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General-purpose computer

With a Personal Computer (PC) we mean a general-purpose
computer. Such systems are easy to expand with more
memory, and more 1/O ports etc.

A PC is designed to be able to run all kind of application
programs that you can buy or intend to develop. A general-
purpose computer need to be ready for new device drivers and
software to run hardware it doesn't know about yet, like new
printers or hard drives, and it need to run different application
programs.

The PC usually need to run several programs at the same time
on the CPU by sharing CPU time between the different
applications (multitasking), or by running different applications
In parallel on different CPUs or different CPU cores. The typical
PC today have four CPU cores, but can have up to 16 cores
(for instance AMD Ryzen Threadripper).
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Workstation vs. Desktop PC

« A workstation is a high-end computer designed for technical or
scientific applications, running numeric- and graphic-intensive
applications

— high-performance computing (HPC)

« Desktops PCs are all about flexibility — they are designed to
meet a much wider variety of computing needs

« As desktop PCs become faster and stronger, the lines between
a high-powered desktop and true workstations become more
blurred

« Workstations typically offered higher performance than
personal computers, especially with respect to CPU and
graphics, memory capacity and multitasking capability

« |n addition, workstations typically have more slots for PCI and
PCI Express
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Workstation vs. PC (2011) examples

HP Z800 Workstation

HP Compaqg dc7900

* 2 X Intel® Xeon® six Core processors (5600 series)
» 192 GB RAM (maximum)

» Rack-mountable (19” rack)

1 PCI

1 PCI Express Genl (x8 mechanical, x4 electrical)
1 PCI Express Gen2 (x8 mechanical, x4 electrical)
2 PCI Express Gen2 (x16 mechanical, x8 electrical)
2 PCI Express Gen2 x16 (for graphics card)

* Intel® Core™2 Quad processor
* 16 GB RAM (maximum)

* 3 PCI

* 1 PCI Express x16

» 2 PCI Express x1

Update 2012: HP Z820: 16 cores, up to 512 GB
DDR3 RAM, four internal HDDs
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Physical memory (RAM) limits for 64-
bit Windows(X64).

 Windows XP :128 GB
 Windows 7 1192 GB
* Windows 8 : 512 GB
 Windows 10 : 2000 GB (=2 TB)
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Intel Architecture example

DDR3/DDR3L 1600@1.5V

(dual channel, ECC optional—
SKU dependent)

PCle Gen 3.0 with 16 Lanes
with up to Three Controllers

Display Ports

eDP/DP 1.2, DVI, HDMI* 1.4a Fully Integrated

Voltage Regulator (FIVR)

DMI Intel® Flexible Display
Interface (Intel® FDI)

Analog VGA 4 to 6 SATA Ports

Intel® HB1 pr—— (2 to 4 SATA 6.0 Gbps)
Express Chipset :
or
Intel® Q87/C226

Chipset

Intel® High Definition Audio

14 Total USB Ports
(4 to 6 USB 3.0)

6 to 8 PCle*x1 Gen 2.0

Intel® Ethernet Connection

‘ LPC or SPI

1217-LM/1218-LM

' BIOS Support

Figure 1: Typical system based on the Intel® Core™ i7 processor

http://www.intel.com/content/dam/www/public/us/en/documents/white-papers/ia-introduction-basics-paper.pdf



http://www.intel.com/content/dam/www/public/us/en/documents/white-papers/ia-introduction-basics-paper.pdf
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General Purpose Operating Systems (OS)

« Windows, Linux, MacOS, Unix
— Processor time shared between programs
— OS can preempt high priority threads
— Service interrupts —keyboard, mouse, Ethernet...
— Cannot ensure that code finish within specified time limits!
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Data acquisition (DAQ)

Discrete
Digital Inputs
o
Switches — =
or contacts —e"e
o
Serial Digital
iglyigiph Input
101100101010... |
:> Computer
Parallel
Digital Input

Analog-to-Digital
Conversion

Figure 1-2. Digital and analog data inputs
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Data acquisition (DAQ)

« Data acquisition involves measuring signals (from a real-world
physical system) from different sensors, and digitizing the
signals for storage, analysis and presentation.

