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Data Acquisition (DAQ) Fundamentals

Introduction

Today, most scientists and engineers are using personal computers with ISA, EISA, PCI, PCMCIA, Macintosh
NuBus, or parallel or serial ports for 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.

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 ISA/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 PCs are capable of programmed I/O and interrupt transfers.  DMA transfers, not available on some computers,
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 data and 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 access time 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 a dedicated plug-in processor such as a digital signal processing (DSP) board.  If the
application only acquires and scales a reading once or twice a second, however, a low-end PC can be satisfactory.

You 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 developers 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 platforms include 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
Tra ns duce rs  s e ns e physi c al  phe nom ena and provi de el e ct ri ca l  s i gnal s  t ha t the DAQ syst e m ca n m e as ure . For 
exa m ple , therm oc ouple s , RT Ds , the rm i s tor s , and IC  s ens or s conve rt  t e mpe ra tur e int o an ana log si gnal  t hat  an ADC 
ca n m e as ure . Ot her exa m ple s  i ncl ude  s t ra in gauge s , fl ow t r ans duce rs , and pre s sur e trans duc ers ,  whi c h m ea s ure
for ce , rat e  of fl ow,  a nd pre s s ure,  r es pe ct i vel y. In eac h c as e , the  e l ect ri c al  s i gna ls  produce d a re  propor t iona l  t o t he 
phys i ca l par am et er s  t hey ar e moni t ori ng. 

Signal Conditioning
The  el e ct ri ca l  s i gnal s  ge ner at ed by t he  t ra nsduc er s  m us t  be opt im i ze d f or the  i nput  r ange  of the DAQ boar d. Si gnal 
condi t i oni ng ac ce s s ori es  can am pl i fy l ow- l evel  signa l s , and t he n i s ol at e and fi l te r the m  for  m ore  a cc urat e 
m ea s urem e nts .  I n addi t i on, some  t r ans duce rs  r equi re  vol t age  or  cur re nt exc it a ti on to gene ra te  a  vol t age  out put .
F igur e 2 de pic t s a typic al  DAQ sys te m  wi t h S C XI si gna l condi t i oning fr om Na ti ona l Ins t rum ent s . 

Am pl i fi ca ti on – The  m os t  c omm on type  of  c ondit i oni ng i s  a m pli fi c at i on. Low-l e vel  t her m ocoupl e signa l s,  f or
exa m ple , shoul d be am pl i fi ed to i ncr eas e  t he  re s olut i on and r educ e nois e . For  t he hi ghes t  pos s i bl e a cc ura cy, the
s i gnal  s houl d be a m pli f ie d s o tha t  t he maxi m um vol t age ra nge of t he  c ondit i oned si gnal  e qual s  t he  m axi m um  i nput 
ra nge of the  a nal og-t o-di gi t al  c onver te r (ADC ). 

F or e xam pl e,  S CX I has  s e vera l  s i gnal  condi t ioni ng modul e s that  a m pli f y i nput  s i gnal s . The gai n is  appl i ed to t he
l ow-l e vel  s i gnal s  wi thi n the  S C XI chas s i s  l oc at ed cl os e to t he trans duc ers ,  s e nding onl y high-level signals to the PC,
m i nim i zi ng the  e ffe ct s  of  noi s e on t he  re adi ngs .
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F igur e 2. The SC XI Si gna l Condit i oni ng F ront -End Sys t e m for Plug- In D AQ Boa rds 

Is ol at i on – Anot her  c omm on appl i ca ti on for si gnal  c ondit i oni ng i s  t o is ol a te  t he  t ra nsduc er  s i gnal s  f rom  t he 
com put er  f or s a fe ty purpos es .  The  s ys t em  bei ng m oni t ored may cont ai n high- vol ta ge tr ans i ent s  t ha t coul d dam age 
t he com put er. 

An addi t iona l  r eas on for nee di ng i s ol at i on i s  t o ma ke sure that  t he  re adi ngs  f rom  t he  pl ug-i n D AQ board ar e not
af fe ct ed by di ff ere nce s  i n gr ound pot ent i al s  or c om mon- m ode vol t age s . Whe n t he DAQ  boar d i nput  a nd t he si gnal 
bei ng ac quir ed are  e ac h re fe renc ed to “ ground,”  pr oble m s  occ ur if t he re is a pot ent i al  di f fer ence  i n the  t wo grounds . 
Thi s  di ff ere nce  c an le ad to wha t  i s  known as  a ground loop,  w hic h m ay ca us e ina cc ura te  r epre s ent at i on of  t he
ac qui red si gnal , or if  t oo la rge , ma y da ma ge the me as ure m ent  s ys t em .  Us i ng i s ol at e d s i gnal  c ondi ti oni ng modul e s
wi l l  el i m i nat e the gr ound l oop and ens ure  t hat  the  s i gnal s  are  a cc urat e ly ac qui red.  F or exa mpl e , the  S C XI-1120 and
S CXI -1121 modul e s provi de  i s ola t ion up t o 250 Vr m s of com m on-m ode vol ta ge.  The  S C XI-1122 module  pr ovi des 
up to 450 Vr m s is ola t ion. 

