Computer buses and interfaces



The most common data acquisition

buses available today

- PCI
 PCI Express

 PXI

 PXI Express
- USB

« Ethernet

Internal PC bus

Some important bus

parameters:

Bandwidth (MB/s)

Serial / Parallel

Shared / dedicated resource
Maximum bus length
Latency (delay)

No bus is perfect for all needs and applications!



8b/10b encoding

In telecommunications, 8b/10b is a line code that maps 8-bit
symbols to 10-bit symbols to achieve DC-balance and provide
enough state changes to allow reasonable clock recovery.

8b/10b used in USB 3.0, SATA, PCI express, some Ethernet

standards etc.

Upper levels of
protocol stack

A

8b data to be
transmitted

Upper levels of
protocol stack

. )

Received
8b data

10b Data Encoding and Transmission
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PCI

PCI = (Peripheral Component Interconnect)
Supports 32 and 64 bits

Shared parallel bus!

Maximum bandwidth (peak) of 132 MB/s (32-bits at 33 MHz)
33 MHz and 66 MHz versions

Theoretical maximum of 532 MB/s (64 bits at 66 MHz)

However, anything above 32 bits and 33 MHz is only seen in
high-end systems)




PCIZ>

PCIl Express (PCle) EXPRESS'

« A point-to-point serial bus, rather than a shared parallel bus
architecture

* PCle slots may contain from one to thirty-two lanes, in powers
of two (1, 2, 4, 8, 16 and 32)
« Dedicated bandwith for each device/slot
— v1: 250 MB/s (duplex) per lane

18 lane =lot:

* vi.x 4 GB/= (32 Gbi=z)
* v2x & GB/=s (64 Ghiz)

— Vv2: 500 MB/s (duplex) per lane e v3.0: 18 GB/s (128 Gbis)
— v3: 985 MB/s (duplex) per lane v4.:31.51 GB/s
— v4: 1969 MB/s (duplex) per lane v5: 63 GB/s
- v5:3.938 GB/s (x1 Dedicated Bandwidth per Device
S 5 3‘ = PRI e : S
L 816 g 2000 ,ﬁ"‘“‘
‘ g 1500
' i 1000
=X 16 (x8) g 5“2%

Number of Devices


Omar
Typewritten text
v4.:31.51 GB/s 
v5: 63 GB/s 


CompactPCI

It is electrically a superset of PCI with a different (smaller) physical
form factor

CompactPCI supports twice as many PCI slots

Compact PCI cards are designed for front loading and removal from a
card cage. The cards are firmly held in position by card guides on both
sides, and a face plate which solidly screws into the card cage.

Cards are mounted vertically allowing for natural or forced air
convection for cooling

Better shock and vibration characteristics than the card edge
connector of the standard PCI cards

Allows hot swapping, a feature that is very important for fault tolerant
systems and which is not possible with standard PCI.

= S (- s 5)




PXl and PXI-Express

PXI = PCIl eXtensions for Instrumentation (PXI)

National Instruments developed and announced the
PXI specification in 1997

Based on and compatible with CompactPCl

PXI defines a rugged PC-based platform for
measurement and automation systems

Gives the ability to expand your system far beyond
the capacity of a desktop computer with a PCI/PCle
bus.

One of the most important benefits PXI offers is its
Integrated timing and triggering features. Without
any external connections, multiple devices can be
synchronized by using the internal buses resident on
the backplane of a PXI chassis

By taking advantage of PCl Express technology in the
backplane, PXI Express increases the available PXI
bandwidth from 132 MB/s to 8 GB/s

Controller

.......




ExpressCard

Successor technology to PCMCIA and PC Card standards.

Form factor of a peripheral interface designed for laptop
computers

Commonly used for DAQ cards, network cards and modems for
laptops

Serial bus

480 Mb/s (USB 2.0 mode) or 2.6 Gb/s (PCle mode)
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* High speed data transfer on long cables: the bits on
different wires may not reach the receiver circuit exactly
at the same time. Not the case on serial lines - may
Increase speed without problems

* Crosstalk between lines at high frequency is avoided by
using one or two data lines only

* Hence, parallel cables are more expensive in
production

« Serial internal buses give less motherboard routing,
simpler layout and smaller dimensions

 PCle is just one example of a general trend away from
parallel buses to serial interconnects.

« Other examples include Serial ATA (SATA, eSATA) and
USB



External computer ports and buses

e RS-232
Not directly available on the
* RS-422 } computer, but a converter attached to

e RS-485 USB or RS-232 can be used. Or get a
PCI/PXI card
« USB

FireWire (IEEE 1394)
Thunderbolt




Transmission line equivalent circuit

Voltage
source -':e» I Load
= =] LR 7l SiER { YD ¥ T
-..,I__.‘ H: Rv} L 0 RU LD { RD L a _.‘T
/ 1= . R
|' 1 JV : b . - : ‘ v L
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The source (sensor) resistance R, and the total cable capacitance
C (n*C,) creates a low pass filter with cut off frequency f = 1/(2mRsC)



Serial port: RS-232

Point-to-point interface
Single-ended data transmission

Common bit frequencies are from
9.6 kHz up to 115.2 kHz (or higher)

Databit

1 1 0 O O o 1 O

Maximum cable length (rule of thumb)

Is about 15 -20 meters at full speed

— depends on cable capacitance

Maximum data rate about 20 KBit/s

Minimal 3-wire connection is:

— Rx, Tx and GND (two way data flow)

Common ground (between transmitter

and receiver)
— Can create noise problems
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LabVIEW Serial: RS-232
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RS-422

Multi-drop interface with a single transmitter but multiple

receivers

Differential data transmission (balanced transmission)

— Cancel out the effects of ground shifts and induced noise signals
that can appear as common mode voltages on a network

Maximum cable length (rule of thumb) is about 1200 meters
Maximum data rate is 10 Mbit/s

— Depends on cable length

.........




RS-485

« Upgraded version of RS-422

« Multi-point network consists of multiple drivers and multiple
receivers




USB (Universal Serial Bus)

* Theoretical maximum data rates:
= USB 1.0-Jan 96 :12 Mb/s
" USB1.1-Sep98 :12 Mb/s
= USB 2.0 — Apr 2000 : 480 Mb/s

= USB 3.0 — Aug 2008 : 5.0 Gh/s (SuperSpeed) SS%»

=commercially available in 2010

USB 3.0 Connector Pinouts*”!

. Signal name Signal name o
Pin | Color Descri ption
("A" Connector) | ("B" Connector)

- Maximum cable length of 5 meters -
« 26 ns * 3*108 m/s * 0.65 = 5.07 m (USB 2.0)

3

o | 3|9
c|3|d B
T | x| 5 T

D-
USB 2 .0 differential pair

D+
GND Ground for power return

StdA_SSRX- StdB_SSTX-

Differential signaling (twisted pairs)
»+5V 0V D+ D-

Yellow StdA_SSRX+ StdB_SSTX+
GND_DRAIN Ground for signal return

StdA_SSTX- StdB_SSRX-

oo | ~N|lo|lo|aw |~

EI'

SuperSpeed receiver differential pair

Orange  StdA_SSTX+ | StdB_SSRX+

*Power: 500 mA or 2.5 W (USB 2.0), 900 mA or 4.5 W (USB 3.0)
*Increase the cable length up to 30 m by using:

» USB repeaters (up to five repeaters)

* Active Cables (bus-powered)

SuperSpeed transmitter differential pair



New USB standards in 2015

e USB 3.1 Gen2: 10 Gb/s

« USB Type C
— anew small reversible-plug connector for USB devices
— up to 100 W power supported

Type-C



Thunderbolt

* Developed by Intel.
« Commercially introduced by Apple
— Introduced on Apple MacBook Pro in 2011
« The connector is Mini DisplayPort (electrically identical
to DisplayPort)
« Bi-directional 20 Gb/s

— Thunderbolt v1: 10 Gb/s on two channels in each direction
— Thunderbolt v2: 20 Gb/s on one channels in each direction , Mini DisplayPort
— Power: 550 mA, 18 V (9.9 W) for v1 and v2

« Combines PCI Express and Display Port
« Maximum cable length of 3 meters (100 m with optical)
« Can daisy chain up to 6 devices

« Thunderbolt v3: 40 Gb/s, support USB-C, 100 W
charging

Mini DisplayPort on a MacBock Pro

~= PC| Express* ==

Vo ~— Thunderbolt™ Cable —= _ I~

- PC| Express =

v Serial data + Power ’ v

‘: E E & E DisplayPort ==
> & o o o o

-—-

DisplayPort ==

Thunderbolt Thunderbolt
Controller Controller

Native Thunderbolt Devices Native DisplayPort



40 Gbps

20 Gbps

10 Gbps 10 Gbps

5 Gbps
480 Mbps
I

USB 2.0 USB 3.0 USB 3.1 Thunderbolt Thunderbolt 2 Thunderbolt 3
(includes USB 3.1)




Ethernet network

 LAN (local area network)

— a computer network that connects computers and devices in a limited
geographical area

« 1000BASE-T (IEEE 802.3ab) is a standard for gigabit Ethernet
over copper wiring
— Theoretical maximum data rate of 125 MB/s
— Each network segment can have a maximum length of 100 meters

— If longer cables are required, the use of active hardware such as
repeaters, or switches, is necessary

« Can also use converters and fiber optic cables to extend to many
kilometers

— Must use Category 5 cable or better (4 twisted, usually unshielded)
pairs)

« Must configure an IP-address and a subnet




Ethernet network Il

« Category 6 cable (Cat 6)
— today standard for Gigabit Ethernet
— backward compatible with the Category 5/5e
— suitable for 10-Gigabit Ethernet (10GBASE-T)
« PC connection to an Ethernet network
— NIC (Network Interface Controller/Card) for PCI or PCle

— Every NIC has a unique 48-bit serial number (MAC
address) stored in a ROM

Outer Overall Pair

Jacket Shield  Shields  |wisted Par

STP Connector—> gi \

+ Speed and throughput: 10-100 Mbps
« Cost per node: Moderately expensive
* Media and connector size: Medium to Large
+ Maximum cable length: 100m (short)

PCle x4
Shielded Twisted Pair Cable d u aI po rt N I C




Unicast, multicast and broadcast

Unicast

— Sending of messages (packages) to a single

O
network destination identified by unique address. O—/O‘Q

Multicast o O
— A transmission to a group on the network
— To receive data a client must join the multicast O
group

— Multicasting uses the IGMP (Internet Group O

Management Protocol) and requires an IGMP-
compliant switch

Broadcast

— Transmitting the same data to all possible
destinations (every device on the network)




LAN

A local area network (LAN) is a computer network that

connects computers and devices in a limited geographical area
— usually high data-transfer rates

Ethernet is the most commonly used LAN technology

Application
Tramspart

Application
Transpart

Hetwark

Matwark
2. Receive

1. 5end
Data link data . data Data link
- = -
Physical -~ Physical
*-|-~ -r‘ - o ‘ -
L ~—
=<
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Application [
Layer ]

IP and TCP

IEEE 802.3 4

Physical Layer

« TCP and IP are two of the most important communication e - s umodi ememetstack
protocols used for the Internet

« TCP = Transmission Control Protocol, IP = Internet Protocol
« TCP complements the Internet Protocol (IP), which is unreliable
« TCP/IP: IP handles addressing and routing of message, while TCP

provides a reliable and in sequence data delivery without errors,
loss (no packets are lost) or duplication

. - (L
TCP tjd51< \%&

— Flow control (does not send data faster than the receiver can  fist *BY*C/

read) M

— Saturation control (slower transmission when network s }
problems) ™

— Retransmission of data when needed (data lost or not W{ok-
acknowledged in time) 7

« Example of use of TCP/IP: File transfer (FTP), HTTP s




TCP

« TCP is a connection-based protocol, which means that a
connection must be established before transferring data
— Data transmission occurs between a client and a server
— TCP permits multiple, simultaneous connections

* In order to establish a TCP connection you have to specify an
address and a port at that address

— The port numbers allow different applications on the same
computer to share network resources simultaneously

— In TCP (and UDP) port numbers start at 0 and go up to 65535.
Numbers in the lower ranges are dedicated to common Internet
protocols (like 21 for FTP and 80 for HTTP).



