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METHOD AND APPARATUS FOR 
CONTROLLING AN INSTRUMENTATION 

SYSTEM 

PRIORITY CLAIM 

This application claims bene?t of priority of US. provi 
sional application Ser. No. 60/312,257 titled “Method and 
Apparatus for Controlling an Instrumentation System” ?led 
Aug. 14, 2001, Whose inventors are David W Fuller III, 
Christopher G. Cifra and Thomas V. Connell Jr. 

FIELD OF THE INVENTION 

The present invention relates to I/O control software for 
instrumentation systems, and more particularly to a system 
and method for querying message-based instruments, pars 
ing the responses, and generating code that encapsulates the 
connection/communication With the instrument and the 
parsing of the response. 

DESCRIPTION OF THE RELATED ART 

An instrument is a device that collects data or information 
from an environment or unit under test and displays this 
information to a user. An instrument may also perform 
various data analysis and data processing on acquired data 
prior to displaying the data to the user. Examples of various 
types of instruments include oscilloscopes, digital multim 
eters, pressure sensors, temperature sensors, machine vision 
systems (eg cameras), microphones, etc., and the types of 
information Which might be collected by respective instru 
ments include voltage, resistance, distance, velocity, pres 
sure, frequency of oscillation, environmental information 
such as humidity and temperature, video and image data, 
and audio data among others. 

In the past, many instrumentation systems comprised 
individual instruments physically interconnected With each 
other. Each instrument typically included a physical front 
panel With its oWn peculiar combination of indicators, 
knobs, or sWitches. A user generally had to understand and 
manipulate individual controls for each instrument and 
record readings from an array of indicators. Acquisition and 
analysis of data in such instrumentation systems Was tedious 
and error prone. An incremental improvement in the manner 
in Which a user interfaced With various instruments Was 
made With the introduction of centraliZed control panels. In 
these improved systems, individual instruments are Wired to 
a control panel, and the individual knobs, indicators or 
sWitches of each front panel are either preset or selected for 
presentation on a common front panel. 
A signi?cant advance occurred With the introduction of 

computers to provide more ?exible means for interfacing 
instruments With a user. In such computeriZed instrumenta 
tion systems, the user interacts With softWare executing on 
the computer system through the computer’s video monitor 
rather than through a manually operated front panel to 
control one or more real World instruments. The softWare 
executing on the computer system can be used to simulate 
the operation of an instrument in softWare or to control or 
communicate With one or more real World instruments, these 
softWare created/controlled instruments being referred to as 
virtual instruments. 

Therefore, modern instrumentation systems are moving 
from dedicated stand-alone hardWare instruments such as 
oscilloscopes, digital multimeters, etc., to a concept referred 
to as virtual instrumentation. Virtual instrumentation com 
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2 
prises general-purpose personal computers and Workstations 
combined With instrumentation softWare and hardWare to 
build a complete instrumentation system. In an exemplary 
virtual instrumentation system, a softWare program execut 
ing on a central computer controls the constituent instru 
ments from Which it acquires data Which it analyZes, stores, 
and presents to a user of the system. Computer control of 
instrumentation has become increasingly desirable in vieW 
of the increasing complexity and variety of instruments 
available for use, and computeriZed instrumentation systems 
provide signi?cant performance e?iciencies over earlier 
systems for linking and controlling test instruments. 
The various hardWare interface options currently avail 

able for instrumentation systems can be categoriZed into 
various types, including, but not limited to, IEEE 488 
controlled instruments (GPIB instruments), VXI bus instru 
ments, PXI bus instruments, plug-in data acquisition (DAQ) 
boards, and serial instruments including RS-232, USB and 
IEEE-1394 instruments. Background on these various hard 
Ware interface options is deemed appropriate. 
The GPIB (General-Purpose Interface Bus) began as a bus 

