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In this Issue:
Computerapplicationprogramstell a computerhowto accomplishspecifictasks.Typically,
suchtasks involvethe processingof informationthat the computerfindsstoredin its memory
or comingin from a terminalor other inputdevice. fhe articlesin this issuedeal with ways of
gettingthat informationinto the computer.
Featuredon our cover is a new digitalbar-codewand.You'veseen bar codeson the labels
of productsat the supermarket.The bars and spaces in these codes representnumbersor
letters,and the bar-codewand convertsthem intoelectricalsignalsa computercan read.lt's a
fast, reliable,relativelycheap and easy-to-usemethod of puttingdata or programsinto a

computer.
Thewandcomesin twoversions,ModelHEDS-3000
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(coverand page'l1) for usewiththe HP-41CCalculator,
featuredin thesepagesin March1980.HP-4'|C
solutions
booksgiveyounotonlytheprogramlistingsbutalsotheequivalent
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programthe calculator
is scanthe pagesof the bookwiththe wand.Easy.
The articleon page15 describesanothercomputerinputdevice,Model9111A GraphicsTablet.Withthis
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mechanical
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andseethemappearon a displayor plotteras theyaredrawn.Compared
to describing
picturesto the computerin termsof coordinates,
the tabletis a lot moreconvenient.
An articleabouta newdatacapturesoftwarepackage,
DATACAP/1000,
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beginson page25.DATACAP
packageof programs
for HP1000Computers.
lts purposeisto helpmanufacturing
companies
collectdatafrom
faclories-information
about inventories,
work in process,time and attendance,
distribution.
Guidedby
DATACAP,
factorypersonnel
enterthisdataintoHPdatacaptureterminals
usingkeyboards,
cards,or bar-code
wands.DATACAP
receives
thisdata,checksit, andstoresit in a databasein thecomputer's
memory,sothat
programscan processit and producetimelyand accuratereportsfor management.
report-generating
DATACAP
is designed
to adapteasilyto eachindividual
factory'sneeds.lt asksitsownerquestions
to findout
whatthoseneedsare and generatesa tailor-made
information-gathering
systemto meetthem.This helps
managersincreaseoperatingefficiency,
minimizeinventoryinvestment,
and improvecustomerservice.
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HandheldScannerMakesReading
Bar GodesEasyand lnexpensive
Thislightweightwand containsthe light soLrrce,reflectedlight sensor,and digitalsignalshapingcircuitryneeded for
scanning bar-code patternsreliably.
by John J. Uebbing, Donald L. Lubin, and Edward G. Weaver,Jr.

AR CODESARE A RAPIDLY GROWINGmethod of
manual data entry that can be used as an effectrve
alternativeto keyboards.A bar codeis a self-contained
message with information encoded in the physical widths
of bars and spaces in a printed pattern. Hewlett-Packard's
new HEDS-3000 Digital Bar Code Wand (Fig. 1) is a reliable
interface between these printed bar codes and a digital
decoding system. When the handheld wand is used to scan
the bar code, it converts the light reflected from the printed
bars and spacesinto TTL or CMOS-compatible logic levels.
The resulting digital signal is available for input to a digital
decoding system.
The wand contains a precision optical sensor, an analog
amplifier, a digitizing circuit and an output driver. The
integration ofthe emitter, detector, and optics ofthe optical
sensor into a single package makes the scanner rugged and
reliable. The output of the sensor is proportional to the
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Fig. 1. fhe HEDS-3000DigitalBar Code Wandcontainsall ol
the componentsnecessaryto converta printed bar'code pattern into a digitalsignal for use in data processlng.

reflectance of a 0.2-mm (0.008 in) diameter spot in front of
the opening in the wand tip. The sensor signal is amplified
and converted into a logic-level output by a circuit contained in the wand body. This output is a logic high (1) level
when the sensor is looking at a black bar and a logic low (0)
level when it is looking at a reflecting white space. The
output of the wand is connected to the user's digital processor, which typically measures the time intervals corresponding to the widths of these bars and spaces as the wand
is scanned over the bar code, The user's decoding algorithm
can then decode these time intervals into binary, numeric,
or alphanumeric information depending on the bar-code
format. Parity and check-sum information can be used to
verify that the read operation was error-free before the information is entered into the computer.
The optical sensor has a spot-size resolution that allows
bar-code widths as small as 0.3 mm [0.012 in) to be read
reliably. This resolution is ideal for dot-matrix printed bar
codes. In addition, the 700-nm wavelength of the sensor
light source enables sensing of many colored bar codes,
although the HEDS-3000 is primarily intended for blackand-white patterns.
The circuit in the HEDS-3000 bar-code scanner uses a
push-to-read switch to save power in battery-operated systems. Another battery-oriented feature is the wide range of
operating voltage. The wand circuit is designed to use a
s i n g l e p o w e r s u p p l y w i t h i n t h e r a n g e o f 3 . 6 t o 5 . 7 5 v o l t s .A t
maximum voltage the wand will draw less than 50 mA
when the switch is depressed.The circuit's open-collector
transistor output allows the wand to interface with either
TTL or CMOS circuits.
The HEDS-3000 is packaged in a rugged ABS-plastic
case. A strain-relieved one-metre cord on the wand is terminated in a nine-pin D-style subminiature connector with
an integral squeeze-to-releaseretention mechanism. The
low-friction tip unscrews for cleaning the sensor window or
for replacement in the event of excessive wear.
A key specification of the HEDS-3000 is the accuracy
with which the wand can measure the bar and space widths
of bar-code patterns. This width-error specification is compatible with the specifications of bar-code printers to allow
the system designer to evaluate the trade-offs in the design
of a bar-code system. The wand can typically measure the
width of the first bar in a code pattern within 0.1 mm
{0.00a in) and the interior data bars and spaces with an
accuracy of o.os mm (0,002 inJ. The wand is designed to
read bar codes in all handheld orientations within a cone of
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30ofrom the normal to the bar-code pattern. The wand will
also operate over hand-scanned speeds ranging from 76 to
760 mm/s (3 to 30 in/s) and over an operating temperature
range of 0 to 55'C (32 to 130'F).

ReflectanceSensor
The high-resolution reflectance sensor that is an integral
part of the HEDS-3000 Bar Code Digital Wand is also available as a separatecomponent (HEDS-1000) for use in other
sensing applications. These include pattern recognition,
object sizing, optical limit switching, tachometry, defect
detection, dimensional monitoring, Iine location, paperedge sensing and bar-code scanning.
To be useful in a low-cost, portable bar-code scanner the
reflected-light sensor must be able to detect 0.2S-mm (0.01in) wide bars and spaces with high sensitivity, have low
power consumption, exhibit good reliability, and have low
manufacturing cost. The design of the HEDS-1000 meets all
of these requirements.
Several optical configurations were considered for the
reflectance sensor arrangement, including half-silvered
mirrors, coaxial source and detector arrangements, and
separate packages for the source and the detector. The
bifurcated side-by-side approach (Fig. 2) was selected because it provides a compact structure that fits into the tip of
a wand and allows both the source and detector to be
mounted on the same substrate. One of the possible drawbacks ofthis configuration is that stray light reflected from
the split lens system can generate a photocurrent when
there is no object to be sensed. This is judged not significant
because of the low level of the stray light relative to the
signal and because the signal conditioning circuit can
compensate for the presence of stray light.
To obtain high sensitivity, a large aperture is needed so
that a substantial amount of light is focused on the bar-code
pattern and a large portion of the reflected light can be
collected and focused on the detector. Early experiments
determined that spherical lenses with the necessary aperture exhibited spherical aberrations that were too great to
allow 0.25-mm width resolution. Thus, to provide a numerFocus Distance
tor
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Fig.2. The HEDS-1000Hrgh-Resotutton
ReflectanceSensor
used in the HEDS-3000is alsoavailableas a separateproduct. Thts sensorcontatnsboth an emitterand detector tn a
single package. A bifurcated lens design locuses the light
from the sensor's emitter onto the area to be sensed and
locusesthe reflectedlight back onto the detector arearn the
senso/.
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Fig.3. fhe emitterand detector chipsin the HEDS-1000are
mounted on a standard TO-5 header as shown.
ical aperture of 0.4 and a sharp focus, an aspheric lens
design was used. The two plastic lenses have hyperbolic
surfaces and are precision molded together as a pair.
The source is a small (0.18-mm diameter) light-emitting
diode (LED) with a wavelength of 700 nm. The wavelength
of the LED was chosen to provide the best light-generating
efficiency combined with the ability to sense dye-based ink
patterns with good contrast. The detector consists of a silicon photodiode and transistor integrated on a single chip.
The reflectance signal can be obtained directly from the
photodiode or through the integral transistor configured as
a high-gain amplifier.
One half of the lens system focuses the light from the LED
onto the paper. The other half focuses the reflected light
back onto the integrated photodetector chip. The area of the
photodiode is somewhat larger than the LED to compensare
for assembly tolerance and to improve the depth range over
which good sensing can occur. Letting the LED size determine the resolution in this way minimizes the LED power
consumption for a given photocurrent level. This is important for battery-powered operation.
A standard TO-s header used for the substrate provides a
compact method for bringing out the leads (Fig. 3). Gluing
the lens directly to the header was first evaluated, but the
moisture-fogging and temperature-cycling test results were
inferior with this arrangement. The configuration adopted
uses a tall metal can with an adhesive-bonded glass window for good moisture resistance. The molded bifurcated
plastic lens pair is bonded to the can with a soft silicone
adhesive for good temperature cycling performance. Both
the LED and the detector are die-attached with a eutectic
alloy to the header using a precision collet tool that attaches
the chips with placement accuracy better than 0.05 mm.
Each HEDS-1000 Reflectance Sensor is individually
tested by an electrical test system controlled by an HP
9825.A Computer/Controller.l The signal levels, transistor
parameters and other data sheet values for the HEDS-1000
are guaranteed by this system.
Bar-Code Reader Circuit
The circuit in the HEDS-3000 is designed to convert the
low-level analog signals from the photodiode in the sensor
module to a compatible logic level that can be easily interfaced to digital systems.
If the optical sensor module can resolve widths much
narrower than the minimum bar width and there is a ereat
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Fig. 5. When the signal maxima andlor mrnrmachange as
shown, the peak detectorsrnusl be reset frequentlyto correctly detect signalpeaks.

Fig. 4. A typical bar-code pattern and corresponding
waveformresultingfrom a scan of the pattern.
deal of contrast between bars and spaces, it would appear
that only a comparator connected to the photodiode would
be needed to perform the digitizing function. Unfortunately, this is not often the case and some type of circuit is
required to determine where a bar ends and a space begins.
A typical analog waveform from a bar-code scan is shown in
Fig. 4. The reason why the signal changes gradually when
going from a dark to a light region is that the finite spot size
viewed by the sensor integrates the light and dark areas.
There are several techniques for determining precisely
where a light-to-dark or dark-to-light transition occurs. One
approach is to differentiate the signal, because the
maximum rate of change occurs at the transition. The disadvantage ofthis technique is that it is very sensitive to both
elechical and optical noise and is heavily dependent on
scan rate. Some designs use ac coupled clipping circuits
that amplify the signal to the point where it looks like a
pulse train. This approach is very sensitive to changes in
average signal value and does not digitize accrtrately
enough for many requirements.
A potentially accurate technique is to detect the positive
and negative signal peaks and set a threshold halfway between the two peak values. This point corresponds to the
sensor viewing area being positioned half on the bar and
half on the space.This works well if the signal Ievel remains
constant or the signal maxima increaseor the signal minima
decrease.In a typical scan, this is not the case because the
height above the bar-code pattern (tag) and the wand angle
can vary considerably during the scan, which changes the
dc level as well as the modulation amplitude. If this
technique is used, a means for resetting the peak detectors

after each transition is needed to allow for the case of decreasing signal maxima or increasing minima (Fig. 5). Previous solutions of this problem have either compromised
performance by using rapidly decaying peak detectors or
have required the extensive use of digital circuitry to perform this function.
Another problem with peak detection, and some other
schemes as well. is how to handle static conditions when
there are no transitions and reliable referencesas to what is
black and what is white. Arbitrary logic default states and
fixed black-to-white thresholds could be used. The problem
is that arbitrary states will not always be correct and fixed
thresholds are subject to too many error sources, such as
ambient light and supply voltage variations, sensor and
amplifier circuit drift, and manufacturing tolerances.
The design of the bar-code reader circuit had to deal with
these processing problems while complying with a number
of other constraints. One maior constraint is size, because
the entire circuit has to fit in the wand body. To accomplish
this with previous circuit approachesrequires the design of
a complex analog/digital integrated circuit. This was the
approach initially taken before a simpler signal processing
technique was found. Another constraint is the requirement
for operation over a supply voltage range of 3.6 to 5.75 volts
to be compatible with the HP-41C Calculator. Economic
constraints dictate that the solution use low-cost components and assembly techniques. This eliminates approaches that require trimming for proper operation.
The circuit can be broken into three major blocksamplifier, signal processor,and digital output. Fig. 6 shows
the circuit schematic partitioned into these functions. The
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Fig. 6, Circuit schemattc for the
HEDS-3OOO.
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Fig.7. Operatronof the processingcircuitin the HEDS-3000.
Whenthe bar code in (a) rs scanned,peak detectionconverts
the resultingvoltage across C7 (b) into a logic-compatible
signal (c). Note; LV:diode forward voltagedrop.
amplifier increases the signal from the photodiode up to a
processable level by converting a current on the order of 100
nanoamperes to a voltage of about 1 volt. An amplifier with
a transimpedance of about 10 megohms is used to do this.
The processing circuit uses peak detection to decode bars
and spaces. A simple positive and negative peak detector
uses two diodes [D3 and D4) and a capacitor (C1).A positive
voltage peak minus a diode drop is stored on C1. The comparator circuit (A2, R2, R3) compares this value with the

