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Data Acquisition (DAQ) Fundamentals

I ntroduction

Today, most scientists and engineers are using personal computers with 1SA, EISA, PCI, PCMCIA, Macintosh
NuBus, or parallel or serial portsfor data acquisition in laboratory research, test and measurement, and industrial
automation. Many applications use plug-in boards to acquire data and transfer it directly to computer memory.
Others use DAQ hardware remote from the PC that is coupled via parallel or serial port. Obtaining proper results
from a PC-based DAQ system depends on each of the following system elements (see Figure 1).

The personal computer
Transducers

Signal conditioning
DAQ hardware
Software

This application note gives an overview of each of these elements and explains the most important criteria of each
element. The application note also defines much of the terminology common to each of the elements of a PC-based
DAQ system.
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Figure 1. The Typical PC-Based DAQ System

The Personal Computer

The computer used for your data acquisition system can drastically affect the maximum speeds at which you are
able to continuously acquire data. Today’s technology boasts Pentium and PowerPC class processors coupled with
the higher performance PCI bus architecture as well as the traditional 1SA/EISA bus and Macintosh NuBus. With
the advent of PCMCIA, portable data acquisition is rapidly becoming a more flexible alternative to desktop PC
based data acquisition systems. For remote data acquisition applications that use RS-232 or RS-485 serial
communication, your data throughput will usually be limited by the serial communication rates.
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The data transfer capabilities of the computer you use can significantly affect the performance of your DAQ system.
All PCsare capable of programmed 1/0 and interrupt transfers. DMA transfers, not available on some compulters,
increases the system throughput by using dedicated hardware to transfer data directly into system memory. Using
this method, the processor is not burdened with moving dataand is therefore free to engage in more complex
processing tasks. To reap the benefits of DMA or interrupt transfers, the DAQ board you choose must also be
capable of making these types of transfers.

The limiting factor for acquiring large amounts of data is often the hard drive. Disk accesstime and hard drive
fragmentation can significantly reduce the maximum rate at which data can be acquired and streamed to disk. For
systems that need to acquire high-frequency signals, you should select a high-speed hard drive for your PC and
make sure that there is enough contiguous (unfragmented) free disk space to hold the data.

Applications requiring real-time processing of high-frequency signals need a high-speed, 32-bit processor with its
accompanying coprocessor, or adedicated plug-in processor such asadigital signal processing (DSP) board. If the
application only acquires and scales a reading once or twice a second, however, alow-end PC can be satisfactory.

Y ou must also look ahead to determine which operating system and computer platform will yield the greatest long
term return on investment and still able to meet your short term goals. Factors that may influence your choice may
include the experience and needs of both your devel opers and end users, other uses for the PC both now and in the
future, cost constraints, and the availability of different computers with respect to your implementation time frame.
Traditional platformsinclude Mac OS, which is known for its simple graphical user interface, and Windows 3.X.
Windows 95, which boasts a much improved user interface over Windows 3.X, also offers the option of Plug and
Play hardware configuration. In addition, Windows NT 4.0 will offer a more robust 32-bit OS with the look and feel
of Windows 95.

Transducers

Trangducers sense physicd phe nomena and provide electrical sgnals that the DAQ system canmeasure. For
example, thermoc ouples RT Ds thermistor s and |C sensor s convert temperatur e into an analog signal that an ADC
canmeadure. Other examplesinclude grain gauges flow tr angducers and presaur e transduc ers which measure

for ce, rate of flow, and pressure, repectively. In eechcase, the electricd sgnals produced are propor tional to the
physical par ameter sthey a e monitoring.

Signal Conditioning

The dectrical Sgnals gener aed by the transduc er smust be optimizedf or the input range of the DAQ boar d. Signal
conditioning ac cessories can amplify low- level sgnals, and thenisolate and filter themfor more accurate
measurements | naddition, some tr ansducersr equire voltage or current excitation togenerate a voltage output.
Figure 2depicts atypicd DAQ sysemwith SCXI dgnal conditioning fr om National Ingruments.

Amplification —The most common type of conditioning isamplificaion. Low-leve ther mocouple signals for
example, should be amplified to incr ease the resolution and r educ e noise. For the highest possibleacc uracy, the
signal should beamplified 0 that the maximum voltage range of the c onditioned signa e quas the maximum input
range of the andog-to-digital converter (ADC).

