MassMemorySystemBroadens
Calculator Applications
lnventorycontrol,payroll,orderprocessing,and other
are now withinthe capability
applications
large-data-base
powerful
desktopcalculator,the BASICof HP'smosl
languageModel30.
by HavynE. Bradleyand GhrisJ. Christopher

t t'oDEL 30 OF HEWLETT-PACKARD',Se800
SeriesCalculators,or Model9830A if you preIYI
fer, ranks among the world's most powerful desktop
calculators.l Its BASIC-Ianguageprogramming,
along with alphanumeric string and matrix manipuIation, give it tremendous data handling capability.
As a result, many usershave developed applications
that require storagecapacity much larger than Model g0's standardtape cassettecan provide. Typically, these applications also call for random data access,and therefore are not conveniently run on any
magnetic tape system. Such applications include inventory control, payroll processing, order processing, account maintenance and others.
The most obvious answer is a disc drive, and two
are now available as peripherals to the 98304. The
drives are Hewlett-Packard 7900 SeriesDisc Drives2
that have been slightly modified and given new model numbers.Model 98674 has one removabledisc
cartridge.Model98678 has one fixed disc and one removable cartridge. Each fixed disc or cartridge can
store 2.4 million 8-bit bytes of data. Data accessis rapid and, most important, the drives have proven
high data-handling reliability.3
On the assumption that a calculator-basedsystem
should have a command set that is flexible and powerful, yet easy to use, the FILES commands of HP
2000C time-shared BASIC were implemented for
the new system. This means that users can take advantage of the large library of programs for HP 2000
Time-SharedComputer Systems.Only minor modifications are neededto run these programs on the new
calculator-basedsystem.
Included with the new system is a comprehensive
packageof support software to simplify systemturnon and databackup. Closecooperationbetweenhardware and software development teams was maintained to arrive at a reliable and versatile system at

minimum cost.and to make the hardware asunobtrusive to the user as possible.
MassMemorySystem
Besidesthe disc drive, the new mass memory system includesthe elementsshown in Fig. 1. A plug-in
read-onlymemory (ROM)block is installed in one of
the 9830'seight ROM slotsto expandthe calculator's
instruction repertoire. An interface cable assembly
containing interface circuitry and a small cache
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Controllercontainsthe electronics
to transferdata to and from the
mass memory.

addresses, commonds, and stotus information are
processed through the 9830A input/output structure.a The basic difference is that cache-memory
transfers go directly to the calculator read/write memory and are much faster than transfers through the
calculator I/O structure.
T h e c a c h e m e m o r y i s a 2 5 6 - w o r d [ 5 1 2 - b y t e )M O S
read/write memory. It allows data transfer from the
calculator at one rate and to the mass memory at a different rate. This avoids any synchronization or timing problems between the two components. The full
256-word contents of the cache memory are transferred during any readiwrite operation with the mass
memory. The cache memory appears to the calculator as an extension of its own memory, but it is not
accessible by the user.
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Multiple Calculatorsand Platters
The mass memory has an extremely large storage
capacity. Each disc, or platter, as it is frequently
called, can store 2.4 million bytes. Therefore, one
mass memory is usually enough for an individual

11305AController

The mass memoryprovidesthe
positioningcircuitryand read/
write electronicsfor readingand
writingon the disc platte(s).

USCI.

For applications that require still more storage, the
11305A Controller can handle up to four platters in
the same system, giving a total storage capacity of
9.6 million bytes. This offers some important advan9857A Single-Platteror
tages to the user. For example. he can accessseparate
98678 Oual-PlatterMass
data bases stored on different cartridges and process
Memory (Disc Drive)
the data on another platter. It also makes duplication
of important data bases very simple.
To match this storage and accessing capacity, the
Each cartridgeprovides2.4M
controller can also handle up to four 9830A Calculabytes of storage.In addition,7K
tors in the same systern (see Fig. 3). Any of the four
of systemsoftwareresideson
\
each olatterafter it is formatted
calculators can access any of the four platters confor svstem use.
q
nected to the system. Each platter contains the full
system software and is not dependent on any of the
128694Cartridge
others for its operation.
It should be emphasized that this system is not o
t i m e - s h o r e d s y s t e m i n t h e u s u o l s e n s e .O n l y o n e c a l Fig. 1. Model 9BB0A|BMassMemorySystemfor Model culator can access a platter at any given time. The
98304BASIC-Language
Calculator
consislsof theelements remaining calculators in the system can access their
shownhere.TheFILES
commands
of HP2000Ctime-shared respective cache memories during this time. The
BAS/Careusedlo accesslhemassmemory,
advantages
are
cache memory remains dedicated to the calculator,
easeof useand a largeexistingprogramlibrary.
not to the controller
It is true, however, that two or more users can be
memory connects the calculator to the disc drive conworking on different applications and sharing one or
troller. Another cable assembly connects the conmore mass memories, and in most such situations,
troller and the disc drive.
neither user would notice that someone else was
The complete system is designated Model 9880
using the system. An order processing system, for exMass Memory System. Model 9BB0A includes the
ample, might have someone entering new orders, an9867A Mass Memory (disc driveJ and Model 98808
other preparing shipping papers and updating invenincludes the 98678.
tory records, and still another preparing order acFig. 2 shows the information-transfer paths in the
knowledgments and billing customers. The new
system. All doto transfers between the calculator and
order entries could be transferred from a holding file
the mass memory go through the cache memory. All
to the main data base at the beginning of each day.
T;------------
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Software Organization
The 9830A add-on ROM structure allows the user
to select specific ROM blocks to integrate a system
that meets his needs.l The maximum number of addon ROMs is eight. Each contains 1024 words, The total software necessary to meet the objectives of the
mass memory system was estimated at approximately 7000 words. Obviously, it would be impractical to

Mass Memory for Business
Applications
To help usersput the new Mass MemorySystemto work as
programpackagesare
soonas jt's installed,
threeapplications
nowavailable.
Theyarefor inventory
control,accountspayable,
and accountsreceivable.
ln eachpackageare allthe programsa typicaluserneedsfor
eachtype of application.
Thusthe programmingeffortrequired
of the user is greatlyreduced.Whilesome usersmay electto
modifythe programs,for example,by changingthe formatof a
report,many will find the programsusableas is.
The AccountsReceivableand Billingpackageprovidesfor
orderly follow-upof receivablesand fast preparationof statements-Statementsand reports are generatedat a single keys t r o k e .T h e s y s t e m c a n b e o p e r a t e d b y a n y c l e r k w h o
understandsaccountsreceivable-no comouterexoertiseor
specialtrainrngare needed.
The InventoryControl package provides reports to help
managementmake inventorydecisions.Complete reports,
such as status,activity,and reorder,are calledfor by a single
keystroke.
Thispackagealsoprqyif,ssfor immediateinquiryinto the statusof any item in the inventory.
The Accounts Payablepackage featureseasy operationby
normal office staff. lt provides management reports to help
anticipatefuturecash requirements,
the abilityto reflectdiscounts when available,and check writingcapability.lt can
chargepaymentsto variousgeneralledgeraccountsand cost
centers,and it can handle partialpaymentsto invoicesfor
balancingavailablecash with cash requtrements.
All of the packagesare designedfor easeof operation,easy
data entry,and expandability.