M ul ti pl exi ng – A com m on t e chni que for mea s uri ng s eve ra l si gnal s  wi t h a  s i ngl e meas ur ing devi c e is  mul t i pl exi ng.
S igna l  condi t i oni ng de vic es  for ana log si gnal s  of te n pr ovide  m ul t ipl e xing for  us e wi t h s l owl y c hangi ng s i gna ls  such
as  tem per at ure . This  is  i n a ddi ti on to any bui lt -i n mult i pl exi ng on the DAQ board.  T he ADC  s am pl es  one cha nnel ,
s wi t che s to t he next  cha nnel , sam pl es  i t ,  s wi t che s to t he next  cha nnel , and so on.  B ec aus e the sa m e ADC  i s  s a m pli ng
m any cha nnel s  i ns t ea d of one,  t he  ef fe ct i ve s a m pli ng rat e  of ea ch indivi dua l cha nnel  i s  inve rs el y proport i onal  to the
num ber  of cha nnel s  s a mpl e d. Our SC XI  m odul es  f or anal og signa l s em pl oy m ul t i ple xi ng s o t ha t as  many as  3072
s i gnal s  c an be me as ure d w it h one DAQ boar d. Wi t h t he AM UX- 64T a nal og m ul t i ple xer,  you ca n m e as ure  up to 256
s i gnal s  wi t h a s i ngl e boar d.

F il t er ing – T he pur pos e of a  f i lt e r i s  to re move  unwa nt ed signa l s fr om the si gna l that  you ar e tr yi ng t o m e as ure . A
noi s e fi lt e r is  us ed on DC -c la s s  s i gnal s  s uc h a s  t em pe rat ure  t o at t enua te  hi gher  f reque ncy signa l s  t hat  can re duce  t he
ac cur ac y of your me as ur em ent . For e xam pl e,  m any of the SC XI module s  ha ve 4 Hz  a nd 10 kHz lowpas s  fi lt e rs  t o
el i m i nat e nois e  be fore  t he  s i gnal s  a re  di gi ti z ed by t he DAQ boar d.
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AC -c la s s  s i gnal s  s uc h a s  vi bra ti on oft en requi r e a di f fer ent  t ype  of fi l t er known as  a n a nt ia l ia s ing fi l t er.  Li ke  t he
noi s e fi lt e r,  t he ant i al i as i ng f il t er  i s  a l s o a lowpas s  fi l te r;  how eve r, it mus t have  a  ve ry s t e ep c ut off ra te , so t hat  it 
al m os t  c ompl e te l y re m oves  a l l fr equenc i es  of t he  s i gnal  t ha t ar e highe r tha n t he  i nput  ba ndwi dth of the boa rd.  I f t he 
s i gnal s  we re  not  r em oved,  t he y woul d err oneous l y a ppea r as  s i gnal s  wi thi n the  i nput  ba ndwi dt h of the board.  B oa rds 
des i gne d s pec i fi ca ll y for AC -cl a s s si gnal  m e as ure me nt  – the  A T-DS P2200,  A T-2150, NB -A2100,  a nd N B- A2150
dynam i c si gnal  a cqui s i ti on boards  – and t he  S CX I-1141 module  ha ve ant i al i as i ng fi lt e rs  bui l t  i nt o t hem . 

Exc it a ti on – S igna l  c ondit i oni ng a ls o gene rat e s  exc i ta t ion for  s om e trans duc ers .  S t rai n gauge s,  t he rm i st or s,  a nd
R TDs , for  exa m ple , re quir e ext er nal  vol t age  or  c urre nt exc i ta t ion si gnal s . Si gnal  condi t i oning module s  f or t he se 
t ra nsduc er s  us ual l y pr ovi de t he s e si gna ls .  R TD meas ur em ent s  a re  us ual l y ma de wi th a cur rent  source  t ha t conve rt s 
t he vari a ti on in re s is t a nce to a  m ea s urabl e  vol t age . St ra i n gauge s , whi ch are  ve ry low -re s is t a nce devi c es , typic al l y
ar e us ed in a Whe at s t one br i dge c onfi gura t ion wi t h a  vol t age  exc i ta t ion sourc e.  The  S CX I-1121 and SC XI- 1122
have  onboa rd exc it a ti on sour ce s , confi gura bl e as  c urr ent  or  vol t age,  t ha t you c an us e for st rai n gauges ,  t he rm is t ors , 
or RT Ds .

Li nea ri za t ion – A nothe r com m on s i gnal  c ondi ti oni ng f unct i on i s  l i nea ri za t ion.  M a ny t ra ns duce rs , such as 
t her moc oupl es , have  a  nonl i nea r r es pons e to c hange s in t he phenom e na be i ng m ea s ure d. Bot h our  N I-DA Q dr ive r
s oft wa re and LabV IEW,  L abWi ndows / C VI,  C om ponent Wor ks , and Vi rt ual B ench appl i ca t ion soft wa re incl ude
l i near i zat i on r out ine s  f or t he rm ocoupl es ,  s t ra in gauge s , and RTD s .

It is important 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 Inputs

B as i c Cons i der at i ons  of  Ana log Input s  – The  ana l og i nput  s pe ci fi ca t ions  ca n gi ve you i nfor ma t ion on bot h the
ca pabi l i ti e s  and the ac cura cy of the  DA Q pr oduct . Bas i c speci f ic at i ons , whi ch are  a vai l abl e on m os t  D AQ pr oduct s ,
t el l  you the num be r of c hanne ls ,  s a mpl i ng rat e,  r es ol ut ion,  a nd i nput  r ange . The num ber of anal og cha nnel  i nput s 
wi l l  be spec i fi ed for bot h s i ngle -e nded and dif fer ent i al  i nput s  on boar ds  t hat  have bot h t ypes  of input s .  S ingl e -ende d
i nput s ar e al l  re fe renc ed to a  com m on ground poi nt . Thes e  i nput s  a re typic al l y us e d whe n t he  i nput  s i gnal s  a re  hi gh
l eve l (gr eat e r tha n 1 V),  t he lea ds  fr om the signa l  s ourc e to the ana log input har dwar e are  s hort  (l es s  tha n 15 ft ),  a nd
al l  i nput  si gna ls  share  a  c om mon ground ref er ence . If  t he signa l s  do not meet  the s e cr it e ri a,  you shoul d us e
di ffe re nti a l inputs .  W i th di ffe rent i al  inputs ,  e ac h i nput  ha s its  own ground r efe re nce . Noi se  e rror s  a re re duce d
bec aus e  t he com m on-m ode noi s e pic ked up by the  l e ads  i s  canc el e d out .

