
EP 0 470 140 B1 Description Technical Field 5      This Invention relates
generally to sensor signal processing and more particularly to the
calibration and standardization of sensor outputs using multiple sensor
systems. Background Art 10      Electrically controlled systems often
respond, at least In part, to external events. Sensors of various kinds are
typically utilized to allow such a system to monitor the desired external
events. Such sensors provide pre- dictable electrical responses to specific
environmental stimuli. Sensors are comprised of one or more compo- nents,
and such components are usually only accurate within some degree of
tolerance. As a result, sensors are calibrated prior to installation and
use. 15      However, such calibration techniques are relatively costly.
Instead, a data base can be empirically prepared foreach sensorto relate
that sensor's outputto known environmental influences. Such an apparatus
and meth- od for calibrating a sensor was recently patented
(PCT/US86/00908; see WO 87/00267 of January 15, 1987). However, such a
complete empirical data base may still be much too expensive to prepare and
update in real- time for evrry sensor of a large sensor system. 20
Fortunately, It has turned out that there seldom Is an absolute need for
such an empirical data base If the sensor system only has some
data-redundancy or overdetetermination in It (see Antti A. Lange, 1986: "A
High- pass Filterfor Optimum Calibration of Observing Systems with
Applications"; pages 311-327 of Simulation and Optimizatidn of Large
Systems, edited by Andrzej J. Osiadacz and published by Clarendon
Press/Oxford Uni- versity Press, Oxford, UK, 1988). 25     It has for a
much longer time been known how the calibration of relatively small sensor
systems can be maintained in real-time by using various computational
methods under the general title of Kalman Filtering (Kal- man, 1960; and
Kalman and Bucy, 1961). However, certain stability conditions must be
satisfied otherwise all the estimated calibration and other desired
parameters may start to diverge towards false solutions when con- tinuously
updated again and again. 30      Fortunately, certain observability and
controllability conditions guarantee the stability of an optimal Kal- man
Filter. These conditions together with a strict optimality usually require
that a full measurement cycle or even several cycles of an entire multiple
sensor system should be able to be processed and analysed at one time.
However, this has not been possible in large real-time applications.
Instead, much faster suboptimal Kal- man Filters using only a few
measurements at a time are exploited in the real-time applications of
navigation 36  technology and process control. Unfortunately, the prior art
real-time calibration techniques either yield the severe computation loads
of optimal Kalman Filtering or their stability Is more or less uncertain as
it Is the situation with suboptimal Kalman Filtering and Lange's High-pass
Filter. Afast Kalman Estimation algorithm has been reported but it only
applies to a restricted problem area (Falconer and Ljung, 1978: Application
of Fast Kalman Estimation to Adaptive 40   Equalization", IEEE Transactions
on Communications, Vol. COM-26, No.10, October 1978, pages 1439-1446).
There exists a need for a calibration apparatus and method for large sensor
systems that offers broad ap- plication and equal or better computational
speed, reliability, accuracy, and cost benefits. Summary of the Invention
45 These needs are substantially met by provision of the apparatus and
method for calibrating a sensor sys- tem In real-time or In near real-time
as described In this specification. Through use of this apparatus and meth-
od, unreliable trim points and most expensive internal calibration
techniques can be eliminated from the sen- sors. Instead, a data base Is
created from more or less scratch and updated in real-time for the entire
multiple 50  sensor system. In addition, to aid convergence and accuracy of
the measuring process, entirely uncalibrated but otherwise predictable
sensors can be included In the sensor system. Pursuant to the apparatus of
the Invention, a microcomputer or other element capable of performing in
real-time or near real-time the specified logic functions receives output
from a system of several sensor units, accesses a data base, and determines
readings of the sensor units in view of the data base information to 55
yield standardized calibrated outputs and updates the data base
information; and, pursuant to the method of 



invention, the logic functions are based on such a revision of Lange's
High-pass Filter for Optimum Calibration of Observing Systems that
transforms the filter Into a Kalman Filter.    EP 0 470 140 B1 Brief
Description of the Drawings These and other attributes of the invention
will become more clear upon making a thorough review and study of the
following description of the best mode for carrying out the invention,
particularly when reviewed 5   in conjunction with the drawings, wherein:
Fig. 1 comprises a block diagram depiction of a prior art sensor and
calibration unit; Fig. 2 comprises a block diagram depiction of a prior art
apparatus and method forcalibrating a large sensor system (based on
so-called decentralized Kalman Filtering); Fig. 3 comprises a block diagram
of the apparatus of the invention (based on so-called centralized Kalman 10
Filtering); and Fig. 4 comprises a schematic diagram of an example of a
preferred embodiment of the apparatus of the invention. Best Mode for
Carrying out the Invention 15 Prior to explaining the invention, it will be
helpful to first understand the prior art calibration technique of Fig. 1.
A typical prior art sensor and calibration unit includes a logic unit (11)
and a data base unit (12). The sensor signal from a sensor unit (13)
proceeds directly through an amplifier/transmission (16) unit to an out-
put/interface unit (18). Based upon this input and upon the Information
contained In the data base unit (12), 20  the logic unit (11) then provides
a calibrated sensor reading for use as desired. Referring now to Fig. 3,
the apparatus of the invention has been outlined. It includes generally a
logic unit (1) and a data base unit (2) that operate in conjunction with a
centralized multiple sensor system (3). The data base unit (2) provides
storage for all information on most recent control and performance aspects
of the sen- sors including, If any, test point sensor output values and the
corresponding empirically determined external 25  event values. The logic
unit (1) receives sensor outputs from the sensor system (3), and accesses
the data base unit (2). Based on these inputs, the logic unit (1) provides
the outputs (5) that comprise updated calibration data, sensor readings and
monitoring information on the desired external events. Prior to explaining
the in- vented Fast Kalman Filtering (FKF) method pursuant to the way In
which the logic unit (1) Is used, It will be helpful to first understand
some fundamentals of Kalman Filtering. 30      An optimal recursive filter
is one for which there is no need to store all past measurements for the
purpose of computing present estimates of the state parameters. This is the
Markov property of a stochastic process and fundamental to optimalKalman
Filtering. For the wind-tracking apparatus of Fig. 4 the position
coordinates of the weather balloon - and, as we shall soon see, all more or
less unknown calibration parameters of the tracking sensors as well - are
referred to as the state of the system. 35      The process is described by
the equations from (1) to (3). The first equation tells how a
measurementvector [err]depends on the state vector [err] at timepoint t,
(t=0,1,2...). This Is the linearized Measurement (or observation) equation:
[err] The design matrix [err] is typically composed of the partial
derivatives of the actual Measurement equations. The 40  second equation
describes the time evolution of e.g. a weather balloon flight and Is the
System (orstate) equa- tion: [err] (or, [err] more generally) which tells
how the balloon position is composed of its previous position [err] as well
as of increments [err] and 45  at. These Increments are typically caused by
a known uniform motion and an unknown random acceleration, respectively.
The measurement errors, the acceleration term and the previous position
usually are mutually uncorre- 