output of amplifier 'A.1.When the signal drops below the
value stored on C1, the comparator changes state. As the
signal goes through its negative excursion, D4 starts conducting and the negative peak voltage minus a diode drop is
stored on C1. As the signal becomes more positive than the
voltage on C1, the comparator changes state again. Diode
D3 then conducts until the positive peak voltage minus a
diode drop is stored on C1 again and the process repeats
itself. Fig. 7 shows this operation. Notice that this circuit
does not change state when the photodiode viewing area is
located half on black and half on white. Instead it changes
state before that point, introducing a leading phase shift
which has little adverse effect. The advantage of this approach is that the peak detector always resets itself so that it
can detect the peak of a decreasing signal maximum or an
increasing signal minimum. It does this without requiring
complex circuitry to track the signal correctly.
The comparator in the processing section provides two
functions. First, it digitizes the signal by comparing the
signal level to the voltage on C1. Resistors R2 and R3 provide hysteresis for this function to insure clean transitions
in the presence of a noisy signal. The second, and much
more subtle function of A2, R2, and R3 is to keep the output
in the correct state under static conditions. As mentioned
earlier, this is a problem with most decoding approaches.
This scheme solves many of the problems associated with
static conditions in a simple manner. It requires no absolute
reference level or adjustments. The only constraint is to
define what state the wand is in after power up. The circuit
can be made to power up in either state depending on
circuit details. Once the power-up condition is reached, the
wand will correctly hack all transitions dynamically and
retain the correct state information statically.

Fig,8. Wand casebeforeassembly. The molded cylindrical body
containslhe sensorand the electronicsand is held togetherby two
rings.
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What Is a Bar Code?
Bar codes are messageswith data encoded in the widths of
printedbars and spaceson a piece of paper. lf you considerthat
then bar codes
standardprintedcharactersare tlvo-dimensional,
are one-dimensional
charactersthat have been stretchedin the
verticaldimension.
Fromthisperspective,
bar-codescanningcan
versionof opticalcharacterrecbe seen as the one-dimensional
ognition(OCR) The simplicityof scanningand decodangonedimensionalpatternsis one main reasonthat barcode systems
are more prevalentthan OCR systemsand are expected to remainso for sometime.An analogyfor howbarcode systemswork
is to consider a printed bar code as a pulse-code-modulated
(PCM)signalwherelineardistanceon the paperis equivalentto
time and the whiteand black reflectancelevelsof the bar-code
Two-Out-of-Five
Character for
Number 6

Gap -l

),)ll
F

00

01
First Digit

pattern(tag)on the paperare equivalent
to the highand lowlogic
levelsof the electricalsignal.
Thenumberof differentpossiblecodingschemesfor bar codes
is endless.However,the majorityof schemesnow in use can be
classiiiedas two-levelcodes. In a two-levelcode a wide bar or
space representsa ornaryone ano a narrowoar or space represents a binaryzero (or vice versa).Usuallythe firsttwo bars of a
tag are used to definethe initialvalueof a narrowwidth,then all
bars and spaces read by the wand are comparedto this standard
valueand assignedvaluesof eitherone or zero dependingon
their respectivewidths.
Variationsof the two-levelcode includeversionswhere only
bars carry informationor where groups of bars and/or spaces
(e.9.,fivebars and fourspaces)representsinglecoded characters with internalparity checks. Bar codes can be read either
bidirectionally
or f romonedirectiononly.Almostallcodesinclude
a checksumdigitencodedat the end of the bar code to provide
securityagainst improperlydecoded characters.Code 39""'
(developed by Interface Mechanisms)and two-out-of-fivebar
codes are examplesof alphanumericand numerictwo-levelcharacter bar codes. PaperbyterMand the HP-41C bar codes are
two-levelbinary codes. Another common bar code is the fourlevel UniversalProductCode (UPC)that is used for identifying
groceryproducts.In thiscode a numericcharacteris definedby
two bars and two spaces.Each bar and space is eitherone, two,
three,or four moduleswide and the totalcharacterwidth is constrainedto be sevenmoduleswide (a moduleis a unitof bar-code
width).Securityof the UPC code is furtherinsuredby internal
paritychecksand a checksumdigitencodedattheend of thetag.
To get a better idea of exactly how a bar code works let's
examinethe two-out-of-fivebar code more closely.Two-out-ofiive code is a numericcode with ten digit-characters,
a start
symbol,and a stop symbol.The versiondescribedhere is a
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Fig. 1. lllustrationof two-out-ofJivebar code. Each character
is represented by a combination of five bars that are each one
or three units wide (see Table l).

Fig. 2. ln this industrial application each assemblyis identified by
bar code and the QA defect code
is read directly by a bar code
wand from a code index, eliminating copying errors.
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Table I
Two-out-of-f
ive bar-codecharacterdecoding.(0 : narrowbar,
1 : widebar,M : margin,a verywidespaceat the beginningand
end of a tag.)

Bar-CodePattern
0 0 11 0
10001
01001
11000
00101
10100
0 11 0 0
00011
10010
01010
M110
010M

Character
0
1
2
3
4
5

6
7
B
I
Start
Stop

bar-onlycode with no intormationin the spaces.Narrowbars
representzero bitsand wide bars(typicallythreetimesthe width
of the narrowbars)representone brts.Eachnumericcharacteris
a setof fiveconsecutive
barsof whichtwo barsout of thefiveare
wide. The charactertable and codingfor this code is shownin
TableL A typicalcharacterand tag for two-out-of-five
bar code is
shownin Fig. 1. Thereare typicallythreelevelsof self checking
that insurethat the decoded two-out-of-five
data is valid beforeit
is enteredintothe computer.First,each characteris checkedto
seethattherearetwo and onlytwowidebars.Second,theremust
be an integermultipleol five bars belweenthe start and stop
symbols.Any extraor missingbarswillcausethe decodingsys-

If the voltage on C1 is greater than the output of Ar, the
output of A2 will switch to a high state. If the signal then
remains constant, (static condition) and if R3 is not connected from the output to the noninverting input, C1 eventually charges via D3, D4 and the input bias current of At to
a level comparable to the signal and the output state is
indeterminate. With R3 connected, C1 charges through R2
and R3 toward the output level of A2, keeping the output of
A2 in the high state. If the voltage on C1 becomes less than
the signal, the output of A2 switches to a low state and
under static conditions R2 and R3 discharge C1 toward that
level, keeping the output in the low state. The circuit thus
functions as a latch when static conditions are encountered.
The digital output section consists of transistors Q1 and
Q2 and resistors R4, R5, and RO. The transistors serve to
buffer the output of ,{2 and provide logic-compatible levels.
The output stage shown in Fig. 6 provides a logic zero
output for a dark-to-light transition. Ifthe inverse is desired,
the output can be taken from the collector of Q1, and Q2, RS,
and Ro can be deleted.
Development of the Wand Package
After considering a number of alternatives such as a rectangular-box-type reader and a molded tube wand structure, the basic configuration shown in Fig. 1 and Fig. B was
developed. The slim tip allows the operator to see the code
while it is being read. The long, somewhat bulky body not
only accommodates the printed circuit board, but feels
comfortable in the operator's hand, somewhat like the
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tem to void the read. Finally,the last charactershould be a
software-determinedchecksum number to verify that the decoded data is the sameas the encodeddata.Forexamole.if the
last digit of the sum of the data values is encoded as your
checksumdigit,then it shouldalso be the lastdigitof the sum ol
the decoded data values.lf it is not,then the read is invalid.
The main applicationsfor bar codes are as alternativesto
keyboards.Barcodesallowfastand accuratehandentryof small
amountsof data by minimally
trainedoperators.
The commercial
marketfor barcodes is currentlydividedintothreemajortypesof
users.Thef irstand mostwidespreadapplication
of barcodesis in
point-of-sale
(POS)computersystemsin grocery stores.Merchandiselabeledwith bar codes is scannedat the checkout
counterto automatically
enter the price and item on the customer'sbill and updatethe store'sinventory.
Thissystemallows
fastercheckouts,fewererrors,and moreeffectiveinventorymanagement.The secondmajorapplicationof bar codes is in industrialdata entry(Fig.2). Thiscategoryincludeswarehouseinveniorycontrol,identification
of assemblies
for processmonitoring
or
workscheduling,
and remotedata collection.
The purposeof bar
codes in these industrialenvironmentsis to providea simple
error-proof
meansto hand-enterdata intothe centralcomputer.
The third and newest area of bar-code applicationsis low-cost
data entry for microcomputers.Computersoftwarein bar-code
formcan be massproducedinexpensively
by the printingindustry and distributedto a broad base of users.Bar-codeJormatted
softwarecan be used for programmingappliances,intelligent
Instruments,
or personalcomputers.The bar-codeoptionon the
HP-41Cdescribedin the articleon page 11 and the paperbyteTM
barcode programspublishedby BYTEMagazineare excellent
examplesof lhe useof bar codesfor low-costconsumer-oriented
data entrv.

handle of a paint brush. The switch actuation plate is long
and comes up the side of the wand body so that the switch
can be actuated by the operator's thumb or forefinger even
though the wand is grasped in a number of different ways.
The case itself is constructed of two separate halves, with
the printed circuit board fitting in between. To provide
aesthetic lines for the product, the case halves are held
together with two molded rings of an ABS-andpolycarbonate-plastic alloy for maximum impact resistance
and good temperature range. A vinyl strain relief is molded
onto the end of the cord. The detailing at the end of the
strain relief fits into grooves in the clamshell halves, The
strain relief and cord system have successfully passed one
thousand cycles of heavily loaded 18O"-bendtests. Fig. B
shows the wand case before assembly.
The tip of the wand has a slim profile and still accommodates the reflective sensor. The hole in the tip is large
enough so that paper dust and other foreign material does
not accumulate inside the tip, but falls out in normal use.
The tip is molded of teflon-filled acetal since this material
gives the smoothest ride over the paper and suffers the least
wear. When the tip does wear out it can be replaced easily
because it screws into the wand bodv.
Specification and Testing of the Wand
The HEDS-3000 uses a new approach to specifying barcode wand performance. Historically, bar-code wands were
analog devices and previous specifications dealt with such
analog signal characteristics as amplitude modulation and

noise. A bar-codewand with a digital output requires definition of a new set of performance measures.This digital
performancespecificationproperly describesthe effectsof
mechanical, elechical, and optical parametersupon the
wand's performance.This product specification then defines the conditions under which the wand will read bar
codessuccessfullyin a customer'ssystem.However, different customersare interestedin different specificationsfor
different types of systems.Each system has requirements
basedon the specificbar code,bar-codeprinter, and decoding algorithm chosenby the systemdesigner.The effect of
the wand on the readability of the bar code in eachof these
systemsis slightly different,
The desire to specify the performanceof the wand in a
manner that makes senseto a system designer led to the
conceptof systemwidth error. The width error is a modification of the specificationsused to describebar-codeprinting tolerances.Bar-code printers generally specify edge
resolution. The width of a printed bar or space can vary
from the desired width by the printing uncertainty of the
edges.Sincetheseedgeerrorsareindependentof the width
of the bar, printer performancefor any bar is specifiedby a
width error (e.g.,narrow bars : 0.25-f0.05mm and wide
bars : 0.5010.05 mm). Like bar-codeprinting errors,wand
reading errors are primarily edge errors.The performance
of the wand is characterizedby the accuracywith which it
can measurebar widths. The wand bar-width error can then
be summed with the width errorsof the bar-codeprinter to
determine the total width error at the start of the system
decoding algorithm. A paper analysis of system performance accounting for printer errors,wand errors, and the
specific software algorithm can then be done. Further, by
specifying the bar-width errors and space-width errors
separately,the designercan createsoftwareto compensate
for offset errors characteristicof both wands and printers.
Barsthat consistentlyappearwider and spacesthat appear
narrower are examplesof offset errors.When the specification is in terms of width error, the system designer can
easily understandthe trade-offsin bar-codesystemdesign.
The width error is the differencebetween the calculated
bar or spacewidth and the optically measuredbar or space
width. A two-level black-and-whitecode on photographic
paper is used as the standardtag for characterization.The
bars and spacesof thesetags are optically measuredwith a
toolmaker'smicroscope.When this standardtag is readby a
wand under test at a constant scan velocity, the wandmeasuredbar width can be calculatedfrom the duration of
the bar output level from the wand. The width errors are
separatedinto bar and spaceerrorsand into maximum and
minimum errors.Becausethe magnitude of the width error
is dependent on the width of the preceding space(bar)as
well as the measuredbar(space),the width errors are also
sorted into bar/spaceand space/barcategoriesto give the
system designer a more complete description of the wand
performance.This information can be used to analyze the
functionality of the designer's decoding software. For
example, the system designer can see immediately that
decoding schemescomparing bars with bars and spaces
with spaceswill cancel the systematicor offset errors that
make barsappearwider and spacesappearnarrower,while
decoding software comparing bars with spaceswill mag-