designed by Hewlett-Packard in 1965, referred to as the 
Hewlett-Packard Interface Bus (HPIB), to connect their line 
of programmable instruments to their computers. National 
Instruments Corporation expanded the use of this bus to 
computers manufactured by companies other than HeWlett 
Packard and hence the name General Purpose Interface Bus 
(GPIB) became more Widely used than HPIB. The GPIB 
interface bus gained popularity due to its high transfer rates 
and Was later accepted as IEEE standard 488-1975, and the 
bus later evolved to ANSI/IEEE standard 488.1-1987. In 
order to improve on this standard, tWo neW standards Were 
drafted, these being ANSI/IEEE 488.2-1987 and the SCPI 
(Standard Commands for Programmable Instruments) stan 
dard. The IEEE 488.2 standard strengthened the original 
standard by de?ning precisely hoW controllers and instru 
ments communicated. The IEEE 488.2 standard removed 
ambiguities of the IEEE 488.1 standard by de?ning data 
formats, status reporting, a message exchange protocol, 
IEEE 488.2 controller requirements, and common con?gu 
ration commands to Which all IEEE 488.2 instruments must 
respond in a precise manner. Thus, the IEEE 488.2 standard 
created more compatible, more reliable systems that Were 
simpler to program. In 1990, a neW speci?cation Was 
developed referred to as the Standard Commands for Pro 
grammable Instruments (SCPI), Which used the command 
structures de?ned in the IEEE 488.2 standard and formed a 
single, comprehensive programming command set that is 
used With any SCPI instrument. The SCPI standard simpli 
?ed the programming process for manufacturers and users 
alike. Rather than having to learn a different command set 
for each instrument, the user could focus on solving the 
measurement tests of his or her application, thus decreasing 
programming time. 
The VXI (VME eXtension for Instrumentation) bus is a 

platform for instrumentation systems that Was ?rst intro 
duced in 1987 and Was originally designed as an extension 
of the VME bus standard. The VXI standard has experienced 
tremendous groWth and acceptance around the World and is 
used in a Wide variety of traditional test and measurement 
and ATE applications. The VXI standard uses a mainframe 
chassis With a plurality of slots to hold modular instruments 
on plug-in boards. The VXI architecture is capable of 
interfacing With both message-based instruments and regis 
ter-based instruments. A message-based instrument is an 
instrument that is controlled by a string of ASCII characters, 
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Whereas a register-based instrument is controlled by Writing 
a bit stream directly to registers in the instrument hardware. 

The PXI (PCI extension for Instrumentation) bus is a 
platform for measurement systems promulgated by National 
Instruments Corporation. The PXI bus is based on the 
computer PCI bus and includes various additional signal 
lines for instrumentation. 
An instrumentation system using a data acquisition inter 

face method typically includes transducers that sense physi 
cal phenomena from the process or unit under test and 
provide electrical signals to data acquisition hardWare inside 
the computer system. The electrical signals generated by the 
transducers are converted into a form that the data acquisi 
tion board can accept, typically by signal conditioning logic 
positioned betWeen the transducers and the data acquisition 
card in the computer system. The data acquisition card may 
then perform A/ D conversion on the received analog signals 
to generate corresponding digital signals. These digital sig 
nals may then be analyZed or processed, either by the DAQ 
card or by the computer system. 
A computer may also control an instrumentation system 

through a serial bus such as the computer’s serial or RS-232 
port, USB or IEEE 1394. 
Due to the Wide variety of possible testing situations and 

environments, and also the Wide array of instruments avail 
able, it is often necessary for a user to develop a program to 
control respective instruments in the desired instrumentation 
system. Therefore, implementation of such systems fre 
quently requires the involvement of a programmer to 
develop softWare for acquisition, analysis and presentation 
of instrumentation data. 

The software architecture for a virtual instrumentation 
system comprises several components. The top level of the 
softWare architecture typically comprises an applications 
program used for high-level control of the virtual instru 
ment. Examples of program development environments for 
high-level applications programs for instrumentation control 
are LabVIEW and LabWindoWs/CVI from National Instru 
ments Corp and HP VEE from Agilent, among others. These 
applications programs provide a user With the tools to 
control instruments, including acquiring data, analyZing 
data, and presenting data. 

The applications programs mentioned above typically 
operate in conjunction With one or more instrument drivers 
to interface to actual physical instruments. For example, the 
LabVIEW and LabWindoWs/CVI applications’ softWare 
each include instrument libraries comprising drivers for 
hundreds or more of GPIB, VXI, PXI and serial instruments 
from numerous manufacturers. The instrument drivers are 
designed to reduce a user’s application development time by 
providing intuitive high level functions that relieve the user 
of complex loW level instrument programming. 

