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Questions:
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1) how should we choose the protocol?
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2) how should we project the estimation strategy?
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Aim of the work

Aim of the work
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In this talk we will:

e propose some protocols for R.T.E;

e propose an efficient R.T.E. strategy.
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1° comparison
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packets arriva
example

Communication protocols:

outline

i.e. what kind of protocols do we consider?

We will focus on TCP- and UDP-like protocols

Brief scheme

of properties:

communications | acknowl. | retransm.
kind
TCP-like | point-to-point yes yes
UDP-like broadcast no no
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Similarities between our
protocols

WSN is composed by the sensor and the estimator,
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WSN is composed by the sensor and the estimator,

Commapessen several nodes divided in stages. Note that
outline . . .
Similarities communications will happen between consequent stages.
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Unicast Path Diversity

protocol

our TCP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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Unicast Path Diversity
protocol

our TCP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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Directed Staged Flooding
protocol

our UDP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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our UDP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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our UDP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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protocol

our UDP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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Directed Staged Flooding
protocol

our UDP-like communication protocol

WSN is divided in stages, each stage contains several
nodes, communications happen between stages:
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Comparison between protocols
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pros cons
TCP-like | \; — 1 for t — 400 | difficult to implement
UDP-like | easy to implement low \;
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how can the packets sent by the sensor arrive
to the estimator node?

latency inside the buffer

Communication >
protocols:
outline

Similarities

data packets buffer
UPD protocol
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1° comparison
between
protocols

(e i if current time is T then:

y+ is stored here

y+_, is stored here
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how can the packets sent by the sensor arrive
to the estimator node?
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Example of a packets arrival
process

how can the packets sent by the sensor arrive
to the estimator node?

latency inside the buffer

>

v’ time slots with al ready received packets

v/ time slots with just received packets

time slots without received packets
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Example of a packets arrival
process

how can the packets sent by the sensor arrive
to the estimator node?

latency inside the buffer
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v’ time slots with al ready received packets

v/ time slots with just received packets

time slots without received packets




Performances
analysis in
WSNs

speaker:
D. Varagnolo

9on 19

Introduction

Communication
protocols

Optimal

estimation
Problem
definition
.
solution

Suboptimal
estimation

Performances
evaluation

Conclusions

Definition of optimal
estimation

which kind of optimality are we looking for?

We want to find an estimation strategy X that minimizes
the variance of its estimation error
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Definition of optimal
estimation

which kind of optimality are we looking for?

We want to find an estimation strategy X that minimizes
the variance of its estimation error

Following [Schenato 2006] Optimal estimation in
networked control systems subject to random delay and
packet loss (Proc. 45th IEEE CDC):

e the optimal strategy generally satisfies
Xije = E[x; | arrived measurements];
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Definition of optimal
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which kind of optimality are we looking for?

We want to find an estimation strategy X that minimizes
the variance of its estimation error

Following [Schenato 2006] Optimal estimation in
networked control systems subject to random delay and
packet loss (Proc. 45th IEEE CDC):
e the optimal strategy generally satisfies
Xij: = E[x: | arrived measurements];
e for linear systems the optimal estimation strategy is
Kalman-like;
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Problem
definition
Problem
solution

Definition of optimal
estimation

which kind of optimality are we looking for?

We want to find an estimation strategy X that minimizes
the variance of its estimation error

Following [Schenato 2006] Optimal estimation in
networked control systems subject to random delay and
packet loss (Proc. 45th IEEE CDC):
e the optimal strategy generally satisfies
Xij: = E[x: | arrived measurements];
e for linear systems the optimal estimation strategy is
Kalman-like;
e the estimator gains depend on packets arrival
processes.
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Optimal estimation problem solution

For linear systems optimality is a buffered time-variant
Kalman Filter:
Piie = AP AT + Q — AKECP, (A
-1
Ki = PiuaCT (CPEACT+R)

X = ARt /kKk< — CA% 1k 1)

data packets buffer

(EEENESEEREEREEERGEEE]
A ~ 4

\ here } is 1 —
here ~} is O

k

at each t computations start from oldest
measure and then go towards the newest
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Problem
definition
Problem
solution

Optimal estimation problem solution

For linear systems optimality is a buffered time-variant
Kalman Filter:
Piie = AP AT + Q — AKECP, (A
-1

Ki = PiuaCT (CPEACT+R)
X = ARt /kKk< — CA% 1k 1)
Main drawbacks:

e computational complexity (inversion of lots of
matrices at each time-step);

e length of the used buffer.

Could be too expensive or even infeasible!
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Concepts of the suboptimal
estimation strategy

how can we semplify the optimal strategy?

Natural semplifications are:
e computational complexity = use constant gains!
e length of the used buffer = use a subset of the
buffer!
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how can we semplify the optimal strategy?

