Data Acquisition Toolbox

Connect to data acquisition cards, devices, and modules

Overview

Data Acquisition Toolbox™ provides functions for connecting MATLAB' to data acquisition hardware. The
toolbox supports a variety of DAQ hardware, including USB, PCI, PCI-Express@, PXI, and PXI-Express devices,

from National Instruments, Measurement Computing, Advantech, Data Translation, and other vendors.

With the toolbox you can configure data acquisition hardware and read data into MATLAB and Simulink  for
immediate analysis. You can also send out data over analog and digital output channels provided by data
acquisition hardware. The toolbox includes functions for controlling analog input, analog output, counter/timer,
and digital I/O subsystems of a DAQ device. You can access device-specific features and synchronize data

acquired from multiple devices.

You can analyze data as you acquire it or save it for post-processing. You can also automate tests and make
iterative updates to your test setup based on analysis results. Simulink blocks included in the toolbox let you
stream live data directly into Simulink models, enabling you to verify and validate your models against live

measured data as part of your design verification process.

Key Features

= Support for a variety of industry-standard data acquisition boards and USB modules

= Support for analog input, analog output, counters, timers, and digital I/O

= Direct access to voltage, current, IEPE accelerometer, and thermocouple measurements
= Live acquisition of measured data directly into MATLAB or Simulink

= Hardware and software triggers for control of data acquisition

= Device-independent software interface
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Using Data Acquisition Toolbox to acquire an input signal from a data acquisition board directly into MATLAB. The
acquired data is displayed simultaneously as a time-domain signal, an instantaneous FFT, and a waterfall plot, making
use of MATLAB signal processing and visualization capabilities.

Supported Hardware Devices and Vendors

Data Acquisition Toolbox supports PC-compatible data acquisition hardware from multiple vendors, including
Advantech, Measurement Computing, and National Instruments. The toolbox also supports Microsoft Windows
compatible sound cards. In addition, it is compatible with hardware from several data acquisition vendors via

third-party adaptors. See more information on supported third-party devices.

If you work with a variety of hardware, the toolbox provides common base properties that apply to all supported
hardware, such as sample rate, trigger settings, and channel properties. Using these properties promotes code
reuse and reduces the need to change code when you change hardware. The toolbox also enables you to access

device-specific features of your hardware from MATLAB.

To experiment with hardware and collect data interactively, you can execute toolbox functions from the MATLAB

command line. You can also create MATLAB applications or work with live data in Simulink models.

Making Measurements with DAQ Hardware

Data Acquisition Toolbox lets you make a variety of measurements directly from MATLAB without the need to
convert the data. Most data acquisition hardware provides the general capability to convert analog voltage data to
a digital signal that a computer can process. Some data acquisition hardware has additional capabilities that allow
for collecting and processing data directly from thermocouples, RTD devices, IEPE accelerometers and
microphones, current-based sensors, or bridge-based sensors. To facilitate making measurements directly from

MATLAB, Data Acquisition Toolbox supports the following measurement types:
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Voltage — Data from general purpose A/D cards and sound card recording devices
Current — Data from current-based sensors, such as 4-20 mA sensors commonly used for process control

IEPE accelerometer — Data from IEPE accelerometers that need a constant excitation current source on the same

wire on which you measure the acceleration

IEPE microphone — Data from IEPE microphones that need a constant excitation current source on the same

wire on which you measure the sound pressure
Thermocouple and RTD — Data measured in degrees Celsius, Fahrenheit, or Kelvin

Bridge-based sensor — Data from resistive sensors, such as strain gauges in a variety of bridge configurations that

require an excitation voltage

Accessing Subsystems of a DAQ Device

The toolbox provides functions to access four subsystems commonly found on DAQ hardware: analog input,
analog output, digital I/O, and counter/timer. Depending on your application and hardware, you use either the

legacy or session-based interface to communicate with the hardware.

Legacy and Session-Based Interfaces

The legacy interface supports hardware from multiple vendors and all sound cards on 32-bit versions of
MATLAB. (You can use this version of MATLAB on either 32-bit or 64-bit versions of Windows.) The legacy

interface also supports voltage measurements of analog input, analog output, and digital I/O subsystems.

Data Source  Sensor MATLAB
7N
{ |
N/
Veice Microphone
MATLAB
Workspace

Setup for a data acquisition and analysis session using the legacy interface. Data Acquisition Toolbox enables
MATLAB or Simulink to interface with the data acquisition boards, such as sound cards.