LabVIEW Data Communication
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LabVIEW TCP Example

Demonstrates how to set up a TCP connection, and send data to a
specified port once a connection (from a client) has been established

41 TCP

TCF = TICF |E TCR |E TCF TCF
T d_!@ s E= _ﬂﬁx&
: == |

TCP Lisken.wi TCP Qpen Ca,., TCP Read TCP Wrike TCP Close Ca. ..
=] TCF |E TGF
—w TR P IEEE E—‘-@ =R

IP To Skring String To IP Resolve Mach,.. TCP Create Li... TCP Wait On ..

Simple Data Server.vi
@ _onneckion aborked *
— ~ 1
. Iﬁ Connection timed out ? H

Eirneout ms
G0000

Convert connection errars bo warnings

Close conneckion
and check Far other errars,

ance data has
been sent,

et Port Number to lisken =end daka to the TCP port specified once a connection has been detected, Numeric data is cask
For conneckion and sek kime | [inko sktring data and sent via TCP Write, The firsk TCP Write seks the amaount of data ko send and
ouk limik of 60 seconds, the second TCP Write sends the data, Error checking in the loop will skop the loop if a connection

EFror QCCUrs,




UDP

Used for broadcast and multicast of data

Not reliable (packets can be lost)

UDP:

— No flow control

— No saturation control

— No retransmission of data

UDP share the same delivery problems as IP

However,
— UDP does not wait to confirm a connection before data
transmission, and therefore no delay is introduced UDP is
— Small overhead (compared to TCP) fast

— UDP send rate only limited by the rate of data generation, CPU,
clock rate and access to Internet bandwidth

Example of use of UDP:
— Video-conference (video distribution)
— Sensor data distribution
— NTP (network time protocol)



4] UDP
L ab VI EW EX am p I e L] DP I\C:T|:|hen DpP Maljtlltidc;st... |IDF Read LIDP Write LIDF‘L';II:TSE
UDP Send

localhost = this machine; IP =127.0.0.1
(used for testing)

UDP SenderV| Remaoke Hosk Daka Skring
Remate Host T | e t—t—
{Iu:u:alhu:nst Dl <data= s
Fermote Port|
Iﬁ‘ Izocal Pork
}H51555
EFFFFFFFF Remoke Port # Repetitions
emoke Hosk IIIFIIIEIIjEEISt -------- * 61557 o -
|-i.l:u k ETR _IP
¢ R.epetitions
[132% N [1]
ocal Pork

il =1 UGF UoF UDP broadcast
__ =l || "H ,@ address:
""'. Ees = ] . x& b

_jw 255.255.255.255
[abck _
wghil

[~

Open UDP port ‘Writes to the IDP port, Either broadcasts | |Close LUDP port
ar wrikes ta a specific host,

i_heck for errors




Jumbo frames

* In the early days of networking the
maximum packet (frame) size was
1518 bytes.

 With today’s high transmission
rates, the task of analyzing each
packet can overwhelm the CPU.

U

» By using jumbo packets, you can
transmit the same amount of data
with fewer packets.

» Though you save a small amount of
bandwidth (by using fewer headers),
you dramatically reduce CPU usage
because your PC spends less time
analyzing packets.

2400

AERAAERAS © "

— Image Header CPU

data data usage

A common jumbo frame size is 9 kB (8192
bytes is often used), though IPv4 supports
jumbo packets up to 64 kB. Make sure that
your NIC supports jumbo frames

| 1=

1ntelR) PRO/ 1000 MT Dual Port Server Adagter Properties

Image  Header CPU
data data usage

Goowed Acdvarcnd | O | Detads | Rusources: |

' The felovg propeties are avidable fo B retwirk. adsgler, Tk
e pecpent s et 33 chisnge o the Il 2o then sekect 4 vaue
onthe ight

o] o |
LAC - Configure




Bus bandwidth and latency

10,000
A PCl Express/
PXI Express (x4)
= 1,000
= B3
§ % PCKPXI
2| £ USB 2.0
21 S & |EEE 13%4a L 3
El & VME/NXI
> | &
g1 = 1
2

10,000 1,000 100 10 1 0.1
Approximate Latency (us)

Decreasing (Improving) Latency



Wireless networks

* Pros

— With Wi-Fi and Ethernet DAQ devices you can perform
remote measurements at distances as far reaching as the
wireless network allows

— Can be used where wiring is difficult or cost-prohibitive
— Flexibility
« Cons
— “Low” bandwidth
— Less reliable than a cabled connection
— Possible security restrictions

|

Device-Side Intelligence

gy
|

-
o

<




Differential signaling & twisted pairs

Two wires carry equal and opposite signals and the receiver detects the
difference between the two.

N\
Noise sources introduce signals into the wires by coupling of electric or
magnetic fields and tend to couple to both wires equally. The noise thus )
produces a common-mode signal which is cancelled at the receiver .

This method starts to fail when the noise source is close to the signal wires; the
closer wire will couple with the noise more strongly and the common-mode
rejection of the receiver will fail to eliminate it. This problem is especially
apparent in long cables as one pair can induce crosstalk in another, and it is
additive along the length of the cable.

Twisting the pairs counters this effect as on each half twist the wire nearest to
the noise-source is exchanged. Providing the interfering source remains
uniform, the induced noise will remain common-mode.

The twist rate (twists per meter) makes up part of the specification for a given

type of cable. Where nearby pairs have equal twist rates, the same conductors

of the different pairs may repeatedly lie next to each other, partially undoing the
benefits of differential mode. For this reason it is commonly specified that, at

least for cables containing small numbers of pairs, the twist rates must differ.  jegralform

Twisted pairs also minimize loop area — minimize inductance coupling SB* ~  dO,

, E-ds=-—2=
(remember Faraday’s law) “ dt




Abbreviations

B = byte

b = bit

M = mega

G = giga = 10°
k = kilo = 1000
K = 1024 (= 210)



Analog Signal Information

4. 71 Volts
Three types of information: A
* Level
« Shape

* Frequency

Amplitude




Sampling Considerations

— An analog signal is continuous

— A sampled signal is a series of
discrete samples acquired at a
specified sampling rate

Actual Signal
— The faster we sample the more

our sampled signal will look like
our actual signal

— If not sampled fast enough a
problem known as aliasing will

occur _
Sampled Signal




Aliasing

Aliased

Signal



Bandwidth of a filter

« The bandwidth B of a filter is defined
to be between the -3 dB points

= 0 dB
/ | )

-' ', ~3dB
| | |
I : |
¥ 5 i
[ : i
|| | |
i | |
| = H—

J/ A f



Sampling & Nyquist’s Theorem

« Nyquist’s sampling theorem:

— The sample frequency should be at least
twice the highest frequency contained in the
signal
 Or, more correctly: The sample frequency should be Af
at least twice the bandwidth of your signal 0
* In mathematical terms: f, 2 2 *Afg ., where

Afsignal = 1:high _ flow

* However, to accurately represent the shape of the ECG signal ®
signal, or to determine peak maximum and peak
locations, a higher sampling rate is required

— Typically a sample rate of 10 times the bandwidth of
the signal is required.

lllustration from wikipedia



Sampling Example

N = e

100Hz Sine Wave Sampled at 100Hz
Adequately Sampled
> for Frequency Only
(Same # of cycles)
100Hz Sine Wave Sampled at 200Hz

- / Adequately Sampled
for Frequency and
Shape

100Hz Sine Wave Sampled at 1kHz
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Adenqualaly Sampled Signal

Hardware Filtering panoany

Aliased Signal Dus to Undarsampling

» Filtering
— To remove unwanted signals from the signal that you are trying to
measure

 Analog anti-aliasing low-pass filtering before the A/D converter

— To remove all signal frequencies that are higher than the input
bandwidth of the device. If the signals are not removed, they will
erroneously appear as signals within the input bandwidth of the device
(known as aliasing)

Frequency Domain:

ADC

fN Hz N Hz



Idealized Filter Responses
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Filter parameters

q m | | R PASSBAND
\ U RIPPLE
- — — -—— —_—— e - — Amax
3dB POINT
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CUTOFF FREQUENCY

FC

STOPBAND
ATTENUATION

AMIN

STOPBAND
FREQUENCY

F 3

PASSEAND ——— > J«——>

4

<

STOP BAND

TRANSITION
BAND

A filter will affect the phase of a signal, as well as the amplitude!



Filtering example

Filtered Waveforms
15 : ;

ﬁﬂﬁiﬂﬁéi‘gﬁhi;nmw In post-processing (non-real
A lfl Zerophase IRoutput__ | | time) a zero-phase digital
‘l} filter can be used, by
A processing the input data in
| r.l | o\ F | ’| | both the forward and reverse
v ba kL | L 7 directions
0 »tl\ | II\ ‘ A | ' ' ,’i |‘ 47 “1 »prl
*. | A’q '|'| A\ AV
LN \ A
0.5¢ I l
Iﬁnw
-3.25 III'.I3 D.;]E III'..4 III'.-I1~5 III'T 5 0.55
Time (s)

Example from MathWorks



Analog filters

Low-Pass

Passive filters:
— RC, LCR

— (often inductors L are avoided, but they
are needed for high Q-factor)

Active filters ™

— opamp + R and C v—— y

oVout

220 nF 220 nF

RS0 kQ

Some common filter characteristics
— Butterworth
— Chebyshev

— Bessel (constant group delay in pass band)

— Elliptic

Bessel

a4 |

RN

et N HIi]
— |:|1.'|i::|

T i

. Magnitude (dB)

jo/ T Butterworth

1
104

1 i
108 108
Frequency




Sallen-Key - Active analog filter

Structure

LP

HP

T P> e

C

oVout

220 nF 220 nF

RyS10 kQ



http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=analog_power_mr&HQS=webench-pr
http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=analog_power_mr&HQS=webench-pr

« Can be suitable as an ADC anti-aliasing filter if you build your

Switched-Capacitor Filter

own electronics

« Be aware of possible clock noise (add RC-filters before and after)