Fig.2, Data transfers to and from
the mass memory (disc drive) go
by way of a cache memory that is
separate frorn the calculator llO
systemand considerablyfaster,

provide all this software as firmware because this
would consume most of the add-on ROM capability
of the calculator, This problem was solved by adapting the software organization shown in Fig. 4.
The single 1K Mass Memory ROM provides the
controlling firmware and all the speed-sensitive
mass memory commands. Additional mass memory
commandsthat are to be executedfrom the keyboard
or infrequently in a program are stored on each mass
memory platter during initial turn-on. When these
commandsare encounteredin a program or executed
from the keyboard, the mass memory ROM fetches
the corresponding bootstrap-i.e., software needed
to accomplish the particular function-from the
massmemory, transfersit to the calculator read/write
memory (RWM), and executesit. A bootstrap fetch
operationis accomplishedwithin 50 milliseconds.
How are the bootstrapsexecutedin the RWM of the
calculator without destroying the user information
currently residing there? During power turn-on, if
the mass memory ROM block is present,the calculator allocates 300 words of RWM for mass memory
operations.The 300 words are used for bootstrapexecution and special mass memory buffers that facilitate the execution of the data transfer commands.
The support software is comprised of a number of
binary programs stored on a magnetic'tape cassette
that every massmemory user will receive.Theseprograms accomplish such functions as initial system
turn-on, bootstrap verification, platter duplication,
repack of mass memory files, and so on.
PlatterOrganization
Eachplatter, removableor fixed, representsa separate mass memory system. As such, each platter is
independent and must have its own directory area,
bootstraps, and so on. The platter organization is
as follows.

11305AController
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Flg.3. Controller can handle up
to four platters and four calcula'
tors. Operationis not time-shared:
only one calculator at a time can
access a mass memory. At least
two plattersare recommended so
backup copies of data can be
made easily.

Any location on the platter is defined by three variables: head, cylinder, and sector.6cYuNoERdefines
the radial position. There are 203 cylinders, 0
through 202, numbered from the outside of the platter towards the center. sEcroR defines the angular position around the platter. There arc 24 sectors, numbered 0 through 23. A thin metal skirt on the hub of
the platter has 24 slots cut into it to define precisely
the start of each sector. An index slot provides a reference for sector 0. HEAD0 and HEAD1 specify the upper and lower platter surfaces, respectively.
Each platter is divided into two areas, the system
area and the user area. The system area is used by the
mass memory system and is occupied by the following items.

Fig. 4. Mass memory sottwareorganization.Controlfirmware and speed-sensltivernass memory commandsare
storedin theread-onlymemory.A prerecordedsupporfcasseftels usedto record bootstraps(routinesto executeother
massmemorycommands)on the platterwhenthesysfemis
tumedon.

Item
Directory
Availabilitj' Table and
Defective Track Table
Bootstraps

Location

Head o, Cylinders 0 and t
Head o, Cylinder 2
Head 0, Cylinders 3 to 7

The directory serves as the file index of the mass
memory system. All file names, along with other pertinent information such as relative location and size,
are entered in the directory. The availability table
contains a list of all vacant mass memory segments
that are available for user files. The directory and the
availability table are automatically updated by the
system every time a file is created or deleted. The defective track table contains a list of the defective
tracks present on the platter. A maximum of six defective tracks are allowed in the user area.
The remaining platter area is available for: user
data, program files, and key files. This area has a
capacity of +zsz 512-byterecords.
Files
The mass memory system accepts three types of
files: data, program, and key files. The minimum file size is one 512-byterecord. The maximum
file size is 4752 records.
Data files are created via the oPENcommand. This
command is both keyboard-executable and programmable, and has the following syntax:
fl-ine No.] oPEN"DATA1",N
[Line No.] oPENAg,N

N specifies the length of the file in records, DArAl is a
file name, and n$ is a string variable that represents a
file name to be assigned later. The line numbers are
used only when the opEN command is in a nasrc-language program.
Data files can be deleted via the KILL command.
[Line No.] KrLL"DArAl"
[Line No.] KrLLAg
Like opnN, the zurl command is both programmable and keyboard-executable. Thus a program can
determine the necessary number of data files and
their sizes, create these files, and dynamically delete
them when their contents are no longer needed.
Program and key files are automatically created by
the savr and savn KEy commands, which store in the
mass memory the present main-line programs and
key definitions, respectively. The system calculates
the minimum file size, opens the file, and stores the
specified information. Programs can be read from the
mass memory and transferred to the calculator via
the cnr and cuam commands. The cm command
destroys the variable values established by any previously executed program whereas CHAIN retains
them. Like data files, program and key files can be deleted via the zun command.
Data Handling
The mass memory system enhances the data handling capacity of a 9830A Calculator. Numeric data in
integer form (-r32762), split precision form
(*g.gggggE+63), and full precision form
(+-g.gggsgg99999E+99) can be stored in mass memory files. Integers and split precision numbers occupy four mass memory bytes. Each full precision
number occupies eight mass memory bytes. When
numeric data is retrieved from the mass memory,
type conversion is allowed and is automatically accomplished by the mass memory system, provided
that numeric overflow is not encountered.
If a String ROM block is present in the 9830A,
alphanumeric strings of characters can also be stored
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in the mass memory. The maximum string size is 255
characters. Strings and numeric items of any precision can be stored in mass memory files in any order.
Data can be stored in mass memory files in serial or
random modes. In the serial case,the complete file is
considered a serial access storage device. In the random case. a file can be used as a random access storage device in which logical records (256-word subfiles) can be modified independently.
The data files that will be accessed by a given program must be declared by name in a FILESstatement
before data storage or retrieval is attempted. A maximum number of ten files can be declared in a FILES
statement and be active at any one time.
Upon execution of the rnns statement, it will be
verified that the declared files exist in the directory
as data files. In addition, the "files" buffer will be
created. This buffer will contain address, size, and
other file information. Once this buffer is created, all
subsequent data transfer commands will refer to the
declared files by numbers corresponding to their relative positions in the FILESstatement. This technique
allows greater flexibility and higher data transfer
rates.
Data is stored in the mass memory via the pRrNT#
command and retrieved via the READ# command. Entire arrays can be transferred to and from the mass
memory via the MAT PRINT# and MAT READ# commands when a Matrix ROM block is available in the
system.
The pnlNr #n; sNn command prints an "end of
file" marker in the next available position of the nth
d a t a f i l e , w h e r e n : 7 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0T.h i s m a r k e r
indicates the end of available data and can be detected by the READ# commands.
The rvl(n) function can be used effectively to determine the type of the next data item in a data file,
and thus avoid terminal execution errors caused by
type mismatch. The value of the function is an integer between 0 and 6, depending on whether the
next item is a full-precision number, a string, an end-
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Fig. 5, Up to ten filescan be active at any time. Files must be
named in a FILESstatement
(line 40). 's may be used to reserve storage for files to be assigned later.
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Fig. 6. Ihls program is written so il accepts a file name to be
supplied by the user during execution. Data in the selected
file is then printed. Line 120 ends the program when the end
of the selected file is reached.

of-file marker, an end-of-recordmarker, a split-precision number, or an integer.
The example in Fig. 5 illustrates the file and serial
data print concepts by collecting the input data and
The pRINr# comstoring it serially in file "poRDER".
mand of line 170 will storethe data items listed to the
right of the semicolon in the file correspondingto position one of the pIrEsstatement,that is, the file ponDER.The IRINT# command of line 190 will place an
"end of file" marker in the first location of the next
available record. The *'s are used in the FILESstatement to reservebuffer storagefor files that will be assigned later.

