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Handheld  Scanner  Makes Reading Bar  Codes Easy and Inexpens ive ,  by  John J .  Uebb ing,  
Donald the Lubin,  and Edward G. Weaver,  Jr .  This l ightweight  uni t  contains al l  the elements 

requi red to  conver t  bar  code in to  d ig i ta l  s ignals .  
Read ing  Ba r  Codes  f o r  t he  HP-41C  P rog rammab le  Ca l cu l a to r ,  by  Dav id  R .  Conk l i n  and  
Thomas quickly Revere III A new accessory for HP's most powerful handheld calculator quickly 

en te rs  da ta  and programs f rom pr in ted  bar  code.  

A  H i g h - Q u a l i t y  L o w - C o s t  G r a p h i c s  T a b l e t ,  b y  D o n a l d  J .  S t a v e l y  T h e  g e n e r a t i o n  a n d  
modi f icat ion of  complex graphics  images is  great ly  s impl i f ied by use of  th is  ins t rument .  

C a p a c i t i v e  S t y l u s  D e s i g n ,  b y  S u s a n  M .  C a r d w e l l  T h e  s t y l u s  f o r  t h e  9 1  1 1  A  G r a p h i c s  
Tab le t  is  s l im,  rugged,  and prov ides tac t i le  feedback.  

P r o g r a m m i n g  t h e  G r a p h i c s  T a b l e t ,  b y  D e b r a  S .  B a r t l e t t  S o f t w a r e  p a c k a g e s  f o r  s e v e r a l  
HP computers  use the tab let 's  bu i l t - in  capabi l i t ies  to  create d iagrams,  f igures,  and char ts .  

T a b l e t / D i s p l a y  C o m b i n a t i o n  S u p p o r t s  I n t e r a c t i v e  G r a p h i c s ,  b y  D a v i d  A .  K i n s e l l  A  g r a p h  
ics tablet  combined wi th vector-scan display system provides a powerfu l ,  inexpensive graph 

ics workstat ion. 

P rog ramming  f o r  P roduc t i v i t y :  Fac to r y  Da ta  Co l l ec t i on  So f twa re ,  by  S teven  H .  R i cha rd  
Th is  so f tware  package  fo r  HP 1000  Compute rs  genera tes  and  manages  a  da ta  co l lec t ion  

system that 's  ta i lor -made for  an indiv idual  factory.  
A  Te rm ina l  Managemen t  Too l ,  by  F ranco i s  Gau l l i e r  I t  p rov i des  a  r een t r an t  env i r onmen t  
for  HP 1000 Computers ,  s impl i fy ing the development  o f  mul t i terminal  appl icat ions.  

In this Issue: 
Computer application programs tell a computer how to accomplish specif ic tasks. Typically, 

such tasks involve the processing of information that the computer f inds stored in i ts memory 
or coming in from a terminal or other input device. The articles in this issue deal with ways of 
get t ing that  informat ion into the computer.  

Featured on our cover is a new digital bar-code wand. You've seen bar codes on the labels 
of  products at  the supermarket .  The bars and spaces in these codes represent numbers or  
letters, a the bar-code wand converts them into electr ical signals a computer can read. I t 's a 
f as t ,  da ta  re l a t i ve l y  cheap  and  easy - to -use  me thod  o f  pu t t i ng  da ta  o r  p rog rams  i n to  a  

computer .  The wand comes in two vers ions,  Model  HEDS-3000 (page 3)  for  general  use,  and Model  821 53A 
(cover  March page 11)  for  use wi th  the HP-41C Calcu lator ,  featured in  these pages in  March 1980.  HP-41C 
solutions books give you not only the program l ist ings but also the equivalent bar code, so al l  you have to do to 
program the ca lcu la tor  is  scan the pages of  the book wi th  the wand.  Easy.  

The ar t ic le  on page 15 descr ibes another  computer  input  dev ice,  Model  9111A Graphics Table t .  Wi th  th is  
use fu l  d raw you  can  d raw the  computer  a  p ic tu re .  For  example ,  an  eng ineer  can  d raw c i rcu i t  d iagrams or  
mechanical structures and see them appear on a display or plotter as they are drawn. Compared to describing 
p ictures to the computer  in  terms of  coordinates,  the tablet  is  a lot  more convenient .  

An ar t ic le about  a new data capture sof tware package,  DATACAP/1000,  begins on page 25.  DATACAP is a 
package data from for HP 1 000 Computers. I ts purpose is to help manufactur ing companies col lect data from 
fac tor ies  â€”  in fo rmat ion  about  inventor ies ,  work  in  p rocess ,  t ime and a t tendance,  d is t r ibu t ion .  Gu ided by  
DATACAP, bar-code personnel enter this data into HP data capture terminals using keyboards, cards, or bar-code 
wands. computer 's receives this data, checks i t ,  and stores i t  in a data base in the computer 's memory, so that 
r e p o r t - g e n e r a t i n g  p r o g r a m s  c a n  p r o c e s s  i t  a n d  p r o d u c e  t i m e l y  a n d  a c c u r a t e  r e p o r t s  f o r  m a n a g e m e n t .  
DATACAP questions designed to adapt easily to each individual factory's needs. It asks its owner questions to find out 
what  those needs are  and genera tes  a  ta i lo r -made in format ion-gather ing  sys tem to  meet  them.  Th is  he lps  
managers serv ice.  operat ing ef f ic iency,  min imize inventory  investment ,  and improve customer serv ice.  

-R. P. Dol an 
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Handheld Scanner Makes Reading 

Bar Codes Easy and Inexpensive 
This l ightweight wand contains the l ight  source, ref lected- 
l ight sensor,  and digi tal  s ignal shaping circui try needed for 
scanning bar -code pat terns re l iab ly .  

by John J .  Uebbing,  Donald  L .  Lubin,  and Edward G.  Weaver ,  Jr .  

BAR CODES ARE A RAPIDLY GROWING method of 
manual data entry that can be used as an effective 
alternative to keyboards. A bar code is 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 spaces into 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 of the emitter, detector, and optics of the 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 .  The HEDS-3000 Digital  Bar Code Wand contains al l  of 
the components necessary to  conver t  a  pr in ted bar-code pat  
tern in to a d ig i ta l  s ignal  for  use in  data processing.  

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 con 
tained 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 proces 
sor, which typically measures the time intervals corre 
sponding 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 in 
formation 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 black- 
and-white patterns. 

The circuit in the HEDS-3000 bar-code scanner uses a 
push-to-read switch to save power in battery-operated sys 
tems. Another battery-oriented feature is the wide range of 
operating voltage. The wand circuit is designed to use a 
single power supply within the range of 3.6 to 5.75 volts. At 
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 ter 
minated in a nine-pin D-style subminiature connector with 
an integral squeeze-to-release retention 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 com 
patible 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 
(0.004 in) and the interior data bars and spaces with an 
accuracy of 0.05 mm (0.002 in). The wand is designed to 
read bar codes in all handheld orientations within a cone of 
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30Â° from 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 55Â°C (32 to 130Â°F). 

Ref lectance Sensor  
The high-resolution reflectance sensor that is an integral 

part of the HEDS-3000 Bar Code Digital Wand is also avail 
able as a separate component (HEDS-1000) for use in other 
sensing applications. These include pattern recognition, 
object sizing, optical limit switching, tachometry, defect 
detection, dimensional monitoring, line location, paper- 
edge 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 0.25-mm (0.01- 
in) 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 be 
cause 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 draw 
backs of this 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 aper 
ture exhibited spherical aberrations that were too great to 
allow 0.25-mm width resolution. Thus, to provide a numer- 

Emitter 

Focus Distance 
â€¢f â€” for â€” i 

Max imum 
Signal 

Epoxy Seal  

Lens Emitted 
Light St ray  L ight ,  Spot  Weld  

Reflected 
Light Can 

T O - 5 '  
S t r a y  L i g h t  '  H e a d e r  

Fig.  2 .  The HEDS-1000 High-Resolu t ion Ref lec tance Sensor  
used in  the  HEDS-3000 is  a lso  ava i lab le  as  a  separa te  prod 
uc t .  Th is  sensor  con ta ins  bo th  an  emi t te r  and  de tec to r  i n  a  
s i ng l e  package .  A  b i f u r ca ted  l ens  des i gn  f ocuses  t he  l i gh t  
f r o m  t h e  s e n s o r ' s  e m i t t e r  o n t o  t h e  a r e a  t o  b e  s e n s e d  a n d  
focuses the ref lected l ight  back onto the detector  area in  the 
sensor.  

Detector 

Fig.  3.  The emit ter  and detector  chips in the HEDS-1000 are 
mounted on  a  s tandard  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 sili 
con 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 compensate 
for assembly tolerance and to improve the depth range over 
which good sensing can occur. Letting the LED size deter 
mine the resolution in this way minimizes the LED power 
consumption for a given photocurrent level. This is impor 
tant for battery-powered operation. 

A standard TO-5 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 win 
dow 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 
9825A Computer/Controller.1 The signal levels, transistor 
parameters and other data sheet values for the HEDS-1000 
are guaranteed by this system. 

Bar-Code Reader Circui t  
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 inter 
faced to digital systems. 

If the optical sensor module can resolve widths much 
narrower than the minimum bar width and there is a great 
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l l i m i  
l A A M / l A  

Bar  Code  

Corresponding 
Sensor Output  

F i g .  4 .  A  t y p i c a l  b a r - c o d e  p a t t e r n  a n d  c o r r e s p o n d i n g  
waveform resul t ing f rom a scan of  the pat tern.  

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. Unfortu 
nately, 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 dis 
advantage of this technique is that it is very sensitive to both 
electrical 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 accurately 
enough for many requirements. 

A potentially accurate technique is to detect the positive 
and negative signal peaks and set a threshold halfway be 
tween 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 level remains 
constant or the signal maxima increase or 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 

I 
Ã­ 

-  S i g n a l  

-  Peak  Detec tor  
Threshold 

T ime 

F ig .  5 .  When  the  s igna l  max ima  and /o r  m in ima  change  as  
shown ,  t he  peak  de tec to rs  mus t  be  rese t  f requen t l y  t o  co r  
rect ly  detect  s ignal  peaks.  

after each transition is needed to allow for the case of de 
creasing signal maxima or increasing minima (Fig. 5). Pre 
vious solutions of this problem have either compromised 
performance by using rapidly decaying peak detectors or 
have required the extensive use of digital circuitry to per 
form this function. 

Another problem with peak detection, and some other 
schemes as well, is how to handle static conditions when 
there is no transitions and reliable references as 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 major constraint is size, because 
the entire circuit has to fit in the wand body. To accomplish 
this of previous circuit approaches requires 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 compo 
nents and assembly techniques. This eliminates ap 
proaches that require trimming for proper operation. 

The circuit can be broken into three major blocks â€” 
amplifier, signal processor, and digital output. Fig. 6 shows 
the circuit schematic partitioned into these functions. The 

Output 

A m p l i f i e r  Processor Digital  Output 
F ig .  6 .  C i r cu i t  schemat i c  f o r  t he  
HEDS-3000. 
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(a) niÃ̄ n i Bar Code 

(b) 

Signal 

Voltage on C1 
( S i g n a l  - A V )  

-Â»- Time 

(c) JUUinJlRJL Digital  Output 

Fig. 7.  Operat ion of the processing circui t  in the HEDS-3000. 
When the bar code in (a) is scanned, peak detect ion converts 
the  resu l t i ng  vo l tage  ac ross  C1  (b )  i n to  a  l og i c -compat ib le  
s igna l  ( c ) .  No te :  AV=d/ode  fo rward  vo l tage  d rop .  

amplifier increases the signal from the photodiode up to a 
processable level by converting a current on the order of 1 00 
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 (Cl). A positive 
voltage peak minus a diode drop is stored on Cl. The com 
parator circuit (A2, R2, R3) compares this value with the 

output of amplifier Al. When the signal drops below the 
value stored on Cl, the comparator changes state. As the 
signal goes through its negative excursion, D4 starts con 
ducting and the negative peak voltage minus a diode drop is 
stored on Cl. As the signal becomes more positive than the 
voltage on Cl, the comparator changes state again. Diode 
D3 then conducts until the positive peak voltage minus a 
diode drop is stored on Cl 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 ap 
proach 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 Cl. Resistors R2 and R3 pro 
vide 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 track all transitions dynamically and 
retain the correct state information statically. 

F ig .  8 .  Wand  case  be fo re  assem 
b l y .  The  mo lded  cy l i nd r i ca l  body  
conta ins  the  sensor  and the  e lec  
tronics and is held together by two 
rings. 
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What Is a Bar Code? 
Bar  codes  a re  messages  w i th  da ta  encoded  in  the  w id ths  o f  

pr inted bars and spaces on a piece of paper.  I f  you consider that 
standard pr inted characters are two-dimensional,  then bar codes 
are one-d imensional  characters that  have been st retched in  the 
vert ical dimension. From this perspective, bar-code scanning can 
be seen as the one-dimensional  vers ion of  opt ica l  character  rec 
ogn i t i on  (OCR) .  The  s imp l i c i t y  o f  scann ing  and  decod ing  one-  
d imensional  pat terns is  one main reason that  bar-code systems 
a re  more  p reva len t  than  OCR sys tems and  a re  expec ted  to  re  
main so for some time. An analogy for how bar-code systems work 
i s  t o  cons ide r  a  p r i n t ed  ba r  code  as  a  pu l se - code -modu la ted  
(PCM)  t o  whe re  l i nea r  d i s t ance  on  t he  pape r  i s  equ i va len t  t o  
t ime and the whi te  and b lack re f lec tance leve ls  o f  the bar-code 

Two-Out-of-Five 
Character for 

Number 6  P P P P P  
G a p - H  

O  1  

First Digit 

Two-Out-of -Five 
Bar  Code Example 

S t a r t  0  9  S t o p  

Fig. 1 . I l lustrat ion of two-out-of-f ive bar code. Each character 
is represented by a combination of f ive bars that are each one 
or  three uni ts  wide (see Table I ) .  

pattern (tag) on the paper are equivalent to the high and low logic 
levels of  the electr ical  s ignal.  

The number of di f ferent possible coding schemes for bar codes 
is  endless.  However,  the major i ty  of  schemes now in use can be 
c lass i f ied as two- leve l  codes.  In  a  two- leve l  code a wide bar  or  
space represents  a b inary  one and a narrow bar  or  space repre 
sents a binary zero (or vice versa). Usual ly the f i rst  two bars of a 
tag are  a l l  to  def ine the in i t ia l  va lue o f  a  nar row wid th ,  then a l l  
bars and spaces read by the wand are compared to this standard 
va lue  and  ass igned  va lues  o f  e i ther  one  o r  ze ro  depend ing  on  
their  respect ive widths.  

