SIMULATION OF PARAMETER ESTIMATION ALGORITHMS

FOR

STABILITY & CYCLIC-BEHAVIOUR STUDIES

MAN/MACHINE SYSTEMS

High performance man-machine systems:

Pilot-Aircraft

Pilot-submarine

Pilot-spacecraft

Driver-tank

Engineer-nuclear plant

Engineer-industrial plant

PATTERN RECOGNITION

DATA MINING FOR PREDICTION

Sales figures

FTSE 100 index

Stable behaviour

Cyclic behaviour

DYNAMICAL MODELS

MACHINE MONITORS MAN'S BEHAVIOUR TO DETECT SIGNS OF DETERIORATING PERFORMANCE.

FORMULATE A DYNAMICAL MODEL OF MAN'S BEHAVIOUR:


RELATE MAN'S ACTION TO HIS THOUGHTS AND SENSES

SENSES: all input into man: sight, hearing, touch etc: model as an r-vector S which influence the Thought rate by a time varying n x r C(t) matrix.

ACTIONS: as output, model as an m-vector A. 

THOUGHTS: as internal mental state, model as an n-vector T

Within a dynamical systems context:

The Thought vector T evolves in time according to its:

 i) present state, ii) disturbances, and iii) input
Model disturbance as a p-vector D

RATE OF CHANGE OF THOUGHTS IS:

T' is influenced by i) current thought value + ii) disturbance +iii) input from senses.

Therefore the Man's THOUGHT DYNAMICS EQUATION is:

T' = F(t).T + G(t).D(t) + C(t).S(t)  

ACTIONS: are mappings (linear or non-linear) of sub sets of the Thought vector through time varying m x n matrix H(t).

Moreover: Actions are measurable by the machine with a finite measurement error E, which may be time varying and random.

ACTIONS HAVE NO EVOLUTIONARY DYNAMICS OF THEIR OWN (BIG ASSERTION?).

Therefore the mapping between observed actions and thoughts, i.e. the ACTIONS FROM THOUGHTS EQUATION, is:

A(t) = H(t).T(t) + E(t)
Characteristics of behaviour in terms of Dynamical systems theory:

OBSERVABLE: measurement of the Actions is sufficient to determine the Thought behind the action; i.e. when a suitable 'observer' or state re-constructer, can be formed to estimate the values of its Thought vector from it Actions trajectories. 

IMPLICATIONS: THE 'SYSTEM' (MAN) CAN BECOME UNOBSERVABLE.

DEFINITION: Man (or any intelligent entity) is observable if its Thought vector T(t0) can be determined from its Actions trajectories or sequence A(t), t0 <= t <= t1, for some finite t1. If this is true for any t0, the Entity Thoughts are completely observable.

The Observability Matrix: is given in terms of Thought Transition matrix TT and the action mapping matrix H as:

OM = integral(t0 -> t1){TT"(t,t0) x H"(t) x H(t) x TT(t,t0) x dt}

Observability condition: the observed Man (Entity) as modelled by the linear system T and A is completely observable if and only if the symmetric n x n matrix OM is positive definite for some finite time t1 > t0.

DYNAMICAL SYSTEMS MODEL OF 'LYING': the entity may change its own parameters to induce the 'observer' to use a model different to that used by the entity to generate its actions, i.e. different Thought transition matrix and different action mapping matrix, such that the re-constructed state is i) sufficiently close to a 'benign' Thought value AND  is ii) sufficiently and deliberately different from the real Thought values to prevent the observing machine from getting alarmed and taking any remedial action.   

Other implications: Stability and Controllability.

Parameter Estimation Algorithms

Algorithm 1: Three-Points in x, x' and x''

 x1'' + 2. x1' + x1 = u        (1)   

 x2'' + 2. x2' + x2 = u        (2)

 x3'' + 2. x3' + x3 = u        (3)

(x1- x2),     ' x1' - x2'),    ''( x1'' -  x2'')  

(x1 - x3),   ' x1' - x3'),     ''( x1'' -  x3'')
''''''''

 = [-E.'''