command of line 150. This escapecondition stipulatesthat if an "end of file" marker is encounteredin
the read process,control must be transferred to line
190.
SpecialCommands
A set of special commands provides additional
flexibility for data backup and file handling.
PLATTER-DUPUCATE
transfers all the information of
platter
the specified source
to the specified destination platter. Thus, where multiple platters are available, a backup copy of a platter's contents can be
made in approximately three minutes.
DFDUMIenablesthe user to dump data file information onto a magnetic tape cassette.The system will
dump 15Orecords of data on one magnetic tape cassette. If the data file is larger than 150 records and
more data is present in the file, the system will request additional cassettes.
Dcopy copies the information of a specified data
file into another file of a different name. The source
and destination files must be of the same protective
status.
nRnNallows the user to changethe name of a specified file. Ifthe file is protected,the correct protection
key must be given. If the proposednew name already
exists in the mass memory directory, the command
will be aborted.
Transfer Rates
Transferratesfor programsand data are of particular interest when the mass memory is used to cETor
CHAINmany programs and transfer large amounts of

File Protection
To provide restricted accessto important data files
and to protect files from accidental deletion, the user
may protect his files via the pRorEcr command:

Sector Pulses (24 Per Revolution)

PROTECT "FILE NAME", "PROTECTION KEY"

The protection key should be a secretstring of one to
six characters.
The only way the user can gain accessto a particular protected data file is through the ASSIGNcommand:
ASSIGN "FILE NAME", N, X, "PROTECTIONKEY''
N is the FILES statement position to which the speci-

fied file is to be assigned.X is a return variable that
provides status information about the attempted
operation.The file name and protection key may also
be given as string variables.
To delete protected data, program, or key files, the
user must executethe rnl command augmented by
the correct protection key:

Check Word
(16 Bits)
Preamble
(192 Zero Bits)

Sync word
(1 Bit and

Postamble

(32ZeroBits)
Inter-Record Gap

15 Zero Bits)
Address Word
(Head, Sector,
and Cylinder)
Data Field
(256 Words)

KILL "FILE NAME'" "PROTECTION KEY''

The examplein Fig. 6 illustratesthe file assignment
and serial data read concepts.The m'END# command
of line 120 sets an "escape" condition for the read

Flg.7. Each 512-byte (256-word) record occupies lwo sectors on the platter.

data. The program transfer rate is approximately 7.2
milliseconds per word. Data transfer rates depend on
the number of items present on the IRINT# or READ#
list. The typical transfer rate is approximately 20
milliseconds per data item.
RecordFormat
A record is defined as the amount of information
that is transferred to and from the mass memory in
any given read or write operation. A record contains
256 words or 572 bytes of usable data.It also contains
a preamble of.tgz zero bits (seeFig. 7), a sync word,
which is a t bit followed by 15 zeros,and an address
word, which contains the binary equivalent of the
three location variables (head, sector, and cylinder),
followed by the data field of zs0 words, the 16 bit
checkword, and a postamble of 32 zero bits.
Each record occupies two sectorsand begins only
on the even numbered sectors.No addressword exists for any odd numbered sector becausethis location is overwritten by the data field.
When information is written on the platter, a crystal controlled circuit provides a clock rate of 2.5
MHz. A clock pulse is written at the beginning of
each data "cell." The data is mixed with this clock
such that a r bit causes a pulse to occur between
clock pulses, while a zero bit does not causea pulse
between clock pulses.sWhen the information is read
from the platter, the presence of a pulse between
clock pulses indicates a t bit; otherwise the cell contains a zero bit.
Small variations in the speed of the platter cause
the data transfer rate to fluctuate. Pulse crowding in
the magnetic medium causes further perturbations
in the transfer rate. When reading, therefore, it is
necessaryto synchronize with the data rate rather
than any absolutereference.This synchronization is
started at the beginning of each record. The 192 bits
of the preamble allow a phase locked loop to synchronize to the 2.5MHz data rate from the platter. Once
it is locked, the loop will track the small variations in
the data rate. The absenceof any 1 bits in the pream-

ble assuresthat the loop becomeslocked only to the
clock rate. The 1 bit of the sync word establishesa
referencepoint so the remainder of the record can be
correctly interpreted.
The checkword is a 16-bit word that is uniquely determined by the addressword and the datafield. It enables certain errors to be detectedwhen the record is
read from the platter. The postamble provides clock
pulses at the end of the record to allow the read circuitry to complete the read operation.
The entire record must be written each time any
portion of the data field is to be changed. However,
the addressword will always be the samebecauseit
correspondsto the physical location on the platter.
Write Operations
A wRtrn operation consistsof four stages.First, the
data to be written is placed in the cache memory.
Next the desired platter location is found. Third, the
Iocation is verified to be the correct one. and finallv.
the record is written on the platter.
After the data has been placed in cache memory
the calculator requestsservicefrom the 11305A controller. When service is granted to the calculator, the
head, sector, and cylinder addressesare transmitted
to the controller and mass memory. When the mass
memory signals the controller that it has found the
desired location, the controllel commands the mass
memory to read the address portion of that record.
The address word that is read must compare bit for
bit with the addresssent by the calculator. If it does
not, an error signal is returned to the calculator.
If the addressis correct.the data is then written into the next sequential record on the platter (seeFig.
8). This offset allows time for the address comparison to be made and then a full record to be written, including the preamble and an updated address, as
soon as the next record is reached. If this were not
done. the controller would have to wait a full revolution of the platter before it could initiate the write
command.
The read operation is the sameexcept that the data
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Address 2
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Fig. 8. Data is offsef from record
addresses on the platter so dala
can be read ot written as soon as
the correct address is detected
instead of waiting for another revolution of the platter.

is read into cachememory from the platter. The calculator can then accessany of the 256 words of cache
memory as needed.
The system does not have read-after-write capability. The penalty in operating speed and software
made this function costly to implement. The overall
system reliability is high enough that read-after-vwite
is not necessary.3
MultiplePlatters
When there are two or more platters in a system the
uNn numbers shown in Fig. 3 provide platter identification for the system software. The 98674 singleplatter drive has a switch on the front panel that can
be set to four positions, 0 through 3. The 98678 twoplatter drive has an internal setting corresponding to
UNITSO ANd 1 Or UNITS2 ANd 3, IN thE 98678, UNITS
0 and 2 correspond to the removeable cartridge and
UNITs1 and g to the fixed platter of the massmemory.
A uNtr n command from the calculator determines which platter in the system is to be accessed.
Obviously, no two platters in the system can be assigned the same uNIt number. The uNn number is
part of the address that is sent to the mass memory.
Only the drive with the selectedUMT number will respond to the controller commands.
ServiceAllocationfor MultlpleCalculators
When there are two or more calculators in a system
the controller sequentially scans each of the service
request Iines from the calculators. As soon as a service request is detected, the controller halts the scanning process and enablesthe address and status lines
from that calculator (seeFig. 2). Theselines are common to all calculators connected to the system, so

State
Transltion
lnhlblt
Qualifier
Inputs

only one calculator can use them at any given time.
The data lines (8 lines) between the cache memory
and the controller are also common, so the controller
must enable these lines to the cache memory corresponding to the calculator requesting service.
The controller remains dedicated to this calculator
until it has releasedits service requestfor about 750
milliseconds. Then the controller resumesscanning
the service request lines. The scan rate is about 150
kHz. The scanning circuits are designed so there is a
dead zone betweenthe time that each servicerequest
line is checked.This guaranteesthat there will be no
transientsthat could causeaccessto be granted to the
wrong calculator.
HandshakeOperation
The calculator and the controller operate asynchronously. To guarantee that they do not get out of
step and misinterpret data, all address and command
signals from the calculator are flaggediand receipt acknowledged by the controller. Each time the controlIer acknowledgesreceipt of an addressbyte, the calculator checks the status lines to determine whether
an error occurred. The controller does not always
immediately acknowledgereceipt; testsmay be made
on the information or some other operation performed first, but all transmissions are eventually
acknowledged.
If an address error is detected during the transmission or reading of addresses,three attemptsare made
before the operation is terminated by the calculator.
If a checkword error is detected in trying to read the
data, ten attempts are made before the calculator
gives up and displays an error messageto the user.
This technique makes momentary errors recover-

Fig. 9. Controller instructionsand
functions are stored in a 256-state
bipolar ROM. One bit of the current ROM address determines
whether the transition to the next
address is qualified or unconditional.

able so the system is not affected by them.

addressdetermine which qualifier is to be selected.