For example, SCX | hasseveral sgnal conditioning modulesthat amplif y input Sgnals. The gain is applied to the
low-levd signals within the SCXI chassis loc ated close to the transduc ers, s2nding only high-level signalsto the PC,
minimizing the effeds of noise on the readings.
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Figur e 2. The SCXI Signal Conditioning Front-End System for Plug- InD AQ Boards

I solation — Another ¢common application for signal c onditioning is to isolate the transducer sgnalsf romthe
computer f or safety purposes. The system being monitored may contain high- voltage tr andents that could damage
the computer.

An additional r eason for needing isolation is to make sure that the readings f rom the plug-in D AQ board a e not

a fected by diff erencesin gr ound potentials or c ommon- mode voltages Whenthe DAQ boar dinput and the signal
being acquired ae eachreferenced to“ ground,” problemsocc ur if there is a potential dif fer ence in the two grounds
This diff erence can lead towhat is known as a ground loop, w hichmay cause inaccurate r goresentation of the

ac quired signal, or if too large, may damage the measure ment system. Udng isolated Sgnal ¢ onditioning modules
will eliminate the gr ound loop and enaure that the Sgnals are accurately ac quired. For example, the SCX1-1120 and
SCXI -1121 modules provide isolation up to 250 Vr ms of common-mode voltage The SCX1-1122 module pr ovides
up to 450 Vr msisolation.

Multiplexing — A common te chnique for measuring several signals witha dngle measur ing device is multiplexing.
Signal conditioning devic es for analog signals of tenpr ovide multiplexing for use with dowly ¢ hanging sgnals such
as temper aure. This isinaddition to any built-in multiplexing on the DAQ board. T he ADC samples one channd,
switchesto the next channd, samplesit, switchesto the next channe, and soon. Bec ause the same ADCis sampling
many channels instead of one, the ef fective sampling rate of each individual channd is inversely proportional to the
number of channes sampled. Our SCXI modulesf or andog signals employ multiplexing so that as many as3072
signalscan be meaauredw ith one DAQ boar d. With the AMUX- 64T anadog multiplexer, you canmeasure up to 256
signals with asngle boar d.

Filtering —T hepur pos of a filteris to remove unwanted signals fr om the signal that you ar e tr ying to measure. A
noise filter is used on DC-class Sgnals suchastemperature to attenuate higher f requency signals that can reduce the
accur acy of your meaaur ement. For example, many of the SCXI moduleshave 4 Hz and 10 kHz lowpass filtersto
eliminate noise before the dgnalsare digitized by the DAQ boar d.



AC-class signals suchasvibration often requir e adif fer ent type of filter known asanantialiasng filter. Like the
noise filter, the antialiasing f ilter isalso alowpass filter; how ever, it must have a very geep c utoff rate, so that it
almost completely removesall fr equencies of the dgnal that are higher thanthe input bandwidth of theboard. | f the
signalswere notr emoved, they would err oneoudy appear assgnals within the input bandwidth of the board. Boards
desgned specifically for AC-class signal measurement — the A T-DSP2200, A T-2150, NB-A2100, and N B- A2150
dynamic signal acquisition boards — and the SCX 1-1141 module have antialiasing filtersbuilt into them.

Excitation — Sgnal conditioningalso generatesexcitation for some transduc ers. Srain gauges, thermistors and
RTDs, for example, requir e exter nd voltage or current excitation signals. Signal conditioning module sf or these
transgducer susualy pr ovide these dgnals RTD measur ementsare usually made with a cur rent source that converts
the variation inredgance toa meaaurable voltage. Strain gauge s, which are very low -redgance devices typicaly
a e used in aWheastone br idge c onfiguration with a voltage excitation source. The SCX 1-1121 and SCXI- 1122
have onboard excitation sour ces configurable ascurr entor voltage, that youcan use for strain gauges, thermigors,
or RT Ds

Linearization —A nother common signal ¢ onditioning f unction is linearization. Many transgducers, such as

ther moc ouples, have a nonlinear r epponse to ¢ hangesin the phenomenabeing measured. Bothour N I-DA Qdriver
software and LabV IEW, L abWindows/CVI, ComponentWor ks, and VirtualBench application software include
linear ization r outine sf or thermocouples, drain gauges, and RTD s

It isimportant to understand the nature of your signal, the configuration that is being used to measure the signal and
the affects of the surrounding environment. Based on this information you can easily determine whether signal
conditioning will be a necessary part of your DAQ system.