Var ia t ions  o f  the  two- leve l  code inc lude vers ions  where  on ly  
ba rs  ca r ry  i n fo rmat ion  o r  where  g roups  o f  ba rs  and /o r  spaces  
(e .g . ,  f ive bars  and four  spaces)  represent  s ing le  coded charac 
te rs  w i th  i n te rna l  pa r i t y  checks .  Ba r  codes  can  be  read  e i the r  
bidirectionally or from one direction only. Almost al l  codes include 
a checksum dig i t  encoded at  the end of  the bar  code to  prov ide 
secu r i t y  aga ins t  imp rope r l y  decoded  cha rac te r s .  Code  39â „¢  
(deve loped  by  I n te r face  Mechan i sms)  and  two -ou t -o f - f i ve  ba r  
codes are examples of  a lphanumeric and numeric two- level  char 
ac te r  ba r  codes .  Paperby teâ „¢  and  the  HP-41C ba r  codes  a re  
two- leve l  b ina ry  codes .  Ano ther  common bar  code  i s  the  fou r -  
leve l  Universa l  Product  Code (UPC) that  is  used for  ident i fy ing 
grocery products.  In th is  code a numer ic character  is  def ined by 
two bars and two spaces. Each bar and space is ei ther one, two, 
three,  or  four  modules wide and the to ta l  character  width is  con 
strained to be seven modules wide (a module is a unit of bar-code 
w id th ) .  Secur i t y  o f  the  UPC code is  fu r ther  insured  by  in te rna l  
parity checks and a checksum digit encoded at the end of the tag. 

T o  g e t  a  b e t t e r  i d e a  o f  e x a c t l y  h o w  a  b a r  c o d e  w o r k s  l e t ' s  
examine the two-out -o f - f i ve  bar  code more c lose ly .  Two-out -o f -  
f i ve  code  i s  a  numer i c  code  w i t h  t en  d i g i t - cha rac te r s ,  a  s t a r t  
s y m b o l ,  a n d  a  s t o p  s y m b o l .  T h e  v e r s i o n  d e s c r i b e d  h e r e  i s  a  

F ig .  2 .  I n  t h i s  i ndus t r i a l  app l i ca  
t ion each assembly is identi f ied by 
bar  code and the Q A defect  code 
i s  r e a d  d i r e c t l y  b y  a  b a r  c o d e  
wand f rom a code index,  e l iminat  
ing copying er rors .  
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Table I  

Two-out-of - f ive bar-code character  decoding.  (0 = narrow bar,  
1 = wide bar, M = margin, a very wide space at the beginning and 
end o f  a  tag . )  

Bar-Code Pattern 
00110 
10001 
01001 
11000 
00101 
10100 
01100 
00011 
10010 
01010 
M110 
010M 

Character 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Start 
Stop 

ba r -on l y  code  w i t h  no  i n fo rma t i on  i n  t he  spaces .  Na r row  ba rs  
represent zero bi ts and wide bars ( typical ly three t imes the width 
o f  t h e  i s  b a r s )  r e p r e s e n t  o n e  b i t s .  E a c h  n u m e r i c  c h a r a c t e r  i s  
a set of f ive consecutive bars of which two bars out of the f ive are 
w ide .  The  charac te r  tab le  and  cod ing  fo r  th i s  code  i s  shown in  
Table I .  A typical  character and tag for two-out-of- f ive bar code is 
shown in Fig.  1 .  There are typical ly three levels of  sel f  checking 
that insure that the decoded two-out-of- f ive data is val id before i t  
is  entered into the computer .  F i rs t ,  each character  is  checked to 
see that there are two and only two wide bars. Second, there must 
be  an  i n tege r  mu l t i p l e  o f  f i ve  ba rs  be tween  the  s ta r t  and  s top  
symbols .  Any ex t ra  or  miss ing bars  w i l l  cause the decod ing sys  

t e m  t o  v o i d  t h e  r e a d .  F i n a l l y ,  t h e  l a s t  c h a r a c t e r  s h o u l d  b e  a  
s o f t w a r e - d e t e r m i n e d  c h e c k s u m  n u m b e r  t o  v e r i f y  t h a t  t h e  d e  
coded data is the same as the encoded data.  For example, i f  the 
l a s t  d i g i t  o f  t h e  s u m  o f  t h e  d a t a  v a l u e s  i s  e n c o d e d  a s  y o u r  
checksum digi t ,  then i t  should also be the last digi t  of  the sum of 
the decoded data values.  I f  i t  is  not ,  then the read is  inval id .  

T h e  m a i n  a p p l i c a t i o n s  f o r  b a r  c o d e s  a r e  a s  a l t e r n a t i v e s  t o  
keyboards. Bar codes al low fast and accurate hand entry of small  
amounts of  data by minimal ly t ra ined operators.  The commercial  
market for bar codes is currently divided into three major types of 
users. The first and most widespread application of bar codes is in 
po in t -o f - sa le  (POS)  compu te r  sys tems  i n  g roce ry  s to res .  Mer  
c h a n d i s e  l a b e l e d  w i t h  b a r  c o d e s  i s  s c a n n e d  a t  t h e  c h e c k o u t  
c o u n t e r  t o  a u t o m a t i c a l l y  e n t e r  t h e  p r i c e  a n d  i t e m  o n  t h e  c u s  
tomer 's b i l l  and update the store 's inventory.  This system al lows 
f a s t e r  m a n  f e w e r  e r r o r s ,  a n d  m o r e  e f f e c t i v e  i n v e n t o r y  m a n  
agement .  The second major  appl icat ion of  bar  codes is  in  indus 
tr ial  inven entry (Fig. 2).  This category includes warehouse inven 
tory control,  identi f icat ion of assemblies for process monitoring or 
w o r k  b a r  a n d  r e m o t e  d a t a  c o l l e c t i o n .  T h e  p u r p o s e  o f  b a r  
codes  i n  t hese  i ndus t r i a l  env i ronmen ts  i s  t o  p rov ide  a  s imp le  
error-proof  means to hand-enter  data in to the centra l  computer .  
The th i rd  and newest  a rea  o f  bar -code app l ica t ions  is  low-cos t  
da ta  en t ry  fo r  mic rocomputers .  Computer  so f tware  in  bar -code 
form can be mass produced inexpens ive ly  by the pr in t ing indus 
t ry and dist r ibuted to a broad base of  users.  Bar-code-formatted 
so f tware  can  be  used  fo r  p rog ramming  app l i ances ,  i n te l l i gen t  
inst ruments,  or  personal  computers.  The bar-code opt ion on the 
HP-41C described in the art icle on page 1 1 and the Paperbyteâ„¢ 
bar -code programs pub l i shed by  BYTE Magaz ine  are  exce l len t  
examples of the use of bar codes for low-cost consumer-or iented 
data entry. 

If the voltage on Cl is greater than the output of Al, the 
output of A2 will switch to a high state. If the signal then 
remains constant, (static condition) and if R3 is not con 
nected from the output to the noninverting input, Cl even 
tually charges via D3, D4 and the input bias current of Al to 
a level comparable to the signal and the output state is 
indeterminate. With R3 connected, Cl charges through R2 
and R3 toward the output level of A2, keeping the output of 
A2 in the high state. If the voltage on Cl becomes less than 
the signal, the output of A2 switches to a low state and 
under static conditions R2 and R3 discharge Cl 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 Ql and 
Q2 and resistors R4, R5, and R6. The transistors serve to 
buffer the output of A2 and provide logic-compatible levels. 
The output stage shown in Fig. 6 provides a logic zero 
output for a dark-to-light transition. If the inverse is desired, 
the output can be taken from the collector of Ql, and Q2, R5, 
and R6 can be deleted. 

Deve lopment  o f  the  Wand Package  
After considering a number of alternatives such as a rec- 

tangular-box-type reader and a molded tube wand struc 
ture, the basic configuration shown in Fig. 1 and Fig. 8 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 

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  wi th  two molded r ings  of  an  ABS-and-  
polycarbonate-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 180Â°-bend tests. Fig. 8 
shows the wand case before assembly. 

The tip of the wand has a slim profile and still accommo 
dates 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 body. 

Speci f icat ion and Test ing of  the Wand 
The HEDS-3000 uses a new approach to specifying bar 

code wand performance. Historically, bar-code wands were 
analog devices and previous specifications dealt with such 
analog signal characteristics as amplitude modulation and 
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noise. A bar-code wand with a digital output requires defi 
nition of a new set of performance measures. This digital 
performance specification properly describes the effects of 
mechanical, electrical, and optical parameters upon the 
wand's performance. This product specification then de 
fines the conditions under which the wand will read bar 
codes successfully in a customer's system. However, differ 
ent customers are interested in different specifications for 
different types of systems. Each system has requirements 
based on the specific bar code, bar-code printer, and decod 
ing algorithm chosen by the system designer. The effect of 
the wand on the readability of the bar code in each of these 
systems is slightly different. 

The desire to specify the performance of the wand in a 
manner that makes sense to a system designer led to the 
concept of system width error. The width error is a modifi 
cation of the specifications used to describe bar-code print 
ing 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. Since these edge errors are independent of the width 
of the bar, printer performance for any bar is specified by a 
width error (e.g., narrow bars = 0.25Â±0.05 mm and wide 
bars = 0.50Â±0.05 mm). Like bar-code printing errors, wand 
reading errors are primarily edge errors. The performance 
of the wand is characterized by the accuracy with which it 
can measure bar widths. The wand bar-width error can then 
be summed with the width errors of the bar-code printer to 
determine the total width error at the start of the system 
decoding algorithm. A paper analysis of system perfor 
mance 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 designer can create software to compensate 
for offset errors characteristic of both wands and printers. 
Bars that consistently appear wider and spaces that appear 
narrower are examples of offset errors. When the specifica 
tion is in terms of width error, the system designer can 
easily understand the trade-offs in bar-code system design. 

The width error is the difference between the calculated 
bar or space width and the optically measured bar or space 
width. A two-level black-and-white code on photographic 
paper is used as the standard tag for characterization. The 
bars and spaces of these tags are optically measured with a 
toolmaker's microscope. When this standard tag is read by a 
wand under test at a constant scan velocity, the wand- 
measured bar width can be calculated from the duration of 
the bar output level from the wand. The width errors are 
separated into bar and space errors and into maximum and 
minimum errors. Because the magnitude of the width error 
is dependent on the width of the preceding space(bar) as 
well as the measured bar(space), the width errors are also 
sorted into bar/space and space/bar categories to 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 schemes comparing bars with bars and spaces 
with spaces will cancel the systematic or offset errors that 
make bars appear wider and spaces appear narrower, while 
decoding software comparing bars with spaces will mag 

nify these errors. To provide as complete a picture as possi 
ble of the HEDS-3000 performance in a variety of operating 
conditions, the wand's width errors are characterized as 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 photo 
graphic 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 measured by 
a time-interval-measurement circuit and fed into a 9825A 
Computer/Controller. The 9825A compares the wand- 
output bar and space widths with the stored values of the 
optically measured bar and space widths. The 9825A then 
calculates the width errors for all the bars and spaces in the 
test tag, reduces this data, and stores the relevant informa 
tion. Besides this final performance test, each printed cir 
cuit board is tested before final assembly to guarantee fre 
quency response, output levels, and functionality. Each 
optical sensor is also pretested to guarantee its performance 
before final assembly. Finally, wands sampled from produc 
tion 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 
(temperature cycling, operating life, humidity, etc.), and 
performance quality (electromagnetic interference (EMI) 
and width error over diverse operating conditions). 
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HEDS-3000 Dig i ta l  Bar  Code Wand 

P O W E R  S U P P L Y :  
Vs: 3.6-5.75 vol ts 
l s :  50  mA max imum.  

D A T A  O U T P U T :  
LOGIC LEVEL:  TTL  and  CMOS compat ib le  
WIDTH ERRORS:  

F i r s t  B a r  0 . 1  m m  t y p i c a l  
I n t e r i o r  B a r  0 . 0 5  m m  t y p i c a l  
I n t e r i o r  S p a c e  0 . 0 5  m m  t y p i c a l  

SCAN VELOCITY:  7 .6 -76  cm/s .  
I L L U M I N A T I O N  W A V E L E N G T H :  7 0 0  n m  
T E M P E R A T U R E  R A N G E  

OPERATING: 0Â°C to +55Â°C. 
STORAGE: -20Â°C to +55Â°C. 

D I M E N S I O N S :  1 3 3  x  2 3  x  2 0  m m  ( 5 . 2  x  0 . 9  x  0 . 8  i n ) .  C a b l e  1  m  l o n g .  

S P E C I F I C A T I O N S  
FOCAL PROPERTIES:  

IMAGE S IZE AT  FOCUS (d i s tance  fo r  10 -90% response  ove r  b lack -wh i te  t rans i t i on ) :  
0.17 mm. 

DEPTH OF FOCUS ( to  50% of  max imum photocur ren t ) :  1 .2  mm.  
MAXIMUM SIGNAL POINT:  4 .3  mm f rom f ron t  o f  can .  

S O U R C E  P E A K  W A V E L E N G T H :  7 0 0  n m .  
T E M P E R A T U R E  R A N G E :  

OPERATING: -20Â°C to + 70Â°C. 
STORAGE: -40Â°C to +75Â°C. 

PACKAGE:  8-p in  TO-5 s ty le  package.  12 .9  mm long.  
PRICES IN U.S.A.:  

HEDS-3000 Dig i ta l  Bar  Wand,  $99.50 each in smal l  (1-99)  quant i t ies.  
HEDS-1000 High Resolut ion Ref lectance Sensor,  $28.75 in smal l  (1-9)  quant i t ies.  

MANUFACTURING D IV IS ION:  OPTOELECTRONICS D IV IS ION 
640 Page Mi l l  Road 
Palo Al to.  Cal i fornia 94304 U.S.A. 

HEDS-1000 High-Resolut ion Ref lectance Sensor  
P O W E R  S U P P L Y :  

Vd,  Vc,  Ve:  20 vo l ts  maximum, 5 vo l ts  typ ica l .  
' LED '  ^O mA max imum average ,  75  mA max imum peak .  

P O W E R  D I S S I P A T I O N :  1 2 0  m W  m a x i m u m .  
P H O T O C U R R E N T S :  

PHOTOCURRENT (whi te  sur face) :  120 nA,  typ ica l .  
STRAY PHOTOCURRENT:  20  nA ,  t yp i ca l .  

HP Model  821 53A Wand 
PHYSICAL SPECIF ICATIONS:  Same as  fo r  HEDS-3000 .  
E L E C T R I C A L  S P E C I F I C A T I O N S :  S u p p l i e d  w i t h  i n t e r f a c e  p l u g - i n  f o r  u s e  w i t h  H P - 4 1 C  

Calculator. 
PRICE IN U.S.A. 

82153A Wand:  $125.  
MANUFACTURING D IV IS ION:  CORVALL IS  D IV IS ION 

1000 N.E. Circ le Boulevard 
Corval l is ,  Oregon 97330 U.S.A. 
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Reading Bar Codes for the HP-41C 
Programmable Calculator 
by David  R.  Conkl in  and Thomas L .  Revere  

A SPECIAL VERSION of the HEDS-3000 Digital Bar 
Code Wand is supplied to Hewlett-Packard's Cor- 
v a l l i s  D i v i s i o n  f o r  u s e  i n  t h e  8 2 1 5 3 A  W a n d  

(Fig. 1), an accessory to the HP-41C programmable calcu 
lator. Corvallis Division attaches an interface module con 
taining two integrated circuits â€” a custom wand interface 
chip,  and a 4096-word microcode ROM. In this  art icle 
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,  apport ions the decoded data into eight-bit  bytes,  
stores the byte(s) for retrieval by the HP-41C, and interfaces 
with the HP-41C bus lines to transfer the data to the cal 
culator's CPU. The interface chip is located in the HP-41C- 
compatible plug which is attached to the 821 53 A Wand by a 
cable. To read a row of bar 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- 

"' ' i iiiiiiiiiiiiniiiimmiiimwiiii,.. 

