimess computers, With the processing capabilities
of these comPutere based systems, a wide range of edit and
validete functions cen be performed as data is captured at
the POS terminals,

3,6,2 Optiona = Options avaflable with POS systems include
the fellowings

o Bar code scanners which read opreprinted bar codes
(such a8 the UPC code) are available, These scanners can be
permanently attached to a surface, The operator (or
conveyor belt) moves {tems past the wimdow of the scanner
and the bar codes are read, They may alsoc be hande=held
scanners which are 8small portable devices that can be
manipulated by the hand of the cperator to read prepri{nted
bar codes,

o« Temporary recording medisa 8suUch as magnetic tape
cassettes (or cartridges) and papep tape are available,
These options are commenly found on POS terminals and used
for efther backwuyn data storage or for pprimary date
collection (when the termimal {8 not omlime with the host
computer),
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o« Electronic weight scales

« Automatic change dispensers

« Voice response

» Optional memory Sizes for minicomputer controlier

« Software packages for edit/validation and  data
manipulation

» Many options avai{lable for the minicomputer
controller

. OCR Jourmal tape

3.6,3 Ogeragor Baguiremanta = Most POS systems include
electronic cash regi{sters, Experience/skill on these
devices would be helpful, but traimning {s mot usually o
problem,

3.6.,4 Cgat Banges = Purchase prices range from approximately
$5,000 to over 31,000,000 per complete system, depending on
the dearee of sophistication and the number of terminals
involved,

Examples of prices of the three different configurations
discussed in section 3,6 are the following!
Loca)l recording system $5,100

Inestore controlled system ({ncludes $200,000
30 terminals and minicomputer)

Remote on=line interactive aystem $123,500
(includes 30 terminals and

concentrator but does not {meclude

central host computer)

3.6,5 Iynical Rata Entry Loplicaticns = POS systems have
been designed feor (and are used almost exclusively for)
capturing dsta at the pointecfwsale in retail sales
establishments, Several large general merchandisers have
installed POS systems, Grocery store chains are finding
that PQ0OS systems incresse the productivity of cashiers anmd
provide better sales and inventory data thar were available
with standard cash registers,

3,6,6 Adyantagaa and 8irgng Bgipta -~ POS systems are
designed to minimi{ze key depresssions and maximize
throughput, The operator is guided by sequenmtially 1{t kevs
or a message panel to progress through each tramsaction, If
an optica) scanner {s used to read product codes and/or
orices, the number of key depressions {8 reduced even more,
The results are~fewer calculation errors, faster checkout
tirme, fewer cashiers required for a givem amount of
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business, end better customer service, Sales receipts to
customers are more detafled than those from cash registers,

Inventory data {8 ceptured at the point=of=sale quickly and
accurately, This results {n faster re=order actions and
better buying decisions,

POS systems are capable of automstically verifying the
credit gstatus of customersg, With the {mcreased use of
credi{t cards, this means less credit Josses and s faster
response to credit approval,

3.6,7 Qisagduvantages and Limitatigna = POS systems are
expensive, Their use {8 normally restricted to the larger,
high volume type of retail business, Examples are large
department stores, fast food restaurants, and SuUpermarkets,

One reference source 1{sts the lack of application Software
o8 being a disadvantage, This problem should be solved as
POS systems gain mope popularity and POS vendors broaden
their application base,
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GLO3SARY

Acoustis couRlar = A modem designed for operatiomn over the
publie telephone network, A connection {8 providea between
the data terminal end the communications 1limne wusing a
conventiongl telephone handset, Data to be trpnsmitted is
converted from a serial stream of binary digits to a
seauence of tones (mark and space frequencies); at the
receive end, the tones are converted bhack into a stream of
bimary digits corresponding to the original input data. It
i{s connected to data terminal eauipment by a cable which
generally complies with some standard) e.g., EIA RS=232C,

ASCI]l = American Standard Code for Information Interchange
(also known es USASCII), An American Nationmal Standard
binary coding scheme consisting of 128 seven=bit patterns
for orintable characters and control of eauipment, Alse
known as Intermatiomel Alphabet No, S,

Audio apnsgerback = Audio response (which can be in terms of
tones or machine=generated speech) normally associated with
an imauiry=response system,

Baudot = A system of coding for transmissiom of data {n
which five bits represent one charscter, Alsc known as
International Telegraphic Alphabet No, 2,

BCR - Binary Coded Decimal, A binary notation 1{n which
individual! aslphanumeric characters are represented bY a
pattern of four or six bits,

