
Utilizing the Latest Technologies in 

Data Acquisition
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Agenda

ÅComputer Based DAQ Fundamentals

ÅUtilizing New Technologies
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SoftwareDAQSignal 
Conditioning

SignalTransducer

PC-Based Data Acquisition (DAQ)



PC-Based Data Acquisition (DAQ)

HIL Simulation for Hybrid Cars Bridge Health Monitoring in India

NASA James Webb Space TelescopeGas Turbine Engines
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Measuring Analog Input Signals

Factors to consider:

ÅSampling rate

ÅResolution

ÅRange and amplification

ÅNoise and filtering
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Analog I/O: Sampling Rates and Update 

Rates

ÅUndersampling may result in the misrepresentation of 

the measured signal (aliasing).

ÅAfter a signal is aliased, it is impossible to reconstruct 

the original signal.

ÅSample at least twice as fast as the highest frequency 

signal being measured.
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Resolution
ÅNumber of bits analog-to-digital converter (ADC) uses to represent a signal

ÅHigherresolutionðDetect smaller voltage changes
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16-Bit versus 12-Bit Measurements
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Optimize Resolution with Amplification

16-bit

Digitizer

10 mV

signal

32 levels

of resolution

16-bit

Digitizer

10 V

signal

65,536 levels

of resolution

Optimizes Resolution over the Range of the Measurement

Amplifier
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Use Lowpass Filters to Remove Noise

ÅRemoves noise

ÅBlocks unwanted frequencies

ÅPrevents aliasing

Lowpass

Filter

Time Domain

Frequency Domain

Time Domain

Frequency Domain

Lowpass

Filter
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Improve Filtering Flexibility with 

Digital Filters

Software (algorithmic) filters

ÅChange filter topology

ÅChange filter type (lowpass 

and so on)

ÅChange cutoff frequency

ÅChange filter order (number of 

poles)
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Use a Combination of Analog and Digital 

Filters
ÅAnalog filters prevent signal aliasing

ÅCircuit components dictate the type and frequency of 

the filter

ÅDigital filters complement analog filters by providing 

infinite ñtunabilityò

ÅDigital filters consume processor time but they can be 

used post-acquisition
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Front-End Signal Conditioning

SCC SCXI

Integrated Signal Conditioning

PXI Instruments SC Series FieldPoint

Signal Conditioning Provides 

Amplification and Filtering

cDAQ
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Signal Conditioning Inputs

ÅLow-level voltage signals (0ï100 mV)

ÅHigh voltage signals (10ï1,000 V)

ÅSensors

ˈThermocouples

ˈRTDs

ˈStrain Gauges

ˈPressure Sensors

ˈAccelerometers

ˈLoad Cells

ˈLVDTs/ RVDTs

ˈResolvers
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Hardware versus Software Timing

1 kS/s to 20 kS/s

varying by point

Arbitrary sampling rates,

point-by-point data

0 to 200 kS/s

50 ns timing accuracy

Clocked sampling rate, 

buffered data

20 kHz Signal
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Using a Buffer to Acquire Samples 

ÅUse in conjunction with hardware 

timing

ÅContinuous or finite length

Data

Board

Memory

PC

Memory

Data
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Analog Triggering

Trigger Signal

Input Signal

Acquired Signal

Trigger threshold
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Digital Triggering

Trigger Signal

Input Signal

Acquired Signal
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Analog Output

DAC

Channel 0

Channel 1

DAC
Channel 0

Channel 1

ÅMost Multifunction DAQ devices have a digital-to-analog 

converter (DAC) for each of their analog output channels 

ÅDACs are updated simultaneously with the AO Sample Clock
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Waveform Generation

ÅHardware time (clocked) 

buffered output

ÅEach channel can output 

independently timed 

waveforms

ÅMultiple AO operations 

can occur in parallel
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Digital I/O
ÅDIO with Multifunction DAQ Devices

ïStatic (software-timed) DIO

ïEight or 32 lines

ïAdd SCXI or SCC for isolation

ÅHigh Speed DIO

ïDedicated digital devices

ïUp to 100 MHz clock rates

ïUp to 64 Mbits/ch onboard memory

ïProgrammable voltage levels (ï2.0 to 5.5 V)

ÅIndustrial DIO

ïUp to 60 V ranges

ïBuilt-in bank or channel-channel isolation
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Utilizing the Latest Technologies in DAQ

New Bus Technologies

Digital Isolators and Their Impact on 
Measurement Performance

Advanced Data Acquisition Techniques with 
Onboard FPGAs

Timing and Synchronization Technologies 
for Challenging Applications