The softWare level referred to as driver level softWare is 
loWer than the instrument driver level in the softWare 
architecture hierarchy. Driver level softWare is used to 
interface the commands in the instrument driver to the actual 
hardWare interface being used, such as a GPIB interface 
card, a data acquisition card, or a VXI card. In other Words, 
driver level softWare handles the details of communication, 
i.e., the transfer of commands and data, over a physical 
connection betWeen the computer and instruments. There 
have been many implementations of I/O control softWare, 
some of Which Were custom-developed by end users, While 
others Were developed by vendors and sold along With 
interface hardWare. Examples of driver level softWare 
include NI-488, NI-DAQ, NI-VXI and NI-VISA driver level 
softWare offered by National Instruments, Inc. Another 
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4 
example of driver level softWare is the Standard Instrument 
Control Library (SICL) offered by Hewlett-Packard. 

There may be some instruments for Which drivers are not 
provided. Also, there may be users of an instrumentation 
system Who do not Want the complications that are inherent 
With learning to use a driver or that do not have access to a 
driver. In this case, the user may desire to simply send a 
command to the instrument and read a response. The user 
may not require performance or special features, but simply 
desires to connect to an instrument and perform I/O. Cur 
rently GPIB, Serial, or VISA calls may be used to send a 
command, read the response, and the user is required to use 
the Application Development Environment (ADE) to create 
a program to parse the response. Thus, in many cases the 
user may be forced to Write mini instrument drivers With the 
desired subset instrument functionality. Both instrument 
connection/ communication and instrument response parsing 
are dif?cult and time-consuming tasks. 

Therefore, a system and method is desired Which provides 
consistent softWare architecture for control of instrumenta 
tions systems. A method and apparatus is also desired Which 
provides a more consistent mechanism for developing 
instrument drivers and instrumentation control softWare. A 
system and method are also desired Which encapsulates the 
connection/communication With the instrument and the 
parsing of the instrument response. 

SUMMARY OF THE INVENTION 

The present invention comprises various embodiments of 
a system and method for querying message-based instru 
ments, automatically and/or graphically parsing the 
responses, and generating code that encapsulates the con 
nection/ communication With the instrument and the parsing 
of the response. Embodiments of the invention may be 
implemented in a measurement system comprising a com 
puter system coupled to one or more message-based instru 
ments. 

In an embodiment, the computer system may automati 
cally detect the one or more message-based instruments that 
are connected to the computer system. In other Words, the 
computer system may automatically scan for message-based 
instruments coupled to the system. Auser interface (UI) may 
be provided that alloWs the user to initiate a scan for 
message-based instruments. The user may scroll through 
and select an instrument from a list of detected instruments, 
or may otherWise specify a particular instrument to be 
communicated With. 
The user may then enter a command (e.g. query) to send 

to the selected instrument. In one embodiment, the user may 
enter the command by typing it in to a query ?eld. In one 
embodiment, if the instrument type can be determined (e.g. 
DMM, scope, arbitrary Waveform (arb)/function generator, 
counter, etc.), or alternatively if the user speci?es the instru 
ment type, then syntax completion and suggestions, for 
example according to the SCPI standard, may be provided to 
the user. In one embodiment, instrument vendors and/or 
third parties may provide a ?le for a speci?c instrument that 
describes the command syntax of the instrument. This ?le 
may then be used in providing syntax information to the 
user. If such a ?le exists, then the standard SCPI syntax 
completion may be replaced With syntax completion based 
on the custom ?le. After entering the command, the user may 
select a user interface item to cause the command to be sent 
the instrument. 
A response may be received from the instrument after the 

command is sent. The received response may then be parsed. 
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In one embodiment, the response may be automatically 
pre-parsed. Using parsing, for example, instead of a string of 
ASCII characters and binary numbers, the user will see the 
actual number(s) corresponding to a voltage reading. If the 
pre-parsing does not interpret the instrument response cor 
rectly, then the user may interactively vary how the response 
string is parsed. Characteristics associated with instrument 
command strings and response strings that the user may set 
or change in order to de?ne the desired command/response 
include, but are not limited to, data type, binary/text format, 
endianness, tokens/sequences, scaling, output data (wave 
forms, etc.), and headers on/olf. 