DAQ Hardware

Analog I nputs

Basic Condder @ionsof Analog Inputs— The analog input specifications cangive you infor mation on both the
capabilitiesand the accuracy of the DA Q pr oduct. Bad ¢ specif ications, which are available on most D AQ pr oducts,
tell you the number of channels sampling rate, reolution, andinput r ange. The number of andog channd inputs
will be specified for both sngle-ended and dif fer ential inputs on boar dsthat have both types of inputs. Single-ended
inputs a e all referenced toa common ground point. These inputsare typic dly usedwhenthe input sgnalsare high
level (grester than1 V), the leadsfr om the signal sourc e to the analog input her dwar e are short (less than 15 ft), and
all input sgnals share a common ground ref er ence. If the signals do not meet these criteria, you should use
differential inputs. With differential inputs, eachinput hasits own groundr eference. Noise error sare reduced

bec ause the common-mode noise picked up by the leadsis cancded out.

Sampling Rate — This parameter determineshow often conversonscan take place. A fager samplingr ate ac quires
more pointsina given time andcan theref ore oftenfor ma better r epresentation of the original sgnal. For example,
audio dgnals converted toelectricd signals by a microphone c ommonly have fr equency c omponents up to 20 kHz.
To proper ly digitizethis Sgnal for analysis the Nyquist sampling theor em tells usthat we mugt sampleat more than
twice the rate of the maximum fr equency component w e want to detect. So, a boardw ith a sanpling rate gr eger
than 40 kS's (auchasthe AT-D SP2200, AT-2150, N B- A2100, and NB-A2150) isneeded to pr operly acquir ethis
signal.

Multiplexing — A common te chnique for measuring several signals witha sngle ADCis multiplexing. The ADC
samples one channd, switc hes to the next channel, samplesit, switc hes to the nextchannel, and on. Becaus the
same ADC is sampling many channelsinstead of one, the e feciver ae of each individual channd isinversely
propor tional to the number of channes sampled. For example, an AT-MI O-16E- 1 samplingat 1 MS'son 10
channdswill &f ectively sample eechindividual ¢ hannel at:

1 MS/s
=100 kS's per channd
10 channels



Resolution — The number of hitsthat the A DC uses torepresent the analog sgnal is the reslution. The higher the
resolution, the higher the number of divisions the range is broken into, andtheref ore, the amaller the detectable
voltage change. Figure 3 shows a sne w ave and its cor repponding digital image asobtainedby anidea 3-bit AD C.
A 3-bit c onverter (which is actually seldom used but a ¢ onvenient example) divides the analog range into 23, or 8
divisions. Each division isr epr eented by a binary code between 000 and 111. Clearly, the digital r gpresentation is
not a good repr exentation of the original analog sgnal because inf ormation hasbeen log in the conver don. By

incr eesing the reolution to 16 hits, however, the number of codesf romthe ADC increases from 8 to 65, 536, and
you can therefor eobtain an extremely acc urate digital r epreentation of the analog signal if the res of the andog
input cir cuitry is desgned proper ly.
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Figure 3. Digitized Sine Wave with a Resolution of Three Bits

Range — Range ref ers to the minimum and maximum voltage levels that the AD C canquantize The multif unction
DAQ bhoardsof fer slectable ranges so that the board is conf igur able tohande a variety of diff erent voltage levels.
With thisf lexibility, you can match the dgnal rangeto that of the ADCto take bes advantageof the resolution
available to accur aely meaaure the signal.