Controller Hardware
All of the controller functions and instructions are
contained in a 256-state,Z0-output ROM (see Fig.
9). The clock frequency of 5 MHz required that the
ROM be bipolar rather than MOS. The 20 outputs provide information for the next address state (8
lines), the coded instruction outputs (6 lines), and
the instruction decoder selection bits (6 lines).
The most significant bit of the current ROM address determines whether the transition to the next
address is qualified or unconditional. For qualified
transitions, two types of qualifiers are used. One type
data that comes from the
modifies the Nsxr ADDRESs
ROM. This type is generally used when an exit must
be made from a microprogram loop. The secondtype
from being
of qualifier prevents the t{sxr ADDRESS
clocked into the addressregister until the qualifier is
satisfied. This type is particularly useful when an
asynchronous event is expected but its time of occurrence is only approximately knpwn. There are seven
modifier qualifiers and nine inhibit qualifiers. In
each ty1re,the four least significant bits of the present

lnstructions
Six instruction decoder chips, eachhaving four instruction bit inputs, generate the signals required to
operatethe system. These decodersare divided into
three setsof two decoderseach (seeFig. 10).Each decoder has a unique enabling bit that comes from the
ROM. The six instruction bits from the ROM are decoded into 44 individual control lines for the system.
The relationship between the ROM address states
and qualifier selection and the interleaving of the instruction outputs made the ROM state assignments
and microprogramming a very interesting and challenging task.
To avoid transients caused by the unequal switching times of the ROM outputs, all of the 44 control signals from the decoders are latched into flip-flops.
The outputs of these flip-flops control the rest of the
system.Each signal lasts 200 nanosecondsor a multiple of 200 nanoseconds.AII instructions are latched
on the next clock following their generation from the
ROM. Becauseof the complexity, careful attention
was given to gate delays and switching speeds.

1of16
Decoders
Instruction
Llnes

t0
l1
l2
!3
t4
l5

Asynchronous
lnstruction
Outputs
44 System
Control Slgnals
(Synchronous)

from
Flg. 10. SxJrne instructions
theROMaredecodedinto44 lines
to controlthe syslem.
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DataTransfer
Data is transferredbetween the cachememory and
the controller via an g-bit data bus. Two 8-bit shift
registers in the controller receive the data. The data
is then transferred serially to the mass memory.
In a read operation, data from the mass memory is
transferredserially into theseregisters,then in parallel to the cachememory. As soon as one shift register
is filled, its contents are gated to cache memory
while the secondshift registeris being filled. This requires 3.2 microseconds.Two write pulses, each one
microsecond long, write 4-bit bytes into the cache
memory. The remaining time is used to change the
cache memory addressfor the second byte. The control circuits for cachememory keep count of the total
number of bits transferred.When 256 words are completed, a signal is sent to the ROM qualifier and the
operation is terminated.
Clock Switching
Normally, all of the system functions are controlled by the 5 MHz crystal clock. However, when
data is read from the platter, the clock must be derived from this data. This poses a problem in that
transfer from one clock baseto the other must be accomplished without any transients that could cause
false signals or causethe system to "get lost."
Two requirementsmust be met to avoid theseproblems. First the clock signal coming from the mass
memory must be well established,and second,
switching must take place at the beginning of a clock
period to avoid any very short clock periods. Short
clock periods are bad becausethe ROM needs a certain amount of time to respond to each clock pulse. If
a clock pulse arrives too soon the ROM may jump to
an incorrect address.
This problem is solved by the synchronization circuit shown in Fig. 11. This circuit allows the clock
currently in effectto disableitself and the clock being

5 MHz Crystal
Clock

acquired to enableitself. To further minimize risk, no
other instructions are given in the ROM statepreceding and following the clock transfer state. With this
approach it is possible that an extra long clock cycle
may be generatedduring the switching processbut
not any short ones.
SystemReliability
Multiple-calculator/multiple-mass-memory systems have accumulated more than Z50Ounit hours of
testing to establish their reliability. Extensive applications development has provided further testing.
Systemshave transferredmore than 1010bitsbetween
recoverableerrors.
Hardware safeguardshave been implemented to reduce the possibility of loss of the user's data.Both the
98674 and the 98678 have front-panel switches
which, when set, prevent any writing on their platters.
Failures can occur in any system,of course,no matter how well designed it is. For example, if primary
line power fails during a write operation, that data
will be lost. Improper maintenance or lack of maintenance can causethe mass memory to malfunction
and data can be lost. This emphasizesthe need to provide backup for any critical data. A multiple platter
system makesthis backup quickly and easily accomplished. Tape cassettesare another means of backup
data storageand the system software also makes this
easily accomplished.
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Fig. 11. S-MHzcrystalclock controls the system except during
read operation, when the clock
slgna/ ls derived from the data.
This circuit synchronizes switching from one clock to the othet.
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SPECIFICATIONS
HP Model 98801/8 Mass Memory System
DATA CAPACITYAVAILABLETO USER:
96804
2,433,024
BYTES
2
BYTESPERWORD
256
WORDSPERRECORD
4,752
NUI\4BER
OF RECORDS
768
NIAXIMUM
NUI\,IBER
OF FILES

ALTITUDE:0to 10,000feet
HUMIDITY:8 to 80% non-condensing
'10
excursion
VIBRATION: to 50 Hz at 0.01 inch oeak-to-peak
ATTITUDE: 130" Ditch and roll
AIR FILTRATION:
9867A Mass Memory Orlve 98678 Mass Memory Driva
ABSOLUTEFILTERING
0.3 micron
0.3 micron
AIR FLOW RATE
25 CFM
75 CFM
PRICES lN U.S.A.: 9830A Calculatorwith 7616 bytes ol read/writememory and
String Variable ROM, $8495.
98804 (single platter) System, $10,945.
98808 (dualplatte4System,$12,995.
(98804,i8prices do not include calculator.)
(Option101),$200.
Installation
Applicationssoftware packages, $500 each.
98664 Thermal Page Printer, $2995.
MANUFACTURINGDIVISION:CALCULATORPRODUCTSDIVISION
815 FourteenthStreet SW
Loveland,Colorado80537 U.S.A.

