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Emerging applications
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Wireless mining ventilation control

Wireless control of flotation process secrameseu souoen ABB

Vehicle fuel efficiency using networked sensing Q) scarua

Disaster relief support using mobile relay nodes . ERICSSON Z
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Surveillance with networked vehicles ﬁFol © sans|




Mining ventilation

3 Automatic control of
turbine + heater

{1 Mining consists of drilling, blasting,
ore transportation and ore crushing
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;ﬁnatic control
of ventilation fans

e 4% of US industrial electric power
consumption is in mining

e 50% of power consumption in mining
is mining ventilation

Wireless|mining ventilation control

3 /ALt S SO SO
it & Primary system

|| controlief—] Turbine- || Ventilation i [Fan Tubes- | |
; | | heater shaft i1 [network rooms ;
i x 1 i
i Pressure| i1 | Controllef__| Mobile ;
: WSN it | Network | | WSN i
: i T :

__________________________________

¢ Mobility and reconfiguration require

Automatic control

wireless sensing and networking

of ventilation fans
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Froth flotation process
T

BOLIDEN

e Froth flotation process concentrates
the metal-bearing mineral in the ore
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Wireless control of flotation process

* Level and flow sensors are used for regulating
flotation process using SISO PID controllers

* Wireless sensors enable more flexible control strategies

p
“r

S
\\

Minerals
Frroth f

\\\
ffroth R )

DO
pulp pulp | 6 DfrothT ? froth a D
puip

. ) V=40m? V=40m?

g=6 m#min A= 11m? A=11me V = 40 pulp pulp
‘EE A=11m? V=dom V=40 m?
Ore i hy iDQT ASIImE | A= T

S h = :| > ':I ‘
S@CRADESEU h ’

h=0 Waste

8/14/2008



8/14/2008

Web
services |-\®7

SAP

Wireless control demonstration integrating __OPC-UA Client

ABB-Siemens-SAP systems 17-18 Jun 2008

Siemans
Gateway:

Supervisory OPC-UA Serve

control
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Demo on Boliden froth flotation process Summer 2009 SeTye

Benefits of wireless networking in

industrial control
mult > @ulﬂmp .i:gﬂﬁ

* Cost
— Reduced wiring
— Reduced installation work
* Flexibility
— Less physical design limitations
— More mobile equipment
— Faster commissioning and reconfiguration
* Reliability
— No cable wear and tear
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processes S logistics

maintenance

— No connector failure




Barriers against wireless networking in
industrial control

security concerns 458%
Reliability concerns 43,0%

Too little knowledge

Too few industrial products

Too expensive

Technologies may not
be available in the future

Data transmission too slow
Communication distance too short
Too few frequency channels

Other reasons

There are no barriers

We have no requirement

T T T T T T
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”Market pulse: Wireless in industrial systems: cautious enthusiasm”, Industrial Embedded Systems, Winter 2006

A communication or a control problem?

Approaches to control over wireless networks

1. Communication protocol suitable for control

Control
2. Control application that compensates for Application
communication imperfections NET
3. Integrated design of control application and MAC
communication layers PHY

——

Wireless network
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Conflict between traditional

» control engineering: time-driven sampling, fixed topology
and

» networking: event-driven communication, ad hoc topology

* Transmit information only when needed:
— “If it ain’t broken, don’t fix it” [K. J. Astrém]
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Wireless network

Time- vs. event-driven control

Event-driven control implemented
as fixed-level detector at sensor

May outperform periodic control:

— Improved control performance but
same communication bandwidth Wireless network

Periodic Control Event-Based Control
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When to transmit?

e Simple medium access mechanism at sensor,
e.g., level detector

How to control? YT ———

e Execute control law on fixed control alphabet,
e.g., piecewise constant controls

Rabi et al., /EEE CDC, 2006 Johannesson et al., HSCC, 2007 Cervin & Henningsson, 2008 Rabi et al., 2008

Mathematical framework

dry = f(x¢, ur)dt + g(xt, ug)dBy
x¢ state
us control
B; Brownian motion

N
Piecewise constant controls: u; = Z U, - 17i§t<7'i+1
i=0

T
Cost: J = E./(lJ L(xs, us)ds o U;_-;'~ A;I
Wil v

Rabi et al., 2008
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Controlled Brownian motion
with one sampling event

dz; = uydt + dBy ‘A
o v
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A joint optimal control and optimal stopping problem

dx; = udt + dBy

T
min J=_min E | z2ds
Ug,Ur,m Ug,Uh,r JO

If  chosen deterministically (not depending on ;)

and zqg = 0:
UG =0 Ut = _>21/2 T =T/2
T
If T is event-driven (depending on z;) and zg = O:
Ug =0 Ui = —%

=inf{t: o > V3(T - t)}
( J
Y
Envelope defines optimal level detector
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Optimal level detector

Dynamic level detector

Wireless network

dry = wpdt + dBy

T
min J= _min E | z2ds
UO!U]. T UU:UI T 0 v
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Conclusions

* Wide range of emerging wireless control applications

* Application constraints inspire to new theoretical problems
— Control systems need to be robust against communication outages
* Need integrated view of control and wireless networking
— Event-based control to support asynchronous networking

http://www.ee.kth.se/~kallej




WirelessHART

* Wireless networking protocol standard (2007)
designed for control applications

Standard HART | WirslessHART |
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Typically 10 ms

TDMA and CSMA time slots

’ Periodic superframes of 100 time slots | HART
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ISA SP100 Classification of Wireless Automation

Category | Class | Application Description

Emergency action {always criical ) A

Closed loop regulatory (often critical)

control B o
Closed loop suparviso g E
Control control v (usually non -critical) £ g
=
. 24
Open loop control (human in the loop ) L 2
@S =
T o

Q
. i a g
Alerting Short-term operational consequence g3

(e.g.. event-based maintenance )

Monitoring i 3 ;
Logging and No immediale operalional consequence

) " (e.g., histary collection , sequence -of-
loading /uploading events, preventive maintenance )

dx; = udt + dBy

T
min J=_min E | z2ds
Ug,Ur,m Ug,Uh,r JO

n

If 7 is event-driven (depending on z;) and zq # O:
¥ 3377'*
2(T — 1) 2

¢ Requires numerical solution for the

Snell envelope for given U, o
¢ Envelopes define level detectors —_—

_ab

— U =0

— U = -1

e U =5

Time
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