« The corner frequency (cut-off) fc is “programmable” using an
external clock

 Example:
— MAX7400 8th-order,lowpass, elliptic filter

— MAX7400 has a transition ratio (fs/fc) of 1.5 and a typical stop band

rejection of 82dB

VsupeLy 1

0t

I

1

INFUT ———

CLOCK —

fc =fcLk /100

N

CLK

Voo Srow

MAXIMN
MAX7400
MAX7403
MAX7404
MAX7407

GND

OUT —— OuTPUT

1

COM j—_L
0s 01
L

0. 1pf

41N (dB)

~—— PASSBAND ——

t RIPPLE

fg

TRANSITION RATIO i

g

¥

~—— STOPBAND ——»

e f FREQUENCY




ADC architectures

Multiplexed

Simultaneous
sampling

Multiplexed
ch 0

ch x ————

One ADC, multiple
Sample-and-Hold registers=>|

Multiple ADCs

S5H w/ multiplexing — simultaneous sampling

Gh 0 —Amp

SSH

SSH

Mux Amp ADC

gmx-—EE@h

ch 0

Gh

Multi-ADC — simultaneous sampling
|
|
|

Amp ADC
Amp ADC




ADC resolution

« The number of bits used to represent an analog signal determines the

resolution of the ADC

« Larger resolution = more precise representation of your signal

« The resolution determine the smallest detectable change in the input
signal, referred to as code width or LSB (least significant bit)

device range

resolution
9

code width

Example:
device ?‘f_T”éi’e — E = 15mV
zr'esofurmn 21'5

10.0
875 .................. : :
16-bit resolution
7-50 ....................................................
- 625 ........................................................... 3 blt reSOIUtlon
ATVF:J;::;jeS'O
3.75 0L
25 010
1.25 (010 R, mu————— 4 W
0 oloo
0 50 100 150

16-Bit Versus 3-Bit Resolution
(5kHz Sine Wave)

200




Digital signals: Bits, dynamic range,
and SNR

SNR = signal to noise ratio

The number of bits used
determines the maximum
possible signal-to-noise ratio

Using the entire ADC range
(using an amplifier) increases
the SNR

The minimum possible noise "\~
level is the error caused by

the quantization of the signal,
referred to as quantization

noise.

+——Analog waveform
[._—— Quantized waveform

Same noise but less signal;
lower S/N figure

Compare

\

Higher S/N figure

AGC =

Automatic Gain Control may be
part of a digital feedback loop

Risk of
“clipping’.




ADC oversampling

Oversampling means to sample faster than the Nyquist rate, which is

given by fs =2 *Afsignal

The SNR of an ideal N-bit ADC (due to quantization effects) is:
SNR(dB) = 6.02*N + 1.76

If the sampling rate is increased, we get the following SNR:

- SNR(dB) = 6.02*N + 1.76 + 10* log,,(OSR)

* OSR = f/fyquist

Oversampling makes it possible to use a simple RC anti-aliasing
filter before the ADC

After A/D conversion, perform digital low-pass filtering and then
down sampling to f,qist

Effective resolution with oversampling Ngg= N + 1/2 *log, (fs/fyquist).
where N is the resolution of an ideal N-bit ADC at the Nyquist rate

— If OSR =f{//f = 1024, an 8-bit ADC gets and effective resolution

nyquist —

equal to that of a 13-bit ACD at the Nyquist rate




Trigger (from hardware or software)

A trigger is a signal that causes a device to perform an action,
such as starting a data acquisition. You can program your DAQ

device to react on triggers such as:

— a software command (software trigger)

— a condition on an external digital signal omaesr |
— a condition on an external analog signal T
Falling edge initiates acquisition

« E.g. level triggering

Figure 13-1. Falling-Edge Trigger

i I
Analog Comparison Event |_| | I_

Figure 13-4. Above-Level Analog Triggering Mode




Important trigger types

« Start trigger

— start data acquisition when an external digital signal have e.g. a
rising edge.

* Pre-trigger
— Uses a data buffer (circular buffer)

« Can include a specified number of samples before the trigger
event.

 Useful for e.g. high speed imaging. N



Considerations for analog signals

» Signal source - grounded or floating

« Source impedance

— The DAQ device must have a much higher input impedance than

the signal source

— This is usually not a problem as the DAQ devices are designed to
have a very high input impedance (MQ — GQ range)

« Single-ended & differential signals

signal source

DAQ c?rd front-end

[ |
V ZL

-V (voltage divider)

out

L. +Z,

8

1=V /Z




Signal Source Categories




Grounded Signal Source

— Signal is referenced to
a system ground
 earth ground
* building ground

— Examples: I I
« Power supplies ™
 Signal Generators
« Anything that plugs into

an outlet ground




Floating Signal Source

« Signal is NOT referenced to
a system ground
— earth ground
— building ground
« Examples:
— Batteries
— Transformers
— Isolation Amplifiers




DAQ-card input signal configuration

— DAQ input channels can be configured in two ways:
« Differential
« Single-ended
— Referenced Single-Ended (RSE)
— Non-Referenced Single-Ended (NRSE)

— The optimal connection depends on how your signal is
grounded



Single-ended (SE) signals

* One signal wire for each input signal

« Can be used for the following conditions:
— High-level input signals (greater than 1 V)
— Short cables
— Properly-shielded cables or cables traveling through a noise-free
environment
— All input signals can share a common reference point (ground)

« To types of connections:
— Referenced Single-Ended (RSE)
— Non-Referenced Single-Ended (NRSE)

Amplifier

Input =ignal
o +

Ground




RSE vs. NRSE configuration

« The RSE configuration is used for floating signal sources. In this case,
the DAQ hardware device itself provides the reference ground for the
input signal.

« The NRSE input configuration is used for grounded signal sources. In this
case, the input signal provides its own reference ground and the
hardware device should not supply one.

— Measurement made with respect to a common reference (AISENSE), not
system ground (AIGND)

— AISENSE is floating

RSE NRSE

ACH ACH

+ +
Vi AIGND | Vi | AISENSE

1 — 1 o]



NRSE

ML K

CHO+ o——

CH2+ o——

—o" o

CH1+ ©

CH?74+ 00—

oMo

—k

AISENSE ©

Instrurmmentation
Arnplifier

RSE

MUK

CHO+ o0———

CH24+ o——

— "

CH1+ ©

CH7+ o0——

oo

o

AIGND ©

Instrurmentation
Armplifier




Ground loop illustration

The blue connection to ground must not be added, since it creates
a ground loop (red)

RSE

ACH

_l_

Vi AIGND |
wi” 1
[ L

Ground loop!

g




Differential signals

Two signal wires for each input signal (input and return signals)
The measurement is the voltage difference between the two wires
Recommended for the following conditions:
— Low-level signals (less than 1 V)
— Long cables
— The input signal requires a separate ground-reference point or return signal
— The signal leads go through a noisy environment

DAQ devices with instrumentation amplifiers can be configured as differential
measurement systems

Any voltage present at the instrumentation amplifier inputs with respect to the
amplifier ground is called a common-mode voltage

The instrumentation amplifier rejects common-mode voltage and common-mode
noise

Input signal . Instrumentation Amplifier
Amplifisr ~—
. 'l __J__ + \-\L""'m
Input signa A . ey ~
= Grounded Signal Source | Vs | . e
.=~ Return signal _,-»“ +
Return signal T - - _ Measured Voltage
o = J-I-ﬁ L I

Common Mode Voltage, '{cw‘
Ground Potential, Noise, etc. ™~




MU
CHO4+ o0———1—0 0

CH2+ o————a"o-

CH1i+ o OO

Instrurmentation

CH7+ 0————0 o

Armplifier
+
ML
CHO- o—1—& 0 /
CH2- O0—————0M0 Vim
CH1- © oo L
. -
L]
CH7- © oo v
AIGHND o
t 1t
//
gg +
t 7/ !
Sender Receiver



Options for Grounded Signal Sources

ACH(+)

ACH (=)

+ Rejects Common-Mode Voltage
AIGND | - Cuts Channel Count in Half

Differential

NOT RECOMMENDED
- VVoltage difference (Vg) between the two

3

damage the device

GOOD

+ Allows use of entire channel count
- Doesn’t reject Common-Mode Voltage

AISENSE

_T_ grounds makes a ground loop that could
o]

NRSE AIGN

From NI manuals for DAQ devices



Options for Floating Signal Sources

ACH(+) o
@1 _ACH () >“” + Rejects Common-Mode Voltage

% HNGNDT - Cuts Channel Count in Half

Differential - Need bias resistors

BETTER

ACH
@1 AIGND > + Allows use of entire channel count

+ Don’t need bias resistors

RSE i - Doesn’t reject Common-Mode Voltage

GOOD

ACH
@ _ AISENSE > + Allows use of entire channel count
? L_H - Need bias resistors
AIGND

/7]:7 NRSE = - Doesn’t reject Common-Mode Voltage

From NI manuals for DAQ devices




Signal conditioning

 Signal conversion
— E.g. current-voltage converter
« Amplification
« Attenuation
— Voltage divider
 Filtering
— Anti-aliasing



Current-to-voltage converter

Transimpedance amplifier (Feedback
Ammeter)

Recommended connection for small
currents

Sensitivity determined by Rf

Add a capacitor Cf in parallel with Rf to
avoid oscillations

Rf usually large to achieve a large gain
e, dominate for large Rf

RF
' \ Vo = —Iiv Rr
A >
Input _+/ VO N o
Noise equivalent circuit:
R
f —
e nj/::_

|_ enp —" /N
b TAVAY

ey — +

- e, = Input current noise * Rf
e, = input voltage noise
ey = thermal noise (voltage)




Amplification

— Used on low-level signals (less than around 100 mV )

— Maximizes use of Analog-to-Digital Converter (ADC) range and
INncreases accuracy

— Increases Signal to Noise Ratio (SNR)
E.g.-5Vto+5V

Noise _
Instrumentation
1 mv Amplifier
10 mV |
10V,
1000 _
Lead Wires
Low-Level Signal External |
Amplifier DAQ Device
Vsignal
SNR = Vgga/Vogse = (10 MV * 1000) /1 mV = 10 000 SNR =20 lﬂg( v )



Operational amplifier R2

R
(Op-amp) A
— Inverting op-amp amplifier
* Vo =-R2/R1* Vi ——0ov

NOnN-i - lfi Input ’ —
— Non-inverting op-amp amplifier - Opt

— Vo = (1+R2/R1) * Vi

R2

— Non-inverting op-amp amplifier useful when a Rﬂ

high impedance input is needed 0
— Inverting op-amp amplifier useful when a low

Impedance input is needed
— Non-inverting op-amp amplifier gives less

noise (due to G = 1+R2/R1 instead of

G =-R2/R1



Attenuation

Voltage divider

A circuit that produces an
output voltage (V) that is a
fraction of its input voltage
(Vin)

Can be needed to get a
high-level signal down to the
acceptable DAQ-card range

.
T“Ein

__.i"
out




Input Coupling

« Use AC coupling when the signal contains a large DC
component. If you enable AC coupling, you remove the large
DC offset for the input amplifier and amplify only the AC
component. This configuration makes effective use of the ADC

dynamic range

l""lpﬂah
| ” ) MAQJ
I C | | /
I
Zaignal @ %Fﬁ

O —




A component-level diagram of the common 741 op-amp. Dotted lines outline: =
B current mirrors; [ differential amplifier; [Jli] class A gain stage; [l voltage level shifter;
output stage.