In one embodiment, the user may position and/or siZe an 
icon, eg a transparently colored icon, eg a lens, that spans 
over a portion of the response data and highlights it. The data 
underneath the lens icon is set apart as a “token”. In one 

embodiment, the appearance (e.g. color and/or texture) of 
the transparent lens icon may be used to specify the data type 
of the token. As the user scrolls through to parse the rest of 
the data in the response, the data may maintain its high 
lighted appearance (e.g. color) to indicate that it is “token 
iZed”. For every token in the data response, the user may be 
able to specify the data type to interpret the token, a count 
to specify a sequence or array of values, a delimiter for an 
array of values, the data type that may be used to output the 
data, scaling parameters for that token, and a name for the 
output parameter, among other characteristics. 

The results of the graphical token speci?cation as 
described above may be used to automatically create text 
based code (eg C, C++, .NET) and/or graphical code (eg 
a LabVIEW graphical code object that can be included in a 
virtual instrument) that may be used to programmatically 
perform the same functions as were performed interactively 
by the user. These functions may include communicating 
with an identi?ed instrument, sending command(s) to the 
identi?ed instrument, reading back responses from the 
instrument, and parsing the received response (for display or 
for other uses), among others. Code may also be generated 
to call and execute the saved con?guration from a graphical 
language and/or a text-based language. The saved code for 
one query and response may be referred to as a query block. 
The user may perform the above functions two or more 
times to generate a series of two or more query blocks which 
may be combined into a task. The task may then be executed, 
or alternatively code may be generated to execute the task. 

In one embodiment, a plurality of query blocks may be 
generated in response to user input. Each query block may 
be executable within an instrumentation system to connect 
with a message-based instrument, send a query message to 
the message-based instrument, receive a response to the 
query message from the message-based instrument, parse 
the response, and output results of parsing the response. The 
user may graphically sequence the plurality of query blocks 
in a desired order of execution, and store the sequenced 
plurality of query blocks in a task. 

In one embodiment, a task object may be generated in 
response to user input. The user may then graphically add 
the task object to an instrument control application program. 
The user may invoke a user interface for graphically editing 
the task object. The user may then graphically generate one 
or more query blocks using the user interface. Each query 
block may be executable within an instrumentation system 
to connect with a message-based instrument, send a query 
message to the message-based instrument, receive a 
response to the query message from the message-based 
instrument, parse the response, and output results of said 
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6 
parsing the response. The user may then graphically add the 
one or more query blocks to the task object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 
obtained when the following detailed description of the 
preferred embodiment is considered in conjunction with the 
following drawings, in which: 

FIGS. 1A, 1B and 2 illustrate representative instrumen 
tation control systems of the present invention including 
various I/O interface options; 

FIG. 3 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in ASCII 
mode; 

FIG. 4 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in HEX 
mode and shows a series of regions tokeniZed into a hex byte 
array; 

FIG. 5 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in HEX 
mode and shows a user “hovering” the cursor over a region 
and a corresponding tip-strip; 

FIG. 6 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in HEX 
mode and shows a selected region speci?ed as a string token; 

FIG. 7 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in ASCII 
mode and shows a selected region speci?ed as a string token; 

FIG. 8 illustrates an exemplary instrument I/O assistant 
User Interface (UI) according to one embodiment in ASCII 
mode and shows a selected region speci?ed as an ASCII 
numerical array token; 

FIG. 9 is a ?owchart of a method of querying message 
based instruments, parsing the responses, and generating 
code that encapsulates the connection/communication with 
the instrument and the parsing of the response according to 
one embodiment; 

FIG. 10 is a ?owchart expanding on the parsing of the 
response and showing the different aspects of the parsing 
depending upon response type (eg HEX or ASCII) accord 
ing to one embodiment; 

FIG. 11 illustrates a task 250 with nested subtasks and 
query blocks according to one embodiment; 

FIG. 12 is a ?owchart illustrating a method of sequencing 
query blocks in tasks according to one embodiment; 

FIG. 13 is a ?owchart illustrating a method of generating 
a task object and graphically editing the generated task 
object according to one embodiment; and 