nify theseerrors.To provide as completea picture as possible of the HEDS-3000performancein a variety of operating
conditions, the wand's width errors are characterizedas a
function of wand height, angle and orientation, tempera-
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ture, scan velocity, minimum bar-width size, and supply
voltage.
The width errors of every wand are tested in production
before packaging and shipment. The standard photographic test tag is attached to a wheel rotating at a constant
speed. The wand is fixtured into the specified test position
relative to the tag and the output of the wand is measuredby
a time-interval-measurement circuit and fed into a 9825A
Computer/Controller. The 9825A compares the wandoutput bar and space widths with the stored values of the
optically measured bar and space widths. The 98254 then
calculates the width errors for all the bars and spaces in the
test tag, reduces this data, and stores the relevant information. Besides this final performance test, each printed circuit board is tested before final assembly to guarantee frequency response, output levels, and functionality. Each
opticalsensorisalsopretestedtoguaranteeitsperformance
before final assembly. Finally, wands sampled from production lots are tested to ensure product operating life and hu-

midity resistance.The design is characterized for mechanical
integrity (shock, strain relief, etc.), operating reliability
ftemperature cycling, operating life, humidity, etc.), and
performance quality (electromagnetic interference (EMI)
and width error over diverse operating conditions).
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SPECIFICATIONS
HED93000 Digital Bar Code Wand
POWERSUPPLY:
Vs: 3.6-5.75votts
t"i 50 ml maximum.
DATA OUTpUT;
LOGTCLEVEL: TTL and CMOS comoatibte
WTDTHERRORS:
First Bar
0.1 mm typical
InteriorBar
O.OSmm typical
InteriorSpace O.O5mm typical
SCAN VELOCITy: 7.6-76 cm/s.
|LLUM|NAT|ONWAVELENGTH;7OO
nm
TEMPERATURERANGE
OpERAT;NG: Orc to +Ss.C.
STORAGE:_20"C to +sSqC.
DIMENSIONS:133 x 23 x 20 mm (5.2 x 0.9 x 0.8 in). Cable 1 m long.

HED91000 Hagh-ResolutionReflectance Sensor
POWER SUPPLY:
V6, V", V": 20 volts milimum, 5 volts typical.
1169: 50 mA milimum average, 75 mA maximum peak.
POWERDISSIPATION:120 mW maximum.
PHOTOCURRENTS:
(whitesurface):120 nA, typical.
PHOTOCURRENT
STRAY PHOTOCURRENT:
20 nA, typical.
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FocALpRopERlES:
IMAGE SIZE AT FOCUS (distancefor'10-90o/o
responseover black-whitetransition):
0.17 mm
DEPTHOF FOCUS(to 50o/o
of maximumphotmurrent):1.2 mm.
MAXIMUMSIGNALPOINT:4.3 mm from frontof can.
SOURCEPEAK WAVELENGTH:700nm.
TEMPERATURERANGE:
OPEBATING:-20"C to +70rc.
STORAGE: -40'C to +75"C
PACKAGE: 8-pin TO-5 style package, 12.9 mm long.
PRICESlN U'S'A':
HEDS-3000Digital Bar Wand, $99.50 each in small (1-99) quantities.
HEDS-1000High Flesolution
Reflectance
Sensor,$28.75in small(1-9)quanlities.
MANUFACTURINGDIVISION:OPTOELECTRONICS
DIVISION
640 Page Mill Road
Palo Alto, California94304 U.S.A.

HP Model 82153A Wand
pHysrcAL
spEcrFrcAnoNs:
sameasrorHEDS-3ooo.
ELECTRICAL SPECIFICATIOilS: Supplied with interface plug-in for use with HP-41C
Calculator.
PRICE lN U.S.A.
82153AWand: $125.
MANUFACTURINGDIVISION:CORVALLISDIVISION
1000N.E. CircleBoulevard
Corvallis,Oregon97330U.S.A.

ReadingBar Godesfor the HP-41C
mableGalculator
Program
by David R. Conklin and Thomas L. Revere lll
SPECIALVERSIONof the HEDS-3000Digital Bar
CorCode Wand is supplied to Hewlett-Packard's
W
and
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(Fig. r), an accessory to the HP-41C programmable calculator. Corvallis Division attaches an interface module containing two integrated circuits-a custom wand interface
chip, and a 4096-word microcode ROM. In this article
we describe the wand interface chip, the bar-code formats
recognized by the HP-41C, and uses for the bar code
and wand in the HP-41C calculator system.
The wand interface chip is a CMOS integrated circuit that
converts the electrical signals from the wand into binary
data, apportions the decoded data into eight-bit bytes'
stores the byte(s) for retrieval by the HP-a1C' and interfaces
with the HP-41C bus lines to transfer the data to the calculator's CPU. The interface chip is located in the HP-41Ccompatible plug which is attached to the 82153.AWand by a
cable. To read a row ofbar code, the wand is scanned across
the bar code to generate a time-varying electrical signal that
corresponds to the widths of the bars and spaces. The bar-
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Fig. 1. fhe 82153 Wand accessoryto the HP-41C Cak:ulator
provideseasyentryof dataand programsprintedin bar code

code encoding scheme represents a logic zero by a bar with
a relative width of one unit and a logic one by a bar with a
relative width of two units. All spaces ale one unit wide. A
row of bar code may contain up to 16 bytes of data.
Decoding is done by counting the HP-41C system clock
cycles (-360 kHz) between space-to-bar and bar-to-space
transitions and comparing the result to a reference derived
from the counts for the previous bar and space' Because
inherent wand width bias, acceleration, rotation and other
scanning irregularities introduce error into bar and space
counts, the definitions of a one and a zero must include
significant margins to reduce the possibility of an erroneous decode. A logic zero is defined as any bar less than 3/2
times the unit width established by the previous bar and
space while a logic one bar must be greater than or equal to
3/2 times the unit width' The reference is created by first
adding 112the count for the previous space to 1/2 the count
for the previous bar (1/a the count for the bar, if the bar was
decoded as a logical one or two-units-wide bar)' The result
is then added to 1/2 of itself to create a 3/2 unit-width
reference.
The logic used to decode and store bar codes in one oftwo
identical 16-byte buffers is controlled by a 64-state ROM
machine which has 16 instructions and eight branch qualifiers. The decoding algorithm is illustrated by the flow
chart in Fig. 2. The testsforbars and spacesinclude a test for
maximum count (>214)that branches back to the start state
if the count is exceeded.
Maximum and minimum acceptable bar widths are determined by the scan speed and the interface chip The
^IC
maximum count for a bar is limited to less than 2r4 HPclock cycles. For a clock period of z.oe ps, this is equal to a
duration of about 43 ms. If the scan speed is 76.2 mm/s [3
in/s), the maximum bar width is about 3.2 mm (0.125 inJ'
The minimum bar width is set by the time required to
decode a bar, establish a new reference and store eight bits
in a buffer. Seventy-six clock cycles are required, corresponding to a minimum bar or space width of about 0'17 mm
(0.007 in) at a high scan speed of 762 mmis (30 in/s).
In addition to the data bars, the interface chip requires
that a row of bar code (Fig' 3) have four additional bars-one
unit-width bar at each end of a row of bar code to be used in
conjunction with the adjacent space to establish an initial
reference and another bar next to each reference bar to
determine scan direction. The direction bar encountered
first in a right-to-left scan is two units wide; in a left-to-right
scan it is one unit wide. The direction bars enable the chip
to determine which direction the user is scanning and
therefore in what order the decoded data should be sent
back to the system CPU. The CPU always receives the least
significant bit ILSB) of the leftmost byte first. The interface
this by conditionally storing the deu""o-plishes
"liip
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Fig.2. Flow chaft of bar-code decoding algorithm used by the 821 53A Wand interface chip,

coded bytes in one of two sequencesin a 16-bytebuffer.
The location in which each byte is stored in a buffer is
determined by an addresspointer that is reset to the first
location in the buffer at the beginning of each scan and is
incremented if the scan is right-to-left and decrementedif
the scanis left-to-right. When a read operation is startedby
the CPU,and the scan is left-to-right, the pointer is resetto
the first location in the buffer and is decrementedfor each
subsequentbyte. The pointer is not reset if the scan is
right-to-left but is still decrementedduring readback.
During the time that decodedbar code is being stored in
one of the buffers,the other buffer will send a byte from the
location indicated by its pointer in responseto an HP-41C
CPU instruction requesting data from the interface chip.
After a line of bar code has been successfullyread and the
other buffer has been emptied the newly filled buffer is allowed to communicatewith the CPU.Two of the HP-+tC's
input flags are reserved for the wand. Becausethe wand
chip uses the system clock for all internal functions, it
prevents the calculator from returning to the clockless
standby state by activating flag zero when the wand is
12 rewrrrr-pncKARDJoUFNAL
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turned on and pointed at a white surface and therefore
presumably may be in the processof decoding bars. Flag
two is used to signal the CPU that data is availableand flag
two will remain active until the buffer is emptied. The
interface chip also wakes up the HP-41C from the off or
standby states by pulling on the ISA bus line when the
wand is turned on and pointed at a white surface.
Bar code generatedfor the HP-41Cfalls into one of four
logical types-program bar code, data bar code, and bar
code representingkeystrokes(paper-keyboardbar codeJor
completekey phrases(direct-executionbar code).SeeFig. 4
for a diagram of the bar code types. When the wand microcode seesa row of bar code only one or two bytes in
length, the wand assumesthat it is paper-keyboardbar
code.One-byterows have four bits for data and four bits for
a checksum that is mirror symmetric to the data pattern.
This convention makes one-byterows immune to errors in
decodingthe direction bits. Two-byterows havetwelve bits
of dataand a four-bit checksumthat is computed asa sum of
the data in four-bit nibbles with end-around carry.
Rows of more than two bytes are assumed to be data,
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Fig.3. Easicformatforbar codesreadby the82153AWand
in the HP-41C Calculatorsystem.
program, or direct-execution bar code. In each case, the
leftmost byte is an eight-bit checksumand is followed by a
four-bit type specifier.Programbar code includes a four-bit
sequencenumber and two four-bit quantitiesthat recordthe
numbers of leading and trailing partial function code bytes
(i.e.,how much of the row is taken up with function codes
that begin or end in other rows). The overhead-checksum,
type, sequencenumber, and partial function code
information-amounts to three bytes, which leaves up to
thirteen bytesfor the program itself. The sequencenumber,
since it is four bits wide, only defines the sequenceof the
row within the surrounding sixteen rows; but this is
adequateto warn the user when a row has been skipped or
read twice. The checksum is a running eight-bit-wide
sum with end-around carry of the current row and all preceding rows.
A data bar-code row may contain either a number or an
alphanumericstring. The number may have up to ten digits
of mantissaand two digits of exponent; the alphanumeric
string may be as long as fourteen bytes.
Direct-execution bar code represents a complete key
phrase (e.g.,XEQA or STo rz). After two bytes of overhead,
the key phrase itself may be from one to nine bytes long.
Loading programs is the primary use envisioned for the
82153A Wand in the HP-41CCalculatorsystem.The wand
is lessexpensivethan the cardreader,although not asfast.It
is much faster, more reliable, and less tiring than hand
keying in a program from a program listing. To load a
program with the wand, the usersimply beginsby scanning
the program at the first bar-coderow. It is not necessaryto
execute any function or do any other initialization beforehand.The medium of the printed page is widely available and inexpensive. A single standard sheet typically
contains eighteenrows of bar code-the equivalent of both
tracks of one magnetic card. This is comparable to the
amount of space taken up by the printed listing of the
program. It is our hope that in the future wherever calculator programsareprinted in listing form, the bar codefor
the programswill alsobe printed (e.g.,in textbooks,technical journal articles, newsletters,etc.).
Data bar codesmake another important application possible. A number of large organizations-corporations and
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Fig.4. Four logical typesof barcode are u sedby the HP-41C,
(a) Paperkeyboardcode.(b) Programcode.(c) Datacode.
(d) Directexecutioncode.
government agencies-have standard sets of calculator
programs developed for in-house use. Frequently these
programs use data that is changed periodically. In such
cases,the data can be printed and disseminated in bar
code form.
The most novel applications for the 82153A Wand make
use of the opportunity to mix machine-readablebar code
with human-readabletext in formats specifically adapted to
the problem to be solved. The advantagein this sort of
application is that the legendson the bar code can be written in the natural terms of the problem, and need not bear
any resemblanceto the technical meaning of the bar codeto
lounul
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the calculator. In Fig. 5, this technique is used for an easyto-use program for solving triangle problems. The user enters the known data about the triangle, indicating which
part of the triangle it applies to by scanning the corresponding bar-code row. When all the known data is entered, the
user queries the calculator for an unknown value simply by
scanning the bar code for that part. The user never has to
know that the bar-code rows on the diagram actually mean
XEQ A, XEQ B, etc.
The paper-keyboard type of bar code derives its name
from a paper keyboard provided in the box with the wand.
The HP-a1C calculator has available many more functions
than keys, so a user occasionally must spell out the name of
a function to invoke it from the keyboard. The paper
keyboard, however, has bar-code rows for every function in
the HP-a1C catalog, and for the card reader, printer, and
wand functions as well. A single sweep of the wand can
replace a half dozen or more keystrokes when the user
wants to invoke a function not currently assigned to a key.
During the project, it became clear to the design team that
we would not be able to anticipate all the uses of the HP41C1821,53AWand/bar code system. For this reason, a function (\MNDSCN)was added that allows the HP-a1C to read
any bar code meeting the requirements of the interface chip.
The data from the bar-code row is placed into registers 01
through n, one byte in each register. The WNDSCNfunction
does not perform a checksum or any other consistency test.
A submarine hunt game that makes use of this function is
included in the owner's manual.
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A High-Quality,Low-GostGraphicsTablet
It enablesthe userto interacteasilywitha computer
usingpredefined
graphicssyslemto generateillustrations
plotting,
and
shapes,point-to-point
and user-defined
continuousline drawingor tracing.
by Donald J. Stavely