lated and are briefly described here by the following covariances matrices:
50 (3) 55 3    EP 0 470140 B1 The Kalman forward recursion formulae give us
the best linear unbiased estimates of the present state [err]
(4) 5 and its covariance matrix [err] where the Kalman gain matrix [err] is
defined by 10 [err]                        (6) 15      Let us now partition
the estimated state vector [err] and its covariance matrix [err] as
follows: (7) 20                 [err]                      [err] where
[err] tels us the estimated balloon position; and, [err] the estimated
calibration parameters. 25 The respective partitioning of the other
quantities will then be as follows: [err] 30 (8) 35
[err] The recursion formulae from (4) to (6) gives us now a filtered (based
on updated calibration parameters) 40 position vector [err]
(9) 45 and the updated calibration parameter vector 50
[err] The Kalman gain matrices are respectively 55 4    EP0470140B1 [err] 5
and                                          (11) [err] 10 Equation (9)
specifies a high-pass filter because it suppresses from the position
coordinates all those "noise" effects that stem from constant or
slow-varying calibration errors of the tracking sensors. Its frequency
responses depend on the calibration stability of each sensor and optimal
tuning takes place automatically. How- ever, one must use accurate
estimates for the covariance matrices [err]. as well as to keep track of 15
recalibration or adjustments [err] of the sensors at all timepoints t,
[err] Equation (10) specifies a low-pass filter because it suppresses the
random noise a,, from the calibration parameters and It can be used for up-
dating the calibration parameter vector. It resembles an exponential
smoothing filterwhere the weights of the 



moving averaging come from (11). Because the calibration parameters are
very closely related to the measurements a design matrix [err] usu- ally
has linearly dependent column vectors. This will cause numerical problems
unless adequate precautions are taken. Firstly, an Initialization is needed
for adequate initial guesses of the position vector [err] and the cal-
ibration vector [err]. Lange's High-pass Filter (Lange, 1988a) can extract
this information from all available data sources e.g. instrument
calibration, laboratory tests, intercomparisons and archived measurements.
Secondly, the well-known stability conditions of Kalman Filtering should
also be satisfied otherwise truncation and round- 25  off errors may
gradually contaminate the filtering results (see e.g. Gelb 1974: "Applied
Optimal Estimation", MIT Press, page 132). The stability of a Kalman Filter
refers to the behaviour of estimated parameters when measurements are
suppressed. The calibration parameters typically are unobservable dig many
external events. In fact, the num- 30   ber of measurements must always be
greater than that of entirely unknown state parameters. This is a matter of
great practical importance for all observing systems with many calibration
parameters to be estimated. The very necessary observability condition can
usually be satisfied by processing the incoming sensor signals In large
data batches or, alternatively, employing tests for "whiteness" on long
time series of the residuals e and making the corrective actions when
established. In fact, for a truly optimal Kalman Filter, not only the
Kalman 35   Gain matrices (11) but the volume of a data batch also depend
on the state and model parameters in dynamic fashion. Prior art methods use
the Kalman Recursions (4) to (6) for estimating these parameters. Now, we
introduce the following modified form of the State equation [err] where
[err] represents an estimated value of a state vector s. We combine it with
the Measurement equation (1) in order to obtain so-called Augmented Model:
40 St +                                     (13) [err] The state parameters
can now be computed by using the well-known solution of a Regression
Analysis problem 50  given below. We use it for Updating: [err] The result
Is algebraically equivalent to use of the Kalman Recursions but not
numerically (see e.g. Harvey, 1981: "Time Series Models", Philip Allan
Publishers Ltd, Oxford, UK, pp. 101-119). For the balloon tracking problem
with a large number sensors with slipping calibration the matrix to be
Inverted in equations (6) or (11) 55  is larger than that In formula (14).
The Initialization of the large optimal Kalman Fllterforsolving the
calibration problem of the balloon tracking sensors is done by Lange's
High-pass Filter. It exploits an analytical sparse-matrix inversion formula
(Lange, 1988a) for solving regression models with the following so-called
Canonical Block-angular matrix structure: 5    EP 0 470 140 B1 [err]
(15) This Is a matrix representation of the Measurement equation of an
entire windfinding intercomparison experi- mentorone balloon flight. The
vectors [err] typically referto consecutive position coordinates of a
weath- er balloon but may also contain those calibration parameters that
have a significant time or space variation. 10  The vector c refers to the
other calibration parameters that are constant over the sampling period.
Updating of the state parameters including the calibration drifts in
particular, is based on optimal Kalman filtering. However, the Kalman
Recursions would now require the inversions of the very large matrices in
equa- tions (6) or (11) because measurements must be processed in large
data batches in order to create observ- ability for the calibration
parameters. A data batch usually is a new balloon flight. 15
Fortunately, the Regression Analytical approach leads almost to the same
block-angular matrix structure as in equation (15). The optimal estimates
[err] and c are obtained by making the following logical 



insertions into formula (15) for each time point t, t = 1,2,...: 20 [err]
25                           [err] [err] and,
(16) 35 [err][err] 40 These insertions conclude the specification of the
Fast Kalman Filter (FKF) algorithm for the embodiment of the invention for
calibrating the upper-air wind tracking system of Fig. 4. Another preferred
mode for carrying outthe invention is the Global Observing System of the
World Weath- 45  er Watch. Here, the vector [err] contains various observed
Inconsistencies and systematic errors of weather re- ports (e.g. mean
day-night differences of pressure values which should be about zero) from a
radiosonde sys- tem k or from a homogeneous cluster k of radiosonde
stations of a country (Lange, 1988a/b). The calibration drift vector bk
will then tell us what Is wrong and to what extent. The calibration drift
vector c refers to errors of a global nature or which are more or less
common to all observing systems (e.g. biases In satellite radiances 50  and
In their vertical weighting functions or some atmospheric tide effects).
For all large multiple sensor systems their design matrices H typically are
sparse. Thus, one can usually perform Partitioning: 55 6    EP0470140B1
[err] 5 where [err]   typically represents calibration parameters at time
t; and, [err]   all other state parameters In the time and/or space volume.
10   if the partitioning is not obvious one may try to do it automatically
by using a specific algorithm that converts every sparse linear system into
the above Canonical Blocpo-angular Form (Weil and Kettler, 1971: "Rearrang-
ing Matrices to Block-angular Form for Decomposition (and other)
Algorithms", Management Science, Vol. 18, No. 1, Semptember 1971, pages
98-107). Augmented model for a space volume case: see equations (15) and
(16). 15   Augmented Model for a moving time volume (length L): 20
[err] [err] 25 [err] [err] 30                             I
[err] (18) [err] and where vector [err] represents all those calibration
parameters that are constants in the moving volume. As previously, we
proceed with 40        Updating: [err] 45 



