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Typical challenges in Test & Measurement

= Integrating hardware not straightforward
= Multiple tools for accessing, analyzing and sharing data
- Data format conversions necessary

« Handling of streaming data

=  Automation of workflow
”
nccess R expiore

« Application deployment Prototype
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Adimec Camera Support from Image Acquisition Toolbox

Use Adimec cameras with MATLAB and Simulink to acquire video and images.
Vendors: Adimee
Tags: MathWorks Supported

ADLINK Support from Data Acquisition Toolbox
Create your own waveforms, measurement and analysis routines, and applications for ADLINK DAQ!

hardware using MATLAB and Data Acquisition Toolbox
Vendors: ADLINK
Tags: Connectiggs

from Image Acquisition Toolbox
imulink to acquire video and images

#ttera DE2 Support from Simulink

Digital circuit development platform for hardware design and verification
Vendors: Alters
Tags: HOL Code Generation, MathWarks Supporied

Altera Development Board Support from HDL Coder @

Automatically generate HDL code from MATLAB and Simulink for Altera development boards
Vendors: Alters
Tags: HDL Code Generation, MsthWorks Supported, Support Packsge Instsller Ensbled

Altera FPGA Board Support from HDL Verifier @
Use HDOL Verifier for FPGA-in-the-loop (FIL) support for FPGA-based verification on Altera FPGA boards

Vendors: Aliers
Tags: Math\Works Supported, Support Package Instzller Ensbled

Altera SoC FPGA Support from Embedded Coder @

Use Simulink and Embedded Coder to generate C/C++ code for Altera Cyclone V' SoCs.
Vendors: ARM, Altera

Tags: CiC++ Code Gy ion, ©

Program, pported, Support Package Installer Enabled

Altera SoC FPGA Support from HDL Coder @
Use Simulink and HOL Coder to configure programmable logic on Altera Cyclone V' SoCs

Vendors: Alters, ARM, Arrow Electronics.
Tags: Connections Program, HDL Code Generation, Math\Works Supported, Support Packsge Installer Enabled
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Hardware Support - Add-On Explorer
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4\ Add-On Explorer [=[@] = ]
4\ Support Package Installer E@gm
« & o]
Select support package to install
Refine by Source
] MathWorks 77 234RESULTSFOR | Hardware Support Packages x  Remove All Show: [ﬁ\” 72) = t Add-Ons | Import
] Community 57
Refine by Type Hardware Support Packages (234) Support for: Support packages:
Ta.:\.ha‘es and Products DirectSound Audio ~ Action Installed  Latest Descrintion Required Supported talled on 4 March 2016
S - Freescale Kinetis Microcontrollers Version  Version P Base Product Host Platforms
Simulink Models 29
N GenICam Interface i i
: Control instruments using . .
v :jf:vj:suppurtPackages 234 GigE Vision Hardware 1 Instal 16.1.0 Keysight (Agilent) VISA, Instrument Contr... Wing4 ore - Uninstall
. : Hamamatsu Hardware
Refine by Hardware Type 7 IP Cameras
i“:m . 2 MATLAB® Support Package Simulink® Support Package 4 Keysight {Agile”t} 10 Libraries and VISA Interfac talled on 4 March 2016
] CAN Devices : for Arduino® Hardware for Arduino® Hardware E Kinect for Windows Sensar
Data Acquisition Devices 4 A . il
FPGA 5 Acquire inputs and send outputs on Run models on Arduino boards. M Kvaser CAN Devices Uninstall
: Adunoboards ) ' ‘ f LEGO MINDSTORMS ore - ninsta
HobbyistMaker
madin : i Matrox Hardware
Lab Instru 130 4876 Downloads 2215 Downloads NI Frame Grabbers :
\ NI-845x 12¢/5PI Interface talled on 4 March 2016
: MI-DAQmMx
5 MI-DCPower = -
NLDMM ore - Uninstall
5 | [MI-FGEN
Software Defined Radio 4 %
— x NI'SCS‘;E talled on 4 March 2016
Refine by Vendor + MNI-Swi
Android 2 Simulink® Support Package MATLAB® Support Package M NI-VISA and ICP
i - for Raspberry Pi™ for USB Web: i 3 -
] Arduino 20 oL pasrgerny. oF sbeams NIXNET are - Uninstall
ARM 13 05 Generic Video Interface =
Run models on Raspberry Pi. Acquire images and video from UVC Al .
National Instruments 2 compliant webcams. S Ocean Cptics Spectrometers
Raspberry Pi PEAK-System CAN Devices talled on 4 March 2016
Xilinx 6 679 Downloads 529 Downloads 4 Point Grey Hardmlare
i QImaging Hardware
Refine by Product Family RTL-5DR. Radio are = Uninstall
T MATLAB 86 Raspberry Pi
] Simulink 62 p STMicroelectranics Microcontrollers 1
:ﬁl‘lvlmn raLoa c'—-nn-l—lﬁ Uordieioen talled on 4 March 2016
4 Installation folder: C:\MATLAB\SupportPackages'\R 20163
Image Acquisition MATLAB® Support Package g . are - Uninstall
Toolbox™ Support Package for LEGO® MINDSTORMS® d | More about Installation folder
for OS Generic Video... EV3 Hardware I
Acquire video and images from Acquire sensor data and control G
zfefelce®moE BB]/ala Al <Bak | [ Next> [[ Caneel || rep falled on 4 Maren 2018
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Example: Read Waveform from Instruments