* Analog input channels can vary in number from one to several
hundred or even thousands

Computer-based DAQ system:

Transducers Signal Conditioning
Physical
Phanomana Y
FlFl N
L

NN

NI SC DAQ \/



http://zone.ni.com/devzone/cda/tut/p/id/4084
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Computer-based DAQ system

[\

Physical
system

conditioner

« Signal processing

+ Excitation FYS3240/4240
r-———-- - - ———7 -7 -7 -7 - = 1
Signal | |
Sensor | = ——»{ S/H
conditioner | | } |
| I G
I I eneral-
| MR - ADC : purpose
| I computer
Tis |
Sensor | Signal | Q | * Configuration
i

* Display
» Data Storage

PCI DAQ card
USB DAQ box

PXI DAQ system
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From Simple to advanced PC-based
DAQ systems ....

« DAQ using the PC sound card (&

— AC, low frequencies (10 — 20 kHz) = >y

* PC with plug-in PCI DAQ card(s)

« PC with a USB DAQ device

« DAQ system with hundreds of measurement channels
— multiple connected PXI systems
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Overview of a PC-based Data
acquisition (DAQ) system

A DAQ system consists of:
« Sensors (transducers)

» Signal Conditioning N
« Cables ~
« DAQ hardware @ '
* Drivers N /
« Software @/ ®%
1 Sensors and Transducers 4 DAQ Hardware
2 Signal Conditioning 5 Personal Computer and DAQ Software

3 Cable Assembly




UiO ¢ University of Oslo

Multifunction DAQ-units

— These DAQ-units have:
* Analog Input
* Analog Output
 Digital I/0
« Counters
— Frequency measurements (digital edge counting)

— Angular measurements from angular encoders
(quadrature encoders)

DAQ Device
Computer

— Connects to the bus of your computer
« PCI, PXI, PCle, PXle, or USB

DAQ-cards/units (usually) do not include an anti-aliasing low-pass filter
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« High-speed control

.. . ) Host PC
« Hardware timing/synchronization
Video Frame grabber
« Hardware programmable DAQ-cards -
Bl
« Onboard processing and data reduction \
— e.g. video processing Image processing etc.
Host FPGA

« Co-processing
— offload the CPU

DMA from host

Coprocessing
* Pipelined

DMA back
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PXI

« PXI| = PCI eXtensions for Instrumentation.

« PXl is a high-performance PC-based platform for
measurement and automation systems.

« PXIl was developed in 1997 and launched in 1998.

« Today, PXI is governed by the PXI Systems Alliance (PXISA), a
group of more than 70 companies chartered to promote the PXI
standard, ensure interoperability, and maintain the PXI
specification.
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PXI

« PXI systems are composed of three basic components:

— Chassis
— Controller (':V';“TI_' =,

— Peripheral modules
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PXIl chassis

« The PXI chassis contains the backplane for the plug-in DAQ
cards

 The chassis provides power, cooling, and communication
buses for the PXI controller and modules.

* Chassis are available both with PCI and PCI Express
e 4 — 18 slots chassis are common
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PXI controllers

.:;'H—!ll . - :

LB

« PXI Embedded Controller b ; m
— Can run Windows or/and real-time OS o ;‘—"?""

« Laptop Control of PXI
— Using e.g. ExpressCard serial bus

« Desktop PC Control of PXI

> 800 MB/s possible (MXI bus)
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PXl-based DAQ systems

« PXl-based data acquisition systems include a more rugged
packaging suitable for industrial applications.

« PXI systems offer a modular architecture

— Possible to expand the DAQ system far beyond the capacity of a
desktop computer.
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PXI triggering and timing

* One of the key advantages of a PXI system is the integrated timing and
synchronization.
« The PXI chassis includes reference clocks, triggering buses and slot-to-
slot local bus.
— Any module in the system can set a trigger that can be seen from any

other module.
— The local bus provides a means to establish dedicated
communication between adjacent modules.

PXI 100 MHz
— Differential CLK ——
PXI Express
Star ~ SYNC100
Trigger 4
. 10 MHz
T [ =
(7)) [2]
= — 1% _ W -
§ 2 g tTOJ— g 3 8 T % = 5
= 5 © S B
sEP SES| |d=4 .2 |g_3|[zE
W+ E me e — 5 £ w2 5 =Rl
£5S | |=2E| [z <85 [Rogl|Eé
& 5O Xog|  [FEe sfd (K28

Differential Star
Triggers

I
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VISA

* VISA = Virtual Instrument Software Architecture.
* NI-VISA is the NI implementation of the VISA standard.