I : }
: . :
i ) i

: e =>_1 :
I

Non-inverting ) || Inverting
input it B Ltk =1z = input
O | T

39 kQ

Offser .
null




PC-based data acquisition



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 two or four CPU cores, but can have up to 20
cores with ten CPU cores on two CPUs



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, HOMI* 1.42 Fully Integrated

Voltage Regulator (FIVR)

DMI Intel” Flexible Display
Interface (Intel® FDI)

Analog VGA 4 to 6 SATA Ports

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

Chipset

Intel® High Definition Audio

14 Total USB Ports
(4 to 6 USB 3.0)

Intel® Ethernet Connection

6 to 8 PCle*x1 Gen 2.0

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

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!




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 Conditianing Data Acquisition Device Personal Computar

Physical
Phanamana



http://zone.ni.com/devzone/cda/tut/p/id/4084

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

DAQ using the PC sound card

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

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




Overview of a PC-based Data
acquisition (DAQ) system

A DAQ system consists of:
« Sensors (transducers)
« Signal Conditioning
« Cables
* DAQ hardware
Drivers

. s
« Software @/ ED ®/k /

1 Sensors and Transducers 4 DAQ Hardware

2 Signal Conditioning 5 Personal Computer and DAQ Software
3 Cable Assembly




DAQ Device

— Most DAQ devices 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




Device Drivers

In computing, a device driver or software driver is a computer
program allowing higher-level computer programs to interact
with a hardware device.

A driver typically communicates with the device through the
computer bus or communications subsystem to which the
hardware connects. When a calling program invokes a routine
In the driver, the driver issues commands to the device. Once
the device sends data back to the driver, the driver may invoke
routines in the original calling program. Drivers are hardware-
dependent and operating-system-specific.




Example: Nl Instrument Drivers - IDNET

« All NI hardware is shipped with
LabVIEW driver software

« Driver upgrade to the latest ni.com/idnet
version available at www.ni.com

° Many ’[hird-party vendors also Shlp Instrument Driver Network

Instrument Driver Metwork makes available more than 8,000 drivers for instruments from over 275 third-party vendor

L bVI EW d - 'th th - Measurement Studio for Visual Studio.
a rlve rS WI e I r Looking for NI drivers such as NI-DAQmx, NI-488.2, NIIMAQ, etc.? Hardware drivers, firmware updates, and applic
Instruments

Measurement Studio) are available in MI Drivers and Updates. Visit NI Drivers and Updates for more options

Find an Instrument Driver
Browse All Drivers = Submit New Driver <o Request New Driver |, Request Support

Browse All Drivers

Search within results

»>

Manufacturer Interface Development Environment
A IEEE 488.2 (GFIB) LabVIEW

B-C usB LabVIEW Real-Time
D-E Ethernet LabWindows/CVI

F-H Serial IMeasurement Studio for
K LKl Wisual studio

L-M FXliCompactPCl Application Area

N-0 PCl Automnation

P-Q WXINME RF

R-5 Other

Testand Measurement
e Technology


ni.com/idnet

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



CPU busy example

« 30 Hz sinus signal sampled at 3 kHz (top figure)

« Assume a non real-time system used, without
DMA and FIFO.

— If the CPU get busy with something else between
0.02 seconds and 0.03 seconds, this section of the
sine wave does not get sampled (middle figure)

» The computer will then interpret the sine wave as
shown in the bottom figure, unaware that the
samples are not evenly spaced in time

— This will give a wrong result if we do a frequency
analysis of the signal.

Therefore, DMA and FIFO buffers are used to
compensate for non real-time properties of the
operating system

1

3

3
3

MR Pl ii
+ * +
04 * * * * * *
¥ + + * + +
+ * +* * + *
g * + * * *
02k * + * * *
¥ + * + + +
¥ * + * * *

04 + + * * + +
+ * + + + 4
+* + + +* * #

ozt + * * + #* |
* * * * * +
+ + * + * *
04k * * * + * *|
- * + * * * +
¥ ¢ 1 ¢ 1 ¢
i } i
0E+ E

e

0z

O2F

o4l

O6F

08k

1

0sf

0B

04

0z

0+

N2k

04tk

NEF

N8k

-1

06F

b
04t
+
L
b
k
F

R 1 i 1 1 x 1 I ]
o 0o 002 003 004 005 006 007 005 009 041

osr f %

. ﬂ*f***ﬂk*** .

i}

L L L L L L
ool 002 003 004 005 006 007 003 009



Transferring Data from DAQ-card to
hard drive

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

« Data s 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.

PC

DMA
controller

CPU

Data acquisition card Hard drive

S

msssrss » | [roc]—{ 10 | [ammions > R |2
| bus GB e

sclk MB




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 bufferis a circular buffer in the
computer RAM Fech s

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

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

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

From sensor sclk To PC buffer




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.



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.



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




PC-based data acquisition
Data streaming to a storage device



Data streaming

« Data written to or read from a storage device at a
sustained rate is often referred to as streaming

« Trends in data storage
— Ever-increasing amounts of data (Big Data)
— Record “everything” and play it back later
— Hard drives: faster, bigger, and cheaper
— Solid state drives
— RAID hardware

— PCI Express
» PCI Express provides higher, dedicated bandwidth




Key system components for high-
speed streaming

« Hardware Platform with High-Throughput and Low-
Latency
— PXI/PCI Express bus

« High-Speed Data Storage
— Hard Disk Drives (HDDs) in RAID
— Solid-State Drives (SSDs)

« Software for Streaming to Disk at High Rates
— Parallel programming
— Fast binary file format



Determining Storage Format

When determining the appropriate storage format for the data,

consider the following:
« At what sample rate will you acquire data?
« How much data will you acquire?
« Will you need to exchange data with another program?
« Will you need to search your data files?

Configuration files —~

ASCII (text)
Binary
TDMS

INI
Spreadsheet
AVI

XML



ASCII Files

* Pros
— Human-readable

— Easily portable to other
applications such as Microsoft
Excel

— Can easily add text information
(first line) for each data column

e Cons
— Large file size
— Slow read and write

& My_Data - Notepad

=%

File Edit Format Yiew Help

p.671
0.106
.386
. 209
. 694
.293
.339
.340
. 546
.929
.019
.419
. 954
. 690
456
. 046
.419
.514
.829
.853
. 502
.979
. 813
.151

oo OoD DO DD DD DD

sl sisisyslsislasyeslslalayayalala)ayelalayays)s)e

. 604
L5597
Ty
L4946
. 559
L 283
. 738
. 838
. 926
522
. 362
.185
.473
. 580
374
170
. 833
.346
. 380
152
. BOB
. 967
442
974

S D D D D D (D 0D D D D D D D D D D (D D D D D D

. 736
. 709
. 826
. 766
. 766
. 833
.138
. 803
.2306
. 955
. 644
142
.3386
. 778
. B87
L0351
L0071
. 858
427
. 017
. 5344
.208
. 510
. 544

(=l alalalsalslslalsls]alsls)alslslalalslals)s)sl

. 378

045

446
. 236
.340
141
L4351
. 367
. 540
.419
405
. 213
.335

835

337
. 715
. 307
. 636

521

111
L9091
L3572
202
. 679

slslslsislslslsislslslslslslaslalalalalale) el s)el

. 254
.359
. 364
. 243
. 218
. 669
L0593
L8177
. 702
725
. 363
. 667
.438
L9581
163
. 854
. 657
. 709
L0351
230
. 870
411
. 350
. 249

(]




Two different architectures for handling memory storage:

Binary Files

M L
] 5
B B
° PI’OS Iﬁil_:::aeg:']dd;?“ cooi10cdi1jeooio00ife0 oI 000ifi1 010001
. . 1003 1002 1001 1000
— Compact file size y )
. 5 5
— Fast streaming B B
gﬂg%d;da:r ooodoo0dd 000100010 OTO0OOT (I T OT0O0D1
1000 10M 1002 1003
i ConS ZK-GE 544 -GE
— Not human-readable
— Less easily exchangeable
* Need to know the file format to read the data
4 My_Data - Notepad [._JE
@Fl[l]eM Edltm F;;at Wiew -H:Ip ) 7‘E .
: . : : Feluian Mg B Na ity
« Windows and Linux use Little Endian format. ot e gle e BF LR TN S
- Abig-endian machine stores the most significant byte B ELETE a2
first, at the lowest byte address. SEINREY T F O FIL
. . . . AP ;‘é+y}f,(y_5yLﬁpfy£#|I_§lwr;+%
« Alittle-endian machine stores the least significant byte g En S te vl gl
- " #I§5%5+;+Nl%+'a%ytj%'/\
first. AL TEENRRET R 5
i%&aw?éﬁsﬁé*?%fﬁfi‘fé
EERT AL




Data Types —file size

« Reduce file size
= 1116 sample = 16 bits = 2 bytes

= 1 DBL sample = 64 bits = 8 bytes = 4X increase in
bandwidth

DAQ Board

Log 1M samples
'L' 1 Sample to sk,

ooy Dhats
16bit =2 bytes [ -
01011001 10101100

v

(seating)

TRTine
Scaled Data (Double Precision) = =) Scaled binary file
A s L}E — = 1ary

"1 Raw binary file
Size =2 MB

410045629821 1082 = || Size=8MB
¥
AT | ASCII text file
g +100.4 d:}c'mWﬁ Size = 24 MB




TDMS

A file format from National Instruments

TDMS = Technical Data Management Streaming
Three levels of hierarchy
Microsoft Excel add-in

C-DLL

Can download reader for Matlab

eDescription
eTitle
e Author

UUT |
eTest Rig

—

Root

Propery |
Propory N
Channel Groups

eTest Procedu}‘e

*Signal Name
eComment
eUnit

eSensor ID

— t Pmp'w/l
I’m’.ﬂlﬂl

0 By
Prapary N
Channels

Optimized for high-speed streaming

Single file
« Binary header

Binary data

ni.com/tdm

3 TDMS File Viewer

TDMS file Viewer

File contents

[l exampletdms
E| Untitled
- Amplitude sweep
- Phase sweep

Properties | Values (table) | Analog values (graph)

Property name

Property value



ni.com/tdm

TDMS —Write Data and Set Properties

prnperty names

HU J Hitle "
authur

oroperty values

40 I week I
Herbert

[ o]

nroEertE name

[property value

ul

roup name

Measured Data

"

properky name
Mo

channel name
Amplitude Sweep

/ Data timestamp

E.g. sample rate, UUT/sensor names, channel names

=B
Open File Group Channel Write Close
File Properties Properties Properties Waveforms File
|




Exchangeable

ASCII

Binary

XML

Database

TDMS

Small Disk
Footprint

Searchable

Inherent
Attributes

v

High-Speed

Streaming

v

NI Platform
Supported

v

v

v

‘/'t

AN NN N NN

*May require a toolkit or add-on module.




RAID introduction

 RAID = Redundant Array of Independent Drives.