HE HP 911.1AGRAPHICSTABLET offersa new combination of featuresfor the easy generation of computer graphics information. These featuresare conI
tained in a low-cost human-engineeredpackage (Fig. rJ
and include high-level HP-IB* programming, comprehensive self-tests, and built-in softkey menu.
A graphics tablet is a peripheral device that provides a
host computer with data corresponding to the position of a
pen-like stylus relative to a surface, or platen. A pressureactivated switch in the stylus is the method used by the
operator to inform the computer of a "picked" position.
Normally, the position data is used to manipulate a cursor
on a graphics display device. This mode of operation, with
the user's hand on the platen and eyes on the display, might
sound awkward at first, but actually is quite natural. It often
is the primary mode of graphical input in interactive
graphics applications such as a printed-circuit, LSI, or
mechanical design system.
A graphics tablet can be used in its own right for menuing
. H e w e t l - P a c k a f di' m
s p l e m e n t a t oont I E E ES t a n d a r d4 8 8 ( 1 9 7 8 ) .

applications, where the user picks items from a menu
document placed on the platen. This menu can be thought
of as a custom keyboard that can be easily understood by
userswith little or no technical training. The 9111,{ incorporatesa built-in set of sixteen softkeysthat arerecognized
by the tablet firmware. Programapplications can use these
softkeysfor menuing or program control without X,Y coordinate analysisin the program.The ability to place a document on the platen surfacealso allows the tablet to act as a
digitizer in applicationswhere the high accuracyof the HP
sB74A Digitizerl is not required.
Graphics Tablet versus Digitizer
The 9111Awas designedusing the basictechnologydeveloped for the SB74ADigitizer. In fact, the 9111,{ HP-GL
command set is fully compatible with a large subsetof the
SB74Acommands.While this product design usedmany of
the technicalaspectsof the 9874A,new contributions in the
areasof human engineering and low-cost design were required to satisfy the special requirementsof an interactive
graphicsdevice.

Fig. 1. Ihe 9111A GraphicsTablet provides.easy user tnteraction
with computer graphics systems.
The styluscan alsose/ectshapes
or functionsfrom a menu overlayin
addition to creating or modifying
graphics images, Sxteen regions
on the platen are designatedfor
use as user-definedsoftkeys.
HEWLETT,pAoTnRo
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Fig. 2. 91 11A systemblock diagram. The microprocessor in the
systemcontrols the interface functlons, se/ects measurement
modes, tests the system, and
communicates with the host computer in addition to computing the
positionof the stylus.

Somewhatdifferent specificationsare critical for the two
operations.For digitizing, high accuracywith commensurate resolution is of paramount importance. Data rates do
not have to be particularly high since the human can accurately tracefigures only at limited speeds.Rateslessthan 20
points/second are normally sufficient. For interactive
graphics,smoothnessof cursor motion is a useful attribute.
This means a high data rate is desirable.The 60 points/
secondmaximum rate of the 9111A equalsthe refreshrate
of most raster displays. Even if the logical position of the
cursor is updated more rapidly, the user can only see
changesat the display refresh rate.
An important characteristicis the stability of the position
indicated by the tabletwhen the stylus is held motionless.If
the X,Y coordinatehas instability in the lowest-orderdigit,
an annoying flicker of the cursor will result. The 91114
outputs data that typically doesn't vary when the stylus
position is stable.The stability performanceis achievedby
data averaging techniques in the hardware and by data
processingalgorithms in the firmware.
Another parametercontributing to the perceivedquality
of cursor motion is synchronization between the refresh
rate ofthe CRT and the datarate ofthe tablet. Ifthe tablet is
putting out 59 points/second,the CRT is refreshing at 60
sweeps/second,
and the stylus is in constantmotion, then
the cursor on the CRT will move bg times in a row. Every
sixtieth sweep,the tablet will not have new data available
- causingthe cursorto freezefor oneframe.The human eye
is surprisingly sensitiveto this interferenceeffect between
the devices. To overcome this problem, the tablet update
rate canbe accuratelysetto any integervalue between1 and
60, inclusive. Timing for this processis derived from the
mastercrystal oscillator,with minor deviationsintroduced
by firmware routines.The designgoal was +O.2Hzfrom the
programmed rate. Better than -r0.1 Hz is achieved at most
frequencies.This meansthat a beat frequencywill be present, but the period is so long that cursor jumping will be
infrequent enough to be unobjectionable.This approach
g i v e s g o o d p e r f o r m a n c e w i t h 6 0 - H z - r e f r e s hc r y s t a l controlled CRTs as well as line-synchronized S0-Hz and
60-Hz displays.
Another advantageof data rate programmability in an
16 HEWLETT-pACKARD
JoURNAL JANUARv1981

interrupt-driven graphics system is that the computation
load placed on the CPU can be accurately set by a single
command to the tablet from a device driver or application
program.
The time lag betweenthe measurementof stylus position
and the correspondingmovementof the CRT cursor affects
how fast a desired point can be picked by a human. A
feedbackloop is formed by the human to eliminate the error
betweenthe desiredand actuallocation of the cursor.Delay
in the feedbackloop can causeovershootand oscillation of
the person's arm when rapidly moving to a point. The
firmware in the 9111,{'is designedto minimize lag, regardlessof the programmeddatarate.Positionaldatais gathered
from the hardwareaslate aspossibleduring a measurement
period. At the beginning of the next period the data is
organizedinto the final format with 1O0-micrometre
resolution. As soonasthis is done,any pending commandscan be
executed.If the command is one that requestsdata,then the
data delivered is as fresh as possible.Input of commands
may occur virtually any time during the cycle. By limiting
the time window in which commands are executed, the
mainframe can synchronizeeasily with the data rate of the
tablet.For example,the tablet has the computationalpower
to execute approximately ninety OC (Output Cursor position) commands/second,but a fast controller will actually
sync at the 60-points/secondupdate rate of the tablet.
The time window does not preclude more frequenr execution of other more simple commands becauseup to 200
such commands can be executedper second.
Although optimized for interactivegraphics,the tablet is
also adequatefor some digitizing applications. It is rated
at +600-micrometreaccuracy (*O.OZqin). This is suitable for the entering of small sketches and some strip
chart applications.
How lt's Done
The 9111A GraphicsTabletusesthe capacitive-coupling,
electrostatic-drivetechnique of the 9874A Digitizer to determine the X,Y coordinatesof the stylus. A block diagram
of the system is shown in Fig. 2. The platen is an epoxyglass printed circuit board with a grid of metal traces
spaced6.4 mm apart.The tracesrun vertically on the circuit

Capacitive Stylus Design
by SusanM. Gardwell
The stylusfor the 91114 satisfiesa set of stringentdesign
requirements.
lt is mechanicallyrugged.lt can withstandbeing
dropped on the floor or having its cable pinched in a orawer.
Sincethe styluswill be held by the user for extendedperiodsof
time, it is slim, light,and providesclear tactilefeedbackof a
"picked" positionon the platensurface.Theseand other electrical performanceand reliabilitycriteriaare met by an integrated
systemof transducers,body parts and cabling.
Signal Transducers
Two independenttypes of informationare transmittedfrom the
stylusto the tablet:
1. The signalthat is interpretedas X-Y location,and
2. A switch signal used to identifya given point as chosen for
purposesof digitizing,pickingor programcontrol.
(a)

Thelocationof the stylusisdetermined
by thecapacitivecoupling
establishedbetweenthe platen grid and the tip of a metal pen
cartridge.Thiscartridgeis capacitively
coupledto a coaxialtube
withinthe stylusbody (Fig. 1). To selecta point,the pen tip is
pressed,which activatesa dome swrtchat the base oi the cartridge. The snap actionof the dome switchprovidestactilefeedback to the user.
The second stageof capacitivecouplingis used for its advantage over direct or sliding contacts,Direct contactwith the cartridge requiresa permanentlyattachedcontactwhich precludes
easilyexchangeablecartridges(ink and inkless)and necessitatesaddinga flexingsignalwireto accommodateswitchoperation.A slidingcontactis likewiseundesirable
in that it impairsthe
distinct tactile feel of the dome switch and it creates electrical
norse.
The equationfor the seriescapacitancebetweenthe coupling
tube and the cartridgeis:

^ _"

Stylus Body

2r,e^e,L
in (b,/a)

whereb rsthe largerdiameter,a is the smallerdiameter,L is the
lengthof the tubes,eo is the dielectricconstantfor a vacuum
(8.854x10-'" Fim) and eris the relativedielectricconstantfor air
(-1.0006).Withinthe constraints
of mechanicaltolerances,
the
couplingcapacitanceis maximizedto a valueol C:11.5 pF.This
providesapproximately
two{hirdsof the signaloutputof a direct
contactscheme.Signalstrengthis maintatned
by slightlyincreasangpen tip exposure.

Cartridge

Body Parts
A combinationof machinedmetaland molded plasticbody
partssupportsand housesthe transducersystem.Boththe dome
switch and the capacitrvecoupling tube are mounted on two
small,round, printedcircuitboards at the back of the stylus.
Shieldingboth the capacitivecouplingtube and the signalcarryingmetalpickupis essentialto properoperation.Sincethe
body partsmust permitrepeatedexchangeof cartridgesand still
insurea ground when connected,they are made of aluminum
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(b)
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Fig. 'f. Design of capacitivelycoupled stylusfor the 91 11A.
(a) Cross-sectlonalview showing the conductors and capacitive components. Ihe sty/us cartridge can be replaced by an
inkJilled cartridge for usersdrawing images insteadof tracing
them. (b) Equivalentcircuit for the stylus signalpath from the
platen traces to the instrument.

J A N U A Rr y9 8 1H E w L E T T - p A c r e R o l o u R1u7r

treatedwith a chromateconversionprocessto guaranteehigh
conductivity.
Becausethe signal level is low, the systemcan be highly
sensitiveto triboelectricelfects-friction forces at the interface
betweena conductorand an insulatorthat createchargesand a
partsmeetthe multiple
resultingcurrent.Moldedpolypropylene
stability,insularequirements
of smallgeometries,dimensional
at the cartridgebearing
tionand minimaltribolectric
contributron
surfaces.

side and horizontally on the component side of the board.
The signal picked up from each trace is a function of the
distance between the tip of the stylus and the trace. The
signal from any single trace is proportional to the drive
voltage and coupling capacitance.Since the coupling
capacitanceis a function of distance, the stylus output
voltageVo is the sum of the individual trace drive voltages
reduced by the distance from each trace to the stylus
( s e eF i g . 3 ) .
In the 9111,\ the tracesare driven by CMOS shift registers. The choice of 12-volt CMOS shift registersinstead of
the S-volt registersused in the 9874A provides a proportionately greatersignal to the stylus. Using the capacitivecoupling technique,the stylus output voltage Vo becomescyclical at the samefrequencyas the 9.765-kHzsignal driving
the traces.This allows, after processingas describedbelow,
the 60-samples/seconddata rate desired for interactive
graphicsapplications.
The stylus signal Vo is buffered,filtered about 9.765kHz
and sent through a zero-crossingdetector to recreatethe
original 9.765-kHzreferencefrequency.The recreatedfrequency is shifted in phase,depending on stylus position.
To calculatethe distancefrom the first trace to the stylus,
we simply measure the phase shift of the stylus signal
referredto the signal of the first trace.
The resolutionof the 9111,{is 0.1 mm. To achievethis, a
seriesof phase measurementsis made in calculating each
X,Y coordinate pair. The sequencein which these mea-

Fig. 3. Sty/ussignalsafter (a) and before(b) bandpassfiltering. The lower trace shows lhe slatslep waveform resulting
from the summation of the signals from each of the platen
iraces.
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Cable
The cable carriestwo switch wires and a low-capacitance
wire f rom the stylusto the tablet.Because
coaxialplaten-signal
the greateststresses,it
thiscomponentof the stylusexperiences
greatlyaffectsstylusreliability.
Cablelifeis maximizedby using
multiplestrandsof a customcopper alloywire with exceptional
flexlife,Theswitchwiresaretightlycoiledaroundthe coaxshield
so that cable flexingplacesminimaltensionand compression
stresseson the conductors.Strainreliefboots at both ends are
carefullytaperedto avoid sharpstrainof the cable.

surements are made is:
X reference
X coarse
X fine
y fine
Y coarse
Y reference
The reference measurements are used to compensate for
the time delay added to the stylus signal by the filter electronics. This also eliminates error due to drift in component
parameters because of aging, temperature and humidity. In
reference mode, all the traces are simultaneously driven
high and then all are driven simultaneously low at a 9.765kHz rate. Since the signal on every trace is identical to the
signal on the first trace, any phase shift in the stylus signal
will be caused solely by the filter delay. The reference
measurements are subtracted from the coarse and fine
measurements.
In the measurement mode each trace is driven sequentially high and then each trace is driven sequentially low at
a clock rate dependent on the resolution required. The
coarse measurement rate addresses all of the traces during
one cycle of the 9.765-kHz signal. The fine measurement
clock rate is one-eighth that of the coarse rate so that eight
cycles of the 9.765-kHz signal occur before all of the traces
are addressed. The coarse mode creates a wavelength of
409.6 mm on the platen. Using the platen frequency, 9.765
kHz, we calculate the velocity of the signal and then find the
wavelength.
Velocity : (trace spacing) x (coarse mode clock rate)
: (6.4 mm) x(625,000 traces/second)
: 4000 m/s
Wavelength : velocity/frequency
: (4000 m/s) / (9.765 kHz) : 40e.6 mm
: 1 6 . 1 2i n
This wavelength is longer than the platen's maximum dimension. The coarse measurement provides a rough but
unambiguous guess of where the stylus is within this long
wavelength.
The coarse position is refined by making another measurement with increased resolution. The wavelength of the
fine mode (51.2 mm) is one-eighth the coarse wavelength.
By keeping the same phase resolution, the physical resolution of the system is increased over the resolution of the
coarse mode by a factor of s. The B:1 ratio of wavelengths is
large enough to attain the desired accuracy and stability of
the machine, yet small enough to eliminate any possibility
of having the coarse measurement "guess the wrong fine
wave" to be refined. An error of this kind would result in an
annoying jump in the position data supplied to the host.