Fig.  1.  The 82153 Wand accessory to the HP-41C Calculator  
provides easy entry of data and programs printed in 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 are 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 (â€”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 errone 
ous 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 1/2 the count for the previous space to 1/2 the count 
for the previous bar (1/4 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 i tself  to create a 3/2 unit-width 
reference. 

The logic used to decode and store bar codes in one of two 
identical 16-byte buffers is controlled by a 64-state ROM 
machine which has 16 instructions and eight branch qual 
ifiers. The decoding algorithm is illustrated by the flow 
chart in Fig. 2. The tests for bars and spaces include a test for 
maximum count (s=214) that branches back to the start state 
if the count is exceeded. 

Maximum and minimum acceptable bar widths are de 
termined by the scan speed and the interface chip.  The 
maximum count for a bar is limited to less than 2 14 HP-41C 
clock a For a clock period of 2.63 /us, 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 in). 
The minimum bar  width is  se t  by the  t ime required to  
decode a bar, establish a new reference and store eight bits 
in a buffer. Seventy-six clock cycles are required, corre 
sponding to a minimum bar or space width of about 0.1 7 mm 
(0.007 in) at a high scan speed of 762 mm/s (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 â€” 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 direct ion 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 (LSB) of the leftmost byte first. The interface 
chip accomplishes this by conditionally storing the de- 
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Fig.  2.  chip.  chart  of  bar-code decoding a lgor i thm used by the 821 53 A Wand inter face chip.  

coded bytes in one of two sequences in a 16-byte buffer. 
The location in which each byte is stored in a buffer is 

determined by an address pointer 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 decremented if 
the scan is left-to-right. When a read operation is started by 
the CPU, and the scan is left-to-right, the pointer is reset to 
the first location in the buffer and is decremented for each 
subsequent byte. The pointer is not reset if the scan is 
right-to-left but is still decremented during readback. 

During the time that decoded bar code is being stored in 
one of the buffers, the other buffer will send a byte from the 
location indicated by its pointer in response to an HP-41C 
CPU instruction requesting data from the interface chip. 
After a line of bar code has been successfully read and the 
other buffer has been emptied the newly filled buffer is al 
lowed to communicate with the CPU. Two of the HP-4lC's 
input flags are reserved for the wand. Because the 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 

turned on and pointed at a white surface and therefore 
presumably may be in the process of decoding bars. Flag 
two is used to signal the CPU that data is available and 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 generated for the HP-41C falls into one of four 
logical types â€” program bar code, data bar code, and bar 
code representing keystrokes (paper-keyboard bar code) or 
complete key phrases (direct-execution bar code). See Fig. 4 
for a diagram of the bar code types. When the wand mi 
crocode sees a row of bar code only one or two bytes in 
length, the wand assumes that it is paper-keyboard bar 
code. One-byte rows have four bits for data and four bits for 
a checksum that is mirror symmetric to the data pattern. 
This convention makes one-byte rows immune to errors in 
decoding the direction bits. Two-byte rows have twelve bits 
of data and a four-bit checksum that is computed as a 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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Bytes 

Directional Bars 

I l l l l l l l l l l l l l l l l l l l  
1  0 0 0 0 0 0  1  0 0  

Fig.  3.  Basic format for  bar codes read by the 821 53A Wand 
in the HP-41C Calculator  system. 

program, or direct-execution bar code. In each case, the 
leftmost byte is an eight-bit checksum and is followed by a 
four-bit type specifier. Program bar code includes a four-bit 
sequence number and two four-bit quantities that record the 
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 â€” checksum, 
type,  sequence number,  and partial  function code 
information â€” amounts to three bytes, which leaves up to 
thirteen bytes for the program itself. The sequence number, 
since it is four bits wide, only defines the sequence of the 
row within the surrounding sixteen rows; but this is 
adequate to 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 pre 
ceding rows. 

A data bar-code row may contain either a number or an 
alphanumeric string. The number may have up to ten digits 
of mantissa and 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., XEQ A or STO 12). 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 
82 153 A Wand in the HP-41C Calculator system. The wand 
is less expensive than the card reader, although not as fast. 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 user simply begins by scanning 
the program at the first bar-code row. It is not necessary to 
execute any function or do any other initialization be 
forehand. The medium of the printed page is widely avail 
able and inexpensive. A single standard sheet typically 
contains eighteen rows of bar code â€” 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 cal 
culator programs are printed in listing form, the bar code for 
the programs will also be printed (e.g., in textbooks, techni 
cal journal articles, newsletters, etc.). 

Data bar codes make another important application pos 
sible. A number of large organizations â€” corporations and 

(a )  Paper  Keyboard  Code 

One Byte 

Code  Mi r ro r  Image  

Two Byte  

C h e c k s u m  C o d e  

Used for 0 to 9. EEX. CHS. 
decimal point 

Used for all  other 
single keystrokes 

Examples: 

( b )  P r o g r a m  C o d e  

One Byte I f f l l l l l l l l  Two Byte 

1  b y t e  4  b i t s  4  b i t s  1  b y t e  1  t o  1  3  b y t e s  

C h e c k s u m  T y p e  Program 

Sequence  Par t i a l  Func t ion  
N u m b e r  C o d e  I n f o r m a t i o n  

Example: 

( c )  D a t a  C o d e  

Numeric 1  b y t e  4  b i t s  1  t o  2 9  d i g i t s  ( 0  t o  9 ,  + ,  - ,  E E X , . )  

Alpha 

Example: 

(d )  D i rect  Execut ion  Code 

C h e c k s u m  T y p e  

1  b y t e  1  4  b i t s  1  4  b i t s  1  t o  1 4  C h a r a c t e r s  

C h e c k s u m  T y p e  U n u s e d  

Example: 

4  b i ts  Ub i ts  

C h e c k s u m  T y p e  U n u s e d  

USSl 

1 to 9 bytes 

Fig. 4. Four logical types of bar code are used by the HP-4 1 C. 
(a )  Paper  keyboard  code,  (b )  Program code,  (c )  Data  code,  
(d)  Di rect  execut ion code.  

government agencies â€” 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-readable bar code 
with human-readable text in formats specifically adapted to 
the problem to be solved. The advantage in this sort of 
application is that the legends on the bar code can be writ 
ten in the natural terms of the problem, and need not bear 
any resemblance to the technical meaning of the bar code to 
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the calculator. In Fig. 5, this technique is used for an easy- 
to-use program for solving triangle problems. The user en 
ters the known data about the triangle, indicating which 
part of the triangle it applies to by scanning the correspond 
ing 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-41C 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-41C 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 HP- 
41C/82153A Wand/bar code system. For this reason, a func 
tion (WNDSCN) was added that allows the HP-41C 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 WNDSCN function 
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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is shown to the left .  

for help in testing the product, especially to Jake Schwartz 
for suggestions leading to the paper keyboard layout. The 
triangle program in Fig. 4 was adapted by Pam Raby from 
John Kennedy's program for the HP-67. 

Thomas  L  Revere  I I I  
Tom Revere jo ined HP in  1975 af ter  
working Â¡n the semiconductor industry 
for four years. He init ial ly worked on 1C 
des ign and is  current ly  invo lved wi th  
cont inuing development of  the HP-41C 
product  system.  Tom is  a  nat ive o f  
Mob i le ,  A labama and a t tended 
Br igham Young Univers i ty ,  where he 
was awarded both  the  BESEE and 
MEEEdegreesin 1971. He is a member 
of  the IEEE and he,  h is wi fe,  and f ive 
children l ive in Corvall is, Oregon. Tom's 
outs ide interests inc lude home comput 
i ng ,  camp ing ,  pho tog raphy ,  and  co l  
lect ing science-f ic t ion books.  

David R.  Conkl in 
Dave Conkl in was born in Washington,  
D.C.  and at tended both the Univers i ty  
of  Cal i fornia at  Berkeley, earning a BA 
degree in mathematics Â¡n 1 967, and the 
Univers i ty of  Santa Clara,  earning an 
MSCS degree in  1975.  He worked fo r  
HP from 1 973 to 1 975 at the Santa Clara 
Div is ion and jo ined the company's  Cor 
vallis Division Â¡n 1977 after working for a 
t ime e lsewhere on process contro l  pro 
g ramming.  Dave has  worked on  the  
microprogramming fo r  the  HP-41C 
Calcu la tor  and is  the pro jec t  manager  
for  the 82153A Wand.  He is  a  member 

^  i  o f  t h e  I E E E  a n d  t h e  A s s o c i a t i o n  f o r  
Comput ing Mach inery .  Dave and h is  w i fe  l i ve  in  Monroe,  Oregon.  

1 4  H E W L E T T - P A C K A R D  J O U R N A L  J A N U A R Y  1 9 8 1  

© Copr. 1949-1998 Hewlett-Packard Co.



A High-Qual i ty ,  Low-Cost  Graphics Tablet  
I t  enables the user  to  in teract  eas i ly  wi th  a computer  
graphics system to generate i l lust rat ions using predef ined 
and user-def ined shapes,  po in t - to-po in t  p lo t t ing,  and 
cont inuous l ine drawing or  t rac ing.  

by Donald J.  Stavely 

THE HP 91 11 A GRAPHICS TABLET offers a new com 
bination of features for the easy generation of com 
puter graphics information. These features are con 

tained in a low-cost human-engineered package (Fig. 1) 
and include high-level HP-IB programming, comprehen 
sive 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 pressure- 
activated 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 

*  Hewlet t -Packard's implementat ion of  IEEE Standard 488 (1978).  

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 
users with little or no technical training. The 9111A incor 
porates a built-in set of sixteen softkeys that are recognized 
by the tablet firmware. Program applications can use these 
softkeys for menuing or program control without X,Y coor 
dinate analysis in the program. The ability to place a docu 
ment on the platen surface also allows the tablet to act as a 
digitizer in applications where the high accuracy of the HP 
9874A Digitizer1 is not required. 

Graphics Tablet  versus Digi t izer  
The 9111A was designed using the basic technology de 

veloped for the 9874A Digitizer. In fact, the 9111 A HP-GL 
command set is fully compatible with a large subset of the 
9874A commands. While this product design used many of 
the technical aspects of the 9874A, new contributions in the 
areas of human engineering and low-cost design were re 
quired to satisfy the special requirements of an interactive 
graphics device. 

Fig.  1 .  The 91 1 1A Graphics Tab 
le t  prov ides easy user  in teract ion 
w i th  computer  g raph ics  sys tems.  
The stylus can also select shapes 
or functions from a menu overlay in 
add i t ion  to  c rea t ing  o r  mod i fy ing  
graphics images.  S ix teen regions 
on  the  p la ten  a re  des igna ted  fo r  
use as user-def ined sof tkeys.  
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Filter and 
Zero-Crossing 

Detector  

Stylus 

X Shi f t  Register  

Ceramic  
Platen 

Phase 
Counter  

r 

System 
Clocks 

8048 Processor  

Somewhat different specifications are critical for the two 
operations. For digitizing, high accuracy with commensu 
rate resolution is of paramount importance. Data rates do 
not have to be particularly high since the human can accu 
rately trace figures only at limited speeds. Rates less than 20 
points/second are normally sufficient. For interactive 
graphics, smoothness of cursor motion is a useful attribute. 
This means a high data rate is desirable. The 60 points/ 
second maximum rate of the 911 1A equals the refresh rate 
of most raster displays. Even if the logical position of the 
cursor is updated more rapidly, the user can only see 
changes at the display refresh rate. 

An important characteristic is the stability of the position 
indicated by the tablet when the stylus is held motionless. If 
the X,Y coordinate has instability in the lowest-order digit, 
an annoying flicker of the cursor will result. The 911 1A 
outputs data that typically doesn't vary when the stylus 
position is stable. The stability performance is achieved by 
data averaging techniques in the hardware and by data 
processing algorithms in the firmware. 

Another parameter contributing to the perceived quality 
of cursor motion is synchronization between the refresh 
rate of the CRT and the data rate of the tablet. If the tablet is 
putting out 59 points/second, the CRT is refreshing at 60 
sweeps/second, and the stylus is in constant motion, then 
the cursor on the CRT will move 59 times in a row. Every 
sixtieth sweep, the tablet will not have new data available 
â€” causing the cursor to freeze for one frame. The human eye 
is surprisingly sensitive to this interference effect between 
the devices. To overcome this problem, the tablet update 
rate can be accurately set to any integer value between 1 and 
60, inclusive. Timing for this process is derived from the 
master crystal oscillator, with minor deviations introduced 
by firmware routines. The design goal was Â±0.2 Hz from the 
programmed rate. Better than Â±0.1 Hz is achieved at most 
frequencies. This means that a beat frequency will be pres 
ent, but the period is so long that cursor jumping will be 
infrequent enough to be unobjectionable. This approach 
gives good performance with 60-Hz-refresh crystal- 
controlled CRTs as well as line-synchronized 50-Hz and 
60-Hz displays. 

Another advantage of data rate programmability in an 

HP-IB 
Interface 

F i g .  2 .  9 1 1 1  A  s y s t e m  b l o c k  d i a  
g ram.  The  mic roprocessor  in  the  
system controls the interface func 
t i o n s ,  s e l e c t s  m e a s u r e m e n t  
m o d e s ,  t e s t s  t h e  s y s t e m ,  a n d  
communica tes  w i th  the  hos t  com 
puter  in addi t ion to comput ing the 
posit ion of the stylus. 

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 between the measurement of stylus position 
and the corresponding movement of the CRT cursor affects 
how fast a desired point can be picked by a human. A 
feedback loop is formed by the human to eliminate the error 
between the desired and actual location of the cursor. Delay 
in the feedback loop can cause overshoot and oscillation of 
the person's arm when rapidly moving to a point. The 
firmware in the 9111A is designed to minimize lag, regard 
less of the programmed data rate. Positional data is gathered 
from the hardware as late as possible during a measurement 
period. At the beginning of the next period the data is 
organized into the final format with 100-micrometre resolu 
tion. As soon as this is done, any pending commands can be 
executed. If the command is one that requests data, 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 synchronize easily with the data rate of the 
tablet. For example, the tablet has the computational power 
to execute approximately ninety OC (Output Cursor posi 
tion) commands/second, but a fast controller will actually 
sync at the 60-points/second update rate of the tablet. 
The time window does not preclude more frequent execu 
tion of other more simple commands because up to 200 
such commands can be executed per second. 

Although optimized for interactive graphics, the tablet is 
also adequate for some digitizing applications. It is rated 
at Â±600-micrometre accuracy (Â±0.024 in). This is suit 
able for the entering of small sketches and some strip 
chart applications. 