Use App for Instrument Connection

Using MATLAB instrument driver
Using SCPI commands

4\ MathWorks

E Figure 1

File |Edi1| View Insert Tools Desktop Window Help
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-6 More
E—---%ﬁ Instrument Objects
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9--%" Device Objects
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= #] Instrument Drivers
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~-generic_agilent_33120

~-generic_agilent_e3648
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Instrument Control App

HOME

4\ MATLAB R2016a 64-Bit

—— e —

(=@ = |

_jg@karch Documentation

B -

W =
Cur&:;Jﬂ'ting Ciptimization Application MATLAB Coder PID Tuner Syatem Instrument OPC Data Vehicle C&AN  Clazsification
Compiler Identificatio Control zcess Expl... Bus Menitor Learner
APPS
< P H E oo Coov Users ¢ fgraeber » ML_Examples » DataAcquisition » | 2
Current Folder @ Command Window ® | Command History
[ MName fg % -
IEPE_Micro
Details ~
Workspace G =
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Set up Connection using MATLAB Instrument Driver
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‘. Test & Measurement Tool

I._n.---

ol

Tools  Desktop  Window  Help

EI@ Hardware
Eirég'i Serial
O3 (TEKTROMEE, TDS 210,0, CR911CT w203 TDS2MM: MY 04)

%E LUDP
#-25 Bluetooth
Eﬁ 2C

----- GPIB-ViI
- B TCPIP (ViI-11)

5%9 USE

EEI--G"EP Mare

I:—:I---'i'.i_:iI Instrument Objects
[.%}-'igi Interface Objects

- il Serial-COM3
E}--‘; Device Objects

------ ﬁ scope-tektronix_tds210
EEI---@ Instrument Drivers

COM3 (TEKTROMIX, TDS 210,0, CR91.1CT Fiv2.03 TDS2MM:MBMV:1.04)

Connection

Connection status to COM3: Disconnected

Connect H Disconnect

Last identification request on 17-Mow-2015 11:50:08: TEKTROMNIX, TDS 210,0,CR91.1CT FYnv2. 03 TDS2ZMM:MBMV:1.04

Communicate | Configure | Session Log

Sending data

Receiving data

Data type: | ASCIH

%ac

Data format:

Size {u:uptiu:unal]:|

Response:

[ | Read data as hex string

Data type: |ASC]I - |
Data format: | %s\n - |
Data to write:
[] Evaluate in workspace before write
"] Interpret data as hex (0x...)

| Query | | Write |

| Read || Export

Action Data

Size

Format
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Select MATLAB Instrument Driver (*.mdd files)