The firmware also reducesthis possibility by continuously
monitoring the accuracy of the coarse estimate. The sequenceof measurementscalls for adjacentX-fine and Y-fine
measurementsto minimize the effectof any Iinear motion of
the stylus during the sequence.
When measuring the phase of the filtered signal it is
necessaryto avoid incorrect measurementswhen the signals are near the 0/360'wrap-around point. This is done by
checking the phaserelationship of the stylus and reference
signals while the filter is settling. This process is called
referenceadjustment.If the stylus signal rising edgeis less
than 90'or greaterthan 270'from the rising edge of the
referencesignal, then 1.80'is added to the referencesignal.
At the completion of the referenceadjustment (once the
filter is settled), the phase difference between the stylus
and referencesignals is between90'and 270', which gives
the systemincreasedimmunity to noise in the stylus signal.
If added,this extra 180'phase shift is subtractedlater.
The phaseshift of the 9.765-kHzstylus signal in each of
the six measurementmodes is summed for sixteen periods
to further reduce noise effects on the measurement.
Firmware reducesthe summed measurementinto a number
representing the phase shift of each mode. This is
simplified by the 6.4-mm spacing of the traceson the platen. The microprocessorusesthe count from eachof the six
modesto compute the X,Y position of the stylus. The quality of the actual position measurementcompared to the
conservativespecification is illustrated in Fig. 4.
The microprocessoralso performs all algorithms necessary to sequence the platen, control the light-emitting
diodes (LEDs)and variable tone beeper,and communicate
with the host computer. The microprocessorcontrols the
shift registersby writing data to the shift control which in
turn createsthe proper signalsto drive the shift registersin

the various platen modes.
The microprocessor-based
system (Fig. 2) has the capability to perform extensiveverification of its proper operation. The electronicsself-testis initiated by the processor
every time the instrument is powered on. It is also entered
upon receipt of the IN (Initialize) command from the host
computer. This test flashesthe LEDs (for operatorverification of their functionality) and then performs a series of
tests on internal hardware. First, the microprocessor'sinternal registers are tested. Memory tests ale a read-onlymemory (ROM) checksumand extensivebit pattern testing
of the read/write memory (RAM). The functionality of the
three I/O ports for the shift control and phase counter is
checked. The phase counter is cleared and the normal
operating sequenceof bit patternsrequired to perform referenceadjustmentand measurementsummation is sent to
the phasecounter.
Communicationwith the HP-IB interfacechip is verified
and, finally, the programmablecountdown timer is tested.
This timer interrupts the processorfor the normal sequencing of the six platen modesand is usedto pacethe processor
to createthe proper frequenciesfor the variabletone beeper.
If the elechonics passesthe tests,a three-tonepassbeep is
generatedby the beeper. If any of the tests fails, a loud,
warbling error tone is output and the ERRORLED is lit.
The proper operation of the shift control, shift registers,
filter and stylus can be verified by performing the user
interactive self-test. This test is normally performed immediately after the instrument is powered on. It is initiated
by toggling the SELFTESTswitch on the rear of the graphics
tablet while holding the stylus away from the platen. It can
alsobe initiated by a TD (TestDigitizer) command.The user
interactive self-testfirst performs the electronics self-test.
After the pass-beeptone from the electronicsself-test,the
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Fig. 4. Typical position measurementaccuracyplot. The system specification is !600 micrometres with typical values
within +400 micrometres.
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Programming the Graphics Tablet
by DebraS. Bartlett
programThe firmwareof the 91 11Aprovideseasy hagh-level
ming. For example,softwarefor the HP 98458 Computerhas
been writtenthat allowsthe user to createdrawingsinteractively
using circles,rectangles,arcs, lines,and labels.The user can
also pick, place, and transformelements,and set up and Interpret a user-definedmenu. This softwaretakes advantageof
the followingfeaturesof the 9111A GraphicsTablet:interrupts'
resoftkeys,singleand continuousmode digitizing,information
scaling,and variablebeeper'
ceivedfromthe cursorstatement,
Softwarehas also been wrrttenfor the HP-85,13504,and System
45C, and is underwayfor the HP-1000.
The maindriverfor all the programsis set up on the basisof
First,interbeingable to interruptthe mainprogramselectively,
ruptson the HP-lBSRolineareenabled.Thenby simplysending
.1A
to the 91.1 GraphicsTablet,the
the lM (lnputMask)instruction
programmercan specifythe actionsthat will cause a service
request.The programmercan set the inputmaskto interrupton
errors,a digitizedsoftkey,a digitizedpoint,or on proximityThe
inputmaskcan alsobe setto enablethe recognizederrorsand to
thatwillcausea responselromthe9111A
selectstatusconditions
to a parallelpoll.The 98458/9111A softwareis set up to generate
a servicerequestwheneverthe userdigitizeson theactiveareaof
the tabletor digitizesone of the sixteensoftkeys,This interrupt
capabilityallowsthe programto trackthecursorwithouthavingto
to see if the userdigitizeda pointor selecteda
checkcontinually
softkey.The code is simplerand the cursormovesfaster.
Once the servicerequesthas been received,the programmust
determinewhat caused lt. To do this,the programlooksat the
statusword from the 91 11A.This word is retrievedby simply
sendingan oS (OutputStatus)commandto thetabletandthenby
containedin this word is
readingit into the 98458. Information
pen press, new cursor position,proximity,digitizedsoftkey,
SRo,error,and digitizedpointavailable.
lf the seventhbit of the statusword has beenset,the program
knows that the user has digitized one of the sixteen softkeys.
Becauseof the firmwarein the graphicstablet,the programcan
commandto determineexactly
thenexecutea RS(ReadSoftkey)
whichsoftkey(1-16)was selected.As a result,the programdoes
not haveto lookat the exactX,Ycoordinatedigitizedand see if it
falls withincertainboundariesto determinewhich softkeywas
withan easilyused predigitized,Thisprovidesthe programmer
defined menu area. The 98458/9111Asoftware uses these
softkeysto perform such operationsas get a picture, save a
picture,label,deleteobject,deleteline,snapto a grid, plot,clear
the CRT,and help.
lf the second bit of the statusword has been set, the program
knowsthatthe userhas digilizeda pointon the activeareaof the
platen.Thedrawingprogramandtheeditorprogramusethisarea
lor menuing,cursormovingand placing.Partof the platenis used
for cursormovementand placementand the other part of the
platenis used as additionalmenuspacefor such itemsas pen,
linetype,character,and elementselection,or for rotating,scaling, and moving objects in the editor program.To determine
whicharea has been selected,the programsendsthe tabletan
OD (OutputDigitizedpoint)command and then reads in the
digitizedX,Y coordinatetrom registersin the graphicstablet.
for storingthe X and Y valuesot
Becausethe 9'111Ahas registers
the digitizedpoint,the userdoesnot haveto worryaboutmovtng
the stylustoo qulcklyand losingthe X and Y valuesbeforethe
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programcan get to it.Thus,the programalwaysknowsthe exact
pointthat the user has digitized.
The
Thefirmwareinthetabletallowsfortwo modesot digitizing.
mode.In thismode,eachtimethe stylusis
frrstis the single-point
pressed,a coordinatepointis storedin the registers
on thetablet.
The softwarefor the 98458/9111A usesthismodelor menupicking, placingelements,and drawingstraightlines.
samplemode.
Thesecondmodeof digitizingis the continuous
This mode can be set to take points when the stylus has been
pusheddownand released,
stopwhenthestylusis presseddown
again(switchnormal)or take pointsonlywhenthe stylusis pressed
down (switchfollow),The data rate for this continuousmode
can be specified(oneto sixtyupdatesper second)by the programmersimplysendingthe graphicstableta CR(CursorRate)
command.The drawing program uses the continuousswitch
followmode.Thismodeletsthe userdrawcurvedlinesand trace
picturesplacedon the platen.
Thegraphicstablet'sfirmwareis setup so thatthe programcan
The cuRson
tell what the user is doing withoutusing interrupts.
statementis one way to do this.The cuFsoRstatementreturnsthe
X,Y coordinateof the stylus location,the pen parameter,the
numberof the softkeyif one has been selected,the statusword
and the error number. The 98458/9111A softwareuses this
methodwithinthe subprograms.For example,when in the subprogramfor drawingsingle-pointlines,the programuses thls
information
to determineif the user has digitizeda pointon the
activearea of the platen.lf the user has,the programchecksto
see if the digitizedpoint lies withinthe placementarea of the
menu.lf it does,the programreadsin the pointand drawsto it. lf it
doesnotfallwithinthe placementarea,the programreturnsto the
marn programwhere the unreaddigitizedpoint can cause an
interruptand branch to the subprogram that the user has
selected.This versatilitygives programmersa way to vary the
method of retrievinginformationfrom the tablet,
of HP-GLallowsthe proThe graphictablet'simplementation
in the 9845
grammerto use scalingcommandsas implemented
graphicsROMs.The softwaretakes advantageof this to do a
one-to-onemappingof the placementarea on the tabletto the
comCRT screenof the 98458. Firstthe programusesthe LltvllT
mand to specifyin metricunitsthoseareasof the CRTand the
tablet that will be used for cursortracking.Then the program
executesa sHow statementto scale the tablet and CRT to the
same numberof unitsin the X and Y direction,This makesthe
programsimplerto code becauseit does not haveto be coneverypointreceivedfromthe graphics
cernedwithtransforming
tablet.
beeper,The
The 911.1AGraphicsTablethas a programmable
programmercan specifythe f requency,duration,and amplitude
of the beep. lt has a range of four octaves,can last from one
millisecond
to 33 seconds,and can havesix differentdegreesof
loudness.The softwarefor the 9111A/98458takes advantageof
thisfunctionto givefeedbackto the userby specifyingfivedifferThereis a
entseouencesof beepsto indicatedifferentconditions.
picktonefor indicating
thata menuitemwas picked,an errortone
indicatingthatthe userhas digitizedan undefinedareaor didn't
answera questioncorrectly,a data tone indicatingthat a point
was placed,a questiontone indicatingthat the user needs to
answera question,and a finishedtoneindicatingthata particular
ooerationhas been completed.

The firmwarehas some other featuresthat make higher-level
programmingeasier.The first is the Ot (Outputldentity)command. This command is used to determinewhich peripheral
deviceis on the bus.Thisletsa programmer
use the samepiece
of softwarefor the 9111Aand the HP 98744 Digitizer.Whenthe
programstartsexecuttng,it checks to see which input device is
connected and then the program can set the correct scaling
parametersfor that particularsize platen.Another useful command is the OE(OutputError)command.The tabletis set up so
that if a program statementsends the tablet an unrecognized
command or illegal parameter,it will not cause the program to
quit. Insteadthe ERRORLEDon the tabletis lit to indicatean error
and the errornumber is storedin a registerin the tablet.Afterthe
tablethas receivedthe error,the programmercan read in the error
numberusingthe OE command.

Debra S. Bartlett
DebbieBartletthas a BS degreein
mathematics
awardedby PurdueUnrversityin 1977andis currently
studying
for a master'sdegreein computerscience at ColoradoState University.She
has been with HP since 1979writing
softwarefor new products.Her previousworkexperience
involvedstatistical
analysis.Debbieis married(her husband worksat HP's LovelandInstrument Division)and livesin Loveland,
Colorado.She is a nativeHoosierfrom
Indianapolis,
Indianaand likeswater
skiingand hiking.