Natural semplifications are:
e computational complexity = use constant gains!
e length of the used buffer = use a subset of the

buffer!

Strategy

concepts actually used buffer
SUSLEY tion data packets buffer / J \
Problem

solution

| (11110
interpretation

estimator gains

[ fraafiaafiasfiadasficaefiar]

\ J

initial delay D " buffer length L



Performances
analysis in

W Implementation of the

speaker:
D. Varagnolo

suboptimal strategy

what are the equations of the filter?
eductn Filter design parameters:

raroeals e e the initial delay D;
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estimation ~ ~
e the constant gains Kpy1,..., KpiL.
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concepts
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what are the equations of the filter?
Filter design parameters:
e the initial delay D;
e the length of the buffer L;
e the constant gains Kpy1,...,KpyiL.
Strategy Equations are given by:
i:;:erg:ntation ~ ~ 1y ~ ~
Prpklem { Kk = Aaeer K <ykt - CAXL”"*J
Graphical _ ~ o D~
interpretation X:‘t _— A X:—D‘t—D
data packets buffer , \

initial delay D " buffer length L
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Suboptimal estimation
problem solution

which is the numerical solution of the problem?

Considering the stochastic process of prediction error
covariances:

Proate = E [ (1 — AR) (xen — A%) "]
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Considering the stochastic process of prediction error
covariances:
~ . e \T
Pt+1|t - E |:<Xt+1 - Axf‘t) (Xt+1 — AXf‘t) :| ;
Strategy
iﬁfﬁintaﬁon the filter is characterized by:
solution
Graphical

interpretation

K*,D* — argmin E [/5;1“}
R.D
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Suboptimal estimation
problem solution

which is the numerical solution of the problem?

Considering the stochastic process of prediction error
covariances:

llNDt+1|t - ]E |:<Xt+1 - A;(f‘t) (Xt+1 — A;(f‘t) T:| ;
the filter is characterized by:

K*,D* — argmin E [15;14
R.D

Note: min is usually a matrix norm in order to assure
K.D

the existence of the minimum
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Graphical interpretation of

the numerical solution

g E-o\ 1_ . =1
35 | Tuorke
€ " 0.75 —e
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23
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0 0 20 3
latency t  [time slots]
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Set the lenght L,
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Set the lenght L, for each delay D compute the

performances, then select the optimal one
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i.e. what does the following charts refers to

Simulations on 2D target tracking application:

e state dynamic governed by:

1 7T 00 %z oo o0

|0 100 | = T 0 o

Xt1= g o 1 T xxtwe Q=g 0 o I* 1

Examine 3 2
app|icatign O 0 0 1 0 O T72 T

Whole buffer
Shifted buffer

e measure process given by:

_[rooo0] o L Lo
Yt= 1o 01 0| ~"lo 1
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application
Whole buffer
Shifted buffer

Performances of suboptimal filters
when using the whole buffer

Results for the shown topology with g =1, p; = 0.6 and
the suboptimal filter using the whole data buffer indicate
that TCP-like protocol generally behaves better:

[

O

= 20 — UDP-like

S 15[ - --TCP-like

E ,§,10T‘

© .

£ 5 O “~o._.

B 5 0 IR ———— — FE— |
o 0 2 4 10

6
g/r ratio  [adim.]
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application
Whole buffer
Shifted buffer

Performances of suboptimal filters
when using shifted buffers

Results for the same WSN with varying buffer length L

and q/r ratio indicate that there's no best protocol:
e UDP-lik
- — —like
§ 80 e ---TCP—like
gz 701 el iq/r=0002
SES
g =00 e [ arr=0.005
kS § 40 T e s s s s m
8 @ 30fi
— Yarr=0.02
20 --------- trrrr === s r == o oy
0 10 20 30 40

used buffer length L [time slots]
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application
Whole buffer
Shifted buffer

Performances of suboptimal filters

when using shifted buffers

Results for the same WSN with varying buffer length L
and q/r ratio indicate that there's no best protocol:

90_'|
c 80+ 1 —UDP-like
2 “oa ---TCP-like
gz 701 el iq/r=0002
_g'(\lgeo_—‘_l ---------------------
g 00 -l § air=0.008
E B A0 SR e e e e e e e
® g 30l
© - Yarr=0.02
20 ------- I rrr == s r e o -]
0 10 20 30 40

used buffer length L [time slots]

Note that it is unuseful to use the whole data buffer!
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e We proposed and evaluated two protocols for Real
Time Estimation;

e we proposed a suboptimal estimation strategy (which
make possible a kind of evaluation of protocols);

Conclusions

e we shown some tradeoffs between protocols and
estimation strategies complexity and performances.
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Thank you for your attention

damiano.varagnolo®@dei.unipd.it

www.dei.unipd.it/~varagnolo
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