 LabVIEW instrument drivers are based on the VISA standard,
which makes them bus- and platform-independent.

e Supports communication with instruments via:
— GPIB
— Serial
— Ethernet
— USB
— PXI
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NI-DAQmMX

— NI-DAQmx (multithreaded) driver software provides ease of
use, flexibility, and performance in multiple programming
environments

— Driver level software
« DLL that makes direct calls to your DAQ device

— Supports the following software:
* NI LabVIEW

* NI LabWindows CVI o | R A )
LabVIEW LabWindows"/CVI C/C++ C# VB .NET
« C/C++
e C# NI-DAQmx Driver Software
* Visual Basic .NET.

PCl | PClExpress PXl | PXIExpress | USB @ Ethernet | Wireless

|ta Acquisition su
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NI Measurement & Automation \..m

Explorer (MAX)

« All NI-DAQmx devices include MAX, a configuration and test utility
* You can use MAX to

Configure and test NI-DAQmx hardware with interactive test panels
Perform self-test sequences

Create simulated devices

Reference wiring diagrams and documentation

Save, import, and export configuration files

Create NI-DAQmx virtual channels that can be referenced in any
programming language

'3“757\!:: Measutement it Automsation Explorer - —u
Flo O Yew Iook ek
Configuration |

0 My System

N Yot o hoex,

LT

National Instruments
Measurement & Automation Explorer

Scales

» Ortvers
D 19 Syswerms

BLWO &S FF =
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S

= Q [y Systen
+- gl Data MNeighborhood
= ﬂ Devices and Interfaces
ﬂ NI LISE-92154 (BNC) "Devl”
4 Mebwork Devices
- P Pl System (Unidentified)
¥ ;,f Serial & Parallel
+- 44 Srales
+ 53 Software
+- [l IVI Crivers
+ Q Femate Systems

MAX Example

3] elr-1es H Test Panels,.. ESE 2Y|Ce mr_reale [ask,.. onrigure
X i Self-Test | B | Reset Devi mif Create Task & Configure TEDS
Mame Value

=l serial Mumber OxESOSAF

Test Panels : NI USB-9215A (BNC): “Dev1™

Input Configuration
Differential v

Amplitude vs, Samples Chart
10

g -
0-
-5 -

-10-1
Q

- Start Stop

Analog Input
Channel Mame Max Input Limit
Devlfail w | |10
Mode Iin Input Limik
on Dernand w | |-10

Rate (Hz)
| |10o00

Samples To Read
1000

ry
w

Auto-scale chart

Walue |0

[

Help ] [ Cloze
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LabVIEW Express: DAQ assistant

Measurement 110
Mathernatics
Signal Processing

Daka Cammunication

_— T v v v

Canneckivity

<] Express

=

Input

SignalExpress I [
Select avl...
FPaa Inkerface L

k4

Using the the DAQ
assistant is the easy
way to configure and
read from a DAQ card!

o

Exec Control

R

DA Assisk

Create Mew Express Task...

NI-DAQ

DA Assistant

Select the measurement type for the
task.

A task is a collection of one or more virtual
channels with timing, triggering, and other
properties.

To have multiple measurement types
within a single task, you must first create
the task with one measurement type. After
you create the task, click the Add
Channels button to add 2 new
measurement type to the task.

MATIONAL
INSTRUMENTS™

Acquire Signals

Generake Signals

Cancel
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Create New Express Task...

-
NI-DAQ aw ki
, INSTRUMENTS™
DAQ Assistant
Select the measurement type for the |2 Acquire Signals =
task.
= analog Input
A task is a collection of ocne or more virtual
channels with timing, triggering, and other [ @' Yoltage
properties. <
Temperakture
To have multiple measurement types
within a single task, you must first create &% Strain
the task with one measurement type. After
you create the task, click the Add @ Current
Channels button to add a8 new
measurement type to the task. ﬂp}"ﬁ Resistance
@ Frequency Create New Express Task...
Position -
NI-DAQ Pmonas
. INSTRUMENTS™
©  sound Pressure DAQ Assistant
ﬁ #cceleration ~ W Physical |
Select the physical channel(s) to
upported Physical Channels
Force add to the task. Supported Physical Channel
If you have previously configured =] Devl {IISB-92154 (BMOY) -~
Fressure global virtual channels of the )
same measurement type as the
task, click the Virtual tab to add ail
Targue or copy global virtual channels to aiz
the task. When you copy the i
global virtual channel to the al
task, it becomes a local virtual
channel. When you add a global
.. virtual channel to the task, the
< Back Mexst » Finish task uses the actual global
virtual channel, and any changes
to that glebal virtual channel are
reflacted in the task.
If you have TEDS configurad,
click the TEDS tab to add TEDS
channels to the task.
For hardware that supports v
multiple channels in a task, you =
can select multiple channels to
add to a task at the same time. : <kl ar <Shifts click ko select multiple channels,
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) - + X