Glass Ceramic Work Surface

Mechanical Design
The 9111,{ platen assemblyconsistsof an X-y coordinate
grid sandwiched between a work surface above and an
insulating layer below (Fig. 5). Theseare Iaminatedusing a
Platen
sheetform of polyvinylbutyral resin. The grid is built on a
Printed Circuit
/.1/
Board with
standardtwo-layer glass-epoxyprinted circuit board with
X, Y Grid
56 X-traces on the top side of the board and 46 y-traces
on the bottom. By extendingthe edgesof the printed circuit
Platen Drive Electronics
board, platen drive electronic componentsare loaded next
Glass Epoxy Spacer Board
to their respectivetraces,eliminating the needfor extensive
Fig. 5. Cross-section
of ptatenprintedcircuit boardassem_ cabling.
Of the many materials consideredfor the work surface,
bly. Theceramicworksurfaceprovidesa durablelaver that
reslstsscratcflingand is dimensionally
the glass ceramic chosen stands out with its exceptional
stable.
durability, high dielectric constantand homogeneity.The
user must digitize the dot at the lower right corner of the
axis lines and sixteen menu boxes are permanently fired
platen artwork. If the shift control, shiftregisters,stylus and
into the platen surface.Thermal stability over a wide temfilter circuihy are all operating properly, another pass-beep
perature range enables straightforward lamination and
tone will be generated.Failure of the test is indicatedby the
wave soldering. Lamination ensures a homogeneous
enor tone and the lit ERRORLED.
dielechic constantby excluding air pockets.Furthermore,
Any error from the elechonics or user interactive selfit provides a safety-glassconshuction betweenthe ceramic
tests,improper or unrecognizedcommands,or systemfailand the printed circuit board.
ure can be analyzedby sending an OE(Output Error) comSimplicity of construction dominatesthe internal prodmand to the 9111,{. A read or enter statementwill rehieve
uct design.A sheet-metalchassisholds the control printed
the value representingthe error.
circuit board and power supply. A second piece of sheet
The microprocessor-based
metal mounted on the chassisboth supportsthe platen and
system is designed to help a
trained service technician troubleshoot the digital elecshields its grid from the electronicsbelow. The flex cable
tronics using the 50044 Signature Analyzer. Signature
connecting the two printed circuit boards is positioned
analysisroutines for the systemclocks,microprocessoradsuch that the instrument can be fully operational during
dressing, ROM and phase counter can be activated by
service(Fig.6).
proper placement of removable jumpers on the printed
A survey conducted at the beginning ofthe design indicircuit board. Additionally, test points are available for
cated that users prefer the comfort of a sloping surfaceto
signatureanalysis,microprocessol,clock frequencies,filter
that of a flat pad. This simultaneously allows a low front
and phase counter signals, as well as for voltage and
edgeand enough spaceto fit all the electronicsin the rear.
ground.
The resulting wedge shapeis more convenient,comfortable
Polyvinylbutyral Resin

Control

(a)

(b)

Fig. 6. Ihe g1 11Ahardwaredesign allows service personnelto
easily open the unit for servicing
and still maintain normal operating functions.(a) Normal operat
ing configuration. (b) Open for
servtctng.
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TableUDisplaYCombination
Supports Interactive GraPhics
by David A. Kinsell

graphicssystemshave specrall/O requirements
Interactive
place
burdenon the computer'To movea cursoron
heavy
a
that
the CRTrequiresa numberof very shortmessagesbetweenthe
tabletandthe displaydevice.Evenif thecomputercan devotef ull
low updateratecan
timeto thiscursortracking,an unacceptably
resultdue to the systemoverheadrequiredto set up each data
transfer.To solvetheseproblems,the 9111Twas created'
T h e 9 11 ' 1 Th a s a l l t h e c a p a b i l i t i eosf a s t a n d a r d9 11 1 A ,p l u s
to
thatallowdirectHP-lBcommuntcation
firmwareenhancements
is
high-performance
result
The
Translator.
Graphics
a 13504
(stretching
of lines)done
cursormovementand rubber-banding
speed
computer
of
independent
peripherals
is
totally
that
by the
act in harmonyas if theywerea srngle
In essence,the peripherals
withno
graphicsterminal.Theyalsocan be used independently
of the bus
physicalreconfiguration
on the HP-lB,fromone nonThistype of directcommunication
deviceto another,has alwaysbeen providedfor in the
controller
bus definition.lt is rarelyused becausefew combinationsof
peripherals
haveanythingusefulto say to each other Dataformatsrnaydifferandsomeformof mnemoniccommandsis usually
requiredto controleach device,For instance,let's look at the
of havinga digitizerdevice(9874A)plotdigitizedpoints
feasibility
directlyto a plotterdevice(98724)
Afterthe userhasdigitizeda pointthedigitizermustrecervetne
oD (OutputDigitizedpoint)commandto enableoutputof the
mustprefaceX'Y
digitizeddata.ThecommandPA(PlotAbsolute)
for the plotterto functionproperly.l{ a digitizerand
coordinates

plotterwere hookedtogetheron a bus and addressedas talker
and listener,nothingwould happen becausethe proper commandswouldnot be receivedby the peripheralsAlso'no scallng
could be done to compensatefor the differentsizesof the devices.Thesedetailsare normallytakencare of by the computer,
whichis an acceptableapproachlor the lowdataratesof manual
digitizing.
In contrast,the 9111T hasthe capabilityof issuingcommands
to the 13505DisplaySystemin the languageused by the 13504
(Fig 1). Afterbeingset up by the computer
GraphicsTranslator
with a singlecommand,the 9111Trepeatedlystreamsout commandsand data directlyto the 13504that performcursormovefunctionsThe scalingis changedto
ment and rubber-banding
activeareaontothe display(Fig'2) The
map mostof the 911.1T
and
strokerefreshusedby the 13504is idealfor rubber-banding
changed
to
be
need
locations
vector
few
a
Only
objects.
moving
by thetablet,in contrastto the largenumberof pixelsthatmustbe
alteredin a rasterretreshsystem.
The 9111Tprovidestheseadditionalfunctions,listedwith the
numberof updates/second:
corresponding
r Movingalphaor cursorsymbols(60)
r S i n g l e - l i nreu b b e r - b a n d i n g- n o r m a l ,
and forcedvertical(60)
forcedhorizontal,
(60)
rubber-banding
r Double-line
(60)
r Rectanglerubber-banding
(40)
cursor(single-dotto full-screen)
r Variable-size
The added capabilitiesare aimed primarilyat lC and printed

F i g . 1 . T h e c o m b i n a t i o no f a
9111T GraphicsTablet,a 73505
Display System and a controllel
such as the 9825providesPowerful interactivegraphicsin an inexpensive workstatron.
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Flg. 2. The platenarea on the 91 11T GraphicsTabletis directly mapped onto the CRT of the 13505 Display System as
shown.
but otherapplications
involvingmenu
circuitlayoutapplications,
picking,symbolpicking,picturecreation,or the use of valuators
will also benefit.
To accessoneof thesefeatures,
thefollowing
thingsneedto be
done:
1, The computerDlotsdata in a few of the vectorlocationsof the
1350A,
2. The computersends the EE (EnableEcho) commandwith
properoptionsand parametersto the 91 11Tto put it in the
13504mode.
3. Thecomputerconfiguresthe bus withthe 911 1Tas talker,and
the 13504as listener,
4. Thecomputerarmsitselfto respondto SRO(theinterrupt
lineon
the bus).

and compact than a tablet that requires separateboxes for
electronicsand/or power supply.
Internal layout promoting natural convection paths,
combined with low power dissipation, permits an instrument with no fan, hence a quiet machine. Air entersalong
the bottom of both sides and exits at slots in the rear.
While the tablet functions primarily to move a CRTdisplay cursor for some users,others have applications for
which they need to place a menu directly on the work
surface.To pleaseboth groups,it is necessaryto provide an
unobtrusive meansto hold down paper. In the edge of the
casewhere it meets the platen are four thin slots that accommodatetabs on a clear mylar overlay. With this design
the usercan protect a menu while holding it in place.When
menus are not in use, the tablet is free from protruding or
unsightly mechanisms.
Easeof assemblyaffectsthe people who build an instrument, thosewho serviceit, and the costto the userwho buys

Atterthis setup is accomplished,
the computeris uninvolved
with the data transferon the bus. lt is free to handleothertasks
(includingservicingother9111T/1350Ason otherbus systems).
Theusermovesthe cursoror rubber-bands
a lineuntilit is in the
properposition,then pressesthe pen to pick a particularpoint.
Whenthis happens,severalthingsoccur. The tabletstoresthe
coordinates
of that point,finishesany communication
that might
be anprogresswiththe display,and then assertsthe SROlineon
the HP-lBto requestcomputerservice,
The computerrespondsto the interruptand interrogates
the
tabletfor the digitizedpoint.Thevaluereturnedis scaleoInrerms
of the displayscreencoordinatesinsteadof the normalcoordinatesystemof the 9 111T. Thus,to convertfrom a usercoordinate
systemto the peripheralcoordinatesystemj a programmerneed
not worryabout maintaining
differentscalefactorsfor the tablet
and the display.Typically,the user redrawsa rubber-banded
object in the 1350A'smemoryusingthe coordinatesof the digitizedpoint.Snappingpointsto a nearbygrid intersection
is easily
done duringthis operation.
Insteadof pickinga point,the user could pick a menu box to
control the program. The menu jtem selected is read by the
computerin the normalmanner.
The high resolution
of the 1350A(1023x1023),alongwiththe
fast update rate and stable output from the tablet, combine to
providetrackingwith excellentaesthetics.The independence
fromcomputerl/O performance
graphicsfeasmakesinteractive
iblefor smallercomputers(suchas the HP-85)andopenstheway
to multi-workstation
operationon large computer systems.
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it. The casetop was designed to be independent from instrument operation; no components are mounted in it.
When assembled,two long conical bossesin the casetop
reach through holes in the platen assembly to align the
platen in the case top window. The LEDs are mounted
directly on the platen assembly as well. Therefore, both
platen and LEDs are positioned with no hardware,no loose
parts and no wiring.
Interface Language
For compatibility with other HP graphics devices, the
tablet communicates primarily in Hewlett-Packard
GraphicsLanguage(HP-GL).This languagewas developed
by several HP divisions for use with mechanical plotters
and manual digitizers. It uses ASCII-encoded two-letter
mnemonics and free-field integer representation of data.
This is a very common type of data formatting used on the
HP-IB.It can be handled by just about any general-purpose
JANUARy
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I/O driver used with the bus. Its main disadvantageis the
time required to do the numerical conversion from this
format to the internal format of the mainframe.Conversions
from the tablet's internal format to the integer representation arehandledby the fastlookup algorithms in the tablet'
To help relieve the host computer of the conversionburden, binary formatted data of the X,Y position is also available from the tablet in a straightforwardformat supported
by severalHP computers.Theseinclude the 9835,the 9845,
the HP-85,and the FIP 1000.The I/O drivers can input two
bytes of data and place them directly into a 16-bit integer
variable.This format is also convenientto usewhen assembly languagedrivers are written to support the tablet.
The tablet can also be put into a Talk Only mode. The
same binary formatted data is available in this case.AIthough commandscannot be sent to the tablet, it is easyto
design a custom interface to read the data.
The HP-GLlanguagegives coordinatevalues in an absolute peripheral coordinate system. To simplify programming, high-level support is availableon a number of computers to provide scaling into user-defined units and to
support the digitize function. The 9825 with a 98724 plotter ROM provides single-point digitizing support that can
be used for continuous-mode digitizing with some additional HP-GLprogramming.The 9835 and 9845computers
have graphicsROMs that provide BASIC-languagesupport
of the tablet. The HP-85 printer/plotter ROM is essentially
equivalent.A high-level graphicssupport packagewill also
be availableon the HP 1ooo.
The System45C (Model 9845C)provides a powerful setof
high-level programming features through its graphics
INPUTIS ... statement allows a full
ROM. The GRAPHICS
complement of graphics input devices,including the 9111A
Graphics Tablet, 9874A Digitizer, light pen, and arrow
keys to be handled uniformly in an application program.
Oncethe tablet has been declaredas the input device,the
programmer can set up a software interrupt with a single
command. oN GKEY.... With this command in effect, the
program will branch to a desiredlocation any time a point
or softkey is digitized on the platen. Another command
oN allows automatic tracking of the cursor on
TRACK...IS
the CRT. When this command is in effect,the cursor position is updatedafter everyexecutedBASIC line. Finally, the
command, while also implemented on the
CURSOR...
9845A/B computers,returns additional tablet information
concerningclipping and softkeyvalues only on the 9845C.
The additional capabilitiesof the 9845Cgraphicsfirmware
togetherwith the 9111A graphicstablet make applications
programs shorter and easierto write and debug.
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SPECIFICATIONS
HP Model 9111AGraphicsTablet
FEATURES:
MENU: Sixteen softkeys.
COMMAND SET: Twentyjive HPGL commandsthrough HP-lB interface(Hewlett-Packof IEEE Standard488 (1978)).
ard'simplementation
in pitch,volume,and duration.
BEEPER:Programmable
ACTIVEDIGITIZINGAREA: 218.5 x 300.8 mm, nol includingmenu area.
DATA RATE: Programmablefrom 1 to 60 coordinatepairs/second.Average rate
t0.2 Hz from nominal.
SELF-TESTCAPABILITY
PLATEN: Ceramic surface,artwork(oigin, selt-testdot, any border) accuracymeasured
versusdocumentedis 12.8 mm.
GRAPHICSDATA:
FORMAT:ASCII or binary X, Y coordinatedata.
R E S O L U T I O N : 0 . 1 0m0m .
ACCURACY: tO.6OOmm at 20"C, each measuredpoint. Derate 0 004 mm/'C deviation
from 20'C.
STYLUS MOTION RATE:
On paper:500 mm/s.
On olaten:730 mm/s.
REPEATABILITY:tone resolutionunit from mode of data.
homogeneous'less
DOCUMENTMATERIAL;Singlesheet,electricallynonconductive,
than 0.5 mm thick.
POWERREOUIREMENTS;
SOURCE(110'l.): 10O,12O,22O,ot 24OVac.
FREQUENCY:48 to 66 Hz.
25 w, maximum.
CONSUMPTION:
SIZE/WEIGHT:
HWD:85 x 440 x 440 mm.
WEIGHT:5.8 kg, nel; 10.8kg, shipping.
OPERATINGENVIRONMENT:
TEMPERATURE:
O tO 55.C.
RELATIVEHUMIDITY:5 to 90% at 4O"C,noncondensing.
PRICEIN U.S.A.:
9 111 A :$ 1 9 5 0 .
88100A (Utility Sottware Packagelor 98458 Compule0: $500.
9111T (Optionfor use with 13505 DisplaySystem):$2450.
MANUFACTURINGOIVISION:GREELEYDIVISION
3404 E. Harmony Road
Fort Collins.Colorado80525 U.S.A.