98808
4,866,048
256
9,504(4752lplatter)
1,536(768/platter)

SPEED:
AVERAGEACCESSTIME
DATATRANSFERTIME

98808
9880A
4 2 . 5m s
47.5ms
5.7 ms
5.7MS
per512bytes
per 512 bytes
(Mass lvlemoryto Calculatoror vice vefsa)

ENVIRONMENTAL(ENTIRESYSTEM):
TEMPERATURE:
Operating:10 to +40"C
Non-operating: 20 to +65'C
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An EasilyGalibrated,VersatilePlatinum
ResistanceThermometer
area choiceof
of thisdigitalthermometer
Unusualfeatures
analogoutput,internormalor expandedresolution,linear
probes,
includinga battery
many
options
and
changeable
pack and digitaloutput.
by Tony E. Foster

THERMOMETERS ARE convenient
Ir|IGITAL
l-ll high-resolution instruments that are widely
used both in laboratories and in industry when the
ultimate in laboratory-standard temperature accuracy isn't required. General-purpose digital thermometers usually have three- to five-digit displays.
Their temperature-sensing elements may be platinum or nickel resistance wires, thermocouples, thermistors, or other solid-state devices.*
Model 28o2A Digital Thermometer, Fig. 1, is a
new 4%-digit platinum resistance thermometer designed to measure a broad range of temperatures
with greater-than-ordinary versatility, ease of use,
and economy. The new thermometer is a dual-range
instrument that measures temperatures between
-200'C and +600"C with 0. 1"C resolution, or between -100"C and +200'C with o.ot"C resolution.
Accuracy in both ranges is specified as -r0,5oC
-ro.257o of reading, which means that a reading of 0"C
is accurate within -f 0.5"C, readings of -r 200'C are accurate within + 1"C, and a reading of +600'C is accurate within -r 2"C. These specifications are for the entire system including the probe, and are conservative,
A standard feature of the instrument is rear-panel
analog output, which provides a voltage proportional to the measured temperature for monitoring, recording, or feedback purposes. The output voltage is
equal to one millivolt per degree on the normal range
and ten millivolts per degree on the expanded-resolution range. The accuracy of the output voltage is the
same as that of the digital display.
An important characteristic of the new thermometer is its system design, which provides a great
deal of versatility, There are three basic elements: display, thermomodule, and probe. The display is a stan-

dard Model 3474oA,a memberof the 3470Measurement Systeml; it forms the top half of the instrument.
The thermomodule, which contains probe input and
sensor-linearizationcircuits, references,and analog
output circuits, is the bottom half. Between the display and the thermomodule the user may insert one
or both of the two centermodules of the 9470System,
a battery pack and a BCD digital output module.
Thus the thermometer can be completely portable
and/or be part of a digital data acquisition system.
It is also possible to replace the thermomodule
with other modules of the 3470 Svstem, which in-

Fig. 1, Model 28024 Thermometet measures -200'C to
600"Cwith 0.1oCresolutionor -100'C to 200"Cwith 0.01"C
resolution. Compatibility with the 3470 Measurement System
provides versatilityand expandability.

'An exception
digital
is Hewlett-Packard's
Model2801AouartzThermometer,
a super-high-resolution
thatrs probably
instrument.
thermometer
moreproperly
classified
as a specialpurpose
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clude digital voltmeter and multimeter modules.
Users who already have a 3470 System need only
acquire the thermomodule to gain temperaturemeasurement capability. The thermomodule is also
compatible with the lslz-digil 3475OA display module; the last digit is blanked when the thermomodule
is attached.
Besides making the thermometer a versatile instrument, the system design makes it possible to start
with just a basic system and add other capabilities
later at modest cost.
Why Platinum?
The basis of any measurment is the sensor. The reliability of the measurement depends first on how
well the sensor's characteristics can be specified and
then on how well the sensor information can be
linearized for presentation to the user.
Of the commonly used sensors for general-purpose digital thermometers platinum is the most stable and most easily linearized. Platinum sensors also
have good range (-250" to +800"C). They are more
costly than either thermocouples or thermistors, and
their minimum size is larger. But thermistors suffer
from instability and limited temperature range, and
thermocouples, while they have broad range (up to
1800"C), are difficult to linearize and require good
reference junctions, which are difficult to obtain.
Platinum is used as a temperature standard by the
United States National Bureau of Standards2 and is
the basis for the International trractical Temperature
Scale (rS68).3 Thus its characteristics are well
known.
Platinum resistance sensors are in common use in
industry. Typically, they are linear within +1Plo between - 200'C and +600'C. Also, there is a particular-

ly simple and accurate way to linearize them.
For all these reasons, platinum resistance wire was
chosen as the sensor for the new thermometer. Four
different types of sensor probes are available (see
Fig. 2 and specifications, page 17).
What's Inside
The goal in the electronic design of the 2BOZA
Thermometer was to make maximum use of the
accuracy ofthe sensor,but not at the expense ofversatility, ease of use, and low cost.
To study the effects of changes in various parameters on accuracy, proposed designs were simulated using an HP 9810A Calculator and a 9862A Plotter. Among the parameters varied were probe
specifications (i.e., nominal resistance Ro and
nominal slope o : dPJdT), lead resistance, degree of
linearization, amplifier gain stability and dc drift,
temperature coefficients of electronic components,
and calibration methods. A four-wire, autozeroed, resistance ratio measurement technique was decided
upon.
The 34740A display was chosen because it provided a dual-slope analog-to-digital converter, a
arh-digit display, power supplies, and a convenient
package, and because the required engineering effort
should be greatly reduced by using an existing instrument.
The major part of the thermometer design was in
the thermomodule. The principal circuits are a linearizer,acurrent source, areference circuit, autozero circuits, and an analog output buffer (see Fig. 3).
LinearizationSimplifies Calibration
If the resistance-versus-temperature characteristic
of platinum were linear, a voltage proportional to temperature could be derived simply by sending a known
current I through the sensor and detecting the resulting voltage IoR' where R, is the sensor resistance. However, R, is not a linear function of temperature. As Fig. 4 shows, the resistance-versus temperature characteristic of platinum departs from the
ideal linear characteristic, especially at higher
temperatures.
To cancel the nonlinearity of the sensor a nonlinear
amplifier is used. Positive feedback is added around
the sense amplifier (i.e., the input amplifier), making
its effective gain increase as the sensor resistance increases with temperature (see Appendix). The linearization is typically accurate within -f0.5oc worst
case over the range of -200"C to *600'C. Fig. 5 is a
linearity plot for a typical sensor after linearization.
An advantage of this analog method of linearization is that there are no discontinuities in the displayed temperature as the temperature changes. This
is sometimes a problem when piecewise-linear com-

s)
Fig. 2. Four types of platinum reslslance probes are available. A change of probes requires only a simple recalibration
that can be pertormed by the user.
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pensation networks or read-only memories are used
for linearization.
The analog linearization method also makes probe
calibration a simple task that can be performed by the
user. To get maximum accuracy,the instrument and
the probe must be calibrated together becauseof inherent probe-to-probe variations in sensor characteristics. Calibration has usually been done by the
instrument manufacturer,but if a probe is damagedor
changed, the entire instrument must be returned to
the factory, a cumbersomearrangement.
With the 28O2A,on the other hand, a probe can be
matched to the instrument simply by immersing the
probe in an ice bath and making two front-panel adjustments. This one-point calibration is possible becausesmooth analog linearization is used. The gaindetermining componentsare fixed, which meansthat
if the gain is known at one temperature it is known
at all temperatures.
After linearization, the temperature characteristic
of the system is theoretically a straight line and can
be defined by its slope and one point. The slope is determined by the gain of the system. With the probe
characteristics(Roand a) properly specified, the gain
required at OoCis easily determined. When the user
calibratesthe systemat 0" he first setsthe gain to this
value. With the c,ql button tn (this disables the center
current switch in Fig. 3 so it never closes) and the
probe in an ice bath, the user makes a front-panel
adjustmentso the display reads.2.4.0.8.This setsthe
15