 RAID is a general term for mass storage schemes that split or replicate
data across multiple hard drives.
— To increase write/read performance and/or increase safety (redundancy)

N A N
NSNS N
RAID 1 - Blocks Mirrored. No Stripe. No parity.
8 |
RAID 0 - Blocks Striped. No Mirror. No Parity.

RAID 5 — Blocks Striped. Distributed Parity.




RAID examples

— Internal RAID of the workstation/PC

— Network attached storage (NAS) with RAID
— Server RAID NI 8264
— Externally connected RAID (e.g. to the PXle chassis) —
— In-chassis PXI RAID

— SSDs (FLASH circuits) on a PCle card




Sector

Increase DAQ I/O Performance

Use the option to disable buffering Track
(unbuffered file I/O) in Windows API

« Optimizes streaming applications
* Important for RAID systems
« Supported in LabVIEW

oromot

* Note that you must read from or write TDMS Open

to the file in integer multiples of the  file path ——— 0 tdms file out
: - operation (0:open) = ﬁ
disk sector size (usually 512 bytes) . order (2:little-endian) — £
« The data can span multiple sectors but —eee s . '
must fill each sector completely

- If the data is not a multiple of the sector

s @Ol OiLE

disable buffering (T

file path {use dialog)

size, you must pad the data with filler = 4
data and delete the filler data before #open or create ¥ -
the data is used o readjwrite Y- TR

|disable buffering (F)]




Remote Terminal Units




Remote Terminal Unit
A remote terminal unit (RTU) is a microprocessor-based electronic device
used in industrial control systems (ICS) to connect various hardware to
distributed control systems (DCS) or supervisory control and data
acquisition (SCADA). RTUs are also referred to as remote telemetry units

or remote tele-control units.

RTUs pass sensor data from input streams in control loops to an output
stream to be forwarded on to centralized control in an ICS. RTUs

automatically negotiate connections to either local or remote controls.

Found everywhere ICS are used, RTUs are part of the systems used in
several processes, including:

e Petrochemical (oil) and refineries

e Nuclear power plants

e Agriculture

e Quality control

e Chemical plants

e Sewage treatment plants

e Food processing

e Automobile manufacturing

e Pharmaceutical manufacturing

e Water treatment plants

RTUs monitor both analog and digital field data. An RTU gets the data
from sensors monitoring target industrial process variables and then
forwards that data onto centralized monitoring and control. The
hardware of an RTU contains the setup software required to connect data
output streams, communication protocols and built-in troubleshooting.
The devices are often powered by AC mains with DC converters and

sometimes battery backup.



Remote Terminal Units

Remote Terminal Units (RTUs) are essentially industrial PC based systems
which are responsible for collecting field information and data. Typical RTU
hardware modules consist of several components

N i

S

240V Power Central Analog Analog Digital Digital
AC Supply Processing Memory Input Output Input Output
Unit Module Module || Module Module

Communication Ports
RS232/RS422/RS485




Remote Terminal Units

Ny
4V Power Cental
AC Suppty Processing
! . Unt
| I |

Communication Ports
RSZ3IZRS422R54385




Remote Terminal Units
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Remote Terminal Units

Typical RTU hardware modules consist of several components....

Power Supply

» Typically converts the 240V
AC supply into a low voltage
DC output, for powering the
digital and analogue
hardware in the RTU;
typically 5Vdc and 12Vdc. In
some cases, industrial
equipment will operate on
24V and 48V technology




Remote Terminal Units

Typical RTU hardware modules consist of several components....

Central Processing Unit (CPU)

»The central processing unit is
usually a 16bit  or 32bit
microprocessor based system.
The processor unit will usually
contain a modest amount of
memory internal to the chip.

»The processor is usually
driven by a real time clock,
which may include a calendar
feature to enable time stamping
of events.




Remote Terminal Units

Typical RTU hardware modules consist of several components....
Memory

» When more memory is
needed, external memory is
usually used which interfaces to

the processor. This can be in
the form of EPROM, RAM, or

Flash Memory.

» It is common to see systems
with a combination of these

memory technologies.




Remote Terminal Units

Memory

f Extreme

SsOMBE



Remote Terminal Units

Analogue Inputs

N

| Sample
and Hold -
e ]—
w3 % Bus | Sample ﬁ
@ = Interface and Hold
& ADC Amplifier — Multiplexer | ° _
Sample
| and Hold -
A
= .
' | Sample -
= - & 5 and Hold
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S »n 3E = Channel
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Remote Terminal Units

Analogue Inputs

(1) Analogue to Digital Converter (ADC)

The Analogue to Digital Converter -~
device is at the heart of this
module.

Bus
Imerfocs

B
{0 o

It is important to choose a device
which is capable of meeting the

r— Mullplexsar

demands of your application..... — s _ .
58 - F '
» The speed and resolution of o §| EE 5E priveiury
ADC converters can  vary °8 ’_T
significantly  between devices. [Coot| e e
=

Usually, there is a trade off 7
between the two - the faster the

ADC, the lower the resolution you

can typically achieve.




Remote Terminal Units

Analogue Inputs

(2) Sample and Hold Circuitry

» ADCs require a fixed amount of time in which to perform the
conversion to a digital signal; the conversion is not instantaneous.
For this reason, a sample and hold circuit is required.

Sample

1 (7) Buffer

—r Hold 1(2)

-
-
-
-
-
-
-
-
[ 3
-
3
-
L 2
-
-
-
-
-
-
L3
-
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=
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Remote Terminal Units

Analogue Inputs

(2) Sample and Hold Circuitry

» This circuit samples the analogue input and holds the signal value
until the ADC has time to complete the conversion.

Signal after S&H




Remote Terminal Units

Analogue Inputs

(3) Multiplexer

Sample
and Hold
» A multiplexer is a component
which sequentially samples many Sample
inputs, and switches the samples to and Hold
the output in sequence. The output
is then passed to the ADC. , Sample

and Hold

Sample
and Hold




Remote Terminal Units

Analogue Inputs

(4) Amplifier
Sample
. Tl and Hold

Sample
and Hold

- ADC Multiplexer

Sample
and Hold

Sample
and Hold

» An amplifier may be needed (Note: not always needed!) to match the
range of the analogue signal to the input range of the ADC device. This can
be important if we have very small analogue signals from a sensor. Without
the amplifier we may lose measurement resolution.




Remote Terminal Units

Analogue Inputs 5\: ﬁ ﬁ"“ﬁ ﬁ jf jf E}
(5) Bus Interface and Timing Unit

[— DrocERReg Pl m Ty b im T T (1) =T ek

2oy I B - Carbrml A g rmleg Dhigral [m - 1]
Limi Ml i b Eiodobe Eodbe Meborzing b

»The bus interface circuit makes
sure that data is only put onto the Commrtcaner, o
bus when needed. This is important

to avoid data conflict with other
devices sharing the bus (i.e. bus
contention problems).

Bus

Connector

Bus Ebable
Start of
Conversion
End of
Corversion

Clochk




Remote Terminal Units

Analogue Outputs

~Analogue outputs perform the opposite function to inputs.

»They convert digital signals to analogue signals using a DAC
(digital to analogue converter).

~It is common to have several analogue output channels.

»These outputs are typically used to interface with analogue
devices, and perhaps instrumentation such as oscilloscopes.




Remote Terminal Units

Digital Inputs and Outputs

~ Digital Inputs are usually for status and alarm signals.

~ It is quite common to see digital input boards with 16, 32, or even
64 digital input channels.

~ Digital output modules can be used to send simple ON/OFF
signals. (e.g. for relays/ switches)

»They are particularly useful for enabling or disabling devices. You
may see LED indicators for each output to give a quick visual on the

status of these lines




Remote Terminal Units

Communication Interfaces

»Often, these are RS232,
RS422 or RS485. They are
used to interface to operator
stations, diagnostic terminals

etc.




Remote Terminal Units

A rack / enclosure

» All the electronics is
typically housed in a
standardised 19” industrial
control rack (e.g. VME rack),
or a commercially supplied
enclosure.




Remote Terminal Units

A rack / enclosure

» Protecting components.

» Moisture or dust prevention |

» Shielding to prevent
Electromagnetic Interference
(EMI). |




Introduction to SCADA Systems




What is SCADA?

Supervisory Control And Data Acquistion
- Collect measurements and status data from the process
- Remotely intervene in the process

- Centralized system platform
- Based on distributed 1I/0

Applicable Processes
- Oil or Gas prodcution facilities
- Piplelines for gas, oils, chemicals or water.
- Railway/Transportation Process
- Nuclear, Gas, Hyrdo generation plants



A

SCADA is used around the world to control all kinds of industrial processes —
SCADA can help you increase efficiency, lower costs and
increase the profitability of your operations.




The typical control room
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Real-Time Monitoring and Control Increases Efficiency and Maximizes Profitability

Here are few of the things you can do with the information and
control capabilities you get from a SCADA system:

 Access quantitative measurements of 1mportant processes,
both immediately and over time
« Detect and correct problems as soon as they begin

* Measure trends over time
* Discover and eliminate bottlenecks and inefficiencies
« Control larger and more complex processes with a smaller, less

specialized staff.



Classic SCADA systems

The very first SCADA system implemented a Sensor to Panel type scheme:

i IRNN

Sensors

>t consisted of:

(1) an array of sensors
(2) control panel of meters

(3) lights and recorders

An operator would then be in
charge of various control knobs
which would exercise supervisory
control.




Classic SCADA systems

Whilst these systems are relatively unsophisticated, they can still be seen
In practice today in manufacturing plants, factories, and power generating
facilities




Classic SCADA systems

A Sensor to Panel type SCADA system has the following advantages:
» It is a simple system —no CPU, memory, or software programming

» Sensors are directly connected to meters, lights etc.

» Cheap and easy to add extra switches and indicators




Classic SCADA systems

...but the following disadvantages:

» As the system expands, the amount of wiring becomes unmanageable.

» Re-configuring system is very difficult

» The amount of data that can be retrieved is very limited

» Storage of data is minimal

» No off site monitoring of data or alarms.

» Somebody has to watch the control panel 24 hours a day.



Modern SCADA System

A typical modern SCADA system now has five levels of hierarchy:

: ! Commercial
Mainframe Computer, s D
ata
Data Processing System [ —— 1 :
= :H Processing
_ — System
= _E:\ |
Operator Stations
=
= = Master

| | | | | Station

Local Area Network




Modern SCADA System
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Modern SCADA System

A typical modern SCADA system now has five levels of hierarchy:

» (1) Field Level Instrumentation and Control Devices

Sensors and Process Control Equipment are used for obtaining
measurements and data from the environment.

» (2) Remote Terminal Units

These are essentially industrial PC based systems which are
responsible for collecting field information and data.

» (3) Master Station

It is the responsibility of the Master unit to collect all the data
acquired from the RTUs. The Master unit displays data and
enables the operator to perform remote maintenance and control

tasks via a Human Machine Interface (HMI).



Modern SCADA System

» (4) Communication System

A communication system is required to link the RTUs to the Master
Unit. The communication medium depends upon the location of the
RTUs, and the technology available.