S am pl ing Rat e – Thi s  pa ra me t er det e rm ine s  how oft e n conve rs i ons  c an ta ke pl ace . A fas t e r s a mpl i ng r at e ac qui res 
m ore  poi nt s in a  gi ven tim e  a nd c an the ref ore  oft e n for m  a  bet t er  r epre s ent at i on of  t he ori gi nal  si gna l.  F or exa mpl e ,
audi o signa l s conve rt ed to e le ct ri c al  s i gnal s  by a  m i crophone  c om monl y have fr equenc y c om ponent s  up to 20 kHz. 
To proper ly di gi ti z e t hi s  s i gna l for ana l ys is ,  t he Nyqui s t  s am pl i ng t heor em  t e ll s  us  t hat  we mus t  sam pl e a t  m ore  t han
t wi ce  t he ra te  of  t he maxi m um fr equenc y c om ponent  w e want  t o det ec t . So,  a  boa rd w it h a sa m pli ng ra te  gr eat e r
t han 40 kS / s (s uc h a s the AT-D SP 2200, AT-2150,  N B- A2100, and NB -A2150) is  ne eded to pr operl y acqui r e t hi s 
s i gnal .

M ul ti pl exi ng – A com m on t e chni que for mea s uri ng s eve ra l si gnal s  wi t h a  s i ngl e ADC  i s  mul t i ple xi ng. The ADC 
s am pl es  one cha nnel , swi tc hes  to the next  c hanne l,  s a m ple s  i t , swi tc hes  to the next  c hanne l,  a nd s o on. Be ca us e the 
s am e  ADC  is  sam pl ing many cha nnel s  i ns t ea d of one,  t he ef fe ct i ve r at e of ea ch indi vi dual  cha nnel  i s  i nve rs el y
propor ti ona l to t he num ber of cha nnel s  s a mpl e d. For exa m ple , an AT-M I O-16E- 1 s am pl i ng a t  1 MS / s  on 10
cha nnel s  w il l  eff ec ti ve ly sam pl e eac h i ndi vi dual  c hanne l  a t: 

 1 M S/ s 
                           = 100 kS /s  per  c hannel 
10 channe l s
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R es ol ut ion – The  num be r of  bi t s  t hat  the  A DC  us es  to re pre se nt  t he ana l og s i gnal  i s  the  r es ol ut ion.  The  hi ghe r t he 
re s olut i on, the highe r the num be r of di vi s i ons the range  i s  broken into,  a nd t he ref ore,  t he  s m al l er  t he det ec t abl e
vol t age cha nge.  F i gure 3 s hows  a sine  w ave and its  cor res pondi ng digi t al  im a ge as  obt a ine d by an ideal  3-bi t  AD C. 
A 3-bi t  c onvert e r ( whi ch is  ac tua l ly sel dom  us e d but  a  c onveni ent  exa mpl e ) di vi des  the anal og range  i nt o 23,  or 8
di vi si ons .  Ea ch divi s i on i s  r epr es ent e d by a bina ry code bet we en 000 a nd 111.  C l ea rl y, the  di gi t al  r epre s ent at i on is 
not  a  good repr es e nta t ion of the  or i gina l ana l og s i gnal  beca us e inf orm at i on ha s  be en los t  in the conver s ion.  B y
i ncr eas i ng the  r es ol ut ion to 16 bit s ,  howe ver,  t he  num ber  of  code s  f rom  t he ADC  inc re as es  from  8 t o 65, 536, and
you can there for e obt a in an ext re m el y a cc urat e  di gi ta l  r epre s ent at i on of  t he ana l og s i gnal  i f  t he re st  of the  a nal og
i nput  ci r cui t ry i s  des i gned proper l y.

Figure 3.  Digitized Sine Wave with a Resolution of Three Bits

R ange  – Ra nge ref ers  to t he mini m um  a nd m axi m um  vol t age  l eve l s that  t he  AD C ca n qua nti z e.  The  m ul ti f unct i on
DAQ  boa rds  of fer  s e le ct abl e  ra nges  so t hat  the  boa rd is  conf igur abl e to ha ndle  a  va ri et y of  di ff ere nt  vol t age  l eve l s. 
Wi t h t hi s  f l exi bi li t y, you c an mat ch the  s i gna l ra nge t o that  of  t he ADC  t o ta ke bes t  a dvant a ge of  t he  re s olut i on
ava i la bl e to ac cur at el y m e as ure  t he si gnal .