Programming
for Productivity:Factory
DataGollectionSoftware
DATACAPll000isa softwaretoolfor designingand
managingdatacollectionnetworks.Runningon an HP 1000
ComputerSysfem,itisflexible,easyfo use,and compatible
with user-writtenroutines.
by StevenH. Richard
HAT IS FACTORY DATA COLLECTION? FoT
many people the whole concept of collecting or
capturing data at its source is an unfamiliar one.
Those who have had exposure to real-time factory automation are familiar with process or machine data acquisition and control loops (Fig. 1a). In factory data collection
we are dealing with logistical control rather than machine
control (Fig. fb). The term factory data collection encompasses acquisition methods normally associatedwith
manual input.
Examples of the kinds of data normally collected in the
factory data collection environment include labor information (time and attendance),work-in-processtracking, inventory control, component/producttesting, and so on. At
the presenttime, most manufacturingcompanieskeeptrack
of this sort of information through paperwork systems or
combinations of paperwork and batch computer systems.

(a) Machine Data Acquisition and Control

The result is that plant control information (inventory
levels, order status,and so on) is at least severalhours and
often days old before management has the information
in hand and can act on it. Without a comprehensive,realtime data capture system, the factory information system
(managementreports, graphs, bar charts) can be neither
timely nor complete.
A Factory Data Collection System
A computer based system is particularly well suited to
the relatively simple task of collecting datafrom the factory
floor. The most powerful capability of the computer in
helping to solve the data capture problem is that it can
instantly catch errors made in submitting the data. There
arefrequentlytransposition,transcription,and other errors,
which can be easily caught and corrected as they occur,
using simple range checks,mask checks,or table lookups.
This ability to validate data beforeit is acceptedfor further
processing makes subsequentmanagement reports more
timely and accuratebecausethe time-consumingand often
impossible task of tracking down and correcting errors is
substantially reduced.
Hewlett-Packard is one of several manufacturers of computer systemsaimed at solving the factory data collection
problem. The HP 1000 Computer System for factory data
collection includes the following major components:
Hardware
HP 1000 E-SeriesComputer
HP 7S06120125
Disc Drive
HP Factory Data Link Terminal Connection
HP Data Capture Terminals (Fig. 2) with optional
-Displays (LED or CRT)
-Keyboards(Numeric or Alphanumeric)
-Card Readers(Type Itr, V, Magnetic)
-Bar-CodeReader
-Electrical I/O (RS-232Cor IEEE-4BB)

(b) LogisticalDataAcquisitionand Control
Fig. 1. DATACAP|1)01is a software package for HP1000
Computer systems. lt collects factory data such as time and
attendance,workin process,inventory,and feststatlslics,and
presenfs it to management. /t ls a system for logistical data
acquisitionand control (b) rather than the more familiarform of
factoN automation shown in (a).

Software
RTE-ryB Operating System
Standard Languagesand Utilities
IMAGE/1000Data BaseManagementSystem
DS/1000Distributed SystemsSoftware
DATACAP/I000 Factorv Data Collection Software
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DATACAP/IOOO
The key software element in this application is
DATACAP/1000, a new software application tool that is
used to customize the general-purpose HP 1000 System to
the factory data collection needs of a manufacturing facility. An important feature of DATACAP/1000 is that it is not
an application program that makes the HP 1000 System a
turnkey data collection system. Instead, it is a program that
helps the user develop an application program suited to a
particular factory's needs. In other words, it is a progrom
thot generotes o progrom.
Basically, DATACAP/1000 generates a generalized program that operates under the control of a parameter table.
This program, the transaction monitor program (TMP), uses
parameters supplied by the table (the transaction specification) to control an easy-to-understand dialogue at the HP
data capture terminal. Additional parameters are used to
direct interaction with an IMAGE/I000 data base, data storage devices, various optional input and output devices
available with HP data capture terminals, and any customized source-coded subroutines that the user might wish
to use to extend the basic table-driven capabilities. A block
diagram of the major components of DATACAP/1000 is
shown in Fig. 3.
The major advantage of the table-driven approach is that
the development of a particular application (transaction
specification) involves only the construction of a new table,
rather than writing, keying in, editing and compiling a
source program and loading the resultant object code. The
transaction generator program (TGP), a friendly interactive
program, prompts the user through the process of table
building. Included in TGP are sophisticated edits that prevent the user from building a table with any logical inconsistencies that might cause problems during the execution
of the application. A typical screen from the transaction
generator program is shown in Fig. 4.
Similarly, the transaction monitor program generator
(TMPGN), is used to develop the tables needed for the TMP
to manage the aspects of the application that are less
dynamic, that is, the data capture terminals, user-provided
extensions (subroutines), and IMAGE/1000 data bases. a
typical screen from the TMPGN is shown in Fig. 5.
Finally, a very simple monitor program [DCMON), is
used to provide access to the generation and operation of
DATACAP/1000 through the programmable function keys
of the HP 2645A System Console. This relieves the system
designer and operator of ever having to remember program
names or run string commands. Fig. 6 shows a typical
DCMON screen.

The TransactionGeneratorProgram(TGP)

Fig.2.Data collectedby DATACAP11000
is enteredmanually
by factorypersonnelusrnga varietyof HP data capturetermtnalslike these.
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TGP consists of one main program and 15 segments. The
main program is very short and is used only to initialize
some variables and to call the first segment. Thereafter, the
segments perform all functions and control is never returned to the main program. All communication between
segments is accomplished through variables declared in
common.
A basic overview ofthe path ofTGP operation can be seen
in the flowchart of Fig. z. In addition to the formal reference
manual for DATACAP, a brief tutorial is built into the trans-

HP data capture terminals on the production floor (up to 56)
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DisplayTerminals
Fig.3, Major componentsof DATACAP11000.
The transactiongeneratorprogram (TGP) and
transactionmonitorprogramgenerator(TMPGN)interactivelylead the user throughthe process
of buildingtransacttonspectfications
and the transactionmonitorprogran (TMP).TheTMPthen
manages the collection of factory data and creales data files or enters the data into the
lMAGE11000data base, if present.
action generator program (a sample screen in shown in Fig.
B), and each field of each screen is provided with further
clarification if the HELP key is pressed.
As each screen is processed, the answers are reviewed for
consistency with all previously provided answers to ensure
that no illogical constructs are placed in the parameter
table. Finally, after all questions have been answered, the
answers are converted into the executable parameter table
and written to a transaction library, a device file, or a disc
file for later use by the transaction monitor program. The
final operation performed by TGP is to provide the system

designer with a listing of the transaction generated, including a model of the data capture terminal promptinglight label.
Fig. I shows the executable parameter table structure.
Each executable transaction consists of a transaction header
followed by up to twenty states consisting of three components each. Each component is a variable-length record
with a fixed minimum length. The minimum-length component contains information about optional extra members
of the component. The three components and their contents
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Fig, 4, Typicaltransactiongeneratorprogram (TGP) screen

Fig. 5. Typical transactionmonitor program generator
(TMPGN)screen.
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Flg.6. Typicaldatacapturemonitot(DCMON)screen
are:
State General Information
r Forward pointer to the next state
r Answer data type
r Data capture terminal configuration information
o Prompting light
o Alternate input device configuration
a Display and printer use
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Flg.S.Tutorialscreenslikethisoneare builtintothe transaction generatorprogramto providethe uset withinformation
aboutthe system.A HELPkey providesfurtherclarification.
Display Information
r User-written subroutine name, if any
r Display item and set name, if any
r Data capture terminal configuration information
o Prompting light
n Display and printer use
Edit Specification
r Range or mask depending on data type
r Default value
r User-written subroutine name, if any
r Automatically generated IMAGE edits, if any
In addition to the statesconsisting of thesethree components, there are three other states.The special function key
state provides information about the data capture terminal
special function keys. The storagestate includes the disc
file storagename,the device file storagename,the name of
the user-written subroutine name, if any, and a list of
IMAGE/1000 operations to be carried out, if any. The offline printout state includes information that allows a summary of the transaction to be printed on the data capture
terminal printer upon completion of the transaction.
Following this executable form of the transaction are all
of the original answer buffers. This allows later modification of the transaction by TGP without uncompiling the
executable form.

End TGP
Flg. 7, Easlc transaction generator program flow
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The Transaction Monitor Program Generator (TMPGN)
The TMPGN provides the definition of data capture terminal logical unit numbers, user provided subroutine relocatable names, and IMAGE/1000 data base names. Like
TGP, TMPGN prompts the user through a set of interactive
displays on the HP 2645A SystemConsole.Again like TGP,
the answers are maintained in a file for later modification of
the TMP and a convenient listing is available to the system
designer to review the application. Once all the answers
have been provided, TMPGN generatesthe appropriaterelocatable members of the DATACAP/1000 package and
calls the RTE-IVB loader to relocate them into the structure
shown in Fig. 10.
Taking advantageof the environment provided by a specially developed terminal management tool (see box,

Transaction
Specitication
Library

Executable
Transaction
Transaction Specification Header

Up to twentystatesconsisting
of threecomponents:
Fig. 9. Each transactionspecification in the TS library conslsts of a
transactionheader followed by up
to 20 states consistng of three
componentseach.

page 30), each function of DATACAP/1000can be handled
by a separatesubroutine:
ZTMP This module contains the main logic of the TMP.
When the operator of a data capture terminal requestsa specific transaction,ZTMPcalls the transaction specificationmanager(TSMG)subroutine to
return the first state of the transaction specification. ZTMP then uses information from the first
state to configure the special function keys,
prompting lights, input devices,and so on. Once
the appropriate input has been received from the
operator (as determined from the edit component
of the state),ZTMPcalls TSMGfor the next state,and
so on, progressingto the storagestate upon completion of the transactionby the operator.
TSMGThis module maintains the working set of transaction specifications while the TMP is running.
TSMGuses its end-of-partitionspaceas a buffer to
hold several transactions,each of which can be
called by any of the terminals on-line to the TMP
(given that the operator knows the transaction
identification number and securitycodeJ.This buf-

fer spaceis set at a minimum of ZSO0words. Since
the typical length of the executable form of the
transactionis 250 words. about 30 hansactionscan
be managedby TSMGsimultaneously.
TSE The transaction set editor is used by the system
operatorto load and unload transactionspecifications from the working set, It also can be used to
check on the status of the working set (that is,
which transactionsare active), the transaction library from which they were loaded, and so on.
IOMTXThe two modules IOMzsand IOMToare functional
drivers used by ZTMPIo interface to the RTE system's terminal drivers D\R.ozand DVA47,respectively. Thesefunctional drivers relieve ZTMPof the
need to concern itself with the construction of escape sequencesand the specificsof the two different drivers' calling sequences.
STORXThe two modules STORAand STORSare used to
handle the two distinct types of data storage
available to the DATACAP/1000system designer.
STORAhandles the passing of data and offset information to the DATACAP/1000data base hand-