The range, replution, andgain available on a DAQ board determine the smalleg detectable change in voltage This
changein voltage represents 1 LSB of the digital value, and is often called the code width. The ideal code width is
found by dividing the voltage range by the gain times tw oraised to theor der of bits in the resolution. For example,
one of our 16-bit multifunction DAQ boards the A T-MIO-16X, hasa selectable rangeof 0 to 10 or- 10to 10 V and
selectable gain of 1, 2, 5, 10, 20, 50, or 100. With avoltage range of 0to 10V, and againof 100, the ideal code
widthis:

10

=1.5uV Therdf org the theor etical resolution of one hit in the digitized value is 1.5 pVv.
100 x 216

Criticd Consider ations of Analog Inputs — Although the basic goecif icaions pr eviously described may show that a
DAQ board hasa 16- hit resolution AD C and a 100 kS's sampling rate, this does not meanyou cansample at full
speedon al 16 channdsandget full 16- bit accuracy. For example, you canpur chase pr oducts on the market today
with 16- bit ADCsand get lessthan 12 bitsof useful data. How do you tell if the board that you are conddering will
give you the desredr eaults? The most important thing to do is to scr utinize ecdifications that go beyond the
resolution of the DAQ pr oduct. National Ingruments of fer sseveral application notes to help you under gsandall the
specifications on DAQ products. Whileevauating DAQ products, also congder the DNL, rdative accur acy, settling
time of the ingtr umentationamplifier, and noise, bec ause what you don’ t know about the DA Qboard youar e
conddering can hurt your measurements.

Idedly, asyou increase the level of voltage applied to a DAQ boar d, the digital codes fromthe ADC shouldalso
incr ease linearly. If youw ere to plot the voltage versus the output c ode fromanidea A DC, the plot would be a
straight line. D eviationsf romthisideal straight line are goecif iedasthe nonlinear ity.



DNL isa measurein LSB of the worst-c ase deviation of c ode widths from their ided value of 1 LSB. A nideal DA Q
boar dhasa DNL of OL SB. Practicdly, a good DAQ boardwill have a DNL of +0.5LSB.

Thereisnoupper limit on howwide a code can be. Code s do not have widths of less than0 LSB, < the DN L is
never worse than -1 LSB. A DAQ boar d with poor perfor mance may have a code width equal toor very near zero,
which indic atesamissing code. N o matter what voltage you input to the DAQ boar d with a missing code, the board
will never quantize the voltage to the value represented by this code. Sometimes DNL is specified by gating that a
DAQ board hasno missing c odes, whichmeansthat the D NL is bounded below by -1 LSB but does not meke any
specifications about the upper boundaries. All N ational | nstr uments E Seriesboards are guaranteed to have no
misdng codes, andour gecifications clearly sate what the DNL isin the ecification s that you know the
accuracy or our board linear ity.

If the DAQ boar din the previous example, whichhad a code width of 1.5V , had amissing c ode dightly above
500 pV, thenincreasng the voltage to 502 WV would not be detectable. Only whenthe voltage is increased another
LSB, or inthisexample, beyond 503 Vv, will the voltage changebe detectable. As youcansee poor DNL reduces
the resolution of the boar d.

Relative Accuracy —It isameasur e in LSBs of the wor & case deviation fr om the ideal DAQ boar d trandfer f unction,
a straight line. Relative accuracy isdetermined ona D AQ board by c onnecting a voltage at negative full scale,
digitizing the voltage, incr eesing the voltage, and repeating the geps until the input r ange of the board has been
covered. Whenthe digitize d pointsare plotted, the reault will be angpparent straight line (see Figure 4a). However,
you can subtractactual graight- line valuesf rom the digitized valuesand plot the ser eaulting points asshown in
Figur e 4b. The maximum deviation f romzer ois the relative accuracy of the DAQ board.
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Figur e 4. Deter mining the r dative accuracy of a DAQ boar d. Figure 4a shows
the apparent graight-line plot generated by sweeping the input. Figur e 4b shows,
by subtracting out calculated gtr aight-line values, that the plot in not actually sraight.

The driver sof tw are f ora D AQ board will trand ate the binar y code value of the AD C to voltage by multiplying it by
a condant. Good relativeaccuracy is impor tantfor a DA Qboard because it ensuresthat the tr and ation fr om the
binary code of the ADC to the voltage value is accurate. Obtaining good relative accuracy requiresthat both the
ADC and the surr ounding anadog cir cuitry are desgned pr operly.