Please observe, that the gigantic matrix Z takes a nested block-angular
form when adding the space domain. Lange's High-pass Filter can be revised
to cope with all such sparsitles of Augmented Models. The Fast Kalman
Filter (FKF) formulae for the recursion step at any timepoint t are as
follows: 50 [err] 7    EP 0 470 140 B1 where, for 1=0,1,2,...,L-1, 5
[err] 10                  [err] [err] 25 and, i.e. for [err] 30 A [err]
When the state vectors are also decoupled in the space domain those
subsystems are indicated by equa- tions (17), (16) and (15). In fact,
Lange's revised High-pass Filter algorithm as specified by the formulae
(20) will do the wholejob in one go if only the detailed substructures are
permuted to conform with the overall block- angular form of equation (18).
40   For a Continuous Kalman Filter: [err]  1974, pp.122-124). Referring
now to Fig. 2, a specific embodiment of a prior art navigation system using
a decentralized Kal- man Filtering technique will be explained. As
suggested by the block diagram, Federated Filtering (Neal A. Carl- son,
1988: "Federated Filter for Fault-Tolerant Integrated Navigation Systems",
Proceedings of the IEEE 1988 PLANS, IEEE AES Society, see figure 1 on page
111) is a two-stage data processing technique In which the 45   outputs of
local, sensor-related filters are subsequently processed and combined by a
largermaster filter. Each local filter is dedicated to a separate subsystem
of sensors. One or more local filters may also use data from a common
reference system, e.g., an inertial navigation system (INS). The advantages
over an prior art cen- tralized Kalman filtering technique are an increased
total system throughput by parallel operation of local filters and a
further increase of system throughput by using the local filters for data
compression. Approaches of this 50  kind have been absolutely necessary for
large multi-sensor navigation systems because of high-speed com- puting
requirements. From the viewpoint ofa prior art centralized Kalman Filterof
a large sensor system, these approaches for speeding up the computations
fall into the two general categories of approximative methods I.e.
decoupling states andprefiltering for data compression (see e.g. Geib,
1974: "Appiled Optimal Estimation", MIT Press, pages 289-291). The
disadvanges are that an approximative Kalman Filter never Is strictly
optimal and, consequently, its stability becomes more or less uncertain. In
any case, the stability is more difficult to establish in a theoretically
rigorous way. Referring now to Fig. 3, a block diagram of the apparatus of
the invention that makes use of a theoretically 8    EP 0 470 140 B1 sound
yet practical centralized Kalman an Filtering method will be described. As
can be seen by comparing Figs. I and 3, the logic unit (1) of the invention
has a two-way communication link to the data base unit (2) whereas the
prior art logic unit (11) can only read from its data base unit (12). In
order the prior art sensor and calibration unit to operate properly, the
data base unit (12) must have an appro- 5   priate collection of data
regarding sensor (13) performance. Such Information must be empirically
established, 



and often needs to be re-established at adequate Intervals, for each
Individual sensor (13) by sequentially ex- posing each sensor (13) to a
number of known external events of known magnitudes. This Is not possible
in many cases of practical Importance; consider e.g. a radiometric sensor
of an orbiting weather satellite. In con- trast, the logic unit (1) of the
Invention has a capability of stretching and updating the calibration
Information 10  collected in Its data base (2) assuming only that a certain
observability condition of Kalman Filtering is satisfied. As can be seen by
comparing Figs. 2 and 3, the Federated Kalman Filter solution is the same
as that of a single, centralized Kalman Filter only if the information
fusion and division operations are performed after every local filter
measurement update cycle (and when the masterfilter should be able to cope
with the large Kalman Filtering problem without any help from decoupling
states). Thus, the prior art solution of Fig. 2 is the- 15  oretically
inferior because it is a full centralized Kalman Filter solution of Fig. 3
that yields optimal results as shown by Kalman in 1960 or, in fact, by
Gauss and Markov already in the early 1800. However, the computation load
of a prior art centralized Kalman Filter is proportional to [err] where n
is the number of the state parameters i.e. the number of all unknown
quantities that need to be solved for an update of the process parameter
esti- mates. 20      Pursuant to use of this apparatus and method, simple
and inexpensive sensors can be fully exploited with- out too much regard
for their internal calibration provisions and the speed of logic units.
Despite use of entirely uncalibrated but predictable sensors, accurate
results can be obtained In real-time applications through use of the
calibration and standardization method and apparatus disclosed herein. The
invented Fast Kalman Filtering (FKF) method is based on the general
principle of decoupling states. 25  The use of Lange's analytical
sparse-matrix inversion method is pursuant to the Invention (see e.g.
Lange, 1988a). Because the solution Is straightforward and exact the
optimality of a large centralized Kalman Filter can be achieved with a
hard-to-beat computational efficiency. Those skilled in the art will
appreciate that many variations could be practiced with respect to the
above described Invention without departing from the Invention as claimed.
Therefore, it should be understood that 30  the scope of the invention
should not be considered as limited to the specific embodiment described,
except in so far as the claims may specifically include such limitations.
References 35      (1) Kalman, R. E. (1960): "A new approach to linear
filtering and prediction problems". Trans. ASME J. of Basic Eng. 82:35-45.
(2) Lange, A. A. (1982): "Multipath propagation of VLF Omega signals". IEEE
PLANS '82 - Position Location and Navigation Symposium Record, December
1982, 302-309. (3) Lange, A. A. (1984):"Integration, calibration and
Intercomparison of windf inding devices". WMO Instru- 40      ments and
Observing Methods Report No. 15. (4) Lange, A. A. (1988a): "Ahigh-pass
filter for optimum calibration of observing systems with applications".
Simulation and Optimization of Large Systems, edited by A. J. Osiadacz,
Oxford University Press/Clarendon Press, Oxford, 1988, 311-327. (5) Lange.
A. A. (1988b): "Determination of the radiosonde biases by using satellite
radiance measure- 45      ments". WMO Instruments and Observing Methods
Report No. 33, 201-206. Claims 50 1. A method for calibrating readings of a
multiple sensor system, the sensors providing output signals in re- sponse
to external events, the method comprising the steps of: a) providing data
base means for storing information on: - a plurality of test point sensor
output signal values for some of said sensors and a plurality of val- ues
for said external events corresponding to said test point sensor output
values wherein the 55             improvement comprises minimal
requirements for the amount and quality of said test point data and that
uncalibrated sensors can be added; - said calibrated sensor readings or,
alternatively, said readings accompanied with their calibration parameters
and values for said external events corresponding to a situation; and, 9   