Fig. 10. Once it has all of the
answers it needs, the transaction
monitor program generator generatesthe relocatablemembers of
D A T A C A P l 1 0 0 0a n d c a l l s t h e
RTE-IVB loader to relocate them
into the memoty structure shown
here.
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A Terminal Management Tool
by FrancoisGaullier
A user faced with the problemof runningthe same application
in the RTE-lVB
environment
concurrently
on a numberof terminals
may use the followingtechniques:
1. Writethe programfor oneterminal,duplicateit for N terminals
The amountof main
and run these programsconcurrently.
memoryavailablelimitsthe numberof terminalsthat can be
supportedwithan acceptableresponsetime,sinceswapping
to the disc may be necessary.
2. Writethe programfor N terminals,In this case,the usermust
keeptrackof the programflowfor eachterminal,mustaccess
mostvariablesthrougharrays,and cannoteasilysegmentthe
programor spread processingamong severalprograms.
Enoughmemorymustbe providedforthe maximumnumberof
terminalseven if only a few are actuallybeing used. The
development
and maintenance
of thistype of programwill be
more complicated because of the bookkeepingrequired to
keep track of each user'sdata.
Theidealsolutionto the problemof developingand maintaining
large,multi-user
is to writea singleset of reentrant
applications
programsto handleall users.In a reentrant
environment,
applicaand maintenance
are reducedto the
tionsprogramdevelopment
single-user
case. Programswappingis minimizedbecauseonly
the users'dataneedsto be swapped.(lnstruction
spacesdo not
need to be swappedout, just overlaid.)
for large-scale
Sinceno facilities
reentrancy
existedin RTE-lVB,
projectwas to develop
a primaryobjectiveof the DATACAP/1000
for
aterminalmanagement
toolto providea reentrant
environment
RTE, lt was hoped that this tool would both ease the task of
provide
likeDATACAPand
developingamultiterminal
application
on-goingbenefitsby reducingthe amountof main memoryrequired to support the application.DATACAP/1000was developedusingthefeaturesprovidedby thisterminalmanagement
tool.Thetool is alsosuppliedas partof the DATACAPsoftware,so
that the finalapplicationrunningon a customer'ssystemtakes
providedby the
advantage
of and dependsupontheenvironment
are:
terminalmanagementtool. Featuresof this environment
1. Code and data separationin FORTRAN
withthe capabilityof
dynamically
specifyingwhich blocksof data are to be saved
and restoredwhen the program is reentered.
2, An easy meansof spreadingthe processingamong several
programunitsin differentpartitions,
that is, an easymeansto
do subroutinecalls across partitionboundaries.This eliminatestheneedfor segmentation,
and if sufficientmainmemory
is available,lets the entireapplicationresidein memory.
3. Recursivecapabilitieslor specializedneeds.
Programming Conventions
To usethe featuresof the terminalmanagementtool,the programmermustobservethe followingconventions:
1. l/O requeststo the interactive
terminalsmustbe donethrough
a specialset of subroutines,
TMLIB.
2. Code and data must be separatedby declaringthe latterto
existin the area of mainmemorydesignatedas common.
3. l/O requeststhat wait for completionshould be avoided
wheneveroossible.
4. Callsto subroutines
and processes
thatissueservicerequests
must be done throughTMLIB.
5. All programsin an application
mustbe codedas subroutines.
The type of reentrancyprovided by the tool can be termed
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"breakpointreentrancy,"becausethe programsthat run in tts
environmentcan be reenteredonly when they issuea service
is quitesuitablefor
requestthroughTMLIB.Breakpoint
reentrancy
large,multiterminal,
interactive
applications,
becausemostof the
executiontime is spent issuingand waitingfor l/O operations,
whichare performedby the tool'sservicerequests,
Data Segments
for reentrantprogrammingis
The most importantrequirement
of code and data.The mostconvenientfacilityfor
the separation
accomplishingthis in the RTE-IVBlanguages(FORTRAN,Assembly)is the commonmemoryarea.An added benefitof having
are provided
data existin commonmemoryis that subroutines
Unlikeaccessing
with a veryefficientmeansof communicating.
arrays,accessingvariablesin commonis withoutany overhead.
Thesetwo reasonsare why common memorywas chosen as the
vehiclefor separatingcode and datain theterminalmanagement
tool.
The primaryrestriction,
then,for use of the terminalmanagementtool is that a tool subroutinemustassignall of its reentrant
variablesto commonmemory.Notallvariables
mustbe assigned
to commonmemory,just thosewhosevaluesare to remainintact
afterservicerequests,becauseit is onlyat thesepointsthatthe
subroutinecan be reentered.
of all reentrant
to preservethe integrity
Sinceit is notnecessary
variablesat all times (thereis some overheadassociatedwith
this),the data segmentis dividedintosix commonblocks,which
may be enabledor disabledaccordingto the user'sneeds.When
a commonblockis enabled,the datathatit containswillbe saved
when a tool service request is issued and restored after the
of itsdatais
requestcompletes.lf a blockis disabled,the integrity
not preservedacrossthe servicerequest,By groupingthe reentrant variablesinto common blocks and selectivelyenabling
them,the usercan reducethe overheadrequiredby a program
and the amountof mainmemoryusedat any giventime.Onlythe
executingwill
dataneededforthe portionof codethatis currently
oe saveo.
TMLIB,was designedto providean
The Iibraryof subroutines,
easy interfacebetweenthe user applicationprogramand the
tool.TMLIBincludesthefollowingservices:
terminalmanagement
r TMDFNTo managememoryallocation
r TMCBLTo managememoryallocation
r TMCBETo manageaccessof data blocks
r TMCBDTo manage access of data blocks
r TMSUBTo call a tool subroutine
r TMPRoTo launcha son processfrom an executtngone
r TMLULTo lock a logicalunit
r TMIO To perform
r TMRD
I TMWR
r TMCTL
l/O
r TMBWR
I TMBCT
r TMWRD
operatrons
t f MPZ To suspendexecutionof a processfor a given period
of time
r TMSCHTo schedulea non{ool program
r TMCSTTo olace a orocess in critical/normalstate
r TMSTPTo stop the applicationin an orderlyway

r

TMSABTo abortthe application

IMAGE/I000 Access
To accessan IMAGE/1000
data base with the full caoabilties
(GET,
ADD,DELETE,
UPDATE)
the programmer
mustopenit in mode
3 (exclusively)
or in mode 1 (sharedreadiwrite)
and lockit,which
preventsotherprogramsfromconcurrently
accessing(writingto)
the data base.Undertheseconditionsone way to havemultiprogramaccessto a data baseis to centralize
all requeststo IMAGE
in a singleprogram.lMAGEil000accessthroughthe tool uses
this concept.
Giventhe above feature,the programmeris faced with the
difficulties
of managingall the differentoperationsthat may be
performedsimultaneouslyon the data base by all the programs
(updateof the sameentryby more than one programat the same
time, deletionof a chain entry while anotherprogramis going
throughthe chain,etc.).One way to solvethese problemsis to
implementa lockingmechanism.
The mostsophisticated
locking
mechanismis to lock at the entrylevelin the IMAGEdata base.
The terminalmanagementtool offersthis capabilityto the user.
Thetoolalsoautomatically
performsthe DBTNF
callsto saveand
restorethe run tablewhen necessaryfor each process,thereby
savang
the userthe worryof keepingtrackof the run tablewhen
repeatedlyaccessingthe data base (chainor senalread).
All callingsequencesto the DATACAPi
1000 IMAGEhandler
implemented
usingthe terminalmanagement
toolarecompatible
with the IIVAGE/1000
callingsequenceswith the additionof a
single-wordparameterto the calls analogousto DBFNDand
DBGET,
whichallowsspecification
of the recordlockingactionto
be taken,Thesecallsareaccessibleby the userthrougha library
of routines,%XML|M,whose members are the same as full
IMAGE/1000DBMS calls (DByyy(parameters))
but whose entry
pointsare XBYYY(parametersl.
To keep the demandof the terminal
management
tool IMAGE/1000
handleron svstemresourcesto a

Ier, while STORBis responsible for generalized data
storage to disc files, device files (magnetic tape), or
user storage subroutines.
IMAGE/1000 Handler This module provides a front end
to the standard IMAGE/1000 DBMS, specifically
establishing a record locking mechanism and a link
to the DATACAP/1000 transaction logging module.
DCLOG provides a means for writing standard, recoverable
records and prevents the terminal user from proceeding with a second transaction until the first is
safely logged to a disc or device file. DCLOG is
complemented by the recovery utility DCRCVthat
can be used to recover an IMAGE/1000 data base
that has been corruoted.
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reasonable
level,the lollowing
limitations
are imposedon the
user:
'1. Callsfor lockingand unlocking
the database(DBLCK
and
DBUNL)
are not provided.

2. Positionsin a data set (currentrecord,chain, etc.) are not
rememberedwhen a differentdata set is accessed.lt is
necessaryfor the user to save the run table for a data set
beforeaccessinga seconddataset,thenrestorethe runtable
for thefirstdatasetto accessit startingat itscurrentposition.
3 . The maximumentrylengthallowedis 512 words insteadof
2048 words.
The maximumnumber of data bases that can be ooened
is eight (combinedtotalin DATACAP/1000).
simultaneously
5 . All data bases that are to be accessed must be defined in
TMPGN.
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SPECIFICATIONS
HPModel92080A
DATACAP/1000
DataCaptureSoftware
MAXIMUII NUMBEROF TERMINALS: An HP 1000Computeror Systemcan supportup to
56 HP data captureterminals.The number ot terminalssupportableby DATACAP/1000
depends upon the number ot transactionsper hour to be processed,i.e., responsetime
required,on transactioncomplexity,such as IMAGE/1000data base activity,user subroutines,etc., and on system main memory size.
COMMUNICATIONwlTH IMAGE/1000 DATA BASE: TransactionMonilor Program
(TMP) can retrievedata from, and record data in up to four IMAGE/1000dala bases. No
transactionspecificationcan access more than one IMAGE/1000data base. Any user
program has read/writeaccess to a data base that is under DATACAP conlrol.
COMPATIBILrrY W|TH SESSION iIONITOR: DATACAP/1000does not use or require
the Session Monitorin RTE-IVBand in certain respectsmay not b€ compatiblewith the
SessionMonitor.Where multi-useraccessto the RTE-lVBsystem is requiredconcurrently
with DATACAP/1000 operalion,the MultiTerminal Monitor is recommendedinstead of
the SessionMonitor.The DATACAP ConligurationGuide (92080-90003)documentsthe
particularsregardingOATACAP/1000compatibilitywith Session Monitor.
iS SUPPOTIEd
OATA CAPTURE SYSTEM REOUIREMENTS:HP 92O8OAOATACAP/IOOO
only on ths 92068A RTE-IVB operating system, and thorefore has the same minimum
system rgquirementsas the 92068A, plus additionalrequirementslisted below.
DATA BASE SOFTWARE: lf @mmunicationwith an IMAGE/1000data base is desired,
920694 IMAGE/1000is required.
DATA CAPTURETERIIIINALS:Al least on€ (and up to 56) of any ol the HP 3075A,30764,
or 3077A l€rminals.
MAGNETICTAPE: A magnetictape unit is stronglyrsommended if IMAGE/'1000is used.
SYSTEM CONSOLE: HP 2645A, 2647A, 2648A,26498, 2649C, or 2649G system conele on which DATACAP/1000is readied for use must connect to the system via the
12966A-OO1interlaceand must have the followingoptioris and accessories.
OPTION 007: Mini cartridge l/O (nol required on2647N49G).
OPTION 032: Subsiilutes ExtendedAsync Comm. Card for standardcomm. card.
with line drawingcharacterset.
132314Displayenhancements
FAST FORTRANPROCESSORFIRiIWARE: 129778ot 13306A, dependingon compuler
model.
to supRTE-IVBSYSTEMMEMOFYFEOUIREMENTS:
The RTE-lVBsystemconfigured
port DATACAP/1000has the following memory requirem€nts.
SYSTEM CODE AND TABLES: 56K bvtes.

SYSTEMAVAILABLEMEMORY:12K bytes.
SYSTEMCOMMONFOB DATACAPUSE:4K byles.
DATACAPnooo MEMORY PARTITION REaUIREMENTS: The lollowing partiiions are
requiredlor DATACAP/1000:
DATACAP/1000
APPLICATIONCODE| 122Kbytes.
BUFFERINGFOB DATA CAPTURETERMINALS:54K-40Kbytes (see Table 1), using
RTE-lVB mother partition.
TABLE 1. Memory buftering requirements by number ot
Data Capture Terminals
No, ol
Torminals
1- 5
6-10
11-15
16-20

Bufier
Sizs

No. ot
Tarminals

Bulter
Size

No. ol
Terminals

Buffur
Size

54Kb
89Kb
124Kb
159Kb

21-25
26-30
31-35
36-,10

194Kb
229Kb
264Kb
299Kb

41-45
46-50
51-56

334Kb
369Kb
404Kb

OPTIONAL MEMORY PAFTITIONS: The following partitions are required tor optional
DATACAP/1000 capabililies.
EACH IMAGE/1000DATA BASE ACCESSED:56K bytes.
FOR INTERFACINGWITH USER SUBROUTINES:10K bytes, variable,for the user
subroutines.
TRANSACTION
GENERATORPROGRAM:40K
bytes,lo avoidswappingif creatingtransactions concurrentlywilh real-timedata capture operations.
OS/1000NETWORKCOMMUNICATIONS:6-25K
bytes,dependinguponremoteaccess
capabilitiessupported.
PRICESIN U.S.A.:
920804 DATACAP/1000Oata Capture Sotlware Package,$5000.
92080R Right to Copy DATACAP/1000 for use on an additional mmputer system,
$2000.
MANUFACTURING
DIVISION:OATA SYSTEN,IS
DIVISION
1 1000Wolfe Road
Cupertino,Calitornia95014 U.S.A.
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