=
u_‘. Test & Meazurement Tool

File View Tools Desktop Window Help

@ | &
tektronix_tds210.mdd
Summary i
Driver path:  C\Program Files\MATLAB\R2015b6d\toolboxhinstrumenthinstrurnentdrivers
..... @l via r - “_ Lot Entt Instrument type: Oscilloscope
_____ GPIB-YXI Create Device Object u Version: 1.0 I
L :
:é: EE;IP (VAI-11) Configure Object Creation -
62 More Driver: T:ektmmx_td 5210 . -
&% Instrument Objects Interface: Serial-COM3 v I
EH%F Interface Objects ] ] i i ] ]
PI _____ il Serial-cOM3 Driver location: Ch\Program Files\MATLAB\R2015b64\toolbox\instrumenthinstrurn ent drivers
----- il VISA-Serial-ASRLL s A
-8 Device Objects . . ) ) 1
[] Select the created device object node in the tree on dialog close.

E‘@ Instrument Drivers
(4] MATLAB Instrument Drivers [] Don't show this dialog again.
----- agilent_33120a.mdd

----- agilent_34401a.mdd | |
----- agilent_e3648a.mdd OK Cancel
----- generic_agilent_33120a.mdd

I generic_agilent_e3648a.mdd STate
----- lecroy 8600a.mdd Timebase | &
Wiew

----- lecroy_It3441_ex.mdd
WindowDelay

WindowTirmebase

Calibration group object properties:
DiagnosticTestStatus
Status

----- niFgen.mdd

ektroni_tds210.mdd
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Read Wavefo
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% Create a SERIAL object.
interfaceObj = instrfind('Tvpe’',

%

'serial', 'Port', 'COM3', 'Tag', "'"):

% Create the SERIAL object if it does not exist

% otherwise use the object that was found.

if isempty(interfacelb]j)
interfaceCb]j = serial ('CCOM3I");

else
felose (interfaceCkbj) il
interfacelbj = interfacelbj(1):

end

% Create a device object.

deviceOb] = icdevice|('tektronix tds210.mdd', interfaceCbj):
% Connect device object to hardware.

connect (devicelbj)

m

% Execute de—" —-

groupObj = g

[data, time] rannell')
% Delete objects.

delete ([devicelb]j interfaceCbij]l):

4
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MATLAB Connects to Your Hardware Devices

Instrument Control
Instruments and RS-232 serial devices
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Data Acquisition
Plug-in data acquisition devices and sound cards

Image Acquisition
Image capture devices

Vehicle Networks / CAN bus devices
CAN bus devices using CAN and XCP protocols

MATLAB
External Interfaces for connecting other devices

MATLAB EXPO 2016
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Instrument Control Toolbox
Enables MATLAB to configure, control, and transfer data with instruments such as
oscilloscopes, signal generators, and spectrum analyzers

= Integrate instruments into MATLAB applications and Simulink
models

= Interactive tool for detecting and controlling instruments

= Automatic code generation for faster and easier implementation

= Support for VI, VXI plug&play, and MATLAB instrument drivers

= Support for common communication protocols

MATLAB EXPO 2016 .
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Data Acquisition Toolbox
Acquire and output data from data acquisition boards

CoMATLABGpY wworkmydemaai_Hit.m
Ble Edt Yiew [ext Debug Breskports Wep MWindow el
Rl A AR T MRkl o E N |

- Immediately analyze live or acquired data in MATLAB
and Simulink

- Configure hardware without leaving MATLAB

= Incorporate custom analysis into PC-based digital
oscilloscope

i

i
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HH 114 ) . e .. g \ FFFFF ‘z“: ‘‘‘‘‘‘‘‘ j 4
= Ability to do “one-shot” or continuous acquisition i M« BN ST

= Support multiple data acquisition devices and vendors - ,,..‘..ff"*?fffff‘f?zfﬁ::mf .
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Image Acquisition Toolbox
Acquire images and video from industry-standard hardware

= Acquire live image and video streams directly into MATLAB and Simulink
- Configure hardware without leaving MATLAB