How I t 's  Done 
The 9111 A Graphics Tablet uses the capacitive-coupling, 

electrostatic-drive technique of the 9874A Digitizer to de 
termine the X,Y coordinates of the stylus. A block diagram 
of the system is shown in Fig. 2. The platen is an epoxy- 
glass printed circuit board with a grid of metal traces 
spaced 6.4 mm apart. The traces run vertically on the circuit 
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Capacitive Stylus Design 

by Susan M.  Cardwel l  

The  s t y l us  f o r  t he  9111A  sa t i s f i es  a  se t  o f  s t r i ngen t  des ign  
requi rements .  I t  is  mechanica l ly  rugged.  I t  can wi thstand be ing 
d ropped  on  the  f l oo r  o r  hav ing  i t s  cab le  p inched  i n  a  d rawer .  
S ince o f  s ty lus  wi l l  be he ld  by  the user  for  ex tended per iods o f  
t ime ,  i t  i s  s l im ,  l i gh t ,  and  p rov ides  c lea r  tac t i l e  feedback  o f  a  
"p icked"  pos i t ion on the p laten sur face.  These and other  e lect r i  
ca l  per formance and re l iab i l i ty  cr i ter ia  are met  by an in tegrated 
sys tem of  t ransducers ,  body par ts  and cab l ing.  

Signal  Transducers 
Two independent types of  informat ion are transmit ted from the 

stylus to the tablet:  
1.  The s ignal  that  is  interpreted as X-Y locat ion,  and 
2 .  A  sw i tch  s igna l  used  to  iden t i f y  a  g iven  po in t  as  chosen  fo r  

purposes of  d ig i t iz ing,  p ick ing or  program contro l .  
(a) r / v  

CCABLE 

Stylus Body 

Printed Circuit 
Boards 

Cartridge 
Coupl ing Tube 

CBODY 

CNOSE 

CPICKUP 

Platen Traces 

( b )  C P I C K U P  C C O U P L I N G  

HlÂ·l 
Platen 
Traces '  CNOSE ! CBODY '. 

Out 

'. CCABLE 

V  V  
Fig.  1 .  Design of  capac/f /Ve/y coupled sty lus for  the 9111 A. 
(a)  Cross-sect ional  v iew showing the conductors and capaci-  
t ive components.  The sty lus car t r idge can be replaced by an 
ink-f i l led cartr idge for users drawing images instead of tracing 
them, (b) Equivalent circui t  for the stylus signal path from the 
platen t races to the instrument.  

The location of the stylus is determined by the capacit ive coupling 
es tab l ished between the  p la ten  gr id  and the  t ip  o f  a  meta l  pen 
cartr idge. This cartr idge is capacit ively coupled to a coaxial  tube 
w i th in  the  s ty lus  body (F ig .  1 ) .  To  se lec t  a  po in t ,  the  pen t ip  i s  
p ressed,  wh ich  ac t i va tes  a  dome swi tch  a t  the  base o f  the  car  
t r idge.  The snap act ion of  the dome swi tch provides tact i le  feed 
back to the user.  

The second stage of  capaci t ive coupl ing is  used for  i ts  advan 
tage  car  d i rec t  o r  s l i d ing  con tac ts .  D i rec t  con tac t  w i th  the  car  
t r idge requires a permanent ly  at tached contact  which precludes 
eas i l y  exchangeab le  ca r t r i dges  ( i nk  and  i nk less )  and  necess i  
ta tes adding a f lex ing s ignal  wi re to  accommodate swi tch opera 
t ion .  A the contac t  is  l i kewise undes i rab le  in  that  i t  impai rs  the 
d is t inc t  tac t i le  fee l  o f  the dome swi tch  and i t  c reates  e lec t r ica l  
noise. 

The equat ion for  the ser ies capaci tance between the coupl ing 
tube and the car t r idge is :  

c = In (b/a) 

where b is the larger diameter,  a is the smal ler diameter,  L is the 
leng th  o f  the  tubes ,  e0  i s  the  d ie lec t r i c  cons tan t  fo r  a  vacuum 
(8.854xlO~12 F/m) and eris the relat ive dielectr ic constant for air  
(Â«â€¢1.0006). Within the constraints of mechanical tolerances, the 
coupling capacitance is maximized to a value of C~1 1 .5 pF. This 
provides approximately two-thirds of the signal output of  a direct 
contact scheme. Signal strength is maintained by sl ight ly increas 
ing pen t ip  exposure.  

Body Parts 
A  c o m b i n a t i o n  o f  m a c h i n e d  m e t a l  a n d  m o l d e d  p l a s t i c  b o d y  

parts supports and houses the transducer system. Both the dome 
s w i t c h  a n d  t h e  c a p a c i t i v e  c o u p l i n g  t u b e  a r e  m o u n t e d  o n  t w o  
sma l l ,  r ound ,  p r i n ted  c i r cu i t  boa rds  a t  t he  back  o f  t he  s t y lus .  
S h i e l d i n g  b o t h  t h e  c a p a c i t i v e  c o u p l i n g  t u b e  a n d  t h e  s i g n a l -  
carry ing metal  p ickup is essent ia l  to proper operat ion.  Since the 
body parts must permit  repeated exchange of cartr idges and st i l l  
i nsu re  a  g round  when  connec ted ,  t hey  a re  made  o f  a lum inum 

Susan M.  Cardwel l  
i  j Â · Â · ^ Â ·  S u s a n  C a r d w e l l  j o i n e d  H P  i n  e a r l y  

! | p P  1 9 7 8  a s  a  p r o d u c t i o n  e n g i n e e r  f o r  
the 9874A Digi t izer .  She worked on 

I  * -  t h e  d e v e l o p m e n t  o f  t h e  9 1 1  1 A  T a b -  
^ ^ ! _  /  l e t  a n d  i s  c u r r e n t l y  i n v o l v e d  w i t h  L S I  

I  ^  *  c i r c u i t  d e s i g n .  S u s a n  r e c e i v e d  t h e  
l , |  B S  d e g r e e  i n  e n g i n e e r i n g  f r o m  

^ k  4 U 9 l ^  S w a r t h m o r e  C o l l e g e  i n  1 9 7 7  a n d  d i d  
V ^ ^ J F \  ^ * t ^ ^  j r a d u a t e  s i  i d y  a l  t h e  M a s  
K -  j f l ^ .  I  ^ ^ B  s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  

in the fal l  of 1977. She is a native of 
Det ro i t ,  Mich igan and she and her  
husband make Loveland,  Colorado 
their home. Susan is on the board of 
d i rectors  for  the Canyon Concer t  

Ballet Company and is an administrative member of the Loveland 
BahÃ¡ ' i  Spir i tual  Assembly.  She enjoys the theatre,  dance, and 
backpack ing.  
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t rea ted  w i th  a  chromate  convers ion  p rocess  to  guaran tee  h igh  
conduct iv i ty.  

B e c a u s e  t h e  s i g n a l  l e v e l  i s  l o w ,  t h e  s y s t e m  c a n  b e  h i g h l y  
sensit ive to tr iboelectr ic effects â€” fr ict ion forces at the interface 
between a conductor  and an insulator  that  create charges and a 
resul t ing current .  Molded polypropylene par ts  meet  the mul t ip le  
requ i rements  o f  smal l  geometr ies ,  d imens iona l  s tab i l i t y ,  insu la  
t ion and minimal t r ibolectr ic contr ibut ion at  the cartr idge bear ing 
surfaces. 

Cable 
T h e  c a b l e  c a r r i e s  t w o  s w i t c h  w i r e s  a n d  a  l o w - c a p a c i t a n c e  

coaxia l  p laten-s ignal  wire f rom the sty lus to the tablet .  Because 
this component of the stylus experiences the greatest stresses, i t  
great ly af fects sty lus rel iabi l i ty.  Cable l i fe is maximized by using 
mul t ip le  s t rands of  a  custom copper  a l loy wi re  wi th  except ional  
f lex l i fe. The switch wires are t ightly coiled around the coax shield 
so  tha t  cab le  f l ex ing  p laces  min ima l  tens ion  and  compress ion  
st resses on the conductors.  Stra in re l ie f  boots at  both ends are 
carefu l ly  tapered to avoid sharp s t ra in of  the cable.  

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 
capacitance is a function of distance, the stylus output 
voltage V0 is the sum of the individual trace drive voltages 
reduced by the distance from each trace to the stylus 
(see Fig. 3). 

In the 91 11 A the traces are driven by CMOS shift regis 
ters. The choice of 12-volt CMOS shift registers instead of 
the 5-volt registers used in the 9874A provides a propor 
tionately greater signal to the stylus. Using the capacitive cou 
pling technique, the stylus output voltage V0 becomes cy 
clical at the same frequency as the 9.765-kHz signal driving 
the traces. This allows, after processing as described below, 
the 60-samples/second data rate desired for interactive 
graphics applications. 

The stylus signal V0 is buffered, filtered about 9.765 kHz 
and sent through a zero-crossing detector to recreate the 
original 9.765-kHz reference frequency. The recreated fre 
quency is shifted in phase, depending on stylus position. 
To calculate the distance from the first trace to the stylus, 
we simply measure the phase shift of the stylus signal 
referred to the signal of the first trace. 

The resolution of the 9111A is 0.1 mm. To achieve this, a 
series of phase measurements is made in calculating each 
X,Y coordinate pair. The sequence in which these mea- 

Fig.  3.  Sty lus s ignals af ter  (a)  and before (b)  bandpass f i l ter  
ing .  The lower  t race shows the s ta i rs tep waveform resu l t ing  
f rom the  summat ion  o f  t he  s igna l s  f rom each  o f  t he  p la ten  
traces. 

surements are made is: 
X reference 
X coarse 
Xfine 
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 elec 
tronics. 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 9.765- 
kHz 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 sequen 
tially 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) = 409.6 mm 

= 16.12 in 
This wavelength is longer than the platen's maximum di 
mension. 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 mea 
surement 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 resolu 
tion of the system is increased over the resolution of the 
coarse mode by a factor of 8. The 8:1 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. 
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The firmware also reduces this possibility by continuously 
monitoring the accuracy of the coarse estimate. The se 
quence of measurements calls for adjacent X-fine and Y-fine 
measurements to minimize the effect of any linear motion of 
the stylus during the sequence. 

When measuring the phase of the filtered signal it is 
necessary to avoid incorrect measurements when the sig 
nals are near the 0'360Â° wrap-around point. This is done by 
checking the phase relationship of the stylus and reference 
signals while the filter is settling. This process is called 
reference adjustment. If the stylus signal rising edge is less 
than 90Â° or greater than 270Â° from the rising edge of the 
reference signal, then 180Â° is added to the reference signal. 
At the completion of the reference adjustment (once the 
filter is settled), the phase difference between the stylus 
and reference signals is between 90Â° and 270Â°, which gives 
the system increased immunity to noise in the stylus signal. 
If added, this extra 180Â° phase shift is subtracted later. 

The phase shift of the 9.765-kHz stylus signal in each of 
the six measurement modes is summed for sixteen periods 
to further reduce noise effects on the measurement. 
Firmware reduces the summed measurement into a number 
representing the phase shift of each mode. This is 
simplified by the 6.4-mm spacing of the traces on the plat 
en. The microprocessor uses the count from each of the six 
modes to compute the X,Y position of the stylus. The qual 
ity of the actual position measurement compared to the 
conservative specification is illustrated in Fig. 4. 

The microprocessor also performs all algorithms neces 
sary to sequence the platen, control the light-emitting 
diodes (LEDs) and variable tone beeper, and communicate 
with the host computer. The microprocessor controls the 
shift registers by writing data to the shift control which in 
turn in the proper signals to drive the shift registers in 

the various platen modes. 
The microprocessor-based system (Fig. 2) has the capa 

bility to perform extensive verification of its proper opera 
tion. The electronics self-test is 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 flashes the LEDs (for operator verifica 
tion of their functionality) and then performs a series of 
tests on internal hardware. First, the microprocessor's in 
ternal registers are tested. Memory tests are a read-only- 
memory (ROM) checksum and extensive bit 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 sequence of bit patterns required to perform ref 
erence adjustment and measurement summation is sent to 
the phase counter. 

Communication with the HP-IB interface chip is verified 
and, finally, the programmable countdown timer is tested. 
This timer interrupts the processor for the normal sequenc 
ing of the six platen modes and is used to pace the processor 
to create the proper frequencies for the variable tone beeper. 
If the electronics passes the tests, a three-tone pass beep is 
generated by the beeper. If any of the tests fails, a loud, 
warbling error tone is output and the ERROR LED 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 im 
mediately after the instrument is powered on. It is initiated 
by toggling the SELF TEST switch on the rear of the graphics 
tablet while holding the stylus away from the platen. It can 
also be initiated by a TD (Test Digitizer) command. The user 
interactive self-test first performs the electronics self-test. 
After the pass-beep tone from the electronics self-test, the 
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S T E P S  F R O M  R E F E R E N C E  

F i g .  4 .  T y p i c a l  p o s i t i o n  m e a  
surement  accuracy  p lo t .  The  sys  
t e m  s p e c i f i c a t i o n  i s  Â ± 6 0 0  m i  
c r o m e t r e s  w i t h  t y p i c a l  v a l u e s  
within Â±400 micrometres. 
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Programming the Graphics Tablet 

by  Debra  S .  Ba r t l e t t  

The f i rmware o f  the 911 1A prov ides easy h igh- leve l  program 
m ing .  Fo r  examp le ,  so f twa re  f o r  t he  HP  9845B  Compu te r  has  
been wri t ten that al lows the user to create drawings interact ively 
u s i n g  c a n  r e c t a n g l e s ,  a r c s ,  l i n e s ,  a n d  l a b e l s .  T h e  u s e r  c a n  
a l s o  p i c k ,  p l a c e ,  a n d  t r a n s f o r m  e l e m e n t s ,  a n d  s e t  u p  a n d  i n  
te rp re t  a  user -de f ined  menu.  Th is  so f tware  takes  advantage  o f  
the  fo l low ing fea tures  o f  the  9111A Graph ics  Tab le t :  in te r rup ts ,  
so f tkeys ,  s ing le  and cont inuous mode d ig i t i z ing ,  in fo rmat ion  re  
ce ived f rom the cursor  s ta tement ,  sca l ing,  and var iab le  beeper .  
Software has also been wri t ten for the HP-85, 1350A, and System 
45C,  and is  underway fo r  the  HP-1000.  

The main  dr iver  fo r  a l l  the  programs is  se t  up on the bas is  o f  
be ing ab le to  in ter rupt  the main program select ive ly .  F i rs t ,  in ter  
rupts on the HP-IB SRQ l ine are enabled. Then by simply sending 
the  IM the  Mask)  ins t ruc t ion  to  the  9111A Graph ics  Tab le t ,  the  
p rog rammer  can  spec i f y  t he  ac t i ons  t ha t  w i l l  cause  a  se r v i ce  
request .  The programmer can set  the input  mask to  in ter rupt  on 
errors,  a d ig i t ized sof tkey,  a d ig i t ized point ,  or  on proximi ty.  The 
input  to  can a lso  be  se t  to  enab le  the  recogn ized er rors  and to  
select status conditions that will cause a response from the 91 1 1 A 
to a parallel poll. The 9845B/91 1 1 A software is set up to generate 
a service request whenever the user digit izes on the active area of 
the tab let  or  d ig i t izes one of  the s ix teen sof tkeys.  This  in ter rupt  
capabil i ty al lows the program to track the cursor without having to 
check cont inual ly to see i f  the user digi t ized a point or selected a 
so f tkey .  The code is  s impler  and the cursor  moves fas ter .  