Undo  Redo Run Add Chanrels  Remove Channels

{% Express Task |§;ﬁ Connection Diagram |

=
750 -
S00rm -
250m -

Amplitude
(]
1

-1 I 1 1 I 1 I 1 I I 1 | 1 | 1 1 | 1 | 1 |
0 10 20 30 40 50 60 W0 80 90 100 110 120 130 140 150 160 170 1850 190 200

Time

Display Type Autoscale V-fixis

M| Triggering " Advanced Timing ” Logging |

Channel Settings
~
DAG Assistant (s petai ]| Woltage Input Setup
data Settings ‘ #_Calbration |
i Yolkage_1
Signal Input Range
Scaled Units
| volks w
Min -10
Terminal Configuration
Ciick the Addf Channels button | Differsntial |
(=} fo add move channalk fo Custom Sealing
the task. | <M Scale w | /9
g
Tirning Setkings
Acquisition Made Samples ko Read Rate (Hz)
M Sarnples [»] 1k | | 1k
1 Sample (On Demand)
—— 1 3ample {Hw Timed)
4 M Samples

Continuous Samples
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LabVIEW - Sequential DAQ design

 Configure

« Acquire data

* Analyze data
* Visualize data
« Save data

----- ‘Shutdown code goes here
* Close files
e Turn off or clear /O

Shut-
down

. Main loop does
. Open flleS _ the real work
s |nitialize I/O :

. Manage confnguratl'on mfo

Figure 3.25 Dataflow instead of Sequence structure enhances readability. It has the same func
tionality as Figure 3.24. Note that the connections between tasks (subVIs) are not optional: they
force the order of execution.
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LabVIEW: Low-speed DAQ

« Sequential architecture
« DAQ assistant Express VI used in the block diagram

« Data written to file using the Write to Measurement File
Express Vi

Write To
DA Assistant Measurement File

data ' Sigﬂals
S

e
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M

Gl .

Wisible Items
DAQ A:

da

w T v ¥ v

Help

Description and Tip...
Breakpoint

DACmy: - Data Acquisition Palette b

Replace
Open Front Panel

Size To Text
View As Icon

DAQ Assistant Express VI to

standard VIs

I—{%

10

4

»

Generake MNI-DAG

Conyert ko M=Ciomys Task

o |:|Ee

I

Properties

nurmber of samples
1000

ein)

Analog 100 WFm
MChan N3amp

[input terminal configuration

[input kerminal configuration

|DiFFerentiaI M

rminirum walue

|DiFFerentiaI M

rminirnum walue
-10,00E4+0 |

channel name
Wolkage 0

i-S O0E+0 |
mazzimum value mazzimunm value number of samples
5, 00E4-0 10,00E+0 1000 §
hysical channel phiysical channel sample mode
‘ D1zl IDevl{ail |Zontinuous Samples ] task out
| “-—E _“; B e 1
errorin| fd= W, e, error auk
Pa A | T [l gnnn .
|.¢\I \u'oltage_'" |.¢\I \u'oltage_'" Sample Clock =

uniks
Volks |

custom scale name

channel name
Yolkage 1
uniks

Volks |

custom scale name

rake
1000,00
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LabVIEW: Medium-speed DAQ

 Example: Cont Acqg&Graph Voltage -To File (Binary).vi

« Sequential architecture
« Standard VIs used, and data written to a binary file

Create file Create
header

file path (dialog if empky)