- Enable single-frame and streaming acquisition

=  Permit immediate image processing and analysis

= Support multiple image acquisition devices and vendors

MATLAB EXPO 2016
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Vehicle Network Toolbox
Communicate with in-vehicle networks using CAN and XCP protocols

« MATLAB functions for transmitting and receiving CAN and XCP messages
= CAN and XCP Simulink blocks for interfacing Simulink to a CAN bus or ECU

= Bit packing and unpacking functions and blocks for simplified encoding and
decoding of CAN messages - e ——

\\\\\\\\\\\\\\\\\\\\\\

= CAN bus app for visualizing live CAN traffic

= Ability to filter, log and replay CAN messages

HE Simulink Library Browser

File Edit View Help

= Support for Vector, Kvaser and NI interface hardware e e

> [a] Simulink Design Ve » o
> [l Simulink Extras Configuration
. . . Simulink Verificatic
= Support for A2L Description Files and Vector CAN Database || sseer 1 e e
System Identificati
4 [73] Vehicle Network Tc
CAN Communicatic CAN Replay
XCP Communicatio| =
> [a] xPC Target po wonie =t CAN Unpack
A 11l r
M QT L g B E x P 0 2 0 1 6 Showing: Vehicle Network Toolbox/CAMN Communication

14




4\ MathWorks

Test & Measurement Apps

.
4\ MATLAB R2016a 64-Bit

HOME 5 SHOR 2t EDMTOR PUBLISH VIEW : | L . R H

0688 | EI8 ~
-~
hoos nep oo e
FILE RF Budget RF Design & Sensor Array  Signal Analyzis Wavelet Window
Analyzer Analysis Anatyzer Design & An... Design & An...
G EHE L coy - o
funegtbolder IMAGE BROCESSING AND COMPURER VISION TOP = @ x
Mame *
B A Bnl
# IEPEmicroUL B @ B & I
2 = _=gs Ca e Image Image Batch Image Region Image Image Viewer Map Viewer OCR Trainer  Stereo Camera
‘—1| RwachISItIO Cal Thresholder Acquisition Processor Anatyzer Segmenter Calibrator
roI
al
Training Image  Video Viewer
Labeler L11€
.
TOP &
™
P.
' @
acquisitionGULm (Function) Instrument OPC Data
Caontrol Access Expl..
Workspace
= TOP &
6" B8 34 &2 =
Application Hadoop Library Production
Compiler Compiler Compiler Server Comp...
CONTROL SYSTEM DESIGM AND ANALYSIS TOP &
| I =N == == AP == W
‘| Control System Control System  Fuzzy Logic  Linear System  Model Reducer MPC Designer  Meuro-Fuzzy PID» Tuner
[ - - - - - . — —
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MATLAB Advanced Analytics Algorithms

Extensive toolboxes and apps

4\ MathWorks

4

CLASSFICATION LEARNER vew

w &
Feature

- MATLAB programming

-

= Point-and-click Apps

-
|i| Live Editor - C\Data\Demc\MATLAB\Demo\MISChexampleEstimateCircuitTF_ADALM1000_pictures.mix

LVE EDTOR VIE

S Y g ey BIUM | 5] o] B

AaBbCc

v Current model

& Hyperink -
[ Type: Support Vector Machine

| Preset: Linear VM

| 0ato

| Status: Tesined

N

New Open Save [Ecompare | RsoTo | % 5 Section
Heading Ttle ‘

Code
vooT v Gem urmd v gl i Sl
FILE | NAVIGATE | FORMAT | INSERT | TEXT STYLE | R
| exampleEstimateCircuitTE_ADALMI000.mbe ¢ | exampleEstimateCircuitTF_ADALMI000_nt2c.mbc  #|  exampleEstimateCircuitTF_ADALMI1000_pictures.mbx
o
o @ 20

w

| Normal
None

ka

figure(3)

spectrogram(MeasuredSignal,1024,1000,1024,Fs, 'yaxis') 15

title('Frequency domain view of the the measured signal')
10

Calculate the Transfer Function of the circuit s

Use knowledge of the measured signal and the stimulus signal to calculate the transfer function
of the R-C circuit and plot the magnitude response.