EP 0 470 140 B1                        C L    M   S sound yet practical
centralized Kalman an Filtering method will be described. As can be seen by
comparing Figs. I and 3, the logic unit (1) of the Invention has a two-way
communication link to the data base unit (2) whereas the prior art logic
unit (11) can only read from Its data base unit (12). In order the prior
art sensor and calibration unit to operate properly, the data base unit
(12) must have an appro- 5   priate collection of data regarding sensor
(13) performance. Such information must be empirically established, and
often needs to be re-established at adequate intervals, for each individual
sensor (13) by sequentially ex- posing each sensor (13) to a number of
known external events of known magnitudes. This is not possible in many
cases of practical importance; consider e.g. a radiometric sensor of an
orbiting weather satellite. In con- trast, the logic unit (1) of the
Invention has a capability of stretching and updating the calibration
Information 10  collected in its data base (2) assuming only that a certain
observability condition of Kalman Filtering is satisfied. As can be seen by
comparing Figs. 2 and 3, the Federated Kalman Filter solution is the same
as that of a single, centralized Kalman Filter only if the Information
fusion and division operations are performed after every local filter
measurement update cycle (and when the master filter should be able to cope
with the large Kalman Filtering problem without any help from decoupling
states). Thus, the prior art solution of Fig. 2 is the- 15  oretically
inferior because it is a full centralized Kalman Filter solution of Fig. 3
that yields optimal results as shown by Kalman in I 960 or, in fact, by
Gauss and Markov already in the early 1800. However, the computation load
of a prior art centralized Kalman Filter Is proportional to [err] where n
is the number of the state parameters i.e. the number of all unknown
quantities that need to be solved for an update of the process parameter
esti- mates. 20      Pursuant to use of this apparatus and method, simple
and Inexpensive sensors can be fully exploited with- out too much regard
fortheir internal calibration provisions and the speed of logic units.
Despite use of entirely uncalibrated but predictable sensors, accurate
results can be obtained in real-time applications through use of the
calibration and standardization method and apparatus disclosed herein. The
invented Fast Kalman Filtering (FKF) method is based on the general
principle of decoupling states. 25  The use of Lange's analytical
sparse-matrix inversion method is pursuant to the invention (see e.g.
Lange, 1988a). Because the solution is straightforward and exact the
optimality of a large centralized Kalman Filter can be achieved with a
hard-to-beat computational efficiency. Those skilled in the art will
appreciate that many variations could be practiced with respect to the
above described invention without departing from the invention as claimed.
Therefore, it should be understood that 30  the scope of the invention
should not be considered as limited to the specific embodiment described,
except in so far as the claims may specifically include such limitations.
References 35      (1) Kalman, R. E. (1960): "A new approach to linear
filtering and prediction problems". Trans. ASME J. of Basic Eng. 82:35-45.
(2) Lange, A. A. (1982): "Multipath propagation of VLF Omega signals". IEEE
PLANS '82 - Position Location and Navigation Symposium Record, December
1982, 302-309. (3) Lange, A. A. (1 984):"integration, calibration and
intercomparison of windfinding devices". WMO Instru- 40      ments and
Observing Methods Report No. 15. (4) Lange, A. A. (1988a): "Ahigh-pass
filterfor optimum calibration of observing systems with applications".
Simulation and Optimization of Large Systems, edited by A. J. Osiadacz,
Oxford University Press/Clarendon Press, Oxford, 1988, 311-327. (5) Lange.
A. A. (1988b): "Determination of the radiosonde biases by using satellite
radiance measure- 45      ments". WMO Instruments and Observing Methods
Report No. 33, 201-206. Claims 50 1. A method for calibrating readings of a
multiple sensor system, the sensors providing output signals in re- sponse
to external events, the method comprising the steps of: a) providing data
base means for storing information on: - a plurality of test point sensor
output signal values for some of said sensors and a plurality of val- ues
for said external events corresponding to said test point sensor output
values wherein the 



55             Improvement comprises minimal requirements for the amount
and quality of said test point data and that uncalibrated sensors can be
added; - said calibrated sensor readings or, alternatively, said readings
accompanied with their calibration parameters and values for said external
events corresponding to a situation; and, 9    111 11111
1111111111111111111 C   L   M   S EP 0 470 140 B1 controls of or changes
in, if any, said sensors or said external events corresponding to a new
sit- uation; b) providing logic means for accessing said calibrated
readings or, alternatively, said readings accom- panied with their
calibration parameters, wherein the improvement comprises both read and
write so 5         that said logic means has a two-way communications link
to said data base means; c) providing said sensor output signals from said
sensors to said logic means; d) providing information, if any, on said
controls or changes to said data base means; e) updating by a Kalman
recursion wherein the improvement comprises the use of an algorithm ob-
tained from the Fast Kalman Filter (FKF) formulae (20) of the description,
in said logic means (1), values 10        of both said external events and
said calibration parameters corresponding to said new situation; and, f)
providing updated values of said calibrated readings and/or said values of
said external events, as desired. 2.  The method of claim 1 wherein said
logic means (1) operates in a decentralized or cascaded fashion but 15
exploits in one way or another Kalman altering wherein the improvement
comprises the use of an algo- rithm obtained from the Fast Kalman Filter
(FKF) formulae (20) of the description. 3. A calibration apparatus for use
with a multiple sensor system that provides substantially predictable
sensor outputs in response to a monitored event, the apparatus comprising:
20         a) data base means for storing information on a plurality of
sensor output values for each sensor with which the calibration apparatus
will be used and a plurality of values for said external event correspond-
ing to a situation and to some test points wherein the improvement
comprises minimal requirements for the amount and quality of said test
point data and that uncalibrated sensors can be added; and, b) logic means
(1), based on Kalman filtering wherein the Improvement comprises the use of
an algo- 25        rithm obtained from the Fast Kalman Filter (FKF)
formulae (20) of the description, operably connected to said multiple
sensor system for receiving said sensor outputs and further being operably
connected to said data base means for accessing and updating said
Information on said plurality of sensor output values and said plurality of
values for said external event, for providing an output that comprises
cali- brated readings forsaid multiple sensorsystem and/or, as desired,
current values of said external event 30        that  may all be
substantially standardized to preselected standards. 4. The apparatus of
claim 3 wherein said logic means (1) operates in a decentralized or
cascaded fashion but exploits in one way or another Kalman filtering
wherein the improvement comprises the use of an al- gorithm obtained from
the Fast Kalman Filter (FKF) formulae (20) of the description. 5. The
method of claim 1 including the step of: a) adapting by using Kalman
filtering wherein the improvement comprises the use of an algorithm
obtained from the Fast Kalman Filter (FKF) formulae (20) of the
description, in said logic means (1), said information on said controls of
or changes in said sensors or said external events as far as their true
mag- nitudes are unknown. 40 6.  The method of claim 2 including the step
of: a) adapting by using Kalman filtering wherein the improvement comprises
the use of an algorithm obtained from the Fast Kalman Filter (FKF) formulae
(20) of the description, in said logic means (1), said 