FIG. 14 is a ?owchart illustrating a method of scanning 
for instruments according to one embodiment. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, 
however, that the drawings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling within 
the spirit and scope of the present invention as de?ned by the 
appended claims. The headings used herein are for organi 
Zational purposes only and are not meant to be used to limit 
the scope of the description or the claims. As used through 
out this application, the word “may” is used in a permissive 
sense (i.e., meaning having the potential to), rather than the 
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mandatory sense (i.e., meaning must). Similarly, the Words 
“include”, “including”, and “includes” mean including, but 
not limited to. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The preferred embodiment of the invention is adapted for 
instrumentation control systems. HoWever, it is noted that 
the method and apparatus of the present invention discloses 
a software architecture model that has numerous other 
applications in any of a number of ?elds. The folloWing 
disclosure describes the preferred embodiment of the inven 
tion in an instrumentation control system application. 

FIGS. 1A and IBiInstrumentation and Industrial Automa 
tion Systems 

The folloWing describes embodiments of the present 
invention involved With performing test and/or measure 
ment functions and/or controlling and/or modeling instru 
mentation or industrial automation hardWare. The system 
and method of the present invention may assist the user in 
parsing data such as instrument responses Without forcing 
the user to Write parsing code. The data may be of any of a 
variety of types of data including, but not limited to, ASCII 
data and binary data. 

It is noted that the present invention may be used for a 
plethora of applications and data and is not limited to 
instrumentation or industrial automation applications and 
data. In other Words, the folloWing description is exemplary 
only, and the present invention may be used in any of various 
types of systems to parse any of various types of data. Thus, 
the system and method of the present invention is operable 
to be used in any of various types of applications, including 
the control of other types of devices such as multimedia 
devices, video devices, audio devices, telephony devices, 
Internet devices, etc. 

FIG. 1A illustrates an exemplary instrumentation control 
system 100 Which may implement embodiments of the 
invention. The system 100 comprises a host computer 102 
Which connects to one or more instruments. The host com 

puter 102 may comprise a CPU, a display screen, memory, 
and one or more input devices such as a mouse or keyboard 

as shoWn. The computer 102 may operate With the one or 
more instruments to analyZe, measure or control a unit under 

test (UUT) or process 150. 
The one or more instruments may include message-based 

instruments such as a GPIB instrument 112 and associated 
GPIB interface card 122, a serial instrument 182 and asso 
ciated serial interface card 184, and/or one or more other 
message-based instruments 118 and associated instrument 
cards (not shoWn). The host computer 102 may optionally 
also connect to other types of devices such as a data 
acquisition board and associated signal conditioning cir 
cuitry (not shoWn), a VXI instrument (not shoWn), a PXI 
instrument (not shoWn), a video device or camera and 
associated image acquisition (or machine vision) card (not 
shoWn), a motion control device and associated motion 
control interface card (not shoWn), and/or one or more 
computer based instrument cards (not shoWn), a ?eldbus 
device and associated ?eldbus interface card (not shoWn), a 
PLC (Programmable Logic Controller) (not shoWn), or a 
distributed data acquisition system, such as the Fieldpoint 
system available from National Instruments, among other 
types of devices. 

The GPIB instrument 112 may be coupled to the computer 
102 via the GPIB interface card 122 provided by the 
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8 
computer 102. The GPIB card 122, serial interface card 184, 
and/or other interface cards (if any) are typically plugged in 
to an I/O slot in the computer 102, such as a PCI bus slot, 
a PC Card slot, or an ISA, EISA or MicroChannel bus slot 
provided by the computer 102. HoWever, the cards 122 and 
184 are shoWn external to computer 102 for illustrative 
purposes. These devices may also be connected to the 
computer 102 through a serial bus or through other means. 

A VXI chassis or instrument may be coupled to the 
computer 102 via a VXI bus, MXI bus, or other serial or 
parallel bus provided by the computer 102. The computer 
102 may include VXI interface logic, such as a VXI, MXI 
(not shoWn) or GPIB interface card 122, Which interfaces to 
the VXI chassis. A PXI chassis or instrument may be 
coupled to the computer 102 through the computer’s PCI 
bus. 
A serial instrument 182, and associated serial interface 

card 184, may also be coupled to the computer 102 through 
a serial port, such as an RS-232 port, USB (Universal Serial 
bus) or IEEE 1394 or 1394.2 buses, provided by the com 
puter 102. 