100 200 300 400 500 600 700 8OO 900

Remove DC offset before processing. Time (ms)

Magnitude response of the theoretical

MeasuredSignal = MeasuredSignal - mean(MeasuredSignal); ) N
and estimated transfer function

ExcitationSignal = ExcitationSignal - Offset;

Scatter Plot |
Variable on X axis:
Wimean_totsl_scc_x_train v
Variable on ¥ axis:
Wmean_total_scc_y_train v
Legend
Correctly dassiied
Laying

Sitting
* ClimbingStairs

Misclassified - true class is:
X Laying

Siting
% CiimbingStairs

[/ Show Classifier Results
Classitier Resuts.
Color of misclassified points
represents:

True class. v

[TFxy,Freq] = tfestimate(ExcitationSignal, MeasuredSignal,[],[],[],Fs);
Mag = abs(TFxy);

—— Theoretical frequency respanse
Measured frequency response

Compare the estimated transfer function to the theoretical magnitude % response.

R = 1e3; % Resistance (Ohms)
C = 0.1e-6; =% Capacitance (Farads)
TFMagTheory = abs(1./(1 + (1i*2*pi*Freq*C*R)));

Magnitude

figure(4);

semilogy(Freq, TFMagTheory, Freq,Mag) ;

x1im{[8 2Be3])

xlabel('Frequency (Hz)')

ylim([0.85 1.1])

ylabel('Magnitude')

grid on

legend('Theoretical frequency response', 'Measured freguency response')

title({'Magnitude respense of the theoretical'; 'and estimated transfer function' DIE\ 1 12

Frequency (Hz)

04 06

_y_train

Wmean _total_acc.

05

05

51.145327 567 Generator 8 D306 D3 36 6D...
51.144155 456 Motor 8 377993 ADO00 ..
51.138978 234 Battery 6 JE03 D6 17 52 ...
=1 51.133850 345 Engine 4 00 AO 05 00
: Signal Name Physical Value

EngineSpeed 0.000000

EngineTemp 90.000000

FuelRate 0.000000

I T S WWM’“

A\ Image Acquisition Tool I ¥ - y - - . e
File Tools Desktop Window Help
Hardware Browser Lo m [ #Oea X
- E 1420_320x180 A b_4 Preview Winisl
[%] 1420 320,200 .
~[&] w20320080 I‘;f:g‘;'z;’:f‘:‘;
e ]
i % MEE,ESEX%?? export data tha,
- 0 B F WAT-file or the
" EI0)] = :
- The following ¢
T preview, acquig _
— £ » Previewing
» Acquiring
Rscatter Plot of humanActivityData for: Support Vector Machine h:Seling e
- 4.99FPS Ready to start acquisition. 16:32:59.849 » Exporting D¢
-
“® Preview Acquire » If You Get BI
L RS - - ==
ol e .-‘ - Start Preview Trigger || Stop Acquisition | [ Export €| | » vberimag «
o <[ y
oo L
.
Y P | | Acquisition Parameters : O 2 X | Sessionlog - Logitech Quick.. * 0O 2 X
v PP Loagina riggering Region of Interest H%
: Sensa) DegceRiopeities 4 vid.FramesPerTrigger *
o Frames per trigger | 3
| @ 1% frames E’ 6 preview (vid) ; [
. IE
) Infinite = |7 i
. 4 L
Color space ) ) | |« =i s
- -
L L L 1 1 L L -
04 02 o 02 04 06 08 1 -
e el 1) | Started - 100kbps | = | & [ 2 |
o
Boe Bx D
Timestamp 1D MName Length
Signal Name Physical Value
VehSpd 8.640000
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Summary

- Easy driver installation through hardware support packages

- Data acquisition from a range of devices

« Handling, visualizing and processing data made easy

= One environment covering the whole Test & Measurement workflow

. Prototype
= - D
S Scale

MATLAB EXPO 2016
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