information on said controls of or changes in said sensors or said external
events as far as their true mag- 45      nitudes are unknown. 7. A
dataiassimilation apparatus for use with an observing system and a
dynamical prediction system that provides substantially predictable outputs
in response to a monitored event, the apparatus comprising: a) data base
means for storing information on a plurality of sensor output values for
each sensor system 50         with which the apparatus will be used and a
plurality of values Including their changes predicted by said dynamical
system for said external event and for some test points wherein the
improvement com- prises minimal requirements for the amount and quality of
said test point data and that uncalibrated sensors can be added; and, b)
logic means (1), based on Kalman filtering wherein the improvement
comprises the use of an algo- 55         rithm obtained from the Fast
Kalman Filter (FKF) formulae (20) of the description, operably connected to
said observing and prediction systems for receiving said sensor outputs and
further being operably connected to said data base means for accessing and
updating said Information on said plurality of sensor output values and
said plurality of values and predicted changes for said external event, for
pro- 10    EP  0 470 140 B1                       C     L     M   S viding
an output that comprises calibrated readings for said observing system
and/or, as desired, cur- rent values of said external event. 8. A
prediction apparatus for use with an observing system and a dynamical
prediction system that provides 5       substantially predictable outputs
ahead of monitored events, the apparatus comprising: a) data base
meansforstoring information on a plurality of sensoroutputvalues foreach
sensorsystem with which the apparatus will be used and a plurality of
values Including their changes predicted by said dynamical system for said
external events and for some test points wherein the improvement com-
prises minimal requirements for the amount and quality of said test point
data and that uncalibrated 10        sensors can be added; and, b) logic
means (1), based on Kalman filtering wherein the improvement comprises the
use of an algo- rithm obtained from the Fast Kalman Filter (FKF) formulae
(20) of the description, operably connected to said observing and
prediction systems for receiving said sensor outputs and further being
operably connected to said data base means for accessing and updating said
information on said plurality of 15        sensor output values and said
plurality of values and predicted changes for said external events, for
providing an output that comprises predicted readings for said observing
system and/or, as desired, predicted values of said external events. 9. A
control apparatus for use with a sensor system and a dynamic system that
provides substantially pre- 20       dictable state parameters of said
dynamic system, the apparatus comprising; a) data base means for storing
Information on a plurality of sensor output values for said sensor system
with which the apparatus will be used and a plurality of values, controls
and changes predicted by a model of said dynamic system for said state
parameters and for some test points wherein the improve- ment comprises
minimal requirements for the amount and quality of said test point data and
that un- 25        calibrated sensors can be added; and, b) logic means
(1), based on Kalman altering wherein the Improvement comprises the use of
an algo- rithm obtained from the Fast Kalman Filter (FKF) formulae (20) of
the description, operably connected to said sensor and dynamic systems for
receiving said sensor outputs and said controls and further being operably
connected to said data base means for accessing and updating said
information on said 30        plurality of sensor output values and said
plurality of values, controls and predicted changes for said state
parameters, for providing an output that comprises calibrated/predicted
readings for said sensor system and/or current/predicted values of said
state parameters, as desired. 10. Apparatus of claim 7, 8 or 9 wherein said
logic means (1) operates in a decentralized or cascaded fashion 35      but
exploits in one way or another Kalman altering wherein the improvement
comprises the use of an al- 



gorithm obtained from the Fast Kalman Filter (FKF) formulae (20) of the
description. 11. Apparatus of claim 3, 7, 8, or 9 wherein information on
controls or changes in said sensors or said external events as far as their
true magnitudes are unknown is adapted by using Kalman altering wherein the
im- provement comprises the use of an algorithm obtained from the Fast
Kalman Filter (FKF) formulae (20) 40      of the description. 12. Apparatus
of claim 4 or 10 wherein information on controls or changes in said sensors
or said external events as far as their true magnitudes are unknown is
adapted by using Kalman altering wherein the im- provement comprises the
use of an algorithm obtained from the Fast Kalman Filter (FKF) formulae
(20) 45      of the description. Patentanspruche 50  1.  Eine Methode, um
Lesungen elnes Multisensorensystems fain zu messen; die Sensoren geben
Ausga- besignale in Reaktion auf aussere Ereignisse; die Methode enthalt
folgende Schritte: a) Versorgung von Datenbasismitteln fOr die
Aufapelcherung von Information Ober - elne Vielzahl von
Testpunktsensorenausgabesignalwerten fOr elnige der besagten Sensoren und
eine Vlelzahl von Werten fOr die besagten Ausseren Ereignisse, die den
besagten Testpunktsen- 55             sorenausgabewerten entsprechen, wobei
die Verbesserung In minimalen Anforderungen fflrdle Mange und Qualitat der
besagten Testpunktdaten besteht und darin, dass ungemessene Senso- ran
hinzugefrlgt warden konnen;    die besagten fein gemessenen
Sensorenlesungen oder, als Alternative, die besagtbn Lesungen zusammen mit
ihren Messungsparametern und Werten ffir die besagten ausseren Ereignisse,
die einer Situation entsprechen; und, - Kontrollen von oder Veranderungen
in, wenn vorhanden, besegten Sensoren oder besagten Au- 5
sseren Ereignibsen, die einer neuen Situation entsprechen; b) Versorgung
von Logischen Mittein, urn die besagten feingemessenen Lesungen oder, als
Alternative, die besagten Lesungen zusammen mit ihren Messungsparametern zu
erhalten, wobei die Verbesse- rung sowohl.Lesen als auch Schrelben
beinhaltet, so dass die besagten Logischen Mittel eine zwei- wegige
Kommunikationsverbindung zu den besagtbn Datenbasismittein haben; 10
c) Ermoglichung der besagten Sensorenausgabesignale von den besagtbn
Sensoren zu den besagten Logischen Mittein; d) Versorgung von Information,
wenn vorhanden, Ober besagte Kontrollen oderVeranderungen zu den besagten
Datenbasismitteln; e) Auf den neuesten Stand bringen durch sine Kalman
Rokursion, wobel die Verbesserung In dem Ge- 15        brauch sines
Algorythmuses besteht, der durch die Fast Kalman Filter (FKF) Formel (20)
der Beschrei- bung erhalten wird, in besagten Logiechen Mittein, von Werten
von sowohl besagten ausseren Ereig- nissen als auch von besagtbn fein
gemessenen Parametern entsprechend der besagten neuen Situa- tion; und, f)
Auf Verlangen, Versorgung von auf den neuesten Stand gebrachten Werten der
besagtbn fein ge- '    20        messenen Lesungen und/oder von den
besagten Werten der besagten ausseren Ereignisse. 2. Die Methode von
Anspruch 1, wobel die besagten Logischen Mittel (1) in elner
dezentrallsiertbn oder kas- kadenartigen Form wirken, aber in der einen
oder der anderen Welse die Kalman Filterung ausnutzen, wobel die
Verbesserung in dem Gebrauch sines Algorythmuses bestoht, der von der Fast
Kalman Filter 25      (FKF) Formel (20) der Beschreibung erhalten wird. 3.
Eln Feinmessungsgerit fOr den Gebrauch mit olnen Multisensorensystem, das
wesentlich voraussagbare Sensorenausgaben in Reaktlon auf sin untbrsuchtes
Ereignis gibt; das Gerat bestsht aus: a) Datenbasismittein zur
Aufspeicherung von Information fiber sine Vieizahl von Sensorenausgabe- 30
werten fOr jeden Sensor, mit dem das Feinmessungsgerat benutztwerden wird,
und fiber sine Vieizahl von Werten for besagtes Ausseres Ereignis In Bezug
aufeineSituaton und aufeinigeTestpunkte, wobel die Verbesserung In
minimalen Anforderungen fOr die Menge und Qualltit der besagten
Testpunktdaten 