Bit = The smallest unit of {nformation in the bimary number
system, It {s the abbreviation for "bimary digit" where »
bit is represented by a one or a 2ero, These states may {n
turn correspond to conditiens within equipment such a8 on or
off, the presence or absence of a voltage or flow of
current, or a switch comtact beimg open or closed,

BBS = Bi{ts per second,

Cacd dialer = A unmit that automatically dials telechone
numbers by {nsertion of a plastic card that contain the
numbers, It may also be used {mn s TOUCH=TONE (TM) data
system to transmit comstant mnumeric deta to a computer,

Cathade=ray tube (LBIL =~ An electronic vacuum  tube
containing a screen on which {nput or output data may be
displayed {n graphie form or a8 character {mages,

Channgl = A path along which sigrals can be sent} 1%+
data charnel, output channel,

Coding Eorm = Also called keypunching or dats entry form,
The form from which the kevPpuncher enters data, It may be
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the same as, or Separate from, the source document,

Curagr = A moveble marker, visible on a CRT display, used to
{ndicate the position at which the next operation (e,g.,
{nsertion, replacement, or erasure of a character) {8 to
take place,

Qocument rceader = A reader havimg the capabjlity to read
documents of less than standard 8,5 x {1 {nches letter aize,
A document reader gererally reads one or two limes per
document, while "page readers" can read many lines from each
document,

RQot Mateix = A method of generating characters utilizimg a
matrix of dots, each of which may be {ndepermdently turmned on
or off, The combinatiom produces Y human readable
character,

EBCRILC =~ Extended Bimary Coded Decimal! Interchange Code., An
alphanumeric character code containing upper and lower case
characters, and special symbols, EBCDIC {s an 8=bit code.,

Edit = To modify the format of data, i{nmcluding deleting
unwanted cdata, selectinmg pertinent data, or imput,

Eant. A set of characters of a givem s{ze and style,

Hollazith caode = A standerd 12wchannel punched card code {n
which a decimal digit, letter, or special character {s
rPepresented by one or more rectanmgular holes punched (or
marks entered) in a vertical column,

Inoact Brinter = An output unit which mechanically prints
characters on the page by a fast=action hammer causing
contact between the pacer and a type 8slug at the exact
moment the required character is {n position,

lok Jet Priptar = A high-speed printer that produces {mages
by dischargirg tiny droplets of ink {n a stream from a row
of nozzles, As these droplets are discharged, they pass
through electrical fields which {nduce electrical charges on
selected droplets, Those droplets that are not charged will
impact the paper while the charged droplets are
electrostatically deflected from the stream to be returned
to the fnk system,

logut = (1) The data entered into a computer for processing)
(2) The process of enterimg datal) (3) Pertaiming to the
devices that emter dates,

Interface = A common boundary between automatic data
processing systems or parts of a 8ingle systenm,

Light=ggn = A photosensitive device that is used to point to
a particular element on a display screen, The light=pen
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causes an interpupt to be 1nit1ated and the computer or the
display processor {s able to idemtify the element by reading
an address or identi{fication buffer in the display
processor,

Mark Senag ~ Sensing of marks on e page, document, or card,
end transmission of the aperopriate code (derpending on the
positiomn of the mark on the page),

Mateix matehing = A pattern recoanitiom technique used by
optical readers to recognize characters, It {s based on
comparisons hetween the predefinmed matrix representation of
each character (in the chasracter set(s) recognized by the
opticel reader) and a simi{lar matrix representation produced
by the reader as the character to be interpreted is scanned,
When the matrices "match," the character {8 recoanized,

Modan = A contraction of MOdulator DEModuleator, A device
that modulates and domodulotos sigrals transmitted over data
communications facilities,

Multi=fgnt 2sadss = A reader having the capability to read
multicle fonts intermixed on the same page,

Multigls faont rgader ~ A reader havimg the capability to
read several fonts, but only one at a time’ i{,e., fonts
cannot he intermixed on & page, and Sspecial action must
oceur before changing to another font, Switching between
fonts can be a manual or a programmed feature,

Qunifont ~ The capebility to recognize characters printed {n
eny tvype font, The user inputs the characteristics of his
particular font thereby "teaching" the optica) reader
another "character set,"

Bage raader = An optical reader having the capability to
read letter=sized (8,5 x 11 inches) or larger documents,
Page readers can read many 1ines from each document (as
oprosed to "doecument readers" which are generally caPable of
resding only one or two lines per document),

Bagling = The combining of data records recorded at
individual tare stations onto a single tape for entry {mto a
computer system,