— Close file
=00y, _ Bx N
|
BT

Minimum Yalue

Samples to Read

:
MaXir:um e e EHZ} |Continuous Samples ) ti:g'%;t : E"} (oK message + warnings 7]
Physical Channel — .
L E : e .%: ﬁ {%ﬁ’
Glteger]  [enplecho o] o - =
Create Set Start_ N Read data Stop o
analog sample acquisition acquisition
input rate

channel
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High-speed DAQ

« Based on the producer-consumer architecture
— Parallel programming architecture

- A Hardware timing, since no Wait
1 S function is used in the producer
Producer |00p 75 loop. The producer loop rate is
NI- Sc.ope Enqueue Element given by the DAQ-card setup
Acquire

sample rate (Hz)
DAQ card buffer size

producer =

(Digitizer) o3 @

}—

_OIM bo

Consumer loop

|
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Producer — consumer DAQ Example

When we have multiple tasks that run at different speeds and cannot
afford to be slowed down.

This loop is a producer loop. It runs very quickly to

keep up with the Data Acquisition.

Obtain Queue

|100000k :

v v

DAQ Assistant

»

da_ta

»
Enqueue Element

Hardware timing; no Wait function is used in
the producer loop. The producer loop rate is
given by the DAQ-card setup:

sample rate (Hz)
DAQ card buffer size

producer =

Release Queue

;3

o lHa,

L]

E..
(g un]

=.
=0

Dequeue Element

SR
Filter

Signal
Fittered Signal »

This loop is a consumer loop. It runs much slower
to do the processing and file I/O.

,

L el

Mask and
Limit Testing

> Signals

Tested Signals»

Passed

Measurement

Write To

File

Point Evaluati

»

Sigpals

X
Ik
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-
>
-

AR ANE A
CPU busy example
« 30 Hz sinus signal sampled at 3 kHz (top figure) I O A f

-1

0 001 002 003 004 005 006 007 008 009 0.1

« Assume a non real-time system used, without 1

DMA and FIFO, sl AN A
— If the CPU get busy with something else between 04t i i
0.02 seconds and 0.03 seconds, this section of the o2
sine wave does not get sampled (middle figure) ol S T A N
. . | ] A N |
« The computer will then interpret the sine wave as v v
ShOWﬂ |n the bOttom flgure, unaware that the 70T om o2 003 oDd 005 G0 007 008 00% 04
samples are not evenly spaced in time
— This will give a wrong result if we do a frequency s} ﬁ | jf\‘ - ﬁ
analysis of the signal. e 3 F % P
Therefore, DMA and FIFO buffers are used to S A T R N
compensate for non real-time properties of the o i i
operating system ’

1} 001 002 003 004 005 006 007 008 009
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Transferring Data from DAQ-card to
hard drive

« Acquired data are stored in the hardware's first-in first-out
(FIFO) buffer.

« Datais transferred from the DAQ-card FIFO buffer (of fixed
size) to PC RAM using interrupts or DMA, across e.g. the
PCI/PCI Express bus and the computer 1/O bus.

« The samples are then transferred from RAM to hard drive via
the computer 1/O bus.

Data acquisition card

Analog signals> ADC
|

sclk

—>

FIFO
buffer

PC

DMA
controller

CPU

S

MB

Digital DataV
bus

RAM

GB

Hard drive

220!
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Continuous data acquisition

« To implement a continuous data acquisition on a
non real-time system a PC buffer is needed in
addition to the FIFO buffer on the DAQ card

« The PC hufferis a circular buffer in the
computer RAM

 When we perform a DAQ-read in our application f
software we read the values out of the circular [ circular
buffer and into a “variable” in our application

Q buffer

RAM (in the PC)

Data ADC |=—> FIFO Data > PC > Application
| buffer buffer memory

From sensor sclk To PC buffer

program

ccccc
dddddd

DMA/Interrupt transfer
Data acquisition card ‘l,
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LabVIEW DAQ - hardware setup

- When the sample clock (DAQmx Timing.vi) is == e
configured, DAQmx configures the board for  —
hardwared-timed I/O

— DAQ card sample clock or external sample clock
« By enabling continuous sampling DAQmx
automatically sets up a circular buffer in RAM

« DMA is the default method of data transfer for
DAQ devices that support DMA

DMA transfer
Data acquisition card l, RAM (in the PC)

Data ADC |=—> FIFO Data > PC > Application
| buffer buffer | — memory

From sensor sclk To PC buffer DAQm Read

DAL e

;;;;;;;;;;
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DAQ data overwrite and overflow

An overwrite error indicates that information is lost and occurs
when the software program does not read data from the PC
buffer quickly enough. Samples that are written to the circular
PC buffer are overwritten before they are read into the
application memory.