besteht und darin, dcass ungemessene Sensoren hinzugefligt werden konnen;
und, b) Logischen Mitteln, die auf der Kalman Filterung basleren, wobel die
Verbesserung in dem Gebrauch 36        sines Algorythmuses besteht, der von
der Fast Kalman Filter (FKF) Formel (20) der Beschrelbung er- halten wird,
die wirksam mit dem besagten Multisensorensystem verbunden sind, urn
besagte Senso- renausgaben zu empfangen, und die welter wirksam mit den
besagtbn Datenbasismitteln verbunden sind, um Zugang zu besagter
Information Ober die besagte Vilizahl von Sensorenausgabewerten und uber
die besagte Vliszahl von Werten fOr eine besagtes ausseres Ereignib zu
geben, und urn sle auf 40        den neuesten Stand zu bringen, um sine
Ausgabe zu gewahrielsten, die felin gernossene Lesungen for besagtes
Multisensorensystem und/oder, wie verlangt, aktuelle Werte des besagten
ausseren Ereig- nissres umfoasst, die alle wesentlich nach den
vorherdefinberten Mustern genormt werden konnen. 4. Das Gerat des
Anspruches 3, wobel die besagten Logischen Mittel (1) In olner
dezentrallsierten oder kas- 45      kadenartigen Form arbeiten, aber in der
elnen odor anderen Weise die Kalman Filterung ausnutzen, wo- bei
dierVerbesserung in dem Gebrauch sines Algorythmuses besteht,dervon der
Fast Kalman Filter (FKF) Formel (20) der Beschreibung erhalton wird. S. Die
Methods des Anspruches I beinhaltet den Schritt: a) der Anpassung durch den
Gebrauch der Kalman Filterung, wobel die Verbesserung In dem Ge- 50
brauch sines Algorythmuses besteht, der von der Fast Kalman Filter (FKF)
Formel (20) der Beschrelbung erhalten wird, in besagten Logischen Mittein,
von besagtbr Information Ober besagte Kontrollen von oder Verinderungen In
besagten Sensoren oder besagten ausseren Erelgnlssen so welt wie Mhre
wahren Gro- ssen unbekannt sind. 5   6.  Die Methods des Anspruches 2
belnhaltet den Schritt: a) der Anpassung durch den Gebrauch der Kalman
Filtbrung, wobei die Verbesserung In dem Ge- brauch sines Aigorythmuses
besteht, der von der Fast Kalman Filter (FKF) Formel (20) der Beschreibung
12    erhaiten wird, In besagten Logischen Mitteln, von besagter
Information Ober besagte Kontrolien von odor Verfinderungen in besagten
Sensoren oder besagten Auseeren Ereigniseen so welt wie Mhrs, wahren Gr8-
seen qnbekannt sind. 5 7.  Emn Datenaufnahrnegerfitzurn Gebrauch mit elnemn
Bsobachtungssystemn und elnern dynamishen Progno- sesystern, dlas
wesentlich voraussagbare Ausgaben In Bezug auf sin untersuchtes Ereignis
glbt; dlae Genft besteht asu: a) Datenbasismittein zur Aufepeicherung von
Information Oiber sine Visizuhi von Sensorenausgabe- werten f~r jades
Sensorensystem, mit dem dues Gen~t gebraucht werden wird, und fiber sine
Vieizahi 10        von Werten elnschliaesilich ihrer Verlinderungen,dile,
dlurch dlas beeagte dynamisohe System fOr be- safite Aussere Ereignisse und
fOr sinigo Testpunkte vorausgesagt werden, wobel die Verbesserung In
minimalen Anforderungen ffir die Menge und Qualitilt der besagten
Testpunktdaten beeteht und darin, duess ungemnessene Sensoren hinzugefflgt
werden k~nnen; und, b) Logischen Mittein (1), die uuf der Kalman Fl~terung
busiertesind, wobel die Verbeeserung in dem Ge- 15        bruuch sines
Aigorythmuses; besteht, den von der Fast Kulman Filter (FKF) Formel (20)
den Beschrei- bung erhaiten wird, die wirksamn mit don beeagten
Beobachtungs- und Prognosesystemen verbunden sind, urn besagte
Sensorenausgaben zu empfungen, und die welter wirkeam mit darn besagten
Din- tenbasismittein verbunden slnd, urn Zugang zu besagter Information
Wberdie beasgte Visizahi von Sen- sorenauesgabewertsn und Oiber die besagte
Visizuhi von Wonton und vorausgesugten Vernnderungen 20          fOr sin
besagtes lusseres Ereignis zu geben. und urn sie auf den neuesten Stand zu
brIngen, urn sine Aus gabs zu gew~hihlesten, die fain gemnessene Lesungan
fOr besagtee Beobachtungesystemn und/oder, wie veriangt, aktueiie Werte des
besagten lusseren Ereignissee umnfasst. 8. Emn Prognosegerfit fOr den
Gebrauch mit sinern Beobachtungssystern und elnem dynamisohen Progno- 26
sesystern, des wesentlich voraussagbare Ausguben imn voraus zu untersuchten
Ereignissen gibt; due Ge- rnt beihhaltet. 