Fig. 3. Thermomodule (bottom
half of instrument) contains a
linearizer, a current source, a reference circuit, autozero circuits,
and an analog output buffer.
Dual-slope analog-to-digital conversion is done in the display
module. The thermometer makes
a four-wire reslstance ratio measurement.

gain. Then with the cAL button out and the instrument operating normally, he makes another frontpanel adjustment so the display reads all zeros, the
temperature of the ice bath. This sets the required
point on the line. Having set the slope and one point
on the temperature characteristic,the user has calibrated the svstem.
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Fig. 4. Linearizer corrects the R-vs-f characteristic of
platinum. Analog linearization avoids the discontinuities
of piecewiseJinear and ROM methods and makes feasible
a simple one-point user calibration procedure.
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Fig. 5. After linearization, deviations from linearity are less than
0.5"C over the entire temperature
range. Specified accuracy of
+0.5"C +0.25"/" of rcading includes all instrument and probe
errors.
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Calibrations done at one ambient temperatureare
valid even if the ambient temperature changes by
-r SoC.Becauseof the way they are specified and calibrated,all HP probesare completely interchangeable.
After a change of probes the user need only repeat
the ice-bath calibration procedure and the instrument will meet its published specifications.
RatioMeasurement
In the 28O2Athe referencecurrent Io is generated
by the three-output current source shown in Fig. 6.
The operational amplifier compares the voltage
acrossthe current-senseresistor R" with the voltage
V" and adjusts the bias voltage on the gate of one of
the three field-effect-transistorcurrent-passelements
to keep the voltage acrossR", and therefore the current through it, constant.Logic signals causeone and
only one of the three FET'sto be turned on at any time.
The dual-slope analog-to-digital converter in the
display section makes it possible to perform a ratio
measurement by time-sharing the current source.
First the current is applied to the sensor,and the A-toD converter integrates the voltage IoR, for a fixed
time. The current is then switched to the reference
resistorsR, in Fig. 3, and the A-to-D converter integratesthe resulting voltage downwards until its output reaches zero. The time required to integrate
down to zero is proportional to IoRr/IoR..Io cancels
and R. is chosenso the unknown temperaturecan be
measured directly by counting the rundown time.
Thus the measurementis a resistance-ratiomeasurement and its accuracyis dependent primarily on the
accuracy of the referenceresistor.
An advantage of the dual-slope analog-to-digital
conversion is that any long-term changesin the current source,the clock, or the integrator do not affect
the accuracy of the measurement.

acrossthis resistor is then equal to the output of the
linearizer at zero degreesCelsius. This voltage and
any amplifier-offseterror voltagesare stored on capacitor C1. Then, during the measurementperiod, S"
opens and the voltage on C1 is subtracted from the
linearizer output voltage, thereby cancelling the
errors.
Autozero cancelsthe effectsof drift in the dc amplifiers and any thermocouple effects in connectors.
Thus little sensorcurrent is needed and self-heating
is negligible. Lessthan 0.1 milliwatt is dissipated in
the sensor.
To make the measurementindependent of the resistanceof the probe cable a four-wire measurement
technique is used. Two leads drive current through
the sensor and two different leads sensethe voltage
across the sensor. Any voltage drop in the sense
leads causedby amplifier bias current in the lead resistanceis cancelled during the autozero cycle. The
ground senseamplifier shown in Fig. 3 provides a return path for the sensor current while assuring that
the ground lead of the sensoris at ground potential.
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AutozeroCancelsErrors
During the autozeroperiods, which alternatewith
the measurementperiods, switch S" (see Fig. 3) is
closed and the current Io is switched to flow through
Roffset.
In a properly calibratedinstrument, the voltage
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F19.6. Currentsource has three outputsthat are switched on
one at a time to send the reference current to the sensor, to a
set of reference reslstors. or to the autozero circuits.
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AnalogOutputAlso Autozeroed
The analog output buffer is an autozeroedsampleand-hold circuit. During the autozero period
switches St and 52 are closed and 53 and 54 are
open. A voltage representingerrors and zero offsetis
stored on capacitor C2. Then during the measurement period St and 52 open and 53 and 54 close,
thereby closing the loop so the output voltage tracks
the input voltage minus the voltage on C2. Capacitor
C3 storesthe output voltage betweenmeasurements.
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SPECIFICATIONS
HPModel2802AThermometer
These specificationsar6 "total system specifications"meaningthey apply to both
the instrumontand the probe working together.

RANGES:-2oo to +60eC and -'100 to +20eC
RESOLUTION:0.1"C on -200 to +600'C range, 0.01'C on -100 to +20trC
range
ACCURACY: t(0.5'C 10.25% of reading) on both ranges
DISPLAY:4% digitsLED on HP 34740AModule
STABILITY: !0.2"C for 7 days (23"C a5"C ambient)
LINEAR ANALOG OUTPUT: 1 mVfC on -200 to +600"C range, (-0.2 V to
+0.6 V F.S.), 10 mVfC on -100 to +200"C range(-1.0 V to +2.0 V F.S.)
Voltage accuracy equal to that ot digital display. Output impedance 1 ko on
both rangss.
ENVfRONMENTALSTANDARD: HP 28O2A Thermometer ooerates within
these specificationsin environmentsof 0 to 5OC and up to 95o/orelativehumidity ovor most ofthis temperaturerange.After calibrationin some arbitraryambient
t e m p e r a t u r e ,i n s t r u m e n t c a l i b r a t i o nr e m a i n s v a l i d w i t h a m b i e n t t e m perature changes up to ts'C.
POWER REOUIREMENTS:Operateson any ot four single phase ac line voltages
'l
00 V, 120 V, 22o V, 240 V rms ( +5%, - 1o7"1,48 Hz lo 44OHz. Power dissipation is 8.7 volt-amperes.
DIMENSIONS:Thermomodulewith displayunit is 159 mm wide, 98 mm high,
248 mm desp (61Ax 37/ex 9y4in); nat weight is 2.27 kg (5 lb), shipping weight
about 3.39 kg (7% lb).
PRICESIN U.S,A.:
2802A Digitaf Thermometercomplele with 41/2digit 347404 Display, requires
HP 18410 series probe (see list below), $700.
Option 001 DigitalThermomodulethermometerunit only, without display unit or
probe. NOTE:Sinco thermomodulewill not operatewithout display,this option
is for those planning lo use thermomodule with thef own HP 347404 or
HP 34750A Display Modules. Deduct $325.
PROBES:
NOTE: Time constant tor probes measured in waler flowing at 3 meters per
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A nativeof Indianapolis,
Instituteof Technologyin 1970with a BSEEdegree,then
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APPENDD(
AnalogLinearization
In the 28024 Thermometer, platinum r€sistance tgmperature sensors are lineadzed by adding positive teedback to ths sense amplitier. This leedback is
representedby R3 in Fig. 3.
Without feedback,the gain of the amplifieris

second.
'18641
Probe, 13 cm stainless steel sheath, 6.4 mm diameter, with armored
'1.83m long; for -200 to +500"C, to +600"C short lerm (preventcable
cable
movement above 250'C); time mnstant 5s. $165.
'18il2 Probe, sams as 18411 probe except with 1.83 m Teflm-insulated cable;
cable must be keDtbelow 250"C. $150.
18643 Probe, 13 cm stainlesssteel sheath,6.4 mm diameter,with last 5.1 cm of
sheath tip reducedto 3.2 mm diameter;tor -20o to +50CC, to +60CC short
term; Teflon cable 1.83 m long, must be kept below 250"C;time constant 1.8s.