In typical instrumentation control systems an instrument 
of each interface type may not be present, and in fact many 
systems may only have one or more instruments of a single 
interface type, such as only GPIB instruments. 
The instruments may be coupled to a unit under test 

(UUT) or process 150, or may be coupled to receive ?eld 
signals, typically generated by transducers or sensors. The 
system 100 may be used in a data acquisition and control 
application, in a test and measurement application, an image 
processing or machine vision application, a process control 
application, a man-machine interface application, a simula 
tion application, or a hardWare-in-the-loop validation appli 
cation. 

FIG. 1B illustrates an exemplary industrial automation 
system 160 that may implement embodiments of the inven 
tion. The industrial automation system 160 is similar to the 
instrumentation or test and measurement system 100 shoWn 
in FIG. 1A. Elements Which are similar or identical to 
elements in FIG. 1A have the same reference numerals for 
convenience. The system 160 may comprise a computer 102 
that connects to one or more devices or instruments. The 

computer 102 may comprise a CPU, a display screen, 
memory, and one or more input devices such as a mouse or 

keyboard as shoWn. The computer 102 may operate With the 
one or more devices to a process or device 150 to perform 

an automation function, such as MMI (Man Machine Inter 
face), SCADA (Supervisory Control and Data Acquisition), 
portable or distributed data acquisition, process control, 
advanced analysis, or other control. 

The one or more instruments may include message-based 
instruments such as a GPIB instrument 112 and associated 
GPIB interface card 122, a serial instrument 182 and asso 
ciated serial interface card 184, and/ or one or more message 
based instruments 118 and associated instrument cards (not 
shoWn). The host computer 102 may optionally also connect 
to other types of devices such as a data acquisition board and 
associated signal conditioning circuitry (not shoWn), a VXI 
instrument (not shoWn), a PXI instrument (not shoWn), a 
video device or camera and associated image acquisition (or 
machine vision) card (not shoWn), a motion control device 
and associated motion control interface card (not shoWn), 
and/or one or more computer based instrument cards (not 
shoWn), a ?eldbus device and associated ?eldbus interface 
card (not shoWn), a PLC (Programmable Logic Controller) 
(not shoWn), or a distributed data acquisition system, such as 



US 7,134,081 B2 

the Fieldpoint system available from National Instruments, 
among other types of devices. 

The GPIB instrument 112 may be coupled to the computer 
102 via the GPIB interface card 122 provided by the 
computer 102. The serial instrument 182 may be coupled to 
the computer 102 through a serial interface card 184, or 
through a serial port, such as an RS-232 port, provided by 
the computer 102. A PLC may couple to the computer 102 
through a serial port, Ethernet port, or a proprietary inter 
face. A ?eldbus interface card may be comprised in the 
computer 102 and may interface through a ?eldbus netWork 
to one or more ?eldbus devices. The GPIB card 122, serial 
interface card 184, and/or other interface cards (if any) are 
typically plugged in to an I/O slot in the computer 102, such 
as a PCI bus slot or a PC Card slot provided by the computer 
102. In typical industrial automation systems a device Will 
not be present of each interface type, and in fact many 
systems may only have one or more devices of a single 
interface type, such as only serial devices. The devices may 
be coupled to the device or process 150. 
As used herein, the term “instrument” is intended to 

include any of the devices that are adapted to be connected 
to a computer system as shoWn in FIGS. 1A and 1B, 
traditional “stand-alone” instruments, as Well as other types 
of measurement and control devices. As used herein, the 
term “message-based instrument” includes instruments or 
measurement and/ or automation devices that are controlled 
by messages, eg by strings of ASCII and/or hexadecimal 
characters. Exemplary message-based instruments are 
shoWn in FIGS. 1A and 1B. The term “measurement func 
tion” may include any type of data acquisition, measurement 
or control function, such as that implemented by the instru 
ments shoWn in FIGS. 1A and 1B. For example, the term 
“measurement function” includes acquisition and/or pro 
cessing of an image. As described beloW, a graphical pro 
gram may be created that implements a measurement func 
tion. For example, the graphical program may be used to 
acquire a signal and perform the measurement function on 
the acquired signal. 