Once the serv ice request  has been received,  the program must  
de te rmine  what  caused  i t .  To  do  th is ,  the  p rogram looks  a t  the  
s ta tus  word  f rom the  91  11  A .  Th is  word  i s  re t r i eved  by  s imp ly  
sending an OS (Output Status) command to the tablet and then by 
read ing  i t  in to  the  9845B.  In fo rmat ion  conta ined in  th is  word  is  
p e n  p r e s s ,  n e w  c u r s o r  p o s i t i o n ,  p r o x i m i t y ,  d i g i t i z e d  s o f t k e y ,  
SRQ, error ,  and dig i t ized point  avai lable.  

I f  the seventh bi t  of  the status word has been set,  the program 
knows  tha t  t he  use r  has  d ig i t i zed  one  o f  t he  s i x teen  so f t keys .  
Because of  the f i rmware in  the graphics tab let ,  the program can 
then execute a RS (Read Softkey) command to determine exact ly 
which softkey (1-16) was selected. As a resul t ,  the program does 
not have to look at the exact X,Y coordinate digi t ized and see i f  i t  
f a l l s  w a s  c e r t a i n  b o u n d a r i e s  t o  d e t e r m i n e  w h i c h  s o f t k e y  w a s  
d ig i t ized.  Th is  prov ides the programmer wi th  an eas i ly  used pre 
d e f i n e d  m e n u  a r e a .  T h e  9 8 4 5 B / 9 1 1 1 A  s o f t w a r e  u s e s  t h e s e  
s o f t k e y s  t o  p e r f o r m  s u c h  o p e r a t i o n s  a s  g e t  a  p i c t u r e ,  s a v e  a  
picture, label,  delete object, delete l ine, snap to a grid, plot,  clear 
the  CRT,  and he lp .  

I f  the second bi t  of  the status word has been set ,  the program 
knows that the user has digi t ized a point on the act ive area of the 
platen. The drawing program and the editor program use this area 
for menuing, cursor moving and placing. Part of the platen is used 
f o r  cu r so r  movemen t  and  p l acemen t  and  t he  o the r  pa r t  o f  t he  
p la ten is  used as add i t iona l  menu space for  such i tems as pen,  
l ine type,  character ,  and e lement  se lec t ion,  or  for  ro ta t ing,  sca l  
i n g ,  a n d  m o v i n g  o b j e c t s  i n  t h e  e d i t o r  p r o g r a m .  T o  d e t e r m i n e  
which area has been se lec ted,  the  program sends the tab le t  an  
O D  ( O u t p u t  D i g i t i z e d  p o i n t )  c o m m a n d  a n d  t h e n  r e a d s  i n  t h e  
d ig i t i zed  X ,Y  coo rd ina te  f rom reg i s te rs  i n  t he  g raph i cs  tab le t .  
Because the 91 1 1 A has registers for storing the X and Y values of 
the digi t ized point ,  the user does not have to worry about moving 
the  s ty lus  too  qu ick ly  and  los ing  the  X  and Y va lues  be fo re  the  

program can get to i t .  Thus, the program always knows the exact 
point  that  the user has digi t ized. 

The firmware in the tablet allows for two modes of digitizing. The 
f irst is the single-point mode. In this mode, each t ime the stylus is 
pressed, a coordinate point is stored in the registers on the tablet. 
The software for the 9845B/91 1 1 A uses this mode for menu pick 
ing,  p lac ing e lements,  and drawing s t ra ight  l ines.  

The second mode of digi t iz ing is the cont inuous sample mode. 
Th is  mode can  be  se t  to  take  po in ts  when the  s ty lus  has  been 
pushed down and released, stop when the stylus is pressed down 
again pressed normal) or take points only when the stylus is pressed 
down  ( sw i t ch  f o l l ow ) .  The  da ta  ra te  f o r  t h i s  con t i nuous  mode  
can  be  spec i f i ed  (one  to  s i x t y  upda tes  pe r  second)  by  the  p ro  
grammer s imply sending the graphics tablet  a CR (Cursor  Rate)  
c o m m a n d .  T h e  d r a w i n g  p r o g r a m  u s e s  t h e  c o n t i n u o u s  s w i t c h  
fol low mode. This mode lets the user draw curved l ines and trace 
p ic tures p laced on the p la ten.  

The graphics tablet's f irmware is set up so that the program can 
tel l  what the user is doing without using interrupts. The CURSOR 
statement is one way to do this. The CURSOR statement returns the 
X ,Y  coo rd ina te  o f  t he  s t y l us  l oca t i on ,  t he  pen  pa rame te r ,  t he  
number of  the sof tkey i f  one has been selected,  the status word 
a n d  t h e  e r r o r  n u m b e r .  T h e  9 8 4 5 B / 9 1 1 1 A  s o f t w a r e  u s e s  t h i s  
method w i th in  the  subprograms.  For  example ,  when in  the  sub 
p rog ram fo r  d raw ing  s ing le -po in t  l i nes ,  the  p rog ram uses  th i s  
in format ion to  determine i f  the user  has d ig i t ized a point  on the 
act ive area of  the platen.  I f  the user has,  the program checks to 
see  i f  the  d ig i t i zed  po in t  l i es  w i th in  the  p lacement  a rea  o f  the  
menu. it it does, the program reads in the point and draws to it. If it 
does the fall within the placement area, the program returns to the 
ma in  p rog ram whe re  t he  un read  d ig i t i zed  po in t  can  cause  an  
i n t e r r u p t  a n d  b r a n c h  t o  t h e  s u b p r o g r a m  t h a t  t h e  u s e r  h a s  
se lec ted .  Th is  versa t i l i t y  g ives  p rogrammers  a  way  to  vary  the  
method of  retr ieving informat ion f rom the tablet .  

The graph ic  tab le t ' s  imp lementa t ion  o f  HP-GL a l lows the  pro  
grammer to  use sca l ing commands as implemented in  the 9845 
g raph ics  ROMs.  The  so f tware  takes  advan tage  o f  t h i s  t o  do  a  
one- to -one mapp ing  o f  the  p lacement  a rea  on  the  tab le t  to  the  
CRT screen of  the 9845B. Fi rst  the program uses the LIMIT com 
mand to  spec i fy  in  met r ic  un i ts  those areas o f  the CRT and the 
tab le t  t ha t  w i l l  be  used  fo r  cu rso r  t rack ing .  Then  the  p rog ram 
executes a SHOW statement  to  sca le  the tab le t  and CRT to  the 
same number  o f  un i ts  in  the  X and Y d i rec t ion .  Th is  makes the  
p r o g r a m  s i m p l e r  t o  c o d e  b e c a u s e  i t  d o e s  n o t  h a v e  t o  b e  c o n  
cerned wi th t ransforming every point  received f rom the graphics 
tablet. 

The 91 1 1 A Graphics Tablet has a programmable beeper.  The 
programmer can speci fy  the f requency,  durat ion,  and ampl i tude 
o f  the  beep .  I t  has  a  range  o f  fou r  oc taves ,  can  las t  f rom one  
mi l l isecond to 33 seconds, and can have six di f ferent degrees of  
loudness. The software for the 91 1 1 A/9845B takes advantage of 
th is  d i f fe r  to  g ive  feedback to  the  user  by  spec i fy ing  f i ve  d i f fe r  
ent sequences of beeps to indicate different condit ions. There is a 
pick tone for indicating that a menu item was picked, an error tone 
indicat ing that  the user has dig i t ized an undef ined area or d idn' t  
answer  a  quest ion cor rec t ly ,  a  data  tone ind icat ing that  a  po in t  
was  p laced ,  a  ques t ion  tone  ind i ca t i ng  tha t  t he  use r  needs  to  
answer a question, and a f inished tone indicating that a part icular 
opera t ion  has been comple ted.  
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The f i rmware has some other  features that  make h igher- leve l  
p rog ramming  eas ie r .  The  f i r s t  i s  t he  O i  (Ou tpu t  I den t i t y )  com 
m a n d .  T h i s  c o m m a n d  i s  u s e d  t o  d e t e r m i n e  w h i c h  p e r i p h e r a l  
device is on the bus. This lets a programmer use the same piece 
of software for the 91 1 1 A and the HP 9874A Digit izer. When the 
program star ts  execut ing,  i t  checks to see which input  device is  
c o n n e c t e d  a n d  t h e n  t h e  p r o g r a m  c a n  s e t  t h e  c o r r e c t  s c a l i n g  
parameters  fo r  tha t  par t i cu la r  s i ze  p la ten .  Ano ther  use fu l  com 
mand is  the OE (Output  Error)  command. The tablet  is  set  up so 
tha t  i f  a  p rog ram s ta temen t  sends  the  tab le t  an  un recogn ized  
command or  i l l ega l  parameter ,  i t  w i l l  no t  cause the  program to  
quit .  error the ERROR LED on the tablet is l i t  to indicate an error 
and the error number is stored in a register in the tablet. After the 
tablet has received the error, the programmer can read in the error 
number  us ing the OE command.  

Debra  S .  Bar t te t t  
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ma themat i cs  awarded  by  Pu rdue  Un i  
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Glass Ceramic Work Surface 

Polyvinylbutyral  Resin 

Platen 
Printed Circuit 
Board wi th  
X,  Y Grid 

Platen Drive Electronics 

Glass Epoxy Spacer  Board 

Fig .  5 .  Cross-sec t ion  o f  p la ten  p r in ted  c i rcu i t  board  assem 
b ly .  The ceramic  work  sur face prov ides a  durab le  layer  tha t  
res is ts  scratching and is  d imensional /y  s table.  

user must digitize the dot at the lower right corner of the 
platen and If the shift control, shift registers, stylus and 
filter circuitry are all operating properly, another pass-beep 
tone will be generated. Failure of the test is indicated by the 
error tone and the lit ERROR LED. 

Any error from the electronics or user interactive self- 
tests, improper or unrecognized commands, or system fail 
ure can be analyzed by sending an OE (Output Error) com 
mand to the 91 11 A. A read or enter statement will retrieve 
the value representing the error. 

The microprocessor-based system is designed to help a 
trained service technician troubleshoot the digital elec 
tronics using the 5004A Signature Analyzer. Signature 
analysis routines for the system clocks, microprocessor ad 
dressing, ROM and phase counter can be activated by 
proper placement of removable jumpers on the printed 
circuit board. Additionally, test points are available for 
signature analysis, microprocessor, clock frequencies, filter 
and phase counter signals, as well as for voltage and 
ground. 

Mechanical  Design 
The 91 1 1 A platen assembly consists of an X-Y coordinate 

grid sandwiched between a work surface above and an 
insulating layer below (Fig. 5). These are laminated using a 
sheet form of polyvinylbutyral resin. The grid is built on a 
standard two-layer glass-epoxy printed circuit board with 
56 X-traces on the top side of the board and 46 Y-traces 
on the bottom. By extending the edges of the printed circuit 
board, platen drive electronic components are loaded next 
to their respective traces, eliminating the need for extensive 
cabling. 

Of the many materials considered for the work surface, 
the glass ceramic chosen stands out with its exceptional 
durability, high dielectric constant and homogeneity. The 
axis lines and sixteen menu boxes are permanently fired 
into the platen surface. Thermal stability over a wide tem 
perature range enables straightforward lamination and 
wave soldering. Lamination ensures a homogeneous 
dielectric constant by excluding air pockets. Furthermore, 
it provides a safety-glass construction between the ceramic 
and the printed circuit board. 

Simplicity of construction dominates the internal prod 
uct design. A sheet-metal chassis holds the control printed 
circuit board and power supply. A second piece of sheet 
metal mounted on the chassis both supports the platen and 
shields its grid from the electronics below. The flex cable 
connecting the two printed circuit boards is positioned 
such that the instrument can be fully operational during 
service (Fig. 6). 

A survey conducted at the beginning of the design indi 
cated that users prefer the comfort of a sloping surface to 
that of a flat pad. This simultaneously allows a low front 
edge and enough space to fit all the electronics in the rear. 
The resulting wedge shape is more convenient, comfortable 

Control 
Electronics . Chass is -  

Platen Support -  Flex Cable 

(a) (b) 

F i g .  6 .  T h e  9 1  n  A  h a r d w a r e  d e  
s ign  a l l ows  se rv i ce  pe rsonne l  t o  
eas i ly  open the  un i t  fo r  serv ic ing  
a n d  s t i l l  m a i n t a i n  n o r m a l  o p e r  
at ing funct ions,  (a)  Normal operat  
i n g  c o n f i g u r a t i o n ,  ( b )  O p e n  f o r  
servicing. 
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Tablet/Display Combination 
Supports Interactive Graphics 

b y  D a v i d  A .  K i n s e l l  

I n te rac t i ve  g raph ics  sys tems have  spec ia l  I /O  requ i rements  
that  p lace a heavy burden on the computer.  To move a cursor on 
the CRT requires a number of  very shor t  messages between the 
tablet and the display device. Even if the computer can devote ful l  
t ime can this cursor tracking, an unacceptably low update rate can 
resu l t  due to  the system overhead requi red to  set  up each data 
t ransfer .  To so lve  these prob lems,  the  9111T was created.  

The 9111T has a l l  the capabi l i t ies  of  a  s tandard 91 11 A,  p lus 
f i rmware enhancements that al low direct HP-IB communicat ion to 
a  1350A  Graph i cs  T rans la to r .  The  resu l t  i s  h i gh -pe r f o rmance  
cursor  movement  and rubber-banding (s t re tch ing of  l ines)  done 
by the per ipherals that is total ly independent of  computer speed. 
In essence, the peripherals act in harmony as if they were a single 
graphics terminal .  They a lso can be used independent ly  wi th  no 
physical  reconf igurat ion of  the bus.  

This type of direct communicat ion on the HP-IB, f rom one non- 
control ler  device to another,  has always been provided for  in the 
bus  de f i n i t i on .  I t  i s  r a re l y  used  because  f ew  comb ina t i ons  o f  
per iphera ls  have anyth ing usefu l  to  say to  each o ther .  Data  for  
mats may dif fer and some form of mnemonic commands is usually 
requ i red  to  con t ro l  each  dev ice .  For  ins tance ,  le t ' s  look  a t  the  
feasibi l i ty of having a digit izer device (9874A) plot digit ized points 
d i rect ly  to  a p lot ter  device (9872A).  

After the user has digit ized a point the digit izer must receive the 
OD (Ou tpu t  D ig i t i zed  po in t )  command  to  enab le  ou tpu t  o f  t he  
digi t ized data. The command PA (Plot Absolute) must preface X,Y 
coordinates for  the p lot ter  to funct ion proper ly .  I f  a  d ig i t izer  and 

p lo t ter  were hooked together  on a  bus and addressed as ta lker  
a n d  l i s t e n e r ,  n o t h i n g  w o u l d  h a p p e n  b e c a u s e  t h e  p r o p e r  c o m  
mands would not be received by the peripherals. Also, no scal ing 
cou ld  be  done  to  compensa te  fo r  t he  d i f f e ren t  s i zes  o f  t he  de  
vices.  These detai ls are normal ly taken care of  by the computer,  
which is an acceptable approach for the low data rates of manual 
digit izing. 