— Solution: use Producer-Consumer architecture.

An overflow error indicate that information has been lost
earlier in the data acquisition process. Overflow errors indicate
that the First In First Out (FIFO) memory buffer onboard the
data acquisition card has reached its maximum capacity for
storing acquired samples and can no longer accept new
samples. An overflow error is symptomatic of a bus transfer
rate that falls short of the requested data input rate.

— Solution: use a Direct Memory Access (DMA) transfer mechanism.
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How Is Buffer Size Determined in LabVIEW
DAOQmMX ?

If the acquisition is continuous (sample mode in DAQmx Timing.vi
set to Continuous Samples), NI-DAQmx allocates a PC buffer equal
In size to the value of the samples per channel (gives the number
of samples to acquire) property, unless that value is less than the
value listed in the following table. If the value of the samples per
channel property is less than the value in the table below, NI-
DAQmXx uses the value in the table.

Sample Rate PC Buffer Size
No rate specified 10 kS

0-100 S/s 1 kS
101-10,000 S/s 10 kS
10,001-1,000,000 S/s 100 kS
>1,000,000 S/s 1 MS

You can override the default buffer size using the function DAQmx
Configure Input Buffer.vi
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Advanced DAQ with multiple while loops

A DAQ program usually have several
while loops running in parallel, and data
(and messages) should be distributed
between the loops using queues

[Handle G Events]

[t ain Message Processor|

Display Window
[i]
[i]
Black : Messages transfer (using queue)
Blue . Data transfer using Queue (NB: queues have memory — no data is lost)
Red . Data transfer using Notifier (NB: notifiers do not have memory/FIFO)

Sample project in LabVIEW — gueued message handler



http://www.ni.com/video/2728/en/
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Remote control and data distribution

* Remote Control

— Enabling another computer to connect to the experiment and
control that experiment remotely.

 Distributed Execution

— A system architecture that shares the acquisition and analysis of
the test among several computers.
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Distributed DAQ examples

 Remote DAQ Ethernet
— Transfer data from a remote DAQ device to a J data

single PC for display and storage

PC

 Networked (distributed) DAQ

— Distribute measurement data to several clients
connected to a network

— Enable a central computer to acquire all of the
data from several machines and then process
or store that data Clients
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How to increase the signal-to-noise-ratio

« Use an amplifier (as close to the sensor as possible, to amplify
the signal before the noise enter e.g. the transmission cable.

« Use an ADC with more bits per sample (The SNR of an ideal
N-bit ADC is SNR(dB) = 6.02*N + 1.76 (for sinusoidal signals).

 Use oversampling (followed by digital Low pass filtering and
down-sampling).

« Filtering (to remove noise and limit the signal bandwidth), in
hardware or software

— remember from basic electronics that thermal noise
(Johnson noise) in a resistors is proportional to the square
root of the signal bandwidth.

. 1
« Averaging of n samples : g4, =0 ~

S/N, = S/Nyn
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How to increase the signal-to-noise-ratio Il

« Position noise sources away from data acquisition device,
cable, and sensor.

« Place data acquisition device as close to sensor as possible to
prevent noise from entering the system.

« Use twisted pairs and shielding, or coax cables.
» Use differential signals

 Avoid ground loops. XOOOOOOOOK

(a) Twisted-pair cable

« Topics not covered in lectures: N R ——— o

— Lock-in amplifier Coax cable
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Savitzky-Golay smoothing filters

« Savitzky-Golay filters are optimal in the sense that they minimize the least-
squares error in fitting a polynomial to frames of noisy data.

« Savitzky-Golay smoothing filters are typically used to "smooth out" a noisy
signal whose frequency span (without noise) is large. In this type of
application, Savitzky-Golay smoothing filters perform much better than
standard averaging filters, which tend to filter out a significant portion of the
signal's high frequency content along with the noise.

« Although Savitzky-Golay filters are more effective at preserving the pertinent
high frequency components of the signal, they are less successful than
standard averaging filters at rejecting noise.

« This filter preserve the amplitude of a time-varying
signal much better than a sliding-average S — T

smoothing e
i

N