In the embodiments of FIGS. 1A and 1B above, one or 
more of the various instruments may couple to the computer 
102 over a netWork, such as the Internet. In one embodi 
ment, the user operates to select a target instrument or device 
from a plurality of possible target devices for programming 
or con?guration. Thus the user may create a program on a 

computer and use the program in conjunction With a target 
device or instrument that is remotely located from the 
computer and coupled to the computer through a netWork. 

Software programs Which perform data acquisition, 
analysis and/or presentation, e.g., for measurement, instru 
mentation control, industrial automation, or simulation, such 
as in the applications shoWn in FIGS. 1A and 1B, may be 
referred to as virtual instruments. 

Although the preferred embodiment of the invention is 
described With respect to measurement applications, includ 
ing data acquisition/ generation, analysis, and/or display, and 
for controlling or modeling instrumentation or industrial 
automation hardWare, as noted above the present invention 
can be used for a plethora of applications and is not limited 
to measurement, instrumentation or industrial automation 
applications. In other Words, FIGS. 1A and 1B are exem 
plary only, and the present invention may be used in any of 
various types of systems. Thus, the system and method is 
operable for querying message-based devices, parsing the 
responses, and generating code that encapsulates the con 
nection/ communication With the instrument and the parsing 
of the response for any of various types of applications. 
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FIG. 24Computer System Block Diagram 

FIG. 2 is a block diagram representing one embodiment 
of a computer system 102 shoWn in FIGS. 1A or 1B. It is 
noted that any type of computer system con?guration or 
architecture can be used as desired, and FIG. 2 illustrates a 
representative PC embodiment. It is also noted that the 
computer system may be a general purpose computer sys 
tem, a computer implemented on a VXI card installed in a 
VXI chassis, a computer implemented on a PXI card 
installed in a PXI chassis, or other types of embodiments. 
Elements of a computer not necessary to understand the 
present description have been omitted for simplicity. 
The computer may include at least one central processing 

unit or CPU 160 that is coupled to a processor or host bus 
162. The CPU 160 may be any of various types, including 
an x86 processor, e.g., a Pentium class, a PoWerPC proces 
sor, a CPU from the SPARC family of RISC processors, as 
Well as others. Main memory 166 is coupled to the host bus 
162 by means of memory controller 164. The main memory 
166 may store the graphical program operable to receive and 
respond to programmatic events. The main memory may 
also store operating system softWare, as Well as other 
softWare for operation of the computer system. 
The host bus 162 may be coupled to an expansion or 

input/output bus 170 by means of a bus controller 168 or bus 
bridge logic. The expansion bus 170 may be the PCI 
(Peripheral Component Interconnect) expansion bus, 
although other bus types can be used. The expansion bus 170 
includes slots for various devices such as a serial interface 
card 184 Which provides a serial interface to a serial instru 
ment, a GPIB interface card 122 Which provides a GPIB bus 
interface to a GPIB instrument, and/or one or more other 
message-based instrument interface cards 190. The com 
puter may further comprise a video display subsystem 180 
and/or hard drive 182 coupled to the expansion bus 170. 
As described above, one or more instruments may also be 

connected to the computer through instrument interface 
cards. In various embodiments, one or more instruments or 
devices may be connected to the computer through means 
other than an expansion slot, e.g., the instrument or device 
may be connected via an IEEE 1394 bus, USB, or other type 
of port. 

Instrument I/O Assistant 

Embodiments of an instrument I/O assistant and the 
algorithms that may be used to manage instrument responses 
are described. An instrument I/O assistant may provide an 
instrument-centric approach to message-based instrument 
U0. The instrument I/O assistant may assist the user in 
parsing one or more instrument responses by offering an 
environment that enables a user to interact With an instru 
ment response Without forcing the user to Write parsing 
code. A method may also be provided to make tasks created 
using the instrument I/O assistant persistent so that they may 
be reused and distributed, if desired. 

Embodiments of the instrument I/O assistant may be 
integrated into one or more high-level application programs 
for instrumentation control (such as LabVIEW and LabWin 
doWs CVI from National Instruments Corp., among others) 
to make instrument I/O as transparent as possible. The 
instrument I/O assistant may also provide code generation so 
that the task created in instrument I/O assistant can be reused 
in one or more instrument control application programs. 

Embodiments of the instrument I/O assistant may provide 
mechanisms to perform several functions, including, but not 
limited to: 






