The  ra nge,  r es ol uti on,  a nd ga in ava i la bl e on a DAQ  boa rd de t erm i ne the sm a ll e s t det ec t abl e cha nge in vol ta ge.  Thi s 
cha nge in vol t age  re pre se nt s  1 LSB  of  t he di git a l val ue , and is  oft en ca ll e d t he code  wi dt h.  The  i dea l  code  w idt h is 
found by di vi di ng t he vol ta ge ra nge by t he gai n t i m es  tw o ra i s ed t o the or der  of bi ts  in t he re sol ut i on. For  e xam pl e, 
one of our 16-bi t mul ti func t ion DAQ  boa rds , the A T-M IO -16X,  ha s a sel ec t abl e ra nge of  0 to 10 or - 10 t o 10 V and
s el e ct abl e gai n of 1,  2,  5,  10,  20,  50,  or  100.  W i th a vol ta ge range  of  0 to 10 V , and a gai n of  100,  t he ideal  code 
wi dt h i s : 

    10
                =  1. 5 µV    The ref ore,  t he  t heor et i ca l re sol ut i on of  one  bi t  i n t he  di gi ti z ed val ue is 1.5 µV.                

100 x 216 

C ri t ic al  C ons i der at i ons of Anal og Input s  – Al t hough t he bas i c spec if ic at i ons  pr evi ous ly des c ri bed may s how  t hat  a
DAQ  boa rd ha s  a  16- bit  res ol ut i on AD C and a 100 kS /s  sam pl ing ra te , this  does  not mea n you ca n s am pl e at  ful l
s pee d on al l  16 cha nnel s  a nd ge t ful l  16- bit  ac cura cy.  F or exam pl e,  you ca n pur cha se  pr oduct s  on the ma rket  today
wi t h 16- bit  ADC s  a nd ge t les s  t ha n 12 bit s  of  us e ful  da ta . How do you tel l  i f the  boa rd tha t  you are  c ons ide ri ng wi ll 
gi ve you t he des i re d r es ul t s?  The  m os t  i m port ant  thi ng to do is  to scr uti ni ze  s pe ci fi ca t ions  that  go beyond the
re s olut i on of  t he  DAQ  pr oduct . Nat i onal  Ins t rum ent s  of fer s  s e vera l appl i ca t ion not es  to hel p you under s ta nd a l l the
s pec i fi ca ti ons  on DAQ  produc t s . Whi l e e val ua ti ng DAQ produc ts ,  a ls o cons i der  t he DNL,  r el at i ve ac cur acy,  s e t tl i ng
t i me  of  t he inst r ume nt at i on a mpl i fi er , and nois e , bec aus e wha t you don’ t know about  t he  DA Q boa rd you ar e
cons i de ri ng c an hurt  your mea s urem ent s . 

Ide al l y, as  you i ncr ea se  t he  l eve l of vol ta ge appl i ed to a DAQ  boar d, the digi t al  codes  fr om the ADC  s houl d a l so
i ncr eas e  l i nea rl y. If you w ere  t o plot  the  vol t age  ve rs us  t he  out put  c ode from  a n i de al  A DC,  t he  pl ot  woul d be a
s t rai ght  l i ne.  D evi at i ons  f rom  t hi s  i dea l  s t ra ight  li ne  a re spec if ie d a s  t he nonl ine ar it y. 
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DNL  i s  a  m ea s ure in LS B  of the wors t -c as e devi a ti on of c ode wi dt hs fr om thei r ide al  val ue of 1 LS B.  A n i dea l  DA Q
boar d ha s  a  DNL  of 0 L SB . Pr ac ti c al ly,  a  good DAQ  boa rd w il l  ha ve a DNL of ±0. 5 LS B .

The re is no uppe r lim i t  on how w ide  a  c ode can be.  C ode s do not  have  wi dt hs  of  l es s  tha n 0 LSB ,  s o the  DN L i s 
neve r wors e  t han -1 LSB . A DAQ boar d wi t h poor  pe rfor ma nce  m ay have  a  c ode wi dth equa l  t o or  ve ry ne ar  z ero, 
whi ch indic at e s a mis s i ng code.  N o m at t er  wha t  vol t age  you input  to the DAQ boar d wi t h a  m i s s ing code , the  boa rd
wi l l  neve r quant i ze  t he vol ta ge to t he val ue re pres e nt ed by t hi s code . Som e ti m es  DNL is spec i fi ed by s t at i ng t hat  a
DAQ  boa rd ha s  no mis s i ng c odes ,  whi c h m ea ns  t hat  the  D NL i s  bounded be l ow by -1 LSB  but does  not make  a ny
s pec i fi ca ti ons  a bout  t he upper  bounda ri es .  Al l  N at i onal  I nst r ume nt s E Se ri es  boa rds  are  gua ra nte ed to have  no
m i ss i ng codes ,  a nd our  s pec i fi ca ti ons  cl ea rl y s t at e  wha t  t he DNL is  i n t he  s pec i fi ca ti on so that  you know the 
ac cur ac y or our board line ar it y. 

If  t he DAQ  boar d i n the  pr evi ous  e xam pl e,  whi c h had a code  w idt h of 1. 5 µV , had a m i s s i ng c ode s l i ght ly above 
500 µV, the n i nc rea s i ng t he vol ta ge to 502 µV  woul d not be det e ct abl e.  O nly whe n t he vol ta ge is  incre as e d a nothe r
LS B,  or  i n t hi s  e xam pl e,  be yond 503 µV, wi l l the volt a ge cha nge be  de t ect a ble . As  you ca n s e e,  poor DNL  re duce s 
t he res ol ut i on of  t he boar d.