» (5) Commercial Data Processing System

In larger telemetry systems, a separate data processing system may
be available to co-ordinate and manage large volumes of data -
useful for storing backup data, and determining long term data
trends.
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Modern SCADA System
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SCADA Software

The key components of any SCADA software platform are worth
noting:

» Graphical User Interface

» Alarm monitoring

» Trend monitoring

» Remote Terminal Unit Interface — health checking
» Scalability (Modular systems)

» Database (data storage)

» Networking

» Distributed Processing




SCADA Software

SCADA software can typically come in two forms; proprietary or open.

» Proprietary software is written by individual companies to work with
their own hardware. These systems are typically sold as a complete
hardware and software solution.

» Open software is typically written by independent companies, and

they target their software to work with a number of different
manufacturers hardware




Modern SCADA System

Graphical User Interface....
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Modern SCADA System

Trend monitoring....
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SCADA System Implementation

»Consideration always has to be given to the cost versus quality of the
system.

» It is always worth assessing the opportunity to integrate the SCADA
system into existing communication networks. Possible options -
existing LAN networks, telephone lines, or even radio/wireless systems.

» Do not compromise the existing communication network. It must not
Interfere with other existing facilities.

» Reliability is always an important consideration. However, is it
justifiable to spend, for example, ten times more on a particular type of
system, when it only improves the reliability by 1%7??

....As with most engineering problems, compromise might be necessary!!



Distributed Control Systems




Introduction to Distributed Control System

Other advantages, which may be less direct but often have greater impact in the
longer term include:

» Greater understanding of the manufacturing process,
» Better production scheduling

» Greater flexibility

» Shorter 'lead times' in designing new products.
» Faster identification of faults

» Ability to identify deterioration in equipment before
failure



Distributed Control System Market

Who buys DCS equipment?

Water and waste Oil and gas industry
water treatment
industry

Pharmaceutical industry _
Pulp and paper industry

Automotive industry
Metal and mining industry

Other process industries

Power industry

Chemicals industry



Distributed Control System Market

How big is the market?

Projection for 2018................ $19.8 billion

Software

Hardware

Services




Introduction to Distributed Control System

Roclowell
Automation

@ Alfen-Bradiey
SIEMENS ’

YOKOGAWA

‘ W
&

EMERSON..
Honeywell

SUPCON (e

http://www.abb.co.uk/product/seitp334/102b314866674ccdcl12572bb0031ead2.aspx?productLanguage=us&country=GB



http://www.abb.co.uk/product/seitp334/102b314866674ccdc12572bb0031ea42.aspx?productLanguage=us&country=GB

Flexible Manufacturing Systems

Programmable devices and controllers > manufacturing system is much more
flexible. We will take a look at two types of flexible system:

The centralised controller cell

Each control device is mounted in a different location within the production cell
and may require a different electrical interface to the controller.

Devices

Electric Bar Code
Drive Scanner
Motor Controller Position
Starter Sensors
Input/Output Push Button

Panel




Flexible Manufacturing Systems

The centralised controller cell

Limitations to this type of system?....

» Numerous wires must be run around the cell from component to controller.

» As cell complexity increases, so does the complexity of the wiring,
Increasing costs and proving difficult to troubleshoot in the event of a fault.

» It may be difficult to connect all the wires to the controller simply
because of the physical size of the connectors.

» The centralised controller can be reprogrammed to meet changing
production needs but each cell must be re-programmed separately at the
location of the controller.

» If new sensors or actuators are needed for the cell additional work may
be needed to provide new interfaces to the controller (lots of interfaces
available!)



Flexible Manufacturing Systems

The networked controller cell

To overcome the problems highlighted with the centralised controller system, a
network solution is now typically employed - a fieldbus solution,

Controller
‘ Network
Input/Output Electric Push Button
Devices Drive Panel
Device Motor Position Bar Code
Configuration Starter Sensors Scanner

»A fieldbus is a commonly shared communication medium, to which all devices
and controllers may be connected. It then enables efficient communication
between all the components of the production cell.



Flexible Manufacturing Systems

The networked controller cell

Significant advantages over the centralised controller system:
» Normally only one set of communication wires plus power lines are needed.

» Typically only one connection to each component from the network,
reducing the overall wiring cost.

» All the components have a standard interface to the controller via the
network. New devices can be connected easily.

» Diagnostics and fault finding are simplified.

» The controller can operate over a greater geographical area.



Flexible Manufacturing Systems

The networked controller cell

This is the concept behind distributed control systems. A distributed control
system is a networked control system with a fieldbus at its heart (e.g. CAN,
Profibus and Modbus).

A distributed control system may be defined as follows:

» A distributed control system is one composed of several autonomous
Intelligent devices, which cooperate in achieving an overall goal. These
Intelligent devices are capable of supporting processes and coordinating
their activities, through the exchange of information via means of a
communication network
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« General introduction

Registered Serial
Trademark Name Number

DCS: Distributed Control System
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« Domain

Control domain & Operation domain
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« System scale

Domain © 60 control domains, 128 operation domains

Each domain :

Control domain: 60 control nodes, total capacity 65,000 points
Operation domain: 60 operation nodes

Each control station:

Type FCU711-S FCU712-S
Total <2000 <4000
/10 Al <1000 <2000
AO <500 <1000
Dl <2000 <4000
DO <1000 <2000
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« Features

System features

« Openness
Safety

Easy to use

Real-time

multi-people configuration

Powerful system supervision
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« Component

Cabinet

Power supply

Control unit (controller & base)
I/O rack

I/0O module unit (I/O module & base)
Switch

="
1
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« Cabinet

r COI'Itl'OIlOI' 1 .ﬁ'j_—j ]r:r'h::al_-i.:l
EBUS switch P
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uo rack, base and WUIOJ illl.fi HII'"
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AC distribution I Il
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DC distribution

~ AC/DC power supply
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- Power supply - AC

182 20VAC ‘ . .

PSC1A PSC2A POS133 PES130

252 20VAL

P5C1B PSC2B | PO5131 PO5132

05131 05132 05133 ES130




- Power supply - DC

) I ‘_- Power module

.. Power distribution box

Controller
|

1/O link module | |

L

DI module




Control node hiz= - SUPCON

* /O rack
I/0 Rack(long): I/O Rack(short):
CN721 CN722
3§ [ls38
8 3‘.;. I;_E::ui
A 4[| CN722
|| ..'ﬁg-'l 4 |/O Bases
o 711 «81/0 modules (0-7)

1 oN721
2. | *81/O Bases
¥ *16 1/0 modules (0-15)

M adn nll
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« |/O rack
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* |/O rack address

One cabinet: 4 |/O racks

‘o[:}o D@UJ

1# rack 2# rack 3#rack  4#rack .
JP1 JP1 JP1 JP1
JP2 JP2 JP2 JP2

0 1 £ 3

. jumpers shorted

OJ0] . jumpers disconnected
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* |/O rack connection

4# rack

3# rack

f] [CJ -
' o] o] =) =3 o) M.
o -.-.:-+ D D |§. e O D Q) ve- [‘J
Ofve: g iG] | A m G"' L] Lo
0J vz Wa- vz
5 (& ol ¥ b ol |3 |

Note: A pair of 120Q terminal resistances is needed in the last rack.
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 Modules

Controller
Function:

=
.

I/O link module

modules

jon: i
s ‘ H BB control, rocess, manage....
connect the I : il
| i
controller with the - N oE
extended 1/0 S I/O module
| ; 1] Function:
o

signals sampling
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« Modules

ed BOSS(Controller)

[~} | |

1# Correspondent m, 2# Correspondent 3
(VO link module) gl (/O link module) u
Soldiers

Rk & 8 B m 5%
i15s

#rz 838 988

Local Extend
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« Control unit

Composed of the controller FCU712-S(FCU711-S)
and the base MB712-S

* Controller

» Base
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* Control unit - features of Controller

Controller features

e 1:1 redundancy

* Scanning period: 100ms (basic period), 20ms(quick period)

e Capacity: 4 local 1/O racks, 28 extended 1/0 racks

» System scale: 60 control domains, 60 operation domains. (60 nodes in
each domain)

* Fault security:to ensure the |/O signal realiable during system's failure

* Download on line
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» Control unit
@ E-BUS A/B: A /B network interface of
I/O expansion bus (between Controller

Indicators and /O link module)

@ SCnet A/B: A/B network interface of
- j process control network (between CS
Li-battery i P and ES/ OS)

@ L-BUS A/B: A/B network interface for
local I/O bus

@ 24VA, 24VB, GND: terminals for two
redundant 24V DC power distribution

® CLK+/-: Second pulse differential
signal high / low level
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« Control unit - Indicators

indicators | Status SE Instruction
status
Fault ON Hardware fault
o OFF ,

(red) Flashing :
Status ON ik - - - . - : -
(green) Flaishing No configuration, or in gonﬂguratton update process, or in

configuration recovery process
Duplex Whether in working state or not: working controller
ON OFF U ; SR :

(green) indicator is on, and standby controller indicator is off
SCnet ON OFF Redundant network fault
(green) Flashing Ethernet address conflict; or single network fault
E-Bus ON OFF Redundant network fault
(green) Flashing Single network fault

L-Bus ON OFF Fault in one pair of two pairs of redundant buses
(green) Flashing Some network fault




Control node chiz= - SUPCON

 Control unit - Li-battery backup

(3.0V)

FCU712-S FCU711-S
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 Control unit - Address setting

R SW1: DIP switch for domain address
FCU712-S: 0~59
FCU711-S: 0~15

SW2: DIP switch for node address
2~126
e.g.: 2 (decimalcode )

1 0 ( binarycode)

} 3

ON OFF




Control node bz - SUPCON

* /O link unit

Composed of |/O link module COM711-S and the base MB722-S

I/O link module
(COM711-S)

» Base (MB722-S)
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* /O link unit

Indicators

@ L-BUS A/B: A/B network
interface for local 1/O bus

@E-BUS A/B: A /B network
interface of |/O expansion bus
(between Controller and 1/O link
module)
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e |/O link unit

FCU712

E-Bus

COM711




Control node chizE - SUPCON

« |/O link unit - Indicators

Name Status Instruction
Fault On Internal fault occurs
(red) Off Normal
Status On Configuration
(green) Flash No configuration
Duplex On Work card
(green) Off Spare card
On Normal
E-Bus Signal-loop |/O expansion bus fault or
(green) Fiash Ethernet address confliction
Off Two-loop I/O expansion bus fault
On Normal
(I;::ns] Flash Signal side local I/O bus fault
Off Two sides local I/O bus fault
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« [/O link unit - Address setting

Address range:1~7

=

F
¥ |

: jumpers shorted

OIO] : jumpers disconnected
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* |/O module unit

Composed of two I/O modules and one base
( terminal board available)
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* |/O module unit - Indicator

indicator Fault (red) g Duplex L-Bus (green) Supply

(green) (green) (green)

power

— Fault Running Work/Standb | Communicatio supply

DESSCFIp'lIDr'I indicator indicator y indicator n indicator status
s indicator
Communicatio Abnormal

OFF Normal - Standby n link break power

supply

ON Severe fault Normal Work Normal Normal

, No -
Flashing -- . - IP confliction -
configuration
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* |/O module unit - /O module

Type Properties

Al711-S 8-channel current/voltage input module (type Il / type lll signal)

Al722-S 8-channel TC input module

Al731-S 8-channel RTD input module

AO711-S 8-channel current output module (type Il / type 1l signal )
DI711-S 16-channel digital input module

DO712-S 16-channel digital output module




Control node chiz= - SUPCON

* |/O module unit - Base

v MB735-S : for two not redundant I/O modules.

v MB736-S : for two redundant I/O modules.
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* |/O module unit - Base

v' MB745-S : for two not redundant I/O module.

v' MB746-S : for two redundant I/O module.