In contrast ,  the 9111T has the capabi l i ty  of  issuing commands 
to the 1 350S Display System in the language used by the 1 350A 
Graphics Translator  (F ig.  1) .  Af ter  being set  up by the computer  
wi th a s ingle command, the 91 1 1 T repeatedly streams out com 
mands and data d i rect ly  to  the 1350A that  per form cursor  move 
men t  t o  r ubbe r -band ing  f unc t i ons .  The  sca l i ng  i s  changed  t o  
map most of the 91 1 1T active area onto the display (Fig. 2). The 
stroke refresh used by the 1 350A is ideal for rubber-banding and 
moving objects.  Only a few vector  locat ions need to be changed 
by the tablet, in contrast to the large number of pixels that must be 
al tered in a raster refresh system. 

The 9111T provides these addi t ional  funct ions,  l is ted wi th the 
cor respond ing  number  o f  updates /second:  
â€¢ Moving alpha or cursor symbols (60) 
â€¢ Single-line rubber-banding â€” normal, 

forced hor izonta l ,  and forced ver t ica l  (60)  
â€¢ Double-l ine rubber-banding (60) 
â€¢ Rectangle rubber-banding (60) 
â€¢ Variable-size cursor (single-dot to ful l-screen) (40) 
The  added  capab i l i t i es  a re  a imed  p r imar i l y  a t  1C  and  p r i n ted  

F i g .  1 .  T h e  c o m b / n a t i o n  o f  a  
91 11 T Graphics  Table t ,  a  1350S 
D i sp l ay  Sys tem and  a  con t ro l l e r  
such as  the  9825 prov ides  power  
fu l  in teract ive graphics in  an inex 
pensive workstat ion.  
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Fig.  2 .  The p la ten area on the 97 77 T Graphics  Table t  is  d i  
rect ly  mapped onto the CRT of  the 1350S Display System as 
shown. 

circui t  layout appl icat ions,  but other appl icat ions involv ing menu 
picking,  symbol picking,  p icture creat ion,  or  the use of  valuators 
wil l  also benefi t .  

To access one of these features, the following things need to be 
done: 
1 . The computer plots data in a few of the vector locations of the 

1350A. 
2 .  T h e  c o m p u t e r  s e n d s  t h e  E E  ( E n a b l e  E c h o )  c o m m a n d  w i t h  

proper  opt ions and parameters  to  the 91 11 T to  put  i t  in  the 
1350A mode.  

3. The computer configures the bus with the 91 1 1T as talker, and 
the 1350A as l is tener.  

4. The computer arms itself to respond to SRQ (the interrupt line on 
the bus). 

Af ter  th is  setup is  accompl ished,  the computer  is  un invo lved 
with the data t ransfer on the bus. I t  is  f ree to handle other tasks 
(including servicing other 91 1 1T/1 350As on other bus systems). 

The user moves the cursor or rubber-bands a line until it is in the 
proper  posi t ion,  then presses the pen to p ick a par t icu lar  point .  
When th is  happens,  severa l  th ings occur .  The tab le t  s tores the 
coordinates of  that  point ,  f in ishes any communicat ion that  might  
b e  i n  o n  w i t h  t h e  d i s p l a y ,  a n d  t h e n  a s s e r t s  t h e  S R Q  l i n e  o n  
the HP-IB to  request  computer  serv ice.  

The computer  responds to  the  in ter rupt  and in ter rogates  the  
tablet terms the digitized point. The value returned is scaled in terms 
o f  the  d isp lay  screen coord ina tes  ins tead o f  the  normal  coord i  
nate system of the 91 1 1T. Thus, to convert from a user coordinate 
system to the per ipheral  coordinate system, a programmer need 
not  worry about maintain ing di f ferent  scale factors for  the tablet  
and  the  d i sp lay .  Typ i ca l l y ,  t he  use r  red raws  a  rubbe r -banded  
ob jec t  in  the  1350A 's  memory  us ing  the  coord ina tes  o f  the  d ig  
it ized point. Snapping points to a nearby grid intersection is easily 
done dur ing th is  operat ion.  

Instead of  p ick ing a po in t ,  the user  could  p ick  a  menu box to  
c o n t r o l  t h e  p r o g r a m .  T h e  m e n u  i t e m  s e l e c t e d  i s  r e a d  b y  t h e  
computer  in  the normal  manner .  

The h igh resolut ion of  the 1350A (1023x1023),  a long wi th the 
f a s t  t o  r a t e  a n d  s t a b l e  o u t p u t  f r o m  t h e  t a b l e t ,  c o m b i n e  t o  
p rov ide  t rack ing  w i th  exce l len t  aes the t i cs .  The  independence  
f rom computer  I /O per formance makes interact ive graphics feas 
ible way smaller computers (such as the HP-85) and opens the way 
to mul t i -workstat ion operat ion on large computer  systems.  

David A.  Kinsel l  
t  â € ”  D a v e  K i n s e l l  s t a r t e d  w o r k  a t  H P  i n  1 9 7 5  

af ter  receiv ing the MSEE degree f rom 
Purdue Univers i ty .  He a lso earned the 
BSEE degree f rom Purdue in  1974.  
Dave has done NMOS 1C R&D, 
graph ics  d isp lay  s tud ies ,  product ion 
suppor t  for  the 9874A Dig i t izer ,  and,  
most  recent ly ,  the implementat ion of  
f i rmware and system speci f icat ion for  
the 91 1 1 A Tablet. Dave is a native of 
Remington,  Ind iana and now l ives in  

J  Love land ,  Co lo rado .  He is  a  member  o f  
Lt  the IEEE, r ides h is  b icyc le to work,  l ikes 

â€¢^ mounta in h ik ing and sk i ing,  and is  a 
^  g l i d e r  p i l o t .  < 

and compact than a tablet that requires separate boxes for 
electronics and/or power supply. 

Internal layout promoting natural convection paths, 
combined with low power dissipation, permits an instru 
ment with no fan, hence a quiet machine. Air enters along 
the bottom of both sides and exits at slots in the rear. 

While the tablet functions primarily to move a CRT- 
display cursor for some users, others have applications for 
which they need to place a menu directly on the work 
surface. To please both groups, it is necessary to provide an 
unobtrusive means to hold down paper. In the edge of the 
case where it meets the platen are four thin slots that ac 
commodate tabs on a clear mylar overlay. With this design 
the user can protect a menu while holding it in place. When 
menus are not in use, the tablet is free from protruding or 
unsightly mechanisms. 

Ease of assembly affects the people who build an instru 
ment, those who service it, and the cost to the user who buys 

it. The case top was designed to be independent from in 
strument operation; no components are mounted in it. 
When assembled, two long conical bosses in the case top 
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 
Graphics Language (HP-GL). This language was 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 
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I/O driver used with the bus. Its main disadvantage is 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 representa 
tion are handled by the fast lookup algorithms in the tablet. 

To help relieve the host computer of the conversion bur 
den, binary formatted data of the X,Y position is also avail 
able from the tablet in a straightforward format supported 
by several HP computers. These include the 9835, the 9845, 
the HP-85, and the HP 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 convenient to use when assem 
bly language drivers 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. Al 
though commands cannot be sent to the tablet, it is easy to 
design a custom interface to read the data. 

The HP-GL language gives coordinate values in an abso 
lute peripheral coordinate system. To simplify program 
ming, high-level support is available on a number of com 
puters to provide scaling into user-defined units and to 
support the digitize function. The 9825 with a 9872A plot 
ter ROM provides single-point digitizing support that can 
be used for continuous-mode digitizing with some addi 
tional HP-GL programming. The 9835 and 9845 computers 
have graphics ROMs that provide BASIC-language support 
of the tablet. The HP-85 printer/plotter ROM is essentially 
equivalent. A high-level graphics support package will also 
be available on the HP 1000. 

The System 45C (Model 9845C) provides a powerful set of 
high-level programming features through its graphics 
ROM. The GRAPHICS INPUT IS ... statement allows a full 
complement of graphics input devices, including the 91 11 A 
Graphics Tablet, 9874A Digitizer, light pen, and arrow 
keys to be handled uniformly in an application program. 

Once the tablet has been declared as 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 desired location any time a point 
or softkey is digitized on the platen. Another command 
TRACK. ..IS ON allows automatic tracking of the cursor on 
the CRT. When this command is in effect, the cursor posi 
tion is updated after every executed BASIC line. Finally, the 
CURSOR... command, while also implemented on the 
9845 A/B computers, returns additional tablet information 
concerning clipping and softkey values only on the 9845C. 
The additional capabilities of the 9845C graphics firmware 
together with the 9111A graphics tablet make applications 
programs shorter and easier to write and debug. 

A c k n o w l e d g m e n t s  
Several people played key roles in the success of the 

9111A. Susan Cardwell was responsible for the total 
mechanical design of the instrument. Dave Kinsell wrote 
the 9111A firmware, and personally initiated and im 
plemented the 911 IT follow-on. Mark Gembarowski de 
signed the digital hardware, and Tim Hitz designed the 
analog circuitry and power supply. Dave Jarrett im 
plemented the 9111A stylus, and Debbie Bartlett im 
plemented the application utility routines. Mo Khovaylo 
was responsible for the industrial design. Special thanks 

Donald J.  Stavely 
** Don Stavely was born in Detroi t ,  Michi-  
K  gan and a t tended the  Un ivers i ty  o f  

Michigan where he received the BS de 
gree in  e lect r ica l  engineer ing in  1975 
and the  MS degree  in  computer  
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worked on f i rmware for  the HP 250 
Computer  and di rected the complet ion 
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c a n o e i n g ,  b a c k p a c k i n g ,  a n d  w o o d  
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to Dave, Susan, and Mark for their contribution to this 
article. I am indebted to Larry Hall who, as initial project 
manager through breadboard, passed on an efficient, well- 
run project. 
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S P E C I F I C A T I O N S  
HP Model  9111 A Graphics Tablet  

FEATU R ES:  
MENU: Sixteen sot tkeys.  
COMMAND SET:  Twenty - f i ve  HPGL commands th rough HP- IB  in te r face  (Hewle t t -Pack  

ard 's  implementat ion of  IEEE Standard 488 (1978)) .  
BEEPER: Programmable in  p i tch,  vo lume,  and durat ion.  
ACTIVE DIGIT IZ ING AREA:  218 .5  x  300 .8  mm,  no t  inc lud ing  menu a rea .  
D A T A  A v e r a g e  P r o g r a m m a b l e  f r o m  1  t o  6 0  c o o r d i n a t e  p a i r s / s e c o n d .  A v e r a g e  r a t e  

Â±0.2 Hz from nominal. 
SELF-TEST CAPABIL ITY  
PLATEN: measured surface, artwork (origin, self- test dot, any border) accuracy measured 

versus documented is Â±2.8 mm. 
G R A P H I C S  D A T A :  

FORMAT:  ASCI I  or  b inary  X,  Y coord inate  data .  
RESOLUTION:  0 .100 mm.  
ACCURACY: Â±0.600 mm at 20Â°C, each measured point. Derate 0.004 mm/Â°C deviation 

from 20Â°C. 
STYLUS MOTION RATE:  

On paper :  500 mm/s.  
On p laten:  730 mm/s.  

REPEATABILITY: Â±one resolut ion uni t  f rom mode of  data.  
DOCUMENT MATERIAL:  S ing le  sheet ,  e lec t r i ca l l y  nonconduct ive ,  homogeneous,  less  

than 0.5 mm thick.  
POWER REQUIREMENTS:  

SOURCE (Â±10%):  100,  120,  220,  or  240 Vac.  
FREQUENCY:  48  to  66  Hz .  
CONSUMPTION:  25  W,  max imum.  

S IZE/WEIGHT:  
H W D :  8 5  x  4 4 0  x  4 4 0  m m .  
WEIGHT: 5.8 kg,  net ;  10.8 kg,  sh ipping.  

O P E R A T I N G  E N V I R O N M E N T :  
TEMPERATURE: 0 to 55Â°C. 
RELATIVE HUMIDITY: 5 to 90% at 40Â°C, noncondensing. 

PRICE IN U.S.A.:  
9 1 1 1 A : $ 1 9 5 0 .  

88100A (Ut i l i ty  Sof tware Package for  9845B Computer) :  $500.  
9111T (Opt ion for  use wi th  1350S Disp lay System):  $2450.  

MANUFACTURING D IV IS ION:  GREELEY D IV IS ION 
3404 E.  Harmony Road 
Fort  Col l ins.  Colorado 80525 U.S.A. 
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Programming for  Product iv i ty:  Factory 
Data Col lect ion Software 
DATACAP/WOO is  a  sof tware too l  fo r  des ign ing and 
managing data col lect ion networks. Running on an HP 1000 
Computer System, it is f lexible, easy to use, and compatible 
with user-wri t ten routines. 

by Steven H.  Richard 

WHAT IS FACTORY DATA COLLECTION? For 
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 auto 
mation are familiar with process or machine data acquisi 
tion and control loops (Fig. la). In factory data collection 
we are dealing with logistical control rather than machine 
control (Fig. Ib). The term factory data collection encom 
passes acquisition methods normally associated with 
manual input. 

Examples of the kinds of data normally collected in the 
factory data collection environment include labor informa 
tion (time and attendance), work-in-process tracking, in 
ventory control, component/product testing, and so on. At 
the present time, most manufacturing companies keep track 
of this sort of information through paperwork systems or 
combinations of paperwork and batch computer systems. 

Data 

Control 

Real-Time 
Computer  

System 

(a)  Machine Data Acquisi t ion and Control  

- Informat ion 

Control 

  o    Ã § . *  â € ”  

44- 
Real-Time 
Computer  

System 

I Data 

Data Capture Terminals  

Product ion Personnel  

(b)  Logist ical  Data Acquisi t ion and Control  

F i g .  1 .  D A T A C A P / 1 0 0 0  i s  a  s o f t w a r e  p a c k a g e  f o r  H P 1 0 0 0  
Computer  systems.  I t  co l lec ts  factory  data such as t ime and 
attendance, work in process, inventory, and test statist ics, and 
presents  i t  to  management .  I t  i s  a  sys tem for  log is t ica l  data  
acquisit ion and control (b) rather than the more famil iar form of 
factory automat ion shown in (a) .  

The result is that plant control information (inventory 
levels, order status, and so on) is at least several hours and 
often days old before management has the information 
in hand and can act on it. Without a comprehensive, real 
time data capture system, the factory information system 
(management reports, graphs, bar charts) can be neither 
timely nor complete. 

A Factory Data Col lect ion System 
A computer based system is particularly well suited to 

the relatively simple task of collecting data from 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 
are frequently transposition, 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 before it is accepted for further 
processing makes subsequent management reports more 
timely and accurate because the time-consuming and often 
impossible task of tracking down and correcting errors is 
substantially reduced. 