R el at i ve Acc ura cy – It  is a meas ur e in LS Bs  of t he  wor s t- ca s e de vi at i on fr om  t he ideal  DAQ boar d t ra ns fer  f unct i on,
a st rai ght  l i ne.  R e la t ive  a cc urac y i s  de t erm i ned on a  D AQ board by c onnec ti ng a volt a ge at  ne gat i ve ful l sca l e,
di gi ti z ing the volt a ge, incr eas i ng the  vol t age , and repe at i ng t he  s t eps  unti l  t he  i nput  r ange of the  boa rd has  been
cove re d. Whe n t he di git i ze d poi nt s  a re pl ott e d, the  r es ul t  wi l l  be  a n appa re nt st rai ght  l i ne (s e e Fi gure  4a ). Howe ver ,
you can subt rac t  ac t ual  s t ra i ght- li ne  va lue s  f rom  t he di git i ze d va l ues  a nd pl ot  t he s e r es ul t ing poi nt s,  a s  s hown in
F igur e 4b. The ma xi mum  devi at i on f rom  z er o i s  t he re la t ive  a cc urac y of  t he DAQ  boa rd.

F igur e 4a. F igur e 4b.

F igur e 4. Det er m ini ng the  r el at i ve ac cura cy of a DAQ boar d. Fi gure  4a  s hows 
 the  a ppare nt  s t ra ight -l i ne pl ot  gene ra te d by swee pi ng t he input. Fi gur e 4b s hows , 

by subt ra ct i ng out  ca lc ul at ed str ai ght -l i ne val ues ,  t hat  the  pl ot  i n not ac t ual l y s t ra ight . 

The  dri ve r s of tw are  f or a  D AQ board wi l l trans l a te  t he bi nar y code  va l ue of t he  AD C to vol t age by m ul t i plyi ng it  by
a cons t ant .  Good re l at i ve a cc ura cy i s  im por ta nt  for  a  DA Q boa rd beca us e it  ens ure s  t hat  the  t r ans l at i on fr om  t he
bi nar y code  of  t he ADC  to the volt a ge val ue is  ac cura t e.  Obt a ini ng good re l at i ve acc ura cy requi re s  t ha t bot h t he
ADC  and the  s urr oundi ng a nal og c ir cui t ry are  de s igne d pr operl y. 

Settling Time – On a typical plug-in DAQ board, an analog signal is first selected by a multiplexer, and then
amplified by an instrumentation amplifier before it is converted to a digital 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
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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 is a major
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.

Figure 5. The input to an instrumentation amplifier that is multiplexing 40 DC signals
 appears to be a high-frequency AC signal.

The instrumentation 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 less likely 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 µs when amplifying at a
gain of 100. That is why National 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.

Noi s e – A ny unwa nte d s i gna l that  a ppea rs  i n the  di gi t iz ed signa l  of  t he DAQ boar d i s  noi s e.  B e caus e  t he PC is  a
noi s y di gi t al  e nvir onm ent , ac quir i ng dat a  on a plug- in boar d t ake s  a  ve ry car eful  layout  on mult i l aye r D AQ boards 
by ski l l ed ana log des i gner s . Si m ply pl ac ing an ADC , ins tr um ent at i on a mpl i fi e r, and bus  i nt er fac e ci rc uit r y on a one 
or two-l aye r board wi l l mos t like l y r es ul t in a  ve ry noi s y DAQ board.  D es i gner s ca n us e  m et a l shi el di ng on a D AQ
boar d t o hel p r educe  noi s e . Prope r shie l ding should not  onl y be a dded ar ound s ens i t i ve anal og sec ti ons  on a DAQ 
boar d, but  m us t al s o be buil t  i nt o t he  l aye rs  of t he  DAQ  boa rd w it h ground pla nes . 

F igur e 6 s hows  the  D C nois e  pl ot  of  t wo DAQ produc ts ,  bot h of w hic h us e  t he sam e ADC .  Two qual i t ie s  of  t he
DAQ  boa rd c an be det er m ine d f rom  t he noi s e pl ot s  – ra nge of noi s e  and the dis t ri but i on. The pl ot in F i gure 6a, 
whi ch is  our AT- MI O-16X , has  a  hi gh dis t ri but i on of  s am pl es  at  0 and a ver y s m al l  num be r of  poi nt s  oc curr ing at 
ot her  code s . The di s tr ibut i on i s  Gaus s i an,  w hic h i s  w hat  i s  e xpec t ed from  r andom  nois e . From  the pl ot ,  t he pea k
noi s e le vel  is  wi thi n ±3 LS B.  The  pl ot  i n Fi gure  6b,  m ade  w it h a very noi s y DAQ  pr oduct  f rom  a  c ompe t it or,  ha s  a 
fa r dif fer ent  dis t ri but i on. It  ha s  noi s e grea t er than 20 LS B,  w it h many s a m ple s  oc curr ing at  point s  othe r tha n t he 
expe ct e d val ue . For  t he DAQ produc ts  in F igur e 5, the t e s t wa s run wi t h an input  ra nge of ±10 V a nd a  ga in of 10.
The ref ore,  1 LS B = 31 µV , so a noi s e le vel  of  20 LSB  is  equi val e nt to 620 µV of  noi s e. 
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Figure 6a. Figure 6b.

Figure 6.  Noise plots of two DAQ products with significantly different
noise performance even though they use the same 16-bit ADC. Figure 6a. is

the National Instruments AT-MIO-16X; Figure 6b is a competitor’s DAQ product.