a) Datenbasismittel zur Aufspeicherung von Information Oiber sine Visizahi
von Sensorenausgabewer- ten fOr jades Sensorensystern, mit dem dues Gernt
gebraucht warden wird, und Oiber emse Vielzahl von Weranto elnsohlleeslich
ihrer Verinderungen, die durch das beeugte dynamische System for besagte 30
A~fusgere, Ereignisse und ffir ainige Testpunkte vorauegeeug t warden,
wobel die Verbesserung In mini- malen Anforderungen fOr die Menge und
QualItit der besagten Teetpunktdaten besteht und darin, duess ungemessene
Sensoren hinzugeffgt warden k8nnen; und, b) Logleche Mittel (1), die auf
der Kalman Filterung basiert sind, wobsi die Verbesserung In dam Ge- brauch
sines Algorythrnuses baeteht, den von der Fast Kalman Filter (FKF) Formal
(20) der Beechnel- 35     ~~bung erhulten wird, die wirksamn mit den
besagten Beobachtungs- und Prognosesysternen verbundan sind, urn besagte
Sensorenausgaben zu empfangen, und die waiter wirksam mit den besagten
Daten- baslemittein verbunden sind, urn Zugang zu besagter Information
fiber die besagte Visizahi von Sen- sorenausgabewerten und fiber die
besagte Visizahi von Werten und vormugegsagtan Verinderungen fOr beeagte
Aussere, Ereignisse zu geben, und urn ala auf den neuesten Stand zu
bringen, urn elneAus- gabe zu gew~hrlelstan, die vorausgesagto Lesungen fOr
das besagte Beobachtungssystam undloder, wia veriangt, vorausgesagte Werte
von besagtan Ausseren Ereignissen urnfasst. 9.  EmnKohtrollganlt fir den
Gebrauch miteainem Sensorensysitamund elnem dynurnischan System, duewe-
santlich voraussagbare Zuetandeparameter des besagten dynamiechan Systems
erm8giicht; des Gerfi besteht asu: 45     ~~a) Datenbasismitteln zur
Aufspeicharung von information fiber sine Visizahi von Sensoranausgube-
wanten fOr besagtes Sansoransystemn, mit darn dues Ge~t gebraucht warden
wind, und fiber ems Vlaizahl von Werten, Kontrollen und Verfindlerungen,
die durch sin Modell des besagten dynamischen Systems for besagte
Zustandsparameter und ffir sini1ge Testpunkte vorhergesagt warden, wobei
die Verbeese- rung in minimalen Anfordarungen fOr die Mange und Qualitit
den basagten Tastpunktdaten baetaht und darin, dlaes ungernessene Sensoren
hinzugeffigt werden k~nnen; und, b) Logiechen MitteIn (1), die auf der
Kalman Fl~terung basleren, wobei die Verbesserung In darn Ga- bratich sines
Aigorythmuses bestaht, der von den Fast Kalman Filter (FKF) Formal (20) dan
Beschral- bung erhaiten wind, die wirksarn mit den besagten Sensoran- und
dlynamisohan Systemen verbundan 55     ~~sind, um besagte Sensorenausgaben
und besagte Kontrollen zu ampfangen, und dia waiter wlrksarn mit den
besagten Datanbaslsmltteln varbunden sind, urn Zugang zu besagter
information fiber die be- sagte Visizahl von Sensorenausgabewerten und
fiber die besagta Vieizahl von Werten, Kontrollen und vorausgesaglan
Verinderungen fOr besagte Zustandsparameter zu goben, und urn iae uuf den
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zu bringen, um sine Ausgabe zu gewlhrleiaten, die
feingemessenehvorausgesagte Lesun- genifur das besagte Sensorensystem
und/oder, wie verlangt, aktuellevorausgesagte Werte der besag- ten
Zustandsparameter umfasst. 5   10. Das Gerat der Ansprflche 7,8 oder 9,
wobel die besagten Logischen Mittel in einer dezentrallsierten oder
kaskadenartigen Form wirken, aber in der oinen oder deranderen Weise die
Kalman Filterung ausnutzen, wobei die Verbesserung In dem Gebrauch sines
Algorythmuses besteht, der von der Fast Kalman Filter (FKF) Formel (20) der
Beschrelbung erhalten wird. 10  11. Das Gerat der Anspruche 3,7,8 odor 9,
wobei die Information Ober Kontrollen oder Veranderungen in be- sagten
Sensoren oder besagten ausseren Ereignissen, so weit wie lhre wahren
Gr6ssen unbekannt sind, durch den Gebrauch der Kalman Fiiterung angepasst
ist, wobei die Verbesserung in dem Gebrauch sines Algorythmuses besteht,
der von der Fast Kalman Filter (FKF) Formel (20) der Beschrelbung erhaltbn
wird. 12. Das Gerat der Anspruche 4 oder 10, wobel die Information Ober
Kontrollen oder Veranderungen In be- sagten Sensoren oder besagtbn ausseren
Ersignissen, so weit wie ihre wahren Gr8ssen unbekannt sind, durch den
Gebrauch der Kalman Filterung angepasst ist, wobei die Verbesserung in dem
Gebrauch sines Algorythmuses besteht, dervon der Fast Kalman Filter (FKF)
Formel (20) der Beschreibung erhalten wird. 



/-'  20   Revendications 1.  Une rrmthode pour calibrer les lectures d'un
systeme multi-senseurs, les senseurs pourvoyant des si- gnauxkde sortie en
rbponse A des 6venements externes, la m~thode comprenant les btapes
sulvantes: 25        a) pourvoir des moyens de base de donnees af in
d'enregistrer des informations sur J une pluralltA de valeurs du signal de
sortie du point de test du senseur pour certains desdits sen- seurs et une
plurailtb de valeurs pour lesdits evenements externes qui correspondent aux
dites valours de sortie du point de test du senseur la obj I'am6lioration
comprend des exigences mini- males quant A la quantite et la qualitb
desdites donnees du point de test et que des senseurs non 30
calibrbs peuvent etre ajoutes; lesditos lectures calibr6es des senseurs ou,
alternativement, lesdites lectures accompagn6es de oeurs parametres de
calibrage et des valeurs desdits evenements externes qui correspondent A
une situation; et, - des contr6les ou des changements, sli y a lieu,
desdits senseurs ou desditb evnements externes qul correspondent A une
nouvelle situation; b) pourvoir des moyens logiques pour accider aux ditbs
lectures calibrbes ou, altrnativement, aux dites lectures accompagnees de
leurs parametres de calibrage, Ia ob l'am6lloration comprend des leo- tures
et des ecritures, de man lere quo lesdits moyens logiques ont un lien de
communication dans les deux sons avec leadits moyens de base de donn~es; 40
c) pourvoir lesdits signaux de sortie du senseur, desdits senseurs aux dits
moyens loglques; d) pourvoir des informations, s1iI y a lieu, desdits
contr6les ou changements aux dits moyens de bass de donnees; e)
aptuallsation par l'usage d'une recurrence Kalman Ia ob l'amelioration
comprend l'utilisatlon d'un al- gorithms obtenu de la formule (20) Fast
Kalman Filter (FKF) de la description, dans lesdits moyens logiques (1),
des velours desdits bvenements externes et desdits parametres de callbrage
correspon- dant b la nouvelle situation; et, f) pourvoir des valeurs
actualisbs* deadites lectures calibrees et/ou desdites valeurs desdits
bvene- ments extornes, comme desir6. 2.  La methode de la revendication 1
IA ob lesdits moyens, loglques (1) operent de maniere decentrallsee ou en
cascade mais exploitent d'une manlere ou d'une autre la filtration Kalman
Ia ob i'amelloration comprend l'utilisation d'un algorithms obtbnu de la
formule (20) Fast Kalman Filter (FKF) de la description. 3.  Un appareil de
calibration qui soit utilise avec un systeme multi-sensour qui pourvolt des
signaux de sortie des senseurs substantlelioment previsibles en reponse A
un evenement examine; I'appareil compronant: 55         a) des moyens de
bases de donnees pour l'enregistrement d'information d'une plurailte de
valeurs de sortie du senseur pourchaque senseur avec lesquels I'apparel de
calibration sere ufflise et une pluralitb de valeurs pour lesdits
evenements externes correspondent A une situation et A quelques points test
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comprend des exigences minimales quant A la quantite et la qualltb desdites
don- ndees des points test et quo des senseurs non calibrds peuvent etre
ajout6s; et b) des moyens logiques (1), basbs surla filtration Kalman a ob
l'am6lioration comprend l'utlisation d'un algorithms obtenu de la formule
(20) Fast Kalman Filter (FKF) de la description, connectbs de manibre 5
operationnelle au dit systeme multi-senseur afin de regevior lesdites
sorties des senseurs et plus loin btant connectes de maniore opbrationnelle
aux dits moyons de base de donnbes afin d'acceder et d'ac- tualiser ladite
information sur ladite pluralite de valeurs de sortie du senseur et ladite
pluralitb de valeurs dudit bvenement externe, afin de pourvoir une sortie
qui comprend des lectures calibrbes pour ledit systome multi-senseur et/ou,
comme desir6, des velours actuelies dudit bvenement externe qui peu- 10
vent toutbs Mtre substantlellernent standard is~es A des standards
prbdhfinis. 4.  L'appareil de Ia revendication 3 Ia ob lesdits moyens
logiques (1) operent d'une maniore docentrailsoe ou 