Singls fapt raader - An eptical reader equipped to resd one
tyoe font only,

Saource document = The user’s application document, whieh s
s source of data eventually processed by the computer
program, Examples {im¢clude time cards, vouchers, anrd bills
cf ladinmg,

Stora=and=fgruard = Data (in the form of cards, tape, etc.)
is temporarily stored at some location for later tramsmittal
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to the computer site, An example {3 the gemeration of
magretic tape from a remote key~to-tape station, The tape
is stored temporarily until it can be later carried op
transmitted tc the mainm computer facility,

Ihermal opint8r = A printer which uses heated electrodes to
selectively darken the surface of multielayered paper {n
such a way as to reproduce the desired image(s) om a harg
CORY,

Ibcoughgut = The total amount of productive work performed
by a data processing system durimg a given period of time,
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bodies.

Special Publications—Include proceedings of conferences spon-
sored by NBS, NBS annual reports, and other special publications
appropriate to this grouping such as wall charts, pocket cards, and
bibliographies.

Applied Mathematics Series—Mathematical tables, manuals, and
studies of special interest to physicists, engineers, chemists,
biologists, mathematicians, computer programmers, and others
engaged in scientific and technical work.

National Standard Reference Data Series—Provides quantitative
data on the physical and chemical properties of materials, com-
piled from the world’s literature and critically evaluated.
Developed under a worldwide program coordinated by NBS under
the authority of the National Standard Data Act (Public Law
90-396).

NOTE: The principal publication outlet for the foregoing data is
the Journal of Physical and Chemical Reference Data (JPCRD)
published quarterly for NBS by the American Chemical Society
(ACS) and the American Institute of Physics (AIP). Subscriptions,
-reprints, and supplements available from ACS, 1155 Sixteenth St.,
NW, Washington, DC 20056.

Building Science Series—Disseminates technical information
developed at the Bureau on building materials, components,
systems, and whole structures. The series presents research results,
test methods, and performance criteria related to the structural and
environmental functions and the durability and safety charac-
teristics of building elements and systems.

Technical Notes—Studies or reports which are complete in them-
selves but restrictive in their treatment of a subject. Analogous to
monographs but not so comprehensive in scope or definitive in
treatment of the subject area. Often serve as a vehicle for final
reports of work performed at NBS under the sponsorship of other
government agencies.

Voluntary Product Standards—Developed under procedures
published by the Department of Commerce in Part 10, Title 15, of
the Code of Federal Regulations. The standards establish
nationally recognized requirements for products, and provide all
concerned interests with a basis for common understanding of the
characteristics of the products. NBS administers this program as a
supplement to the activities of the private sector standardizing
organizations.

Consumer Information Series—Practical information, based on
NBS research and experience, covering areas of interest to the con-
sumer. Easily understandable language and illustrations provide
useful background knowledge for shopping in today’s tech-
nological marketplace.

Order the above NBS publications from: Superintendent of Docu-
ments, Government Printing Office, Washington, DC 20402.

Order the following NBS publications—FIPS and NBSIR’s—from
the National Technical Information Services, Springfield, VA 22161.

Federal Information Processing Standards Publications (FIPS
PUB)—Publications in this series collectively constitute the
Federal Information Processing Standards Register. The Register
serves as the official source of information in the Federal Govern-
ment regarding standards issued by NBS pursuant to the Federal
Property and Administrative Services Act of 1949 as amended,
Public Law 89-306 (79 Stat. 1127), and as implemented by Ex-
ecutive Order 11717 (38 FR 12315, dated May 11, 1973) and Part 6
of Title 15 CFR (Code of Federal Regulations).

NBS Interagency Reports (NBSIR)—A special series of interim or
final reports on work performed by NBS for outside sponsors
(both government and non-government). In general, initial dis-
tribution is handled by the sponsor; public distribution is by the
National Technical Information Services, Springfield, VA 22161,
in paper copy or microfiche form.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

The following current-awareness and literature-survey bibliographies
are issued periodically by the Bureau:

Cryogenic Data Center Current Awareness Service. A literature sur-
vey issued biweekly. Annual subscription: domestic $25; foreign
$30.

Liquefied Natural Gas. A literature survey issued quarterly. Annual
subscription: $20.

Superconducting Devices and Materials. A literature survey issued
quarterly. Annual subscription: $30. Please send subscription or-
ders and remittances for the preceding bibliographic services to the
National Bureau of Standards, Cryogenic Data Center (736)
Boulder, CO 80303.
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