Eva lua t e t he  S pec if i cat i ons  – Wi t h a  s ophi s t ic at ed mea s uri ng de vic e like  a  pl ug-i n DAQ board,  you ca n ge t 
s i gnif i cant l y di f fer ent  a cc urac i es  dependi ng on whos e  boa rd you ar e us ing.  N at i onal  I ns tr ume nt s  goes  to gre at 
l engt hs  t o ma ke our boards  ext re m el y a cc urat e , in many cas e s  m ore  a cc urat e  t han sta nd-a lone  i ns t rum ent s . We 
publ i sh thi s ac cur acy in our  s pec i fi ca ti ons . Be le er y of boar ds  t hat  are  i nade quat e ly spec if i ed, bec aus e  t he
s pec i fi ca ti on omi t t ed ma y be  t he  one that  c aus e s  your mea sur em ent s  to be inacc ura te . By eva l uat i ng m ore  a nal og
i nput  s pec i fi ca ti ons  tha n s i m ply the res ol ut i on of  t he ADC  c onver te r,  you can make  s ure  t hat  you a re get t i ng a  DA Q
produc t  t hat  is  ac cura t e enough f or your a ppl ic at i on.

Analog Outputs

Ana log out put ci r cui t ry i s  oft en requi re d t o provi de sti m ul i for  a  DA Q s ys t em .  S ever al  s pe ci fi c at i ons for  t he di git a l- 
t o-a nal og c onvert e r (DAC ) det er m ine  t he qual i t y of  t he out put si gnal  pr oduced – s e t tl i ng t i m e,  s l ew ra t e, and
re s olut i on. Set t li ng ti m e and sle w rat e  wor k t oget he r i n det er mi ni ng how f as t  t he DAC  can cha nge the  l e vel  of  t he
out put  s i gnal . Set tl i ng ti m e is the ti m e re qui red for the output  to s et t l e to the spe ci fi e d a cc urac y. The set t li ng ti m e is 
us ual l y s pe ci fi ed for  a  ful l -s c al e cha nge in vol ta ge.  The  s l ew  ra t e is  the ma xi mum  rat e  of cha nge tha t  t he DAC  can
produc e on t he out put si gnal . Ther ef ore,  a  DA C wi t h a  s m al l  s e tt l i ng t i me  a nd a  hi gh sl e w r at e ca n ge nera t e high- 
fr eque ncy s i gna ls ,  be ca use  l i t t le  t i m e i s  nee ded t o ac cura t el y c hange  t he out put to a  ne w vol t age  l eve l .

An exa mpl e  of an appl i ca t ion that  r equi re s hi gh pe rfor ma nce  i n the s e para m et er s is  t he gene rat i on of a udi o s i gnal s .
The  DAC  requi r es  a  hi gh sl e w r at e and sma l l set t l ing tim e  t o ge ner at e the high fre quenc i es  ne ce s sa ry to cove r the
audi o range . In cont ra s t,  a n e xam pl e of an a ppl ic at i on t ha t does  not  re qui re fa st  D/ A c onver s ion is  a vol t age sourc e
t hat  c ont rol s  a  he at er . Be ca use  t he  he at er  ca nnot  r es pond qui c kly to a  vol t age cha nge,  f as t  D/ A conve rs i on i s  not 
nec es s a ry. The appl i ca t ion wi l l det e rm ine  t he  DA C speci f ic at i ons .

Output resolution is similar to input resolution. It is the number of bits in the digital code that generates the analog
output. A larger number of bits reduces the ma gnit ude  of  ea ch out put vol ta ge incre m ent , there by m a king it pos s ibl e 
t o ge nera t e smoot hl y c hangi ng si gna ls .  A ppli c at i ons re quir i ng a wi de dynam i c ra nge wi th sma l l incr em ent al  volt a ge
cha nges  in the ana log out put si gnal  m a y nee d hi gh-r es ol ut ion vol t age out puts . 
.



9

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 a ribbon 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 RTSI,
two analog input boards can capture data simultaneously while a third board generates an output pattern
synchronized to the sampling rate of the inputs.

Digital I/O

DI O i nt er fac es  are  of te n us e d on PC  D AQ sys t e ms  to cont r ol proc es s es ,  ge nera t e pat t erns  for tes t ing,  a nd
com m uni ca te  w it h peri phe ral  equi pm ent . In ea ch cas e , the i m port a nt par am et er s  i ncl ude  t he num ber of digi t al  line s 
ava i la bl e,  t he ra te  a t  whi ch you c an ac ce pt and source  di gi t al  da t a on t hes e  l i nes ,  and the dri ve ca pabi l it y of t he  l i nes . 
If  t he di git a l line s  a re  us ed for cont r oll i ng e vent s  s uc h a s  t urni ng on and off  hea t ers ,  m ot ors ,  or li ghts ,  a  hi gh da t a
ra t e i s  us ual l y not  r equi re d be caus e  t he equi pm ent  ca nnot re s pond ver y qui ckl y.  The  num be r of  di gi t al  l i nes ,  of
cour s e,  ne eds  t o ma t ch the  num be r of  proc es s e s that  a re  c ontr oll e d. In eac h of  t hes e  e xam pl es , the am ount  of  cur re nt
re qui red to t urn the  de vi ce s on a nd of f m us t  be  l e ss  than the  a vai l abl e dri ve cur rent  from  the  boa rd. 

Wi t h t he  pr oper di git a l si gnal  c ondit i oni ng a cc es s ori es ,  howe ver , you c an use  t he  l ow-c urr ent  TTL  s i gnal s  t o/ fr om
t he DAQ har dwar e to monit or /c ont rol  hi gh vol t age  a nd c urre nt  s i gnal s  f rom  i ndus t ri al  hardw are . For  e xam pl e, the
vol t age and cur rent  nee ded t o open and cl os e a la rge  va lve  m ay be on t he  orde r of 100 VA C at  2 A.  B ec aus e the
out put  of a di git a l I/ O board is  0 to 5 V DC  at  seve ral  mi l l ia m pere s , an SS R Seri e s,  E R- 8/16,  S C -206X Se ri es , or
S CXI  m odul e is nee ded to s wi t ch the  pow er si gnal  t o cont rol  t he  val ve .