Settling Time— On atypical plug-in DAQ board, an analog signal isfirst selected by a multiplexer, and then
amplified by an instrumentation amplifier beforeit is converted to adigital signal by the ADC. This instrumentation
amplifier must be able to track the output of the multiplexer as the multiplexer switches channels, and also to settle



to the accuracy of the ADC quickly (See Figure 5.). Otherwise, the ADC will convert an analog signal that has not
yet settled to the value that you are trying to measure with your DAQ board. The time required for the
instrumentation amplifier to settle to a specified accuracy is called the settling time. Poor settling time isamajor
problem because the amount of inaccuracy usually varies with gain and sampling rate. Because the errors occur in
the analog stages of the DAQ board, the board cannot return an error message to the computer when the
instrumentation amplifier does not settle.
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Figure 5. The input to an instrumentation amplifier that is multiplexing 40 DC signals
appears to be a high-frequency AC signal.

Theinstrumentation amplifier is most likely not to settle when you are sampling several channels at high gains and
high rates. Under such conditions, the instrumentation amplifier has difficulty tracking large voltage differences that
can occur as the multiplexer switches between input signals. Typically, the higher the gain and the faster the channel
switching time, the lesslikely it is that the instrumentation amplifier will settle. In fact, no off-the-shelf
programmable-gain instrumentation amplifier can settle to 12-bit accuracy in less than 2 pus when amplifying at a
gain of 100. That iswhy Nationa Instruments developed the NI-PGIA specifically for DAQ board applications — so
our boards that use the NI-PGIA can consistently settle at high gains and sampling rates.

Noise —A ny unwanted dgnal that appearsin the digitized sgnal of the DAQ boar dis noise Because the PC isa
noisy digital envir onment, acquiring data on a plug- in boar d take sa very car eful layout on multilayer D AQ boards
by skilled analog desgner s. Smply placing an ADC, ingtr umentation amplifier, and businter face circ uitr y on aone
or two-layer board will most likely r esult ina very noisy DAQ board. D edgner scanuse metal shielding on aD AQ
boar dto help r educe noise. Proper shielding should not only beadded ar ound sensitive analog sections on a DAQ
boar d, but must also be built into the layers of the DAQ boardw ith ground planes

Figur e 6 shows the D C noise plot of two DAQ products, both of w hichuse the same ADC. Two qualitiesof the
DAQ board can be deter mined f rom the noise plots — range of noise and the digtribution. The plot in Figure 63,
which isour AT- MI O-16X , hasa high digribution of samples at 0 and avery small number of pointsoccurring at
other codes The distribution is Gaussian, whichisw hat isexpected from r andom noise. From the plot, the peak
noise levd iswithin +3 LSB. The plot in Figure 6b, made with avery noisy DAQ pr oduct f roma competitor, hasa
far dif fer ent digribution. It hasnoise greater than 20 LSB, with many samplesoccurring at points other thanthe
expectedvdue. For the DAQ products in Figur e 5, theteg wasrun with an input range of +10 V anda gain of 10.
Therefore 1 LSB =31V, 0 anoise levd of 20 LSB is equivalent to 620 WV of noise.
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Figure 6. Noise plots of two DAQ products with significantly different
noi se performance even though they use the same 16-bit ADC. Figure 6a. is
the National Instruments AT-MIO-16X; Figure 6b isacompetitor’s DAQ product.

Evaluate the Specif ications — With a sophisticated meaauring device like a plug-in DAQ board, you canget

signif icantly dif fer entacc uracies depending on whose board you areusing. N aional | ngdr uments goes to gre a
lengths to make our boards extremely acc urate, in many casesmore acc urate than gand-alone instruments. We
publish this accuracy inour pecifications. Be leery of boar dsthat are inade quately specif ied, bec ause the
specification omitted may be the one that c ausesyour measur ements to be inaccurate. By evaluating more andog
input specifications thansmply the resolution of the ADC conver ter, you can make sure that youare gettinga DA Q
product that is ac curate enough f or your application.