Eu = E. x1'' + 2...E . x1' + x1

Algorithm 2: Two-Points and One Extra Derivative

Consider using two sets of x, x', x'' and x'''.

 x1'' + 2. x1' + x1 = u                            (1)   

 x2'' + 2. x2' + x2 = u                            (2)

Subtracting (2) from (1) and dividing by x1' - x2'):

.( x1'' -  x2'' ) /  x1' - x2' )  + 2. + ( x1 - x2 ) / 

 x1'  - x2' ) = 0  (3)

Differentiating (3) with respect to t gives:

 x1' - x2' ). ( x1''' -  x2''' )]- ( x1'' -  x2'' )2]/

  x1' - x2` )2  + 0 +[ x1' - x2' )2 - ( x1 - x2 ).( x1'' -  x2')] /

                                                x1' - x2' )  = 0   (4)

Using the following notations:

(x1 - x2),   ' x1' - x2'),  

 ''( x1'' -  x2'') and '''( x1''' -  x2''')

2 = '). (''' ) - ('' )2]/ [' )2  -  

                                                                        .'']  

 = [-E.''' -  /'] / [2.E ]  

Eu = E. x1'' + 2...E . x1' + x1

Algorithm 3: One-Point and Two Extra Derivatives

Consider using the 1st to 4th time derivatives at a single point. Given the second order system:

 x'' + 2. x' + x = u                                     (1)

Differentiate with respect to t:

 x''' + 2. x'' + x' = 0                                  (2)

 divide by x'':

 x'''/ x'' + 2.  + x'/ x'' = 0                             (3)

and differentiate with respect to t again to give:

.[(x''. x'''' - x'''2) / x''2] + 0 + [(x''2 – x'. x''') / x''2]  

                                                                       =0            (4)

We get expressions for estimated , estimated  using (2), and estimated u:

2 = [x''. x'''' - x'''2] / [x'. x''' - x''2]

 = -[E x''' + x'] / [2. Ex'']

Eu = E. x'' + 2..E . x' + x

SIMULATIONS AND PROGRAMS

Constant Parameters
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Figure 1: Measured and estimated outputs and their deivatives

              


Parameters with 2nd Order Dynamics
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Figure 3: Measured and estimated outputs and their deivatives

              


RESULTS

Constant Parameters

Algorithm 1
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Figure 4: Estimated constants
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Parameters with 1st Order Dynamics

Algorithm 1
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Estimated variables (=0.1 u=1),  (=10 u=1)

and u (=10 =0.1) using algorithm 1 separated by 4 time steps
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Estimated variables (=0.1 u=1),  (=10 u=1)and

u (=10 =0.1) using algorithm 1 separated by 1 time step
Algorithm 3
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Estimated variables (=0.1 u=1),  (=10 u=1) and u (=10 =0.1) using algorithm 3 (2.4)  G=1000

[image: image16.wmf]E

w

n

Z

n

9

,

n

0

20

40

0

10

20

Estimated Omega

E

z

n

Z

n

10

,

n

0

20

40

1

0.5

0

0.5

Estimated Zeta

'

   
[image: image17.wmf]E

z

n

Z

n

10

,

n

0

20

40

0

0.5

1

Estimated Zeta

'

    
[image: image18.wmf]E

z

n

Z

n

10

,

n

0

20

40

0.5

0

0.5

Estimated Zeta

Eu

n

Z

n

11

,

n

0

20

40

0

5

10

15

Estimated u

'


Estimated variables (=0.1 u=1),  (=10 u=1)

and

u (=10 =0.1) using algorithm 3 (2.4)  G=10,000

Parameters with 2nd Order Dynamics

Algorithm 1
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Estimated 2nd order (=0.1 u=1),  (=10 u=1)

and u (=10 =0.1) using algorithm 1 separated by 4 time steps
(o=2, o=0.1, z=4, z=0.2, u=2, uz=0.1)
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Estimated 2nd order (=0.1 u=1),  (=10 u=1 )and

u (=10 =0.1) using algorithm 1 separated by 1 time step (o=2, o=0.1,

z=4, z=0.2, u=2, uz=0.1)

Algorithm 3
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Estimated 2nd order (=0.1 u=1),  (=10 u=1)and

u (=10 =0.1) using algorithm 3 G=300 (o=2, o=0.1, z=4, z=0.2 , u=2,uz=0.1)
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Estimated 2nd order (=0.1 u=1),  (=10 u=1)and

u (=10 =0.1) using algorithm 3 G=2000 (o=2, o=0.1,

z=4, z=0.2, u=2,uz=0.1)
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