A com m on a ppli c at i on i s  t o tr ans fe r dat a bet we en a com put er and equi pm ent  s uc h a s  da ta  l ogger s , dat a proc es s ors , 
and pri nt er s.  B e caus e  t hi s  e quipm e nt us ual l y t ra ns fe rs  da ta  i n one byte  ( 8-bi t ) i nc rem e nts ,  t he di gi ta l  l i nes  on a pl ug-
i n di gi t al  I /O  boa rd a re  a rra nged in groups  of e i ght.  I n a ddit i on,  s om e boards  wi t h di gi ta l  c apabi l i t ie s  wi l l  ha ve
hands ha ki ng ci r cui t ry f or com m unic at i on s ync hroni za ti on purpos es .  The  num ber  of  c hannel s ,  da ta  r at e,  a nd
hands ha ki ng ca pabi l i ti e s  a re al l  i m port ant  speci f ic at i ons  t hat  should be unders t ood and ma t ched to t he appl i ca t ion. 

Timing I/O

C ounte r/ t i me r ci rc uit ry is  us ef ul  for  m any appl i ca t ions ,  i ncl udi ng count i ng t he occ urre nce s of a di git a l eve nt,  di gi t al 
pul s e ti m i ng, and gene rat i ng s qua re wa ves  a nd pul s es .  Y ou c an i m pl em ent  al l  of  t hes e  a ppli c at i ons us i ng t hre e
count e r/ t im e r s i gnal s  – ga te , source , and out put.  The  ga t e is  a digi t al  input that  i s  us e d t o enabl e  or di s abl e the
func t ion of the  c ount er.  The  s our ce is  a  di gi ta l  i nput  t hat  ca use s  t he  count e r t o incre m ent  e ac h t i me  i t  t oggl es ,  a nd
t her efor e provi des  the  t i m ebas e  f or t he  ope rat i on of  t he count e r. Fi na ll y,  t he out put  gene ra te s  di gi t al  s qua re wa ves 
and pul s es  a t  t he out put line .

The most significant specifications for oper at i on of  a  count e r/ t im e r a re  t he re sol ut i on 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 is a National Instruments
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custom ASIC designed specifically for DAQ applications. In comparison with the off-the-shelf counter/timer chips
generally used on DAQ boards, the DAQ-STC is in a league of its own. For example, the DAQ-STC is an up/down
counter/timer, meaning that it can use additional external digital signals to count up or down, depending on whether
the level is high or low. This type 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

Software
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 majority 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 MIO-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; /* channel 3, */
gain = 100; /* with gain of 100 */
AI_Read(brd, chan, gain, &reading); /* Take a reading */
AI_Scale(brd, gain, reading, &voltage); /* Scale to voltage */

printf(“\nThe voltage is %lf volts”, voltage);
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}
The  i ncr eas i ng sophis t i ca ti on of DAQ hardw are , com put er s , and s of tw are  c ont inue s  t o e m phas i ze  t he impor t ance 
and val ue  of good dr i ver soft war e.  P rope rl y s el e ct ed dri ver  s oft wa re  c an del i ver an opti m al  com bi nat i on of 
fl e xibi l i ty and per form a nce,  w hil e  a ls o signi fi c ant l y r educi ng the  t i m e requi r ed t o deve lop the DAQ appl i ca ti on. 

Whi l e sel ec t ing dri ve r s of tw are , there  a re seve ral  fa ct ors  t o cons i der .

Whi c h F unct i ons  Ar e Avai l abl e?  – Dri ve r f unct i ons  f or c ont rol li ng DAQ har dwar e can be groupe d i nt o a nal og I /O ,
di gi ta l  I/ O,  a nd t i m ing I/ O.  Al t hough mos t  dr i vers  wi l l have  t hi s  ba si c  func t iona l it y,  you wi l l want  to m ake  s ure  t ha t
t he dri ver  c an do more  t han sim pl y ge t  da ta  on and off the board.  M a ke sure the dri ver has  the f unct i onal i t y t o: 

• Ac quir e dat a at  spe ci fi e d s am pl i ng r at es 
• Ac quir e dat a in t he backgr ound whi l e proc es s i ng i n the  f oregr ound
• Us e  progr am m ed I/ O, int err upts ,  a nd DM A  t o t ra ns fe r da t a
• S tr ea m dat a to a nd f rom  di s k
• P erf orm  s e vera l  func t ions  sim ul t ane ous ly
• Int e grat e  m ore  t han one DAQ boar d
• Int e grat e  s ea m le s s ly wi t h s i gnal  condi t ioni ng equi pm ent 

The se  a nd ot he r f unct i ons  of the DAQ dri ver , whi ch are  i nc lude d i n t he  Na t iona l  Ins t rum e nts  NI- DAQ dri ver 
s oft wa re,  c an save  t he us er a cons i der abl e am ount  of  t i m e.