« Safty barrier terminal board

* Relay terminal board
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* |/O module unit - /O module

‘/‘,_’Al?ﬁ-s )

v’ 8- channel

v" channel-to-channel isolation
v Signal type: (0-5)V,(1-5)V, (-10-10)V,
(0-10)mA, (4-20)mA

v’ power supply
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* |/O module unit - /O module

’;AITH—S ]

Voltage signal Current signal Current signal
by power supply
CT) | ?CH-: ] (5 .
¢ CH-2 ] o CH-3 — $CH2
| = 4 CH-3 = | 4 CH-3

o CH4
dCH4 | & CH-4
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* |/O module unit - /O module

./‘*,szz-s )

v 8- channel

v'channel-to-channel isolation
v’ Signal type: TC, (-20~80)mV. (-100~100)mV

v'Cold-end compensation
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* |/O module unit - /O module

. 5
’ AI722-S |
/(‘ | Cold polnt

Measuring point < ‘
[

,t; }

Terminal

board

Cold point

Measuring point ( Thermistor )
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* |/O module unit - /O module

‘/}At‘vzz'-s )

TC signal Voltage signal
|
Tf H-1 ¥ {-rn-z
C_[?EI]-E (E 9 CH2
0 CH-3 —  9CH3
o CH-4 ¢ CH-4

33 and 34 are cold junction compensation resistance connection terminals.
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* |/O module unit - /O module

’/}Atrs*:-s ]

v’ 8- channel

v' channel-to-channel isolation.

v Signal type:Pt100, Cu50, (1-400)Q, (2-1000)Q
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* |/O module unit - /O module

’/";Ar?m-s ]
A B C D
% PT100 ﬁ FTiR0 w FT100

—¢ CH-1 CH-1 —o0 CH-1

| & I | ' i

RTD [] o CH-2 RTD o GH-2 s [']—T CH-2

T{ CH-3 ' | CH-3 +———< CH-3
e CH-4 !

; CH4 | 4 CH-4

Two-wire Three-wire Four -wire
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* |/O module unit - /O module

‘/}Aom-s ]

v’ 8- channel

v' channel-to-channel isolation
v Signal type: (4~20)mA, (0~10)mA,
(0~20)mA
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* |/O module unit - /O module

PR—
& )

I
T ? CH-I1
RN g CH-2

Output wiring &
CH-3

Detecting wiring
& CH4

Output signal detecing Ff@r'

Output terminal wiring [ I



Control node chis - SUPCON

* |/O module unit - /O module

., Digital Signal!
‘/_ gital Signal|

DI711-S

v'16- channel, group isolated.

v Signal type: contact, electric-level
DO712-S

v'16- channel

v Signal type:24V, Pulse
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‘ [ 1. System Architecture ] ‘
]
)

‘—[ 2. Control Node

4[ 3. Operation Node ( V)

—[ 4. Network

,

R
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» Operation desk
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« Operator keyboard

OP036-V
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» Operating system

Recommended: dual-core=1.8G, Memory=1G,
harddisk=80G, Video memory=232MB
Operating system: Windows 7 Professional SP1 x32/x64,
Windows XP professional SP2,
Windows 2003 Server Standard SP1,
Windows 2008 Server R2 Standard
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« Operation node

» Operator station

Operator stations access real-time data from control
stations directly and send operating commands to
control stations.

» Chief engineer station

The platform for configuration server, engineering
configuration and system management.

» Extended engineer station

The platform for engineering configuration and system
management.
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« Operation node

chief engineer station

VF builder

] r'_'_:.‘.l r" y ,-_-T.F
ivh’rb)ﬁ ";',:’ = r!'#'/E I f'._:iﬁ}’ff‘f:*,ff

[ VFExplorer J

extended engineer station

{ VFLaunch J

\ opeation station/server
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« Server

» Data server
Redundancy available. Provide alarm history records,
operation domain variables real-time data server,SOE server.

+ Historical data server
Redundancy available. Provide trend history records.

« Time synchronization server
Provide the time synchronization for the system.
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I-- [ 1. System Architecture ] I
]
;

—[ 2. Control Node

R

4[ 3. Operation Node

{ 4. Network (V)

-
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ES oS | Il

3 |

Server | i
|

|

Control Network

|

(SCnet)
E-BUS ]
S : lr' l
I/O BUS L-BUELW “ & m 1/O link rlpoule

W- s madmtéommunicatinn module m__m :
R = B
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SOnet
separate

Control Network
(SCnet)

I/O BUS

Communication module

ﬂ— 1/0 module w‘—ﬁ :
g = B
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* L-BUS - local cabinet

i

s Matched
' resistance
module




-SUPCON

g Matched
resistance
module

e
=

-

« L-BUS - extended cabinet
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- E-BUS

Controller

Switch B

_____________

...................

———————————

/O link |
- module !




Z
8
U
il
3
!
i
'

» SCnet
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« SCnet

HAE " !l
—_—

Switch A

Switch B
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« SCnet

129 130

EC/OS
domain: 0 ~ 59
node: 129 ~ 254

TI2:21 %% SCnet B
17220 0% SCnet A

Subnet mask code: 255.255.0.0

L}
n
B
L]
i
|
i
il

domain; 0 ~ 59
node: 2-127
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ES254 0S131
Al B P
172.20.0.254
B D 0005 | | Lo
172.20.0.2 172.21.0.3 Al B N B
172.21.0.2
Switch A

172.20.0.131
172.21.0.131
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« SOnet - Separate
| | | 172.30.x.x  SOnet
129 130

172.21.x.x SCnetB

172.20.X.X SCnet A

Subnet mask code: 255.255.0.0

-4 F § F §F §

u
H
"
t
Y
"
H
il

120, 121
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« SOnet - Separate

Switch A

T g uien

!I
ITIERST]

172.30.0, 254 172 30.0. 131




hi= - SUPCON

- [P address setting

Intarpet Fratoonl Verson 4 [TOR/TPvd) Frop=rhies ﬂ!] Intemat Protonl Version 4 (TCP/ [Fvd) Propesties T | KI:

General I E:nu'i[
¥ou @n ot [P setings assgned automatoally & your networ supports You cn get PP s=tngs assigned sutomstically if your networe supports
Eﬂlwﬂ‘r Gfarsta, you raed o sBd your rabwork sérnictater e canability, Otherives you reed 9 et poir rebierk sdmreshrator
for the appropriate [# s=ttings. for the aporegelats 1P selings.
7 oibts an I address sutomascaly " pbtain an IF address nutenaticaly
ﬁu:::ﬂ'l;ﬁ.ﬁﬂbgl‘l:ﬂ:u: ¥ L=z the falowirg 1P address:
P ockhesy: A | 72.20 .0 .29 IP addrece:
Subret mask: | 35.55.0 .0 Sutret mesk: B
Defauli gateway: 1 ; Default pateviay
€ Gl DG aaiier addieay aieamat |y gl TR L R s B T el T B =
~I% Uge the folowing DNS server addremsent 17 Use the folowng LS sener addresses:
AbErnate ONS serven: - = - = Alternate ONS server: |
[ Valdate sstbrgs upon et Aevanced. . | I validats setngs upon st i |

C= oo | (o ] o |
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* Network test

CCEE————— x|

= e the name of & pragram, folde! dacument of Irtermet
resource and Windows will open it for you
Epen i e :J

%' Thistask will be created with administoatve privileges,

| QK I Concel Brovese., |

ping 172.20.*.*
ping 172.21.%.*
ping 172.30.*.*

Meply [rom

Ping stics [er 1
'acl ent L

Approximaie round Crd
M dmum Bne. Maw




. THE END
THANK YOU!
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CAN: Controller Area Network

Introduction:

» CAN Is a serial bus system especially suited to networking
several intelligent devices, such as sensors and actuators, within
a machine or automation cell.

» It is a serial bus system with multiple master capabilities. I.e.
several CAN nodes can try to transmit data at any one time.

» Each message carries an identifier that establishes a priority
system.

> The CAN bus does not need addressing of nodes in the
conventional manner. Instead, messages are sent to all nodes.




CAN: Specification

wrobersosenomot () BOSCH

» Originally...... to overcome
communication problems between
control systems in cars. Anti-Block
Braking Systems (ABS) and
Acceleration Skid Controls (ASC)

> Now...... many other applications - agricultural machinery,
medical instrumentation, elevator controls, fairground rides and
Industrial automation control components


http://www.telelink.com/files/image/Telelink_site_pics/SI/bosch_logo.png
http://static.cargurus.com/images/site/2008/08/12/11/29/1996_bmw_8_series_850csi-pic-47427.jpeg

Direct fuel
injection

Active
suspension

Electric throttle
JB\. valve control

Steer-by-wire

Electrically assisted
power steering

converter



http://www.google.co.uk/url?sa=i&rct=j&q=CAN+controller&source=images&cd=&cad=rja&docid=489C99X7A212rM&tbnid=BduKw7s5Di47DM:&ved=&url=http%3A%2F%2Fwww.talktomycar.co.uk%2Fcan.htm&ei=eQ5tUdnpJeaW0QWHhID4CA&psig=AFQjCNGCQleXAyoo_DI-Zi7YKKdwcFh5gw&ust=1366188026131937

Before CAN - Individual Connections

Engine
Control

Anti-
Lock

Brakes

Trans-
mission
Control

Active
Suspens-
sion

S
.




With CAN

Engine
Control

[ CAN |

High Speed

CAN
Trans-
mission
Control

Anti-
Lock
Brakes

L CAN |

CAN
Active

Suspen-
sion

NYO

CAN

[ CAN |

Low Speed




CAN Is Central To Automotive Networks
oo B -

systems

Drive train

LIN

Digital radio

Vehicle computer

Instruments

Central
dy control

MOST

Lock

Lock

M

Window lift

M

‘M

Speaker

Controller area network

Global Positioning System
Global System for Mobile Communications
Local interconnect network

MOST Media-oriented systems transport

Mirror

M M

M M

" : : Heating

)

— RN |ight

= Seat e M
E’R—'sn:: I

Lock

s CELG

mesm |[Nterior

eating B
d S e

M

-

Heating

___’,.’
'_’___..-r""—,-_

M
. M
I|==

| LIN

¥ Heating

Wiper

M _ I heating Id

Universal light

. v
OIX

1

Window |

Trunk &

—E
—<N
—{HU

DO

l

e

Universal motor

Universal panel

[Leen02]



CAN (SAE J1939) Example: Caterpillar 797

797 System

VIMS - PC ET Service Tool

XIIBNIIEI\I/II = Chassis Control
( ) = (ABL2C)
aka]
e Braking/Cooling
L (ABL2C)
> Xmsn/TC
r- EL (ABL2C)
|
N
|
|
|
|
' =
[}
ADEM Il ADEM Il X
Slave 1 Slave 2 RAC/CLIM Tire
(68K Module) i
Monitor

= CAT Datalink

s+ 195 sensors and actuators
e + wireless data link

Warning: All paper copies of this document are uncontrolled [SI |de COU rtesy Of Catel’pl I Iar I nC.]