Hewlett-Packard is one of several manufacturers of com 
puter systems aimed 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-Series Computer 
HP 7906/20/25 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 in, V, Magnetic) 
-Bar-Code Reader 
-Electrical I/O (RS-232C or IEEE-488) 

Software 
RTE-IVB Operating System 
Standard Languages and Utilities 
IMAGE/1000 Data Base Management System 
DS/1000 Distributed Systems Software 
DATACAP/1000 Factory Data Collection Software 
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Fig.  2.  Data col lected by DATACAP/1000 is entered manual ly  
by factory personnel  using a var iety of  HP data capture termi 
nals l ike these. 

DATACAP/1000  
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 facil 
ity. 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 program 
that generates a program. 

Basically, DATACAP/1000 generates a generalized pro 
gram that operates under the control of a parameter table. 
This program, the transaction monitor program (TMP), uses 
parameters supplied by the table (the transaction specifica 
tion) to control an easy-to-understand dialogue at the HP 
data capture terminal. Additional parameters are used to 
direct interaction with an IMAGE/1000 data base, data stor 
age devices, various optional input and output devices 
available with HP data capture terminals, and any cus 
tomized 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 (TCP), a friendly interactive 
program, prompts the user through the process of table 
building. Included in TCP are sophisticated edits that pre 
vent the user from building a table with any logical incon 
sistencies 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 Transact ion Generator  Program (TCP)  
TCP 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 re 
turned to the main program. All communication between 
segments is accomplished through variables declared in 
common. 

A basic overview of the path of TCP operation can be seen 
in the flowchart of Fig. 7. In addition to the formal reference 
manual for DATACAP, a brief tutorial is built into the trans- 
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H P  d a t a  c a p t u r e  t e r m i n a l s  o n  t h e  p r o d u c t i o n  f l o o r  ( u p  t o  5 6 )  

H P  1 0 0 0  C o m p u t e r  S y s t e m  w i t h  R T E - I V B  O p e r a t i n g  S y s t e m  

Datacap 1000 

S y s t e m  C o n s o l e  
(CRT  Te rm ina l )  

Data 
C a p t u r e  
M o n i t o r  

(DCMON)  

T r a n s a c t i o n  M o n i t o r  
P r o g r a m  G e n e r a t o r  ( T M P G N )  

T r a n s a c t i o n  S e t  E d i t o r  
(TSE) 

T r a n s a c t i o n  
Gene ra to r  
P r o g r a m  

(TOP) 

T r a n s a c t i o n  
Spec i f i ca t i on  
(TS)  L ib ra ry  

Cen t ra l  
Computer  

System DS/1000  l i nk  t o  o the r  HP  1000  o r  HP  3000  
s y s t e m s  a n d / o r  R J E  1 0 0 0  l i n k  t o  I B M  s y s t e m s  

, T r a s a c t i o n  
|  M o n i t o r  
!  P r o g r a m  

(TMP) 

User  
P r o g r a m s  

Ã­ 
I M A G E / 1 0 0 0  Q U E R Y / 1 0 0 0  

Data Base 
(Optional) 

Display Terminals 

Fig. generator and components of DATACAP/1000. The transaction generator program (TGP) and 
transact ion monitor program generator (TMPGN) interact ively lead the user through the process 
of bui lding transact ion specif icat ions and the transact ion monitor program (TMP). The TMP then 
m a n a g e s  t h e  c o l l e c t i o n  o f  f a c t o r y  d a t a  a n d  c r e a t e s  d a t a  f i l e s  o r  e n t e r s  t h e  d a t a  i n t o  t h e  

IMAGE/1000 data base,  i f  present .  

Graphic 
Plotter 

Magnetic 
Tape  or  D isc  

for  Data 
Storage and 

Backup 

action generator program (a sample screen in shown in Fig. 
8), 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 

D R T R  C f l P T U P f  T E P I I I I I R L  j  T h *  
Ã­ FERTUPE SPECIFICATION ^pt 

C Ã ­  D R T P  â € ¢ â € ¢ â € ¢  . , a l  f e a t i j r - s  i n c l u d e  
i r  d  a n d  D i  s p  l a  

S p e c i f y  O p t i o n Â » !  D i t p l a ; ,  ' .  

r  I , , M  a  :  i  ,  2 - t  h o u r  >  

BÂ»dge PesdÂ«r 

Fig.  4.  Typical  t ransact ion generator program (TGP) screen. 

designer with a listing of the transaction generated, in 
cluding a model of the data capture terminal prompting- 
light label. 

Fig. 9 shows the executable parameter table structure. 
Each executable transaction consists of a transaction header 
followed by up to twenty states consisting of three compo 
nents each. Each component is a variable-length record 
with a fixed minimum length. The minimum-length com 
ponent contains information about optional extra members 
of the component. The three components and their contents 

DEFI NITIOM OF T-Ã­E T'Â·tflGÃ¯ DflTfl BRSE < S> flCCESSED BY THP 

-  T M P  m a y  a c c e s s  u p  t o  f o u -  d  f f e - e n t  I f l f l G E / 1 0 0 0  d a t a  b a s e s .  

D a t a  b a s e  t l R M E    ^ B  

D a t a  b a s e  S E C U ' I T "  C O D E    ^ B  

C f i P T P I D G E  w  h  t  r  Ã ¯  d h t s  o a s e  r e s i d e s    â € ¢ â € ¢  

D a t a  b a s e  H l < 3 H Â £ S T  _ E V - I L  R C C E S S W O R D    ^ _ l  

F i g .  5 .  T y p i c a l  t r a n s a c t i o n  m o n i t o r  p r o g r a m  g e n e r a t o r  
(TMPGN) screen.  
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5 Q F T  K E Y  A S S I G N M E N T S  

Fig .  6 .  Typ ica l  da ta  capture  moni to r  (DCMON) screen.  

are: 

State General Information 
â€¢ Forward pointer to the next state 
â€¢ Answer data type 
â€¢ Data capture terminal configuration information 

a Prompting light 
a Alternate input device configuration 
n Display and printer use 

Begin  TCP 

Create/Modify  

Transact ion 
Specif ication 
Identification 

Terminal  
Features 

T  tfjn 

T 

Funct ion Key 
Ass ignment  

Question 
Definition 

Answer  
Specif ication 

System-Prov ided 
Information 

I  
â€¢ Data Storage 

Definition 

Library 
Definition 

List 
Transact ion 

â€¢i 

Build Libraries 

End  TCP 

Fig.  7 .  Bas ic  t ransact ion generator  program f low.  

TpfiHSACTlOH GEHEP6T1DH OVERVIEW 

A typical printed paper form, identified by B name, ana some questions only 

on the data capture termina 

of questions can be asked: 

nly once 85 U-qucs 1 1 ons (Unique) 

F o r  e x a m p l e  :  P a p e r  F o r m  

Â¡CQPD: IHTEP-CDMPAHY QPDEP 

N i n e  I C D R D  
N i i n b e r  3  
S e c u r i t y  2 2 3 4  

U - q u e s t i o n s  O r d e r  t  ?  
  E i e l i v e r y  d a t e  

Oty ordered 

Unit price i 

Fig. 8. Tutor ial  screens l ike this one are bui l t  into the transac 
t ion  genera tor  program to  prov ide the user  w i th  in format ion  
about the system. A HELP key provides fur ther c lar i f icat ion.  

Display Information 
â€¢ User-written subroutine name, if any 
â€¢ Display item and set name, if any 
â€¢ Data capture terminal configuration information 

D Prompting light 
D Display and printer use 

Edit Specification 
â€¢ Range or mask depending on data type 
â€¢ Default value 
â€¢ User-written subroutine name, if any 
â€¢ Automatically generated IMAGE edits, if any 

In addition to the states consisting of these three compo 
nents, there are three other states. The special function key 
state provides information about the data capture terminal 
special function keys. The storage state includes the disc 
file storage name, the device file storage name, the name of 
the user-written subroutine name, if any, and a list of 
IMAGE/1000 operations to be carried out, if any. The off 
line printout state includes information that allows a sum 
mary 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 modifica 
tion of the transaction by TCP without uncompiling the 
executable form. 

The Transact ion Monitor  Program Generator (TMPGN) 
The TMPGN provides the definition of data capture ter 

minal logical unit numbers, user provided subroutine re 
locatable names, and IMAGE/1000 data base names. Like 
TCP, TMPGN prompts the user through a set of interactive 
displays on the HP 2645A System Console. Again like TCP, 
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 generates the appropriate re 
locatable members of the DATACAP/1000 package and 
calls the RTE-IVB loader to relocate them into the structure 
shown in Fig. 10. 

Taking advantage of the environment provided by a spe 
cially developed terminal management tool (see box, 
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T r a n s a c t i o n  
Spec i f i ca t i on  

L ib ra ry  

Transact ion Speci f icat ion 
Library Header  

(User-Provided)  

Transact ion Specif icat ion 1 

Transact ion Speci f icat ion 2 

Transact ion Speci f icat ion N 

Transact ion Speci f icat ion 25 

Execu tab le  
T r a n s a c t i o n  

T r a n s a c t i o n  S p e c i f i c a t i o n  H e a d e r  

Length in Words of  the 
Transact ion Specif icat ion 

Identif ication Information 

Number  of  Quest ions and 
Answer  Buf fer  Length 

Data  Capture  Terminal  Features 

IMAGE/1000  Data  Base  Name 

Up to twenty states consist ing 
of  three components:  

State General  Information 

Display Information 

Edit  Specif ication 

Fig.  9.  Each t ransact ion speci f ica 
t ion in the TS l ibrary consists of  a 
t ransact ion header fo l lowed by up 
t o  2 0  s t a t e s  c o n s i s t i n g  o f  t h r e e  
components each. 

page 30), each function of DATACAP/1000 can be handled 
by a separate subroutine: 

ZTMP This module contains the main logic of the TMP. 
When the operator of a data capture terminal re 
quests a specific transaction, ZTMP calls the trans 
action specification manager (TSMG) subroutine to 
return the first state of the transaction specifica 
tion. 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), ZTMP calls TSMG for the next state, and 
so on, progressing to the storage state upon com 
pletion of the transaction by the operator. 

TSMG This module maintains the working set of transac 
tion specifications while the TMP is running. 
TSMG uses its end-of-partition space as 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 security code). This buf 

fer space is set at a minimum of 7500 words. Since 
the typical length of the executable form of the 
transaction is 250 words, about 30 transactions can 
be managed by TSMG simultaneously. 

TSE The transaction set editor is used by the system 
operator to load and unload transaction specifica 
tions from the working set. It also can be used to 
check on the status of the working set (that is, 
which transactions are active), the transaction li 
brary from which they were loaded, and so on. 

IOM7X The two modules IOM75 and IOM70 are functional 
drivers used by ZTMP to interface to the RTE sys 
tem's terminal drivers DVR07 and DVA47, respec 
tively. These functional drivers relieve ZTMP of the 
need to concern itself with the construction of es 
cape sequences and the specifics of the two differ 
ent drivers' calling sequences. 

STORX The two modules STORA and STORE are used to 
handle the two distinct types of data storage 
available to the DATACAP/1000 system designer. 
STORA handles the passing of data and offset in 
formation to the DATACAP/1000 data base hand- 

System 
Common 

Terminal  
Management  

Tool  

â€” Terminal 
Logical  Unit  

â€” Application 
Structure 

â€” Data Base 
Information 

Transact ion 
Set Editor 

Data Storage 
Modules  A  and B 

Data  Area 
f o r  T e r m i n a l  N  i / o  M o d u l e  

for  HP 3070B 

Transact ion 
Set 

Manager  

Transact ion 
Work ing 

Set  Space 

IMAGE/1000 
Handler  

(State Logic)  

User Subroutine 

User Subrout ine 

I /O Module 
for  HP 3075/6/7 

Off-Line Print 
F i g .  1 0 .  O n c e  i t  h a s  a l l  o f  t h e  
answers i t  needs,  the t ransact ion 
m o n i t o r  p r o g r a m  g e n e r a t o r  g e n  
erates the relocatable members of 
D A T A C A P / 1 0 0 0  a n d  c a l l s  t h e  
RTE- IVB loader  to  re loca te  them 
in to  the  memory  s t ruc tu re  shown 
here. 
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A Terminal Management Tool 

by Francois Gaul l ier  

A user  faced  w i th  the  p rob lem o f  runn ing  the  same app l i ca t ion  
concurrently on a number of terminals in the RTE-IVB environment 
may use the fo l lowing techniques:  
1 .  Write the program for one terminal, dupl icate i t  for N terminals 

and  run  t hese  p rog rams  concu r ren t l y .  The  amoun t  o f  ma in  
memory ava i lab le  l imi ts  the number  o f  te rmina ls  that  can be 
supported wi th an acceptable response t ime,  s ince swapping 
to  the  d isc  may  be  necessary .  

2.  Wri te the program for  N terminals.  In th is  case,  the user must  
keep track of the program f low for each terminal,  must access 
most var iables through arrays, and cannot easi ly segment the 
p r o g r a m  o r  s p r e a d  p r o c e s s i n g  a m o n g  s e v e r a l  p r o g r a m s .  
Enough memory must be provided for the maximum number of 
t e r m i n a l s  e v e n  i f  o n l y  a  f e w  a r e  a c t u a l l y  b e i n g  u s e d .  T h e  
development and maintenance of  th is  type of  program wi l l  be 
more  comp l i ca ted  because  o f  t he  bookkeep ing  requ i red  t o  
keep t rack  o f  each user 's  data .  

The ideal solut ion to the problem of developing and maintaining 
large,  mul t i -user appl icat ions is  to wr i te a s ingle set  of  reentrant  
programs to handle al l  users. In a reentrant environment,  appl ica 
t ions program development  and maintenance are reduced to the 
s ing le-user  case.  Program swapping is  min imized because on ly  
the users '  data needs to be swapped.  ( Instruct ion spaces do not  
need to  be swapped out ,  jus t  over la id . )  

Since no facil i t ies for large-scale reentrancy existed in RTE-IVB, 
a pr imary object ive of the DATACAP/1 000 project was to develop 
a terminal management tool to provide a reentrant environment for 
R T E .  I t  w a s  h o p e d  t h a t  t h i s  t o o l  w o u l d  b o t h  e a s e  t h e  t a s k  o f  
developing a mul t i terminal  appl icat ion l ike DATACAPand provide 
on -go ing  bene f i t s  by  r educ ing  t he  amoun t  o f  ma in  memory  r e  
q u i r e d  t o  s u p p o r t  t h e  a p p l i c a t i o n .  D A T A C A P / 1  0 0 0  w a s  d e  
veloped using the features provided by this terminal management 
tool. The tool is also supplied as part of the DATACAP software, so 
tha t  the  f ina l  app l ica t ion  runn ing on a  cus tomer 's  sys tem takes 
advantage of  and depends upon the environment provided by the 
terminal  management  too l .  Features of  th is  env i ronment  are:  
1 .  Code and data separat ion in  FORTRAN wi th  the capabi l i ty  o f  

dynamica l ly  spec i fy ing which b locks o f  data  are  to  be saved 
and res tored when the  program is  reentered.  