Analog Outputs

Analog output cir cuitry is often requiredto provide stimuli for a DA Q system. Sever d specificaions for the digital-
to-andog c onverter (DAC) deter mine the quality of the output signal pr oduced — sttling time, dew rate, and
resolution. Settling time and dew rate wor k together in deter mining how f ag the DAC can change the levd of the
output sgnal. Settling time isthe time required for the output to ttle to the spedfiedaccuracy. The settling time is
usualy specified for a full-scde change in voltage The dew rate is the maximum rate of change thatthe DAC can
produc e on the output signal. Ther & ore, a DA C witha gnall settling time anda high dewr ae cangenerate high-
frequency dgnals because little imeis neededto accurately ¢ hange the output toa new voltage level.

An example of an application that r equires high perfor mance in these parameter sisthe generation of audio sgnals.
The DAC requir esa high dewr ae and small settling time to gener ae the high frequenciesnecessary to cover the
audio range. In contrad, anexample of anapplicaion that does not re quire fas D/A conver Son isavoltage source
that c ontrols a heater . Because the heaer cannotr espond quickly to a voltage change, fag D/A converson is not
nec essary. The application will determine the DA C specificaions.

Output resolution is similar to input resolution. It isthe number of bitsin the digital code that generates the analog
output. A larger number of bits reduces the magnitude of each output voltage incre ment, there by making it possible
togenerate smoothly c hanging sgnals A pplications requiring a wide dynamic range with small incr emental voltage
changes in the analog output signal may need high-r esol ution voltage outputs



Triggers

Many DAQ applications need to start or stop a DAQ operation based on an external event. Digital triggers
synchronize the acquisition and voltage generation to an external digital pulse. Analog triggers, used primarily in
analog input operations, start or stop the DAQ operation when an input signal reaches a specified analog voltage
level and slope polarity.

Real-Time System Integration (RTSI®)

The National Instruments expertise in instrumentation led to the development of the RTSI bus for our DAQ
products. The RTSI bus uses a custom gate array and aribbon cable to route timing and trigger signals between
multiple functions on one DAQ board, or between two or more boards. With RTSI, you can synchronize A/D
conversions, D/A conversions, digital inputs, digital outputs, and counter/timer operations. For example, with RTS!,
two analog input boards can capture data simultaneously while athird board generates an output pattern
synchronized to the sampling rate of the inputs.

Digital 1/0

DI Ointerfaces ae of tenused on PCD AQ sygems to contr ol proc esses, generate patterns for teging, and
communicate with periphera equipment. In each case, theimportant par ameter sinclude the number of digital lines
available the rate atwhich you can accept and source digital data on these lines, and the drive capability of the lines.
If the digital linesare used for contr olling e vents suchasturning on and off heaters motors, or lights a highdata
rate is usually not r equire d be cause the equipment cannot regpond ver y quickly. The number of digital lines, of
cour 8, needsto match the number of proc essesthat are contr dled. In eechof these examples, the amount of cur rent
required to turn the devicesonand of f must be less than the available drive cur rent from the board.

With the pr oper digital signal ¢ onditioningacc essories, however, youcan use the low-current TTL dgnals to/fr om
the DAQ har dwer e to monitor /c ontrol high voltage and current signalsf romindustrial hardw are. For example, the
voltage and cur rent needed to open and close alarge valve may be on the order of 100VA C at 2 A. Because the
output of adigital I/O board isO to 5V DC at severd milliamperes an SSR Series ER-8/16, SC-206X Series, or
SCXI module is needed to switch the pow er signal to control the vave.

A common applicaion isto tr ander data between a computer and equipment suchasdata logger s, data proc essors,
and printers Be cause this equipment usually trandersdata in one byte ( 8-bit) increments the digital lineson aplug-
in digital | /O boardare arranged in groups of eight. | naddition, some boards with digital c gpabilitieswill have
handshaking cir cuitry f or communic ation sync hronization purposes. The number of channds, data rae, and
handshaking capabilitiesare all important specif ications that should be understood and matched to the application.

Timing I/O

Counter/timer circ uitry is usef ul for many applications including counting the occurrences of adigital event, digital
pulse timing, and generating square wavesand pulses. Y oucanimplement all of these applic aions using three
counterftimer 9gnals —gate, source, and output. The gate is adigital input that is usedto enable or disable the
function of the counter. The sour ceisa digital input that causesthe counter to increment eachtime it toggles, and
ther efor e provides the timebase f or the operation of the counter. Finally, the output generatesdigital square waves
and pulsesat the output line.