The session-based interface supports analog input, analog output, and counter/timer subsystems on both 32-bit
and 64-bit versions of MATLAB. This interface supports National Instruments hardware that can perform a wide
variety of measurements such as voltage, current, temperature, IEPE accelerometer, and bridge measurements.
dag.getDevices % explore available hardware
session—dag.createSession('ni') % create a data acguistion session object
session.Rate=2000; ¥ change the data acgusition rate
session.addAnalogInputChannel ("'cDAQIModl', [0 1 2 3], 'Voltage'

e')
[data, time]=session.startForeground; % collect data from all 4 channels

Sample code that uses the session-based interface. Data Acquisition Toolbox enables MATLAB to discover and
interface with data acquisition devices such as the NI 9205 CompactDAQ module.

In either interface, you create device or session objects to provide a gateway to the hardware’s functionality and to
control the behavior of your acquisition. For example, you can execute any supported analog input task via an

analog input object created in MATLAB or Simulink.
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By adding channels or lines to your device or session object, you can synchronize the collection of your data. The
toolbox supports an unlimited number of channels or lines, enabling you to use as many as your hardware

permits.

Analog Input

Analog input functions let you acquire signals from your hardware. You can create an analog input object, add
channels to the object, acquire data to memory, read data into the workspace, and preview the most recently

acquired data.

Analog Output

Analog output functions let you send signals out from your hardware. You can create an analog output object, add

channels, queue data sets for output, and generate analog signals.
Digital I/O

Digital I/O functions enable you to generate or read digital signals using your hardware. You can create digital I/O
objects, add lines, send data to the hardware, and read data into the workspace. You can use digital I/O functions

with the legacy interface only.

Counter/Timer

Counter/timer functions let you access counters on data acquisition hardware. You can configure counters as
input or output channels. Counters configured as inputs can count events and measure frequency, pulse width,

and position; counters configured as outputs can generate pulse trains.

8 = dag.createSession('ni'); %
s .addCounterInputChannel ('cDAQI1Mod5',
count = s.inputSingleScan()} % acguire wvalu
count = 157

MATLAB code used to acquire data from a DAQ device with counter/timer channels.

Controlling Your Acquisition

Data Acquisition Toolbox supports a wide range of functions for controlling your acquisition. For example, you
can set event information, evaluate acquisition status, define triggers and callbacks, preview data while a device is
running, and perform analysis on the fly. The toolbox also supports several hardware-specific properties that can

be displayed and customized to your specifications.

Managing Data

The toolbox provides functions for previewing and extracting data for analysis. It streams data into MATLAB or
Simulink in double-precision floating-point format, enabling you to work with the data just as you would with any

other matrix in MATLAB or Simulink. You can also use a native hardware format to stream in data.

Logging Data

Data Acquisition Toolbox provides functions for logging data to disk, memory, or both, while an analog input
object is running. You can log data, events, and errors. In addition, the toolbox provides functions for extracting

data from log files it has generated.

Using SoftScope

SoftScope is a graphical tool for selecting and configuring data acquisition sources in MATLAB. You can acquire,
view, and analyze data using a familiar, oscilloscope-like interface. Through a library of built-in measurement

functions, SoftScope lets you verify hardware operation and perform live data analysis. You can extend SoftScope
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with your own analysis functions and export data from SoftScope to the MATLAB workspace. SoftScope is
available on the 32-bit version of MATLAB only.
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Two channels of live audio data displayed and analyzed using SoftScope. A few lines of code let you acquire two
seconds of data from a data acquisition board, calculate the frequency components of the data, and plot the results in

MATLAB.

—_—— .
— SoftScope Basic Features 2:79
e Acquire and display data from data acquisition cards without writing
==="yo® code using the software oscilloscope graphical tool.

= : SoftScope Advanced Features 3:29
-y - Make custom measurements on acquired data and export results to the
. MATLAB workspace using advanced features of the software oscilloscope
swism=  graphical tool.

Simultaneous Collection and Analysis of Data

Most data acquisition tasks are initiated by events. An event occurs at a specific time after a condition has been

met. Event types supported by Data Acquisition Toolbox include:

= Start and stop

= Number of samples acquired

= Errors

= Triggers

= Number of output samples
Events may result in one or more callbacks. In MATLAB, these event types execute a MATLAB function that you
specify.