2 .  An  easy  means  o f  sp read ing  the  p rocess ing  among  seve ra l  
program units in di f ferent part i t ions, that is,  an easy means to 
do  sub rou t i ne  ca l l s  ac ross  pa r t i t i on  bounda r ies .  Th i s  e l im i  
nates the need for segmentation , and if sufficient main memory 
is  avai lab le,  le ts  the ent i re  appl icat ion res ide in  memory.  

3 .  Recurs ive  capab i l i t ies  fo r  spec ia l i zed  needs.  

Programming Convent ions  
To use the features  o f  the  termina l  management  too l ,  the  pro  

grammer  must  observe the fo l lowing convent ions:  
1 .  I /O requests to the interact ive terminals must be done through 

a specia l  set  o f  subrout ines,  TMLIB.  
2 .  Code  and  da ta  mus t  be  separa ted  by  dec la r ing  the  la t te r  to  

ex is t  in  the  area  o f  ma in  memory  des ignated  as  common.  
3 .  I / O  r e q u e s t s  t h a t  w a i t  f o r  c o m p l e t i o n  s h o u l d  b e  a v o i d e d  

whenever  poss ib le .  
4. Cal ls to subrout ines and processes that issue service requests 

must  be  done th rough TMLIB.  
5.  Al l  programs in an appl icat ion must  be coded as subrout ines.  

T h e  t y p e  o f  r e e n t r a n c y  p r o v i d e d  b y  t h e  t o o l  c a n  b e  t e r m e d  

"b reakpo in t  reen t rancy , "  because  the  p rog rams  tha t  run  i n  i t s  
env i ronment  can  be  reen te red  on ly  when  they  i ssue  a  se rv i ce  
request through TMLIB. Breakpoint reentrancy is quite suitable for 
large, mult i terminal,  interact ive appl icat ions, because most of the 
execut ion  t ime is  spent  i ssu ing  and wa i t ing  fo r  I /O opera t ions ,  
which are per formed by the too l 's  serv ice requests .  

Data  Segments  
The most  impor tant  requi rement  for  reentrant  programming is  

the separat ion of  code and data.  The most convenient faci l i ty  for  
accomp l i sh i ng  t h i s  i n  t he  RTE- IVB  l anguages  (FORTRAN,  As  
sembly) is the common memory area. An added benef i t  of  having 
da ta  ex is t  in  common memory  is  tha t  subrout ines  are  p rov ided 
wi th  a very ef f ic ient  means of  communicat ing.  Unl ike access ing 
arrays,  accessing var iables in common is wi thout  any overhead.  
These two reasons are why common memory was chosen as the 
vehicle for separat ing code and data in the terminal management 
tool. 

The pr imary  res t r ic t ion ,  then,  fo r  use o f  the termina l  manage 
ment tool  is that a tool  subrout ine must assign al l  of  i ts reentrant 
var iables to common memory. Not al l  var iables must be assigned 
to common memory, just  those whose values are to remain intact 
af ter service requests,  because i t  is only at  these points that the 
subrout ine can be reentered.  

Since it is not necessary to preserve the integrity of all reentrant 
var iab les  a t  a l l  t imes  ( there  i s  some overhead assoc ia ted  w i th  
th is) ,  the data segment is d iv ided into s ix common blocks,  which 
may be enabled or disabled according to the user 's needs. When 
a common block is enabled, the data that i t  contains wil l  be saved 
w h e n  a  t o o l  s e r v i c e  r e q u e s t  i s  i s s u e d  a n d  r e s t o r e d  a f t e r  t h e  
request completes. If a block Â¡s disabled, the integrity of its data is 
not  preserved across the serv ice request .  By grouping the reen 
t r a n t  v a r i a b l e s  i n t o  c o m m o n  b l o c k s  a n d  s e l e c t i v e l y  e n a b l i n g  
them,  the user  can reduce the overhead requ i red by  a  program 
and the amount of main memory used at any given t ime. Only the 
data needed for the port ion of code that is currently executing wil l  
be saved.  

The l ibrary of  subrout ines, TMLIB, was designed to provide an 
easy  i n te r f ace  be tween  the  use r  app l i ca t i on  p rog ram and  the  
terminal managementtool.  TMLIB includes the fol lowing services: 
â€¢ TMDFN To manage memory a l locat ion 
â€¢ TMCBL To manage memory a l locat ion 
â€¢ TMCBE To manage access of  data  b locks 
â€¢ TMCBD To manage access of  data b locks 
â€¢ TMSUB To cal l  a tool  subrout ine 
â€¢ TMPRO To launch a son process f rom an execut ing one 
â€¢ TMLUL To lock a logical  uni t  
â € ¢  T M I O  T o  p e r f o r m  
â€¢ TMRD 
â€¢ TMWR 
â € ¢  T M C T L  I / O  
â€¢ TMBWR 
â€¢ TMBCT 
â € ¢  T M W R D  o p e r a t i o n s  
â€¢ TMPZ To suspend execut ion of  a process for  a g iven per iod 

of t ime 
â€¢ TMSCH To schedule a non-tool  program 
â€¢ TMCST To place a process in cr i t ica l /normal  s tate 
â€¢ TMSTP To stop the appl icat ion in  an order ly  way 
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â€¢ TMSAB To abort  the appl icat ion 

IMAGE/1000 Access 
To access an IMAGE 1000 data  base wi th  the fu l l  capab i l t ies  

(GET, ADD, DELETE, UPDATE) the programmer must open it in mode 
3 (exclusively) or in mode 1 (shared read/write) and lock i t ,  which 
prevents other programs from concurrent ly accessing (wri t ing to) 
the data base. Under these condit ions one way to have mult ipro- 
gram access to a data base is to central ize al l  requests to IMAGE 
in a s ingle program. I  MAGE' 1000 access through the tool  uses 
this concept.  

G i ven  t he  above  f ea tu re ,  t he  p rog rammer  i s  f aced  w i t h  t he  
d i f f icu l t ies  o f  managing a l l  the d i f ferent  operat ions that  may be 
per formed s imul taneously  on the data base by a l l  the programs 
(update of the same entry by more than one program at the same 
t ime,  de le t ion  o f  a  cha in  en t ry  wh i le  ano ther  p rogram is  go ing  
through the cha in ,  e tc . ) .  One way to  so lve these prob lems is  to  
implement a locking mechanism. The most sophist icated locking 
mechanism is  to lock at  the entry level  in  the IMAGE data base.  
The terminal  management  tool  o f fers th is  capabi l i ty  to  the user .  

The tool also automatically performs the DBINF calls to save and 
restore the run tab le when necessary for  each process,  thereby 
saving the user the worry of  keeping t rack of  the run table when 
repeated ly  access ing the data base (cha in  or  ser ia l  read) .  

A l l  ca l l i ng  sequences  to  the  DATACAP/1000  IMAGE hand le r  
implemented using the terminal  management tool  are compat ible 
w i th  the  IMAGE/1000  ca l l i ng  sequences  w i th  the  add i t i on  o f  a  
s i n g l e - w o r d  p a r a m e t e r  t o  t h e  c a l l s  a n a l o g o u s  t o  D B F N D  a n d  
DBGET, which al lows specif icat ion of the record locking act ion to 
be taken. These cal ls are accessible by the user through a l ibrary 
o f  r o u t i n e s ,  % X M L I M ,  w h o s e  m e m b e r s  a r e  t h e  s a m e  a s  f u l l  
IMAGE/1000 DBMS cal ls  (DBYYY(parameters))  but  whose entry  
points are XBYYY(parameters). To keep the demand of the terminal 
management tool  IMAGE/1000 handler on system resources to a 

reasonab le  leve l ,  the  fo l low ing  l im i ta t ions  a re  imposed  on  the  
user: 
1 .  Ca l l s  f o r  l ock ing  and  un lock ing  the  da ta  base  (DBLCK and  

DBUNL) are not provided. 
2 .  Pos i t i ons  in  a  da ta  se t  ( cu r ren t  reco rd ,  cha in ,  e tc . )  a re  no t  

r e m e m b e r e d  w h e n  a  d i f f e r e n t  d a t a  s e t  i s  a c c e s s e d .  I t  i s  
necessa ry  fo r  t he  use r  t o  save  the  run  tab le  fo r  a  da ta  se t  
before accessing a second data set, then restore the run table 
for the first data set to access it starting at its current position. 

3 .  The  max imum en t ry  l eng th  a l l owed  i s  512  words  i ns tead  o f  
2048 words.  

4 .  T h e  m a x i m u m  n u m b e r  o f  d a t a  b a s e s  t h a t  c a n  b e  o p e n e d  
s imul taneously  is  e ight  (combined to ta l  in  DATACAP/1000) .  

5 .  A l l  da ta  bases  t ha t  a re  t o  be  accessed  mus t  be  de f i ned  i n  
TMPGN. 
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ler, while STORE is 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 mod 
ule. 

DCLOG provides a means for writing standard, recoverable 
records and prevents the terminal user from pro 
ceeding with a second transaction until the first is 
safely logged to a disc or device file. DCLOG is 
complemented by the recovery utility DCRCV that 
can be used to recover an IMAGE/1000 data base 
that has been corrupted. 
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S P E C I F I C A T I O N S  
HP Model  92080 A D ATACAR 1000 Data Capture Software 

MAXIMUM NUMBER OF TERMINALS: An HP 1 000 Computer  or  System can suppor t  up to  
56 HP data  capture  te rmina ls .  The number  o f  te rmina ls  suppor tab le  by  DATACAP/1000 
depends t ime the number  o f  t ransact ions per  hour  to  be processed,  i .e . ,  response t ime 
requ i red ,  on  t ransac t ion  complex i ty ,  such  as  IMAGE/1000 da ta  base ac t iv i t y ,  user  sub  
rout ines,  e tc . ,  and on system main memory s ize.  

C O M M U N I C A T I O N  W I T H  I M A G E / 1 0 0 0  D A T A  B A S E :  T r a n s a c t i o n  M o n i t o r  P r o g r a m  
(TMP) can ret r ieve data f rom, and record data in  up to four  IMAGE/1000 data bases.  No 
t ransac t ion  spec i f i ca t ion  can  access  more  than  one  IMAGE/1000  da ta  base .  Any  user  
program has read/wr i te  access to  a  data  base that  i s  under  DATACAP cont ro l .  

C O M P A T I B I L I T Y  W I T H  S E S S I O N  M O N I T O R :  D A T A C A P / 1 0 0 0  d o e s  n o t  u s e  o r  r e q u i r e  
the Sess ion Moni tor  in  RTE-IVB and in  cer ta in  respects  may not  be compat ib le  wi th  the 
Session Monitor.  Where mult i -user access to the RTE-IVB system is required concurrent ly 
w i th  DATACAP/1000  opera t ion ,  the  Mu l t i -Termina l  Mon i to r  i s  recommended ins tead  o f  
the  Sess ion Moni tor .  The DATACAP Conf igura t ion  Guide (92080-90003)  documents  the  
par t icu lars  regard ing DATACAP/1000 compat ib i l i ty  wi th  Sess ion Moni tor .  

D A T A  s u p p o r t e d  S Y S T E M  R E Q U I R E M E N T S :  H P  9 2 0 8 0 A  D A T A C A P / 1 0 0 0  i s  s u p p o r t e d  
only has minimum 92068A RTE-IVB operating system, and therefore has the same minimum 
system requi rements as the 92068A,  p lus addi t ional  requi rements l is ted below.  

D A T A  b a s e  S O F T W A R E :  I f  c o m m u n i c a t i o n  w i t h  a n  I M A G E / 1 0 0 0  d a t a  b a s e  i s  d e s i r e d ,  
92069 A I MAGE/ 1000 is required. 

DATA 3075A,  TERMINALS:  A t  l eas t  one  (and  up  to  56 )  o f  any  o f  t he  HP 3075A,  3076A,  
or  3077A terminals.  

MAGNETIC TAPE:  A magnet ic  tape un i t  i s  s t rong ly  recommended i f  IMAGE/1000 is  used.  
S Y S T E M  c o n  H P  2 6 4 5 A ,  2 6 4 7 A ,  2 6 4 8 A ,  2 6 4 9 B ,  2 6 4 9 C ,  o r  2 6 4 9 G  s y s t e m  c o n  

s o l e  t h e  t h e  D A T A C A P / 1  0 0 0  i s  r e a d i e d  f o r  u s e  m u s t  c o n n e c t  t o  t h e  s y s t e m  v i a  t h e  
12966A+001 in ter face and must  have the fo l lowing opt ions and accessor ies .  

OPTION 007:  Min i  car t r idge I /O (not  requ i red on 2647A/49G).  
OPTION card.  Subst i tu tes  Extended Async Comm. Card for  s tandard comm. card .  
13231A Disp lay enhancements  wi th  l ine drawing character  set .  

FAST  compu te r  PROCESSOR F IRMWARE:  12977B  o r  13306A ,  depend ing  on  compu te r  
model. 

RTE- IVB  SYSTEM MEMORY REQUIREMENTS:  The  RTE- IVB  sys tem con f i gu red  t o  sup  
por t  DATACAP/1000 has  the  fo l low ing  memory  requ i rements .  
S Y S T E M  C O D E  A N D  T A B L E S :  5 6 K  b y t e s .  

SYSTEM AVAILABLE MEMORY:  12K  by tes .  
SYSTEM COMMON FOR DATACAP USE:  4K  by tes .  

D A T A C A P / 1 0 0 0  M E M O R Y  P A R T I T I O N  R E Q U I R E M E N T S :  T h e  f o l l o w i n g  p a r t i t i o n s  a r e  
requi red for  DATACAP/1000:  
DATACAP/1000  APPLICATION CODE:  122K by tes .  
BUFFERING FOR DATA CAPTURE TERMINALS:  54K-40K by tes  ( see  Tab le  1 ) ,  us ing  

RTE-IVB mother part i t ion. 

T A B L E  1 .  M e m o r y  b u f f e r i n g  r e q u i r e m e n t s  b y  n u m b e r  o f  
D a t a  C a p t u r e  T e r m i n a l s  

No .  o f  No .  o f  Bu f f e r  No. of Buf fe r  

O P T I O N A L  M E M O R Y  P A R T I T I O N S :  T h e  f o l l o w i n g  p a r t i t i o n s  a r e  r e q u i r e d  f o r  o p t i o n a l  
DATACAP/1000 capabi l i t ies.  
EACH IMAGE/1000  DATA BASE ACCESSED:  56K  by tes .  
F O R  I N T E R F A C I N G  W I T H  U S E R  S U B R O U T I N E S :  1 0 K  b y t e s ,  v a r i a b l e ,  f o r  t h e  u s e r  

subroutines. 
TRANSACTION GENERATOR PROGRAM: 40K bytes,  to avoid swapping i f  creat ing t rans 

act ions concurrent ly wi th real- t ime data capture operat ions. 
DS/1000 NETWORK COMMUNICATIONS:  6-25K bytes,  depending upon remote access 

capabil i t ies supported. 
PRICES IN U.S.A.:  

92080A DATACAP/1000 Data  Capture  Sof tware  Package,  $5000.  
92080R sys tem,  t o  Copy  DATACAP/1000  fo r  use  on  an  add i t i ona l  compu te r  sys tem,  

$2000. 
M A N U F A C T U R I N G  D I V I S I O N :  D A T A  S Y S T E M S  D I V I S I O N  
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