G : (81 + R2\tR2 >1
and the output voltage is
Vo:V;nG=loR"G.
With leedback, Vo becomes a nonlineartunclion ot Rs:
Vo: RgloRrG(R3 + Rs -GRs)
Vo : loR"Gg

$180.
'|
8Bt4 Probe Kit, includesplatinumsensor cartridge,1.3 cm x 0.25 cm diameter,
having two nickel leads, I cm x 0.03 cm diameler, mble @nnactor, wiring
diagram tor four-wire hookup; time constant 0.5s. S105.
MANUFACTURINGDIVISION:SCIENTIFICINSTRUMENTSDIVISION
1601 CaliforniaAvenue
Palo Alto, California94304 U.S.A.

where the etfectivegain Ge is given by
G" : GR3(R3 + R. -GRj.
Thus with fsedback, the effectivegain of the amplitierincreases as Rs incr€ases,
i.e.,as the temperatureincreases.Wth properlychosenparameters,this tgndslo cancel the nonlinearityof the Rs-vs-T characteristicof platinum.
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Speedingthe ComplexCalculations
Requiredfor AssessingLeft Ventricular
Functionof the Heart
Adaptingcomputersto medicalfaskshasbeenslowerthan
originallyanticipated,going sfep-by-sfepas trulysuitable
lasksare identifiedand implemented.Here'sanother
exampleof how a computercan help out whena suitable
faskis identified.
by PeterDikemanand Chi-ningLiu
rTrUn ANALYSIS OF A CINEANGIOGRAM-a
.1 dynamic photographic recording of fluoroscope
imagesof blood vessels- is one of the major clinical
diagnostic procedures in the assessmentof heart
function. The procedure involves injecting radiopaquedye into the blood streamin different parts of
the heart. Under the X-ray fluoroscope,the outline of
the different chambers of the heart and large blood
vesselsare clearly visible. This X-ray image can then
be recorded on cine film to provide a dynamic, realtime record of blood flow through the blood vessels
and heart chambers.The left ventricular cineangiogram is a major diagnostic tool for the assessmentof
ventricular function.
Analysis of a left ventricular cineangiogram provides measurementsof ventricular volumes at different points in time during the cardiac cycle. From
thesevolume measurements,parametersvital to ventricular function can be derived.

where
D" : Minor axis in the anteroposteriorview.
D" : Minor axis in the lateral view.
L : Major axis, i.e., the longest measuredlength
regardlessof whether it is in the AP or lateral
view.
The two minor axes, D" and D" are calculated
as follows:
41^"
(2)
D" : ,ttt
41^"
n
(3)
U^ _ *I
u

Reviewof BasicTheories
The basic methods commonly used in measuring
ventricular volume from the ventricular angiogram
are as follows.
The Biplane Area Length Methodl. The anteroposterior (frontal) view and the lateral view of the
left ventricle image are recorded simultaneously by
biplane X-ray equipment. Fig. 1 shows a sample of
the film and the parametersused for the calculations.
The areas are usually measured by using a planimeter.
The area-lengthmethod postulatesthat the left ventricular cavity can be representedby an ellipsoid and
that the volume can be calculated using the following formula:
rv, : - x 4_txr ,_. xD_^ . . D " . . L

,rue

where
A" : Area of the projected image in the AP view.
A" : Area of the projected image in the lateral view.
L" : Largest measuredlength in the AP view.
L" : Longest measuredlength in the lateral view.
The Biplane Integration Method2. This method is
basedon the assumptionthat the cross-sectionaloutline of the left ventricle is approximately circular or
elliptical. It requires successive measurements of
corresponding cross sectional axes at fixed intervals
from the biplane cine image as shown in Fig. 2. The
left ventricle is thus divided into "slices", and the volume of each slice is calculated by:
(4)
AV:h(AxB)/4
where
AV: Volume of eachsegment
h: Thickness of eachsegment
(5)
A: Axis in the lateral view
B: Axis in the lateral view
Basedon a modification of Simpson'sRuIe,the total
Ieft ventricular volume is given by
V-

(1)
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(6)

Fig.1. Typicalangiogramsshowing the left ventricleand aorta with
dye injected. Thephoto on the left
shows the x+ay view from the side
and the one on the right shows the
heart as viewed by the fluoroscope from the front. The drawings show the parametersthat are
measured for calculation by the
bipl ane arca-lengthmethod.

The Single Plane Area-Length Method3. This is a
simple technique specially developed for those laboratories which may not have biplane X-ray facilities.
In this method, the minor axis in the lateral projec-

tion D" in equation (1) is assumed to be equal to the
minor axis in the frontal (AP) projection Du, i.e., the
left ventricle is assumed to be an ellipsoid of revolution. Therefore, equation (1) becomes:
(o)
vr:oD"'L
6Under many circumstances, this method yields a
close approximation to the values obtained from the
corresponding biplane method.
Although several other methods have been used
for volume calculation, the above summarizes all the
common techniques used today.
Correction Factors
In calculating the volume by any of the above methods. each measurement taken from the film must first
be corrected for X-ray magnification using the following formula(Fig. 3):
(7)
M : H/(H-P)
where
H: X-Ray Tube to image plane Distance
P: Objectto image plane Distance
Linear measurements are corrected by dividing
with this factor. Similarly, area measurements are
corrected by dividing with the square of the factor.
After the volume is calculated. it must further be
corrected for the inaccuracies of the assumptions
made in the process of modeling the left ventricle.
This correction is accomplished by applying a linear
regression equation of the form
(8)
VTrr":Vcul"XA+B

Fig.2. Biplaneintegrationmethod
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regression equation to the calculated volume.
If a diagnosis calls for analysis of a complete cardiac cycle, many frames (15 or more) must be processed. This is a task that may require more than a
day's effort, so it is not done routinely. Therefore, if
the technique is to be used as a routine clinical procedure, there is a definite need for automation.
In designing a system for automated analyses of
cineangiograms, the major design considerations
would be:
Flexibility. The system package should be modular
and flexible so that it can be interfaced with a variety
of X-ray equipment and so that it can accommodate
different methods for the analyses.
The data acquisition medium should be based on
the standard cineangiogram (16 mm or 35 mm).
Equipment for photographing fluoroscope images
and for processing the films rapidly is widely used in
the cath lab and its operation is well understood by
hospital personnel. A video record, such as video
tape or disc, is not suitable at the present time; video
tape has poor frame control, a video disc has limited
storage and both are limited to a frame rate of 30
frames/second.
Operation should be simple, requiring minimum
training.