The most significant specifications for oper ation of a counter/timer are the resolution and clock frequency. The
resolution is the number of bits the counter uses. A higher resolution simply means that the counter can count

higher. The clock frequency determines how fast you can toggle the digital source input. With higher frequency, the
counter increments faster and therefore can detect higher frequency signals on the input and generate higher
frequency pulses and square waves on the output. The DAQ-STC counter/timer used on our E Series DAQ boards,
for example, has 16 and 24-bit counters with a clock frequency of 20 MHz. The DAQ-STC isa National Instruments



custom ASIC designed specifically for DAQ applications. In comparison with the off-the-shelf counter/timer chips
generaly used on DAQ boards, the DAQ-STC isin aleague of its own. For example, the DAQ-STC is an up/down
counter/timer, meaning that it can use additional external digital signalsto count up or down, depending on whether
thelevel is high or low. Thistype of counter/timer can measure positioning from rotary or linear encoders. Other
special functions include buffered pulse-train generation, timing for equivalent time sampling, relative time
stamping, and instantaneous changing of sampling rate.

Figure 7. Automobile Lubricant Test Application Showing SCXI Chassis
and LabVIEW running on a Macintosh

Softwar e

Software transforms the PC and DAQ hardware into a complete DAQ, analysis, and display system. DAQ hardware
without software is useless — and DAQ hardware with poor software is almost useless. The mgjority of DAQ
applications use driver software. Driver software is the layer of software that directly programs the registers of the
DAQ hardware, managing its operation and its integration with the computer resources, such as processor interrupts,
DMA, and memory. Driver software hides the low-level, complicated details of hardware programming, providing
the user with an easy-to-understand interface.

For example, the code that follows shows NI-DAQ function calls used in C to read and scale a voltage from an
analog input channel of an M10-16E-10.

main() /* Program to read and scale an analog input */

int brd, /* Which board to read analog value from */
chan, /* Analog input channel to read value from */
gain, /* Software-programmable gain to use on channel */
reading; /* Binary result of A/D conversion */

Double voltage; /* Voltage value at input channel after scaling */

brd = 1; /* Read from board 1, */

chan=3; [* channdl 3, */

gain = 100; /* with gain of 100 */

Al_Read(brd, chan, gain, &reading); /* Takeareading */

Al_Scale(brd, gain, reading, & voltage); /* Scaleto voltage */

printf(“\nThe voltage is %lf volts’, voltage);
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}
The incr eesng sophistication of DAQ hardw are, computer s and sof tw are c ontinue sto emphasi ze the impor tance

and value of good dr iver softwar e Properly selected driver software can deliver an optimal combination of
flexibility and per formance, w hile also significantly r educing the time requir ed to develop the DAQ application.

While selecting driver sof tw are, there are severd factorsto condder.

Whic h Functions Ar e Available? — Driver f unctionsf or controlling DAQ har dwar e can be groupedintoandogl /O,
digital /O, andtiming I/O. Although mog drivers will have thisbadc functionality, you will want to meke sure that
the driver cando more than smply get data on and off the board. Make sure the driver has thef unctionality to:

Acquir e data at spedfied samplingr ates

Acquir e data in the backgr ound while proc essing in the f oregr ound
Use progr anmed 1/O, interr upts and DMA to trander data
Stream data to and f rom disk

Perf orm several func tions smultane oudy

Integrate more than one DAQ board

Integrate ssamlessly with signal conditioning equipment

These andother f unctions of the DAQ driver , which are included in the National Ingruments NI- DAQ driver
software, can save the user a condder able amount of time.

WhichOperating Sysems CanYou Use with the Driver? — Make sure that the driver sof tw are iscompatible with the
oper ating systems you plan to use now andin the future. The driver should also be desgned to capitalize on the
different feauresand capabilitiesof the OS. For example, while drivers writtenf or Windows 3. x may run under
Windows 95, only driversw rittenin f ull 32-bit c ode for Windows 95 ¢ antake advantage of the incr eased

per formance and robugness available with Windows 95. Driversf or W indows 95 should also be able to wor k
together with Windows 95 Plug and Play to ensure that your systemis essy to st upand configure. Y oumay also
needthe flexihility to por t your code eadly between platforms, sy from a Windows PC to a Madntoshor a Sun
SPARCstation. N I-DA Qdriver softwar e is available f or Windows 95/NT /3. 1, DOS, Mac OS, and Sun Solaris.