Coolant Flow
Switch
138-3672

Ground Level
Shutdown Switch
4D-1836

User Shutdown
Switch

Throttle Bypass
Switch
126-0236

Manual Ether Aid
Switch
3E-7176

Throttle Sensor
3E-7700

Speed/Timing
Sensor
129-6628

CAN Data Link (future)

CAT Data Link

ATA Data Link

LH Turbo Exh.
Temp. Sensor

ADEM Il Engine Control

Prelube Relay

ADEM-II-6X 3E-5239
Master
% 115-3055
L ADEM Slave #1 ADEM Slave #2
ﬁ 132-8900 132-8900
s
Oil Renewal
Solenoid
142-7363
u Wastegate
Solenoid
109-4591
Injector Solenoids
137-9881
(QTY. 12)

Qil Press. Sensor
(Unfiltered)

109-4367 143-9695
Atmospheric RH Turbo Exh.
Pressure Sensor m:g}—.ﬂn——-}— Temp. Sensor
143-9696 109-4367
Speed/Timing RH Turbo Inlet
Sensor  j—oerT—o—e—EEh
Pressure Sensor
129-6628 143-9696
Fuel Pressure Oil Press. Sensor
Sensor q"]ﬂ:..—’—.:ﬂh (Filtered)
XX-XXXX 143-9695
Low Oil Level Coolant Temp.
sensor [T [{—@-l——lP—  Sensor
123-2993 102-2240
Very Low Oil After Cooler
Level Sensor [T | {f @ -i——— Temp. Sensor
123-2993 102-2240
Turbo Outlet Crankcase
Pressure Sensor u]:g)_._.:ﬂ]h Pressure Sensor
143-9694 143-9696
Start Aid Pull-in
Relay CAT Data Link
3E-5239 CAN Data Link
Start Aid Hold (future)
Relay ATA Data Link
3E-5239 Timing
ademvsd Calibration
6-18-98
dabljwt

LH Turbo Exh.
Temp. Sensor
109-4367

Atmospheric
Pressure Sensor
143-9696

Speed/Timing
Sensor
129-6628

Fuel Pressure
Sensor
XX-XXXX

Low Oil Level
Sensor
123-2993

Very Low Oil
Level Sensor
123-2993

Turbo Outlet
Pressure Sensor
143-9694

Start Aid Pull-in
Relay
3E-5239

Start Aid Hold
Relay
3E-5239

Oil Press. Sensor
(Unfiltered)
143-9695

—o {1 —m——{l=

RH Turbo Inlet
m—-—.—mﬂ Pressure Sensor

143-9696

Oil Press. Sensor
(Filtered)
143-9695

RH Turbo Exh.
Temp. Sensor
109-4367

After Cooler
C=A1{—¢-Er——Em— Temp. Sensor
102-2240

Coolant Temp.
Sensor
102-2240

Crankcase
Pressure Sensor
143-9696

CAT Data Link

CAN Data Link
(future)

ATA Data Link
Timing
Calibration

[Slide courtesy of Caterpillar Inc.]



CAN ISO/OSI Reference Model

» In terms of the 7 layer ISO/OSI Reference Model, the
functionality of CAN Specification 2.0 can be interpreted as a
two layer protocol.

ISO/OSI Reference Model

Application Layer
(CANopen)

Application Layer 7

Presentation Layer 6

Session Layer 5

Transport Layer 4

Network Layer 3
CAN Protocol

CAN Data Link Layer
(CAN specification 2.0)

CAN Physical Layer
(1S011898)

Data Layer 2

Physical Layer 1




CAN Physical Layer

»The physical medium typically used to implement CAN
networks i1s a differentially driven two wire bus line with a

common return.

» The differentially driven wires are called CAN H and CAN L,
according to the polarity of the differential voltage between them

»The CAN bus must also be terminated at both ends by resistors
with a recommended value of 124 (in practicel20£2is usually

used — standard value)




CAN Physical Layer

CAN CAN
NODE A NODE C
124 CAN_H 124
ohms hms
CANL |
CAN

NODE B




CAN Physical Layer

Tf\;_‘ io § >Tf\¢

Sender Receiver




CAN Physical Layer

» The maximum length of the CAN bus depends on the baudrate
at which it will be used

CANopen* specifies

Baudrate Bus Length
1Mbit/s 25m
800KDbit/s 50m
500Kbit/s 100m
250KDbit/s 250m
125Kbit/s 500m
50Kbit/s 1000m
20KDbit/s 2500m
10KDbit/s 5000m




CAN Physical Layer

Physical Connection

» CAN controller uses a CAN transceiver for

connecting to the bus and complying with

1SO11898.

» It is possible to connect to
the bus directly, or via optical
Isolation. Optical isolation
Improves RF interference.

»Some CAN controllers
Interpret TxD and RxD
differentially, rather than
comparing them to ground.

CAN
Controller

TxD

RxD

CAN
Controller

CAN
Transceiver

CAN H

CAN L

Optocoupler

TxD ibi

RxD

[ f

Dptucnu-pler

CAN_H

CAN_L



http://www.google.co.uk/imgres?imgurl=http://media.digikey.com/photos/NXP%2520Semi%2520Photos/568-8-SOIC,SOT96-1.jpg&imgrefurl=http://parts.digikey.com/1/parts-popular-kws/index124.html&usg=__Z3R8i6rrkUyt-_ZrBMEv2wbXg08=&h=640&w=640&sz=67&hl=en&start=6&zoom=1&um=1&itbs=1&tbnid=OeRgHtN1QNrLVM:&tbnh=137&tbnw=137&prev=/images%3Fq%3Dcan%2Btransceiver%26um%3D1%26hl%3Den%26sa%3DN%26rlz%3D1T4GGIH_en-GBGB289%26tbs%3Disch:1

CAN Physical Layer

Physical Connection

» CANopen recommends the use of a 9-pin D-Sub connector
(DIN41652).

Male Female

CAN_GND
CAN_L | (CAN_SHLD)

'0%0%0%°0 ‘o ‘0 0‘0’®
O 0’0%0% Q O ‘o‘e’0’e® O

(GND) CAN_V+
CAN_H




CAN Physical Layer

Physical Connection

Pin Signal Description

1 Reserved

2 CAN L CAN_L bus line (dominant low)

3 CAN_GND CAN Ground

4 Reserved

5 (CAN_SHLD) Optional CAN Shield

6 (GND) Optional CAN Ground

7 CAN_H CAN_H bus line (dominant high)

8 Reserved

9 (CAN_V+) Optional CAN external positive supply (dedicated for
supply of transceiver and optocouplers, if galvanic
Isolation of the bus nodes applies)




CAN Physical Layer

Physical Connection

»Reserved Pins — often left unused for possible future
development of protocol.

Male Female

CAN_GND
CAN_L | (CAN_SHLD)

'0%0%0%°0 ‘o ‘0 0‘0’®
O 0’0%0% Q O ‘o‘e’0’e® O

(GND) CAN_V+
CAN_H




CAN ISO/OSI Reference Model

In terms of the 7 layer ISO/OSI Reference Model, the
functionality of CAN Specification 2.0 can be interpreted as a
two layer protocol.

ISO/OSI Reference Model

Application Layer
(CANopen)

Application Layer 7

Presentation Layer 6

Session Layer 5

Transport Layer 4

Network Layer 3
CAN Protocol

CAN Data Link Layer
(CAN specification 2.0)

CAN Physical Layer
(1S011898)

Data Layer 2

Physical Layer 1




CAN Data Link Layer Slide 40

»The Data Link Layer can be

.. ) LLC
divided into two sub-layers: the Acceptance Filerng
Medium Access Control and the Recovery Management
Logical Link Control. MAC

Data Encapsulation
Decapsulation
Frame Coding
Medium Access Management
Error Detection

Error Signalling
Acknowledgement
Serialisation/Deserialisation

Fault
Confinement

»The Medium Access Control
component is responsible for
determining which node in the
network Is assigned control of the
bus for message transmission

Bus Failure
Management

Bit Encoding/Decoding
Bit Timing
Synchronisation




CAN Data Link Layer

»The Logical Link Control ensures
that the higher layers in the network
are provided with an interface that
IS _Independent of the underlying
layers (the Physical Layer and the
Medium Access Control).

»Logical Link Control is responsible
for the detection and correction of
errors when data are exchanged
through the bus 1i.e. It must
Implement an error-safe
transmission mechanism.

LLC

Acceptance Filtering
Overload Notification

Recovery Management

MAC

Data Encapsulation
Decapsulation
Frame Coding
Medium Access Management
Error Detection

Error Signalling
Acknowledgement
Serialisation/Deserialisation

Bit Encoding/Decoding
Bit Timing
Synchronisation

Fault
Confinement

Bus Failure
Management




CAN Data Link Layer

Frame Formats

The CAN 2.0-Part B standard data frame...

Ack.
Arbitration Field Conirol Field Data Field CRC Field | Field
=

EQF

11-hit DENTIFIER " DLC | 0-.8DATABYTES 15-hit CRC

R R

A=
=




CAN Hardware Implementations

All CAN controllers share a common structure:

Message CPU Interface CPU Data and
M . M
Memory Buffer Logic Address Bus
Bit Stream Error
<+-—— Management
Processor :
Logic
3 )
Bit Timing | TLT1T Clock UL [ oscillator
Logic Generator

l 1

Transceiver Control Logic

Output Driver Logic | Input Driver Logic




CAN Hardware Implementations

Stand-alone versus Embedded CAN controllers

A distinction can be made between stand-alone CAN
controllers and embedded CAN controllers.

Microcontroller Microcontroller
External External ro-o-moo--oo-oooo \
Address Bus Data Bus . Integrated CAN |
. Controller :
Standalone CAN e -
Controller
Y Rx1 Rx0
i TxD RxD Tx1 Tx0
Bus Driver Bus Driver




CAN Hardware Implementations

Stand-alone versus Embedded CAN controllers

Atmel microcontroller

Philips SJA1000

»Stand-alone CAN controllers are CAN hardware
Implementations encapsulated Iin one physical integrated
circuit. For example the SJA1000 chip from Philips.




CAN Hardware Implementations

Stand-alone versus Embedded CAN controllers

Siemens C167 microcontroller — onboard CAN hardware

»Embedded CAN controllers are CAN hardware implementations
that are provided as an additional embedded peripheral within a
microcontroller. For example the C167 chip from Siemens.



CAN Hardware Implementations

Network Selection Criteria

» Several criteria must be considered when choosing a
network/bus for a particular Distributed Control Application.

The following issues should all be considered:

»physical characteristics,

»network layout,

»maximum distances,

»simplicity and flexibility in network configuration,
»product availability

»proprietary rights (i.e. whether or not a network is 'open')


ASUS
Highlight
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Highlight
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Highlight
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