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Wireless control systems everywhere
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Control of the SMART-1 spacecraft
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Hybrid control of orbit and attitude
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Switch between different control configurations
depending on commands and autonomous actions
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g\TH‘iﬁi Architecture of SMART-1 spacecraft
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A networked control system with tight interactions
between control systems and other units
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Networked control architecture gives efficient development and flexible operation

Wired and wireless communication systems influence control performance

-F\

Sensors Payload Power

Control
computers

Network

Karl H. Johansson, CTS-HYCON Workshop, Université Paris Sorbonne, 2006




Networked control pros and cons

Pros
+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

Cons

Higher system complexity

Larger implementation uncertainty
Limited communication capabilities
New energy constraints
Vulnerable to security flaws
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Networked control pros and cons
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+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

lllustrate through applications,
research problems and

Cons potential solutions
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Networked control pros and cons
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Wireless information systems for
improved fuel efficiency in vehicles

Predict road and driving conditions based on
wireless information systems
- Congestion info through RDS, digital maps, GPS
Control vehicle subsystems to improve fuel efficiency
- Cruise control, automated gear shifting, auxiliary systems

- Networked control architecture in Scania truck




Optimal control of cooling system based on
road profile ahead and predicted driver
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Optimal control of cooling system based on
road profile ahead and predicted driver
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Networked control pros and cons

Pros

i + Reduced installation and maintenance costs -

Cons

- Higher system complexity

Larger implementation uncertainty
Limited communication capabilities
New energy constraints
Vulnerable to security flaws
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Reduce maintenance through wireless

+ Communication cabling in robots is subject to heavy wear
and therefore requires frequent maintenance

* Replace wires between robot controller and gripper
through wireless communication

__a :
g Wireless Actuator Sensor Interface
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Networked control pros and cons
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Pros
+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

- Larger implementation uncertainty
- Limited communication capabilities
- New energy constraints

- Vulnerable to security flaws

- Distributed coordination of large set of agents
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Consensus under symmetries
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Let the communication network be described by a Cayley graph
Gx and let v >> O the in-degree of each vertex of such graph then
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Trade of f between communication
and performance:
- Static symmetric communication
graphs gives slow convergence
- Random graphs gives faster
convergence

[Carli et al., 2006; Speranzon, 2006]
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Networked control pros and cons

Pros
+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

Cons

- New energy constraints
- Vulnerable to security flaws

Network-aware control architecture
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* Controller should adapt to changing network conditions

+ Estimate network states
- Network delay
- Data loss probability
- Bandwidth
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Delay estimation

Internet round-trip time (RTT) data are
noisy with piecewise constant average

Complex network dynamics hard to model

Time [ms]

Controlled data loss

RTT estimation in TCP:
f=af 1+ {1 -onm
Improved estimation thru Kalman filter with hypothesis test (CUSUM
filter)
B = ey + Koy — £a—1)
P
T P_ +R
P=(1-K{)P1 + Ry
€=U — Fe_1
g =max(ge—1 +e¢ —&,0)
8, =1:R, #0,alarmifg; > h
§i=0:R,=0
After an alarm, reset g, = 0

K

[Jacobsson et al., 2004ar| H. Johansson, CTS-HYCON Wo Time [sec]

Compensate data loss through added redundancy mEoE . =

Coding U

Base amount of redundancy on e
. . AN
feedback information from decoder 00 .H. .55
- Adaptive forward error correction g
s = -‘\*'\‘_
— e Network J
T TN . J
e g e
( Network 7 U
- ’/\-7//\7 - Quality Il ]Z[ Gl o ]X[
> N-u?
)
OEE .

AR . . . . z 3
18505 1231 12315 1232 12325 1233 12335 1234 12345 1235 12355

Karl H. Johansson, CTS-HYCON Workshop, Université Paris Sorbonne, 2006




I 0 N e

Coding U

Block

MMEE . H . JE8

Controlled data loss

U

. i \(-\L

Extremum-seeking control of redundancy:

5
Network Y

U1 = ue — Bsgn(AcAuy ) I

U

[ = B . B

-

= N-u?
N
(NN N [

Track network variations
through variable redundancy

4 L} [} o
Block no x 10"

[Flardh et al., 2005]

Networked control pros and cons

Pros
+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

Cons
- Higher system complexity
-_Larger implementation uncertainty____________.
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- Limited communication capabilities

- Vulnerable to security flaws
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Control under limited
communication and sensor resources

Encoder-decoder design for event-triggered
feedback control over bandlimited channel

Objective: Attenuate disturbances while limiting
sensor transmission (to extend lifetime and avoid \

congestion) L
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Approach: Event-based sensing with optimal | " = / f
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“Don't fix it, if it ain't broken" (Astréom)
Periodically sampled sensors may waste resources
Uniform quantization is seldom optimal

Optimize closed-loop performance based on
plant model and disturbance statistics
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i Encoder-decoder design for event-triggered
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Networked control pros and cons
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Pros
+ TIncreased flexibility in design and operation
+ Reduced installation and maintenance costs

lllustrate through applications,
research problems and

Cons potential solutions

Higher system complexi
Larger implementation uncertainty
Limited communication capabilities
New energy constraints
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Conclusions

Control over wireless networks has a growing domain of
application, e.g., industrial automation, vehicle control
Several open research problems related to architecture,
complexity, reliability and security
Need for integrated approaches:

- Control-aware networking

- Network-aware control - %
Challenge traditional methodologies \'Ijll -
in control and communication - -

Slides and papers at
http://www.ee.kth.se/~kallej
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