X-RayFocal
Spot

-/

/

obiecr

I
lmage

Film or
lmagePlane

Fig.3. Correction
factorsfor X-raymagnificatron.
The constants A and B are empirically determined
(typically A : .98 and B : -1 ml).
Defining a System
The conventional procedure for analyzing the left
ventricular function from a cineangiogram involves
measuring the image areasby tracing the image with
a planimeter, then defining and measuring the different axes. A magnification correction factor is calculated and applied to the measurements. These corrected measurements are then substituted into one of
the volume equations described above. The true volume must then be obtained by applying the volume

Hardware Description
It was decided to make the new angiogram capability an interactive hardware-software subsystem for
use with the Model 56908 Cath Lab System, a disc-

F i g . 4 . A n g i o - a n a l y z e ur s e s a
cineprojector and a rear-projection screen with a front-viewing
surface that eliminates parallax
errors. The position digitizer has
a linear microphone along the top
edge of the screen and another
along the left edge; it measures
the times taken for ultrasound
pulses to travel from the pen to
each microphone, from which the
computer calculates distance.
The position of the symbols on
the "keyboard" ate interpreted
as symbols by the computer.
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basedcomputerized systemfor obtaining blood pressure waveforms from which other vital information
about the heart's function is deriveda.There would
be an overlapping data baseso that the cath lab information (pressureand other patient data) would be
readily available for the ventricular function analyses.
The new systemis basedon use of the standardcineangiogram (16 or 35 mm). The projection unit is
mounted on a projection stand that provides a rearprojectedimage of the angiogramon a 32 cm x 37 cm
viewing screen. The projected image is formed on
the outer surfaceof the viewing screento avoid parallax errors. The projector has variable speed control,
single frame advance control, and a forward-reverse
switch.
The next step was to provide meansfor getting the
data from the films into the computer. This is done
with a commercially-available digitizer, a device
that mounts on the projection screen (Fig. a). The
physician traces the area to be analyzed on each
frame as he used to do with the planimeter but now
he usesan electronic pen from which X-Y coordinate
data is automatically derived and entered into the
computer. To give visual verification of the area being traced, the computer displays the series of coordinate points on a video monitor.
Usinga Pen to Talk
An additional means of communicating with the
computer is essential. Although the Model 56908
Cath Lab Systemalready includes a keyboard,this is
usually installed where it is most convenient for
those conducting the cath lab procedure.The system
also has a teletype terminal, but this is in the office or
computer room so that its noise will not intrude on
those performing the cath lab procedure.

Obviously, a means of communication should be
conveniently available to the physician performing
the angiogramanalysis.The X-Y digitizer provided a
convenient answer to this need. A drowing of a keyboard is placed in the upper right hand corner of the
projection screen (Fig. a). AII the physician needsto
do is to touch one of the "keys" with the electronic
pen, and the computer then recognizesthat coordinate dataasa command.This turns out to be particularIy convenient becausethe physician doesnot have to
put the pen down to talk to the computer. The alphanumerics are echoedon the video monitor to provide
visual feedback.
The equipment thus assembledfor the physician is
shown in Fig. a. A block diagram of the completesystem is shown in Fig. 5.
The Program
Finally, there is the software.Since this was to be a
subsystemof the 5690B cath lab system, it was designed to work within the same computer hardware
and software configurations.
The software is modular in form and consists of
one Master program and nine segmentsorganizedas
in Fig. 6. The Master program contains a "menu"
that allows the user to choose and execute one of
thesesegments(Fig. 7). Note that all segmentsexcept
"off" return to the Master program after completion.
This allows a great deal of flexibility since the segments do not have to be executed in any particular
order.
The functions of the segmentsare as follows:
Set ProgrnmParnmeters
This segment allows the user to calibrate the system by entering the raw data required to calculate
the magnification/distortion of the x-ray system. It
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F1g.5. Block diagram shows how
angio-analyzer ties into cath lab
sysfem.

also allows the user to display and/or change the
various program constants. Normally, these constants are set at program configuration time and
probably will not be changed except for research
or special casessuch as a change in x-ray equipment or a special patient.
Patient Data Entry
This segment sets up files for new patients and allows the entry and editing of patient data (name,
hospital identification number, height, weight,
etc.).
Trace LV
This segment allows the entry of left ventricle (LV)
tracings. The boundary of the LV is traced with the
digitizer pen and the traceis displayed on the video
monitor for operator verification. Upon operator
confirmation, LV volume and wall thickness are
calculated and displayed, as shown in Fig. 8.
Input LV Pressures
Allows the entry of LV pressureseither as numeric
data or by projecting a recording of the pressure
waveform and using the digitizer.
Analyze
Calculates derived parameters from calculated
volume data previously entered.Fig. 9 shows typical results.
Report
Generatesa report on the video monitor, or a hard
copy report on the teletype, of all volumes and

derived parameterscalculated to date.
Plot
This segmentplots any user-selectedderived parameters on the monitor andior optional X-Y plotter
(P-V loops, pressurevs. time, etc.),as in Fig. 10.
File Manager
Permits listing the patient file directory, deleting a
patient file and changing the current patient file.

otr
Terminates the program and returns control to
the computer executive.
All the programs except the I/O controls are written in FORTRAN. One unique feature of the software is the use of a centralized formatting scheme.
All formats are stored in a single disc-basedSource
File. This allows all operator messagesto be converted to languages other than English without recompiling any programs.

Conclusion
With the addition of the 56934 to the HP 56908
Cath Lab System, the physician can now study the
hemodynamic problems of the heart by not only looking at the heart as a pump through pressureanalysis,
but also assessingthe Ieft ventricle function quantitatively through the analysis of its muscle geometry.
The system uses the tools at hand, adding only the

E
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@
Fig.6. Program organization allowsprogram segments to be executed in any order.
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Fig.7. Each program segment (except otf) returns to the
"menu" display after completion.

entryof all tracings,computeranalyzes
Fig. 9, Following
resu/fs.
minimum necessaryto tie all the parts together, and
operation relates directly to presently used procedutes, requiring a minimum of retraining for the
medical personnel who would use it. Analysis that
formerly required a full day of a physician's time may
now be done in about 20 minutes, thus allowing the
technique to be used routinely for clinical diagnosis'
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Fig. 8. When the physician indicates that a satisfactory
tracing has been obtained, the computer calculates ventricular volume.

tE

q

il:

ql

1i1
tl
1'l
1
ll
tl

ql

,t

q!1+l

t tEl l

rl
iJ
o'l
@

rl
-E.l
l 6l
-l

t.-

|

I

tlliS =cl t
Erl=ElFfl i i
E

o

l:

.t.l.l

Io

l,^

u

ti
I:
t-

u
LC
tL

I

IE

Pil
s;l;il

?!
5!

@
c

I
I
I

E!l-ElE]
t"l
rl E rl

111
t.rl

rl Ei el

Fig, 10. On command, the computer can plot derived parameters
like these plots of hoop stress,
thickness,pressure, and volume
versus fime (frame number).

l1'l
t-ll
il;ltl

+^o
23

of Cardiology. During the courseof the development
Drs. Harrison and Alderman gave us many valuable
suggestionswhich have contributed a great deal towards the successof this svstem.S
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SPECIFICATIONS
HP Model 5693A Angio Analyzer
(an option to the Model 56908 Cardiac CathetorizationLaboratorySystem)
PROJECTOR
FILMTYPE:'16or 35 mm.
FILM ADVANCE: motion picture mode, 5 to 24 frames/s.Singletrame advance.
Projectoris equipped with frame munler.
MAGNIFICATION:
approximatelyx 12.7.
UGINZER
PRECISION/ACCURACY:
<0.25 mm.
RESOLUTION:70 lines/in (28 lines/cm)at analog output.
SAMPLE RATE: 1 to 200/s. variable.
PEN LIFE:5 x 107samples.
POWER: 115V, optionally230V, 50i60 Hz, 600W.
WEIGHT:122 lbs (56 kg)
PRICElN U.S.A.:56934 option:$17,000
56908 (typical installation):$58,000
MANUFACTURING
DIVISION:MEDICALELECTRONICSDIVISION
175 Wvman Street

HewlettPackardCompany,1501 Page Mill
Road, Palo Alto. California94304
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