NI -DAQ protects your software invement be cause you canswitch between har dware pr oducts or operating
systems with little or no modificaion toyour application

Whic h Programming Languages Can You Use with the Driver? — Make sure that the driver can be called fr om your
favorite programming language, and is desgned towor k well within that de velopment environment. A

progr anming language suchasVisual Basc, for example, has an event- driven development envir onment that uses
contr ols for developing the application. If you are devdoping in the Visual Bas ¢ environment, you need to make
sure that the driver has cugom controls, such asthose in NI- DAQ, to maich the methodology of the progr anming
language.

Ar ethe Hardware Functions Y ou Need A ccessible in Software ?— A problem occurs when a developer purchases
DAQ hardware, then combines the hardware with software, only to find that a required hardware feature is not
handled by the software. The problem occurs most frequently when the hardware and software are devel oped by
different companies. By asking this question, you can save yourself time searching through the software manuals
looking for afunction that does not exist. NI-DAQ, which is developed at National Instruments along with our DAQ
hardware, handles every function listed on the data sheets of our DAQ hardware.

Doesthe Driver Limit Perf ormanc €? — Because the driver is an additional layer, it may cause some performance
limitations. In addition, operating systems such as Windows 3.1 can have significant interrupt latencies. If not dealt
with properly, these latencies can greatly reduce the performance of the DAQ system. NI-DAQ isahigh-
performance driver that has code written specifically to reduce the interrupt latencies of Windows and to provide
acquisitionratesupto 1 MS/s.

The answ ers to these quedionswiill give you an indication of the eff ort that has gone into developing the driver

software | deally, you want to get your dr iver softwar e from a company that hasas much expertise in the
development of the DAQ software as they do in the development of DAQ har dwar e
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Application Sof tw are — An additional way to pr ogram DAQ har dwer e is to use application software But even if you
use application softwar e it isimportant to know theanswer sto the pr evious questions, bec ause the application
software will use driver software to c ontrol the DAQ hardwar e Application software adds analydsand pr eentation
capabilitiesto the driver sof tw are. Application sof twer ealso integratesinstrument control (GPIB, RS-232, and VXI)
withdata acquisition. N aional | nsr uments off ers LabW indows/CVI , application sof twar ef or the traditional

C progr ammer, and LabVI EW, applic aion software with gr aphical progr anming methodol ogy, for developing
compl ete instrumentation, ac quisition, and control applications. Both produc ts canbe augmented w ith add-on
toolkits for special functionality. Compone ntWorks gives complete ingrumentation capabilitiesto Visual Basc
through OLE cugom controls. For the ore adshe et user, Meaaure off ers DAQ capabilitiesdirecly within the
Windows Excel envir onment. For the Windows DAQ user who wants r eady-to-run virtual instruments,
VirtualBenc h of fer san oscilloscope, dynamic sgnal analyzer, function gener ator, D MM, and data logger. For
analysis of the data you collect, we offer HiQw ith extensive numericd anaysisand visualization capabilities.
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Figure 8. VirtualBench Stand-Alone Virtual Instruments — Oscilloscope and Function Generator

Developing Your System

To develop a high quality DAQ system for measurement and control or test and measurement, you must understand
each of the componentsinvolved. Of al the DAQ system components, the element that should be examined most
closely isthe software. Because plug-in DAQ boards do not have displays, the software is the only interface you
have to the system. The software is the component that relays all the information about the system, and it is the
element that controls the system. The software integrates the transducers, signal conditioning, DAQ hardware, and
analysis hardware into a complete, functional DAQ system.
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Signal Processing
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Figure 9. With the signal processing functions in the LabWindows/CVI Advanced Analysis Library, you can
perform frequency analysis, filtering, and windowing operations on your data.

Therefore, when developing a DAQ system, be sure to completely evaluate the software. The hardware components
can be selected by determining the requirements of your system and making sure that the hardware specifications are
compatible with your system and your needs. Carefully selecting the proper software—whether it be driver level or
application software—can save you alot of development time and money.
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