en cascade mais expioitent d'une maniere ou d'une autre la filtration
Kalman la ob I'amblloratlon comprend l'utiiisation d'un algorithms obtenu
de Ia formule (20) Fast Kalman Filter (FKF) de Ia description. 15 5.  La
mithode de la revendication 1 incluant l'btape d': a) adapter en utilisant
la filtration Kalman Ia ob l'amelioration comprend l'utilisation d'un
algorithms obtenu de la formule (20) Fast Kalman Filter (FKF) de la
description, dane leadits moyens logiques (1), ladite information desdits
contr6les, ou changements desdits senseurs ou lesdits evenements externes
tant quo leurs vraies magnitudes sont Inconnues. 6.  La mbthode de la
revendication 2 incluant l'btape d': a) adapter en utilisant la filtration
Kalman Ia ob l'am6ioration comprend l'ufiisation d'un algorithme obtenu de
la formule (20) Fast Kalman Filter (FKF) de la description, dans lesdits
moyens loglques (1), ladite Information desdits contr6les, ou changements
desdits senseurs ou leadits evenements externes tent que leurs vraies
magnitudes sont Inconnues. 7. Un appareil d'assimilation d'lnformation qul
soit utilise avec un systeme d'observation et un systeme de prediction
dynamique qui pourvoit des sorties substantleilement previsibles en reponse
a un bvenement examinb, I'appareil comprenant: 30         a) des moyens de
base de donnees afIn d'enregistrer des Informations sur une pluralitb de
valeurs de sortie du senseur pour chaque systeme de senseurs avec lesquels
I'appareRl sera utilisA et une pluralitb de velours incluant leurs
changements predits par ledit systeme dynamique pour ledit evenement ex-
trne et pour quelques points de test 1a ob l'amdlioration comprend des
exigences minimales en ce qui concerne la quantitb et la quallte desdites
donnbes du point de test et quo des senseurs non calibres 35
peuvent etre ajoutbs; et, b) des moyens logiques (1), bases sur la
filtration Kalman IA ou I'amelboratlon comprend 'utllisation d'un
algorithm. obtenu de la formule (20) Fast Kalman Filter (FKF) de Ia
description, connectes de manilre opbrationnelle au dit systeme
d'observation et de prhdiction af in que ceux-Qi regolvent lesdites sorties
des sensours et plus loin etant connectes de maniere operationnelle aux
dits moysns de base de don- 40         nees af in d'acceder et d'actualiser
ladite information sur ladite pluralitb de velours de sortie des sen- sours
et laditb pluralite de valeurs et des changements predits pour ledit
evenement externo, afin de pourvoirune sortie qui comprend des lectures
calibrees pourledit systbme d'observation et/ou, comme dbsirb, les velours
actuelles dudiif evnement externe. 45  8.  Un apparell de prediction qul
solt utilise avec un systime d'observation et un systeme de prediction dy-
namique qul pourvoitcdes sorties sulkstantiellement previsibles avant lea
vbvnements examines, I'apparell comprenant: a) deas moyens de bass de
donnees pour enregistrer des informations sur une pluralftA de velours de
sortie du senseur pour chaque systeme de senseurs avec lesquels l'appareil
sere utilise et une pluralite 50         de valeurs incluant leurs
changements prbdits par ledit systeme dynamique pour lesadits bvenements
externes et pour quelques points de test Ia oO I'amelioratton comprend des
exigences minimales en ce qui concerns la quantite et la qualite desdites
donnbes du point de test at quo des senseurs non calibrbs peuvent Atre
ajoutbs; et, b) des moyens loglques (1), bases sur la filtration Kalman Ia
oO I'amelioration comprend l'utillsation d'un 455        algorithms obtenu
de la formule (20) Fast Kalman Filter (FKF) de la description, connectbs de
manibre operatbonnelle au dit systeme d'observation et de prediction aftn
que ceux-9l regolvent lesdites sorties des senseurs et plus loin etant
connectbs de manlbre operationnelle aux dits moyens de base de don-    EP 0
470 140 B1 n6es afin d'acc6der et d'actuallser ladite information sur
ladite plurallte de valeurs de sortie des son- seurs et ladite pluralite de
valeurs et des changements pr6vus pour leedits 6vbnements externes, afin de
pourvoir une sortie qui comprend des lectures pr6dites pour ledit systbme
d'observation et/ou, comme desire, les valeurs pr6dits desdits evenements
extornes. 



5 9.  Un apparell de controle qul soit utilise avec un systeme de senseurs
etun systbme dynamique qul pourvolt des parambtres d'6tat substantlellement
pr6vislbles dudit systeme dynamique, I'appareil comprenant: a) des moyens
de base de donn6es pour enregistor des Informations sur une pluralite de
valeurs de sortie du senseur pour leditaysthme de senseurs avec lequel
l'apparell sera utils6 ainsi qu'une plurallte 10        de valeurs,
contrdles et changements predits par un model dudit systeme dynamique pour
lesdits pa- ramrtres d'etat et pour quelques points test 1a ob)
l'amllioration comprend des exigences minimales quant A la quantite et la
quallt6 desditos donn6es du point test et quo des senseurs non calibr6s
peuvent etre ajoutes; et, b) des moyens loglques (1), bases sur la
filtration Kalman 1a oO l'am6loriation comprend l'utilisatlon d'un 15
algorithm. obtenu de la formule (20) Fast Kalman Filter (FKF) de la
description, connectes de manibre operationnelle aux dits systeme de
senseurs et systemes dynamiques af in de regevoir les valours de sortie
dudit senseur et lesdits controles et plus loin btant connect6s de maniere
op6rationneile aux dits moyens de base de donnbas af In d'acc6der et
d'actualiser ladite Information sur ladite pluralit6 de va- leurs de sortie
des senseurs et ladite pluralitb de valeurs, contrOles et changements
predits pour lesdits -    20        parambtres d'etat, af in de pourvoir,
une sortie qui comprend des lectures calibr6es/prbdibts pour ledit systieme
de senseurs et/ou des valeurs actuelles/predites desdits parametres d'6tat,
comme dbsirb. 10. Appareil des revendications 7, 8 ou 9 Ia ob lesdits
moyens logiques (1) opbrent de facon dbcentralls6e ou en cascade mals
exploltent d'une manlere ou d'une autre la filtration Kalman Ia ob
l'am6lloratlon 25      comprond l'utillsation d'un algorlthmb obtenu de la
formule (20) Fast Kalman Filter (FKF) de la description. 11. Appareil des
revendlcations 3, 7, 8 ou 9 Ia ob l'lnformation des contrOles ou des
changements desdits senseurs ou desdits bvbnements extbrnes tant que oeurs
vraies magnitudes sont inconnues est adaptbe en utillsant la filtration
Kalman Ia ob l'amblioratlon comprend l'utilbsatlon d'un algorithme obtenu
de la for- 30      mule (20) Fast Kalman Filter (FKF) de la description.
12. Appareil des revendications 4 ou 10 Ia ob l'information des controles
ou changements dans lesdits son- sours ou lesdits 6vbnements externes tent
que leurs vrales magnitudes sont Inconnues ost adapt6e en utilisant la
filtration Kalman Ia ob I'amrlioration comprend l'utillsation d'un
algorithme obtenu de Ia formule (20) Fast Kalman Filter (FKF) de la
description. 35 40 45 50 55 16    