The session-based interface provides functions for both foreground and background data acquisition. Foreground

data acquisition blocks the MATLAB command line; background acquisition does not. Background acquisition
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enables you to collect data continuously and plot or process the data while you are collecting it. A listener is
available to flag session events. When an event occurs, the specified callback function is executed.
Handling Errors

Data Acquisition Toolbox provides a consistent set of error and warning messages. If a hardware error message is
not handled by the toolbox in MATLAB or Simulink, an external error is reported with the vendor-specific
hardware error message.

Evaluating Your Acquisition

Data Acquisition Toolbox lets you evaluate the status of an acquisition and the available data acquisition
resources, including installed hardware, hardware drivers, and adapters. You can display the following types of

information:

= Device object and channel status
= Session object status
= Hardware information

= Data acquisition engine information

addchannel (ai, 1):

% Configure the obj

Fs = 16000;

duracion = 2;
M Figure 1 o || & aet(ai, 'S
File Edit View Insert Tools Desktop Window Help - set(ai, 'S ', duration*Fs);
Ddde | kSR O09RL- A 0B a0

% Start the acquisition and retrieve the data.

starc (ai)

data = getdata(ai);
% De rine the freg
xffr = abs(fft(data)):
mag = 20%logld (xffc);
mag = magil:end/2);
plot (mag) ;

Magnitude (d3)

delete (ai);
clear ai

grid on
*x1im ([0 8000])
xlabel(’
ylabel ('

Script illustrating the four steps of a typical MATLAB data acquisition session: creation, configuration, acquisition, and
clean-up. A few lines of code let you acquire two seconds of data from a data acquisition device, process the acquired
data, and visualize the results.

Performing Data Acquisition in Simulink

Data Acquisition Toolbox provides Simulink blocks for acquiring live or measured data directly into your models,
or for configuring hardware interfaced to data acquisition devices. These blocks are only available using the

Legacy interface and the 32-bit version of MATLAB.

You can use the blocks to quickly evaluate the response of your Simulink models and algorithms with real-world
data instead of designing systems against static data sets, such as those saved in files. You can also use the blocks to

verify and validate models against live, measured data as part of the design verification process.

Data Acquisition Toolbox provides six Simulink blocks:
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= Analog Input: Acquire data from analog channels

= Analog Input Single Sample: Acquire a single sample from each channel at each sample time

= Analog Output: Output data to analog channels

= Analog Output Single Sample: Send out a single sample from each channel at each sample time
= Digital Input: Acquire the latest set of values from digital lines

= Digital Output: Output data to digital lines

Input blocks let you acquire live data from hardware and then incorporate that data directly into your models.

Output blocks let you configure hardware from your Simulink models, including instructing hardware to send
data.

Each block enables you to configure parameters including device type, channels, and lines. The analog blocks also
enable you to configure other relevant parameters such as asynchronous versus synchronous acquisition, sample
rate, block size, and data type. You can connect the Simulink model to a broad range of data acquisition hardware,
and later change devices with minimal changes to your model. By using Simulink with Data Acquisition Toolbox,

you can verify designs with live data.

ﬂ Source Block Parameters: Analog Input

&

Analog Input

Acquire block of data from multiple analog channels of a data acquisition device
every simulation time step.

Parameters
Acquisition Mode

1 Asynchronous - Initiates the acquisition when simulation starts. The simulation
runs while data is acquired into a FIFO buffer.

.~ Synchronous - Initiates the acquisition at each time step. The simulation
- will not continue until all data is acquired.

Device: winsound 0 (Internal Microphone (Conexant 2) 7

Hardware sample rate (samples/second): 8000
Actual rate will be 8000 samples per second.

Block size: 51

Input type: IAC-OoupIed ']
Channels: Select All l IUnseIect AII]
Hardware Channel | Name Input Range |;|
1 Left [-1v to +1v 4
’?‘I 2[Rinht . -1V to +1v . =
OQutputs
Number of ports: Il for all hardware channels ']
Signal type: [Samplefbased ']
Data type: [double ']
[ OK I [ Cancel l [ Help l [ Apply l

Analog Input block dialog box. Graphically configure parameters such as acquisition mode, device type, and sample
rate.
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Acquiring live analog data directly into a Simulink model using the Analog Input block. By using live data, you can
quickly try different data permutations and make adjustments in your Simulink model.

Resources
Product Details, Examples, and System Requirements Online User Community
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Trial Software Training Services
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Sales Third-Party Products and Services
www.mathworks.com/contactsales www.mathworks.com/connections
Technical Support Worldwide Contacts
www.mathworks.com/support www.mathworks.com/contact
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