Whi c h Ope ra ti ng Sys t em s  C a n You Us e wi t h t he Dri ve r? – M a ke sure that  t he dri ve r s of tw are  i s  c om pat i ble  w it h the 
oper at i ng s ys t em s  you pl an to us e now a nd i n the  f ut ure.  The  dr ive r should al s o be  de s i gned t o ca pit a li z e on t he
di ffe re nt fe at ure s  and ca pabi l i ti e s  of the OS.  F or exa mpl e , whi le  dr ive rs  wri t te n f or Wi ndows  3. x m a y run under 
Wi ndows  95, onl y dri ve rs  w ri tt e n i n f ul l 32-bi t  c ode for Wi ndows  95 c an t a ke advant a ge of t he  i ncr ea s ed
per form a nce  and robus t nes s  ava il a ble  wi t h Wi ndows  95.   Dri ve rs  f or W i ndows  95 should al s o be abl e to wor k
t oget her  wi t h Wi ndows  95 Pl ug and Pl ay to e ns ure that  your  s ys t em  i s  eas y to s et  up a nd c onfi gure.  Y ou m ay al s o
nee d t he  fl e xibi l i t y t o por t your code  e as i ly bet we en pl at form s ,  s ay fr om a Wi ndows  PC  t o a Ma ci nt os h or  a  S un
S PAR C s ta t ion.  N I-DA Q dr ive r soft war e is  ava il a ble  f or Wi ndows  95/ NT /3. 1, DOS , Mac  OS , and Sun Sol a ri s .

NI -DAQ  prot e ct s  your  s oft wa re inves t m ent  be ca us e you ca n s wi t ch bet we en har dware  pr oduct s  or  ope rat i ng
s ys t em s  wi t h l i t t le  or  no modi fi c at i on t o your  a ppl ic at i on

Whi c h P rogra m mi ng Langua ges  C a n You Us e wi t h t he Dri ve r? – M a ke sure that  t he dri ve r c an be ca ll e d fr om your
fa vori t e progra mm i ng la nguage , and is  des i gned to wor k we l l wi t hin that  de vel opm ent  envi ronm ent .  A
progr am m ing langua ge suc h a s  Vi s ua l Ba s i c, for  e xam pl e,  has  an eve nt- dri ven deve lopm e nt envi r onme nt  t hat  use s 
cont r ols  for deve l oping the appl i cat i on. If  you are  de vel opi ng i n the  Vi s ua l Bas i c envi ronm ent ,  you need to m ake 
s ure  t hat  the  dr ive r has  cus t om cont rol s ,  s uch as  those  i n NI- DAQ,  t o ma t ch t he  m et hodol ogy of  t he progr am m ing
l angua ge. 

Ar e t he  Ha rdwa re  F unct i ons  You Nee d A cce s s ibl e  i n S oft wa re ? –  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 developed by
different companies. By asking this question, you can save yourself time searching through the software manuals
looking for a function 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.

Doe s  t he Dri ve r Li m i t  P erf orm anc e?  – 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 is a high-
performance driver that has code written specifically to reduce the interrupt latencies of Windows and to provide
acquisition rates up to 1 MS/s.

The  ans w ers  to t hes e  que st i ons  w il l  gi ve  you an indi c at i on of the eff ort  t ha t has  gone int o devel opi ng the  dr ive r
s oft wa re.  I dea ll y,  you want  to get  your dr i ver soft war e from  a com pany that  ha s  a s much expe rt is e  i n t he 
deve l opme nt  of the DAQ soft wa re as  the y do in t he deve lopm e nt of DAQ har dwar e. 
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Appl i ca ti on Sof tw are  – An addi t iona l  wa y t o pr ogra m DAQ har dwar e is  to us e appl i ca t ion soft wa re.  B ut  e ven if  you
us e appl i ca ti on soft war e,  i t  i s  i m port a nt to know the a ns wer s  t o t he  pr evi ous  que st i ons , bec aus e  t he appl i ca ti on
s oft wa re wi l l us e dri ver  s oft wa re  t o c ont rol  t he DAQ  ha rdwar e.  Appl i ca t ion soft wa re adds  ana lys i s  a nd pr es ent a ti on
ca pabi l i ti e s  t o t he  dri ve r s of tw are . Appl i cat i on sof t war e a l s o i nt egra t es  i ns t rum ent  cont rol  (GP IB , RS -232,  and VXI )
wi t h da ta  a cqui s i t ion.  N at i onal  I nst r ume nt s off ers  LabW i ndows /C VI , appl i cat i on sof t war e f or the  t ra di ti ona l
C  progr am m er , and LabVI EW,  a ppli c at i on s oft wa re  wi t h gr aphi ca l progr am m ing met hodol ogy, for deve l oping
com pl et e  i ns t rum ent at i on, ac qui si t i on, and cont rol  appl i cat i ons . Both produc ts  ca n be  a ugme nt ed w it h add-on
t ool kit s  for speci a l func ti ona li t y.  C ompone nt Works  gi ves  c om ple t e ins t rum e nta t ion ca pabi l i ti e s to Vi s ual  Ba s i c
t hrough OLE cus t om cont rol s .  F or the  s pre ads he et  us e r,  M ea s ure off ers  DAQ ca pabi l i ti e s di re ct ly wi t hi n t he
Wi ndows  Exce l  e nvir onme nt . For  t he Wi ndows  DAQ us er who want s  r ea dy-t o-run vi rt ual  i ns t rum ent s , 
Vi rt ua lB enc h of fer s  a n os ci l l os cope , dynam i c s i gna l ana l yzer , funct i on gener at or,  D MM ,  a nd da ta  l ogge r. For 
ana l ys is  of the  da ta  you col l ec t , we offe r Hi Q w it h ext ens i ve num eri c al  a nal ys i s  a nd vi s ual i za ti on capa bi li t i es . 

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 components involved.  Of all the DAQ system components, the element that should be examined most
closely is the 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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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 a lot of development time and money.


