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Calculation of estimates of subsidiary measurand for
examples 1A and 1B
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1 Introduction

This document describes the information that must be provided by the user to define the
sensor responses to the subsidiary measurand in the examples contained in MATLAB scripts
DataFusionSoftware 1A.m and DataFusionSoftware_1B.m.

In particular, section [2| contains a list of all the numerical input that the user is expected to
provide. For users who are interested, section [3| lists previously calculated information that is
used when determining the sensor responses, while sections [4] and [5] provide full mathematical
descriptions of how the sensor response values and estimates of the subsidiary measurand (and
associated uncertainties) are calculated, respectively, by the function LinearCalibration.m.

2 User input

The responses of the sensors to the subsidiary measurand are defined by the following informa-
tion provided by the user:

Sampling and quantization

. f2(2), the sampling frequency (in Hz) [cell B10],
e (optional) n](32 ) , the number of bits for quantization [cell B11],
e (optional) s(?), the saturation value [cell B12].

It is assumed that f2(2) < fl(Q), i.e., the sampling frequency for the sensors is less than the
sampling frequency used when calculating the ‘true’ subsidiary measurand (section .
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Behaviour of sensors

° néz) , the number of sensors [cell B9 — filled in automatically from information in column

Cl,

° AI(SQ), Uy (AI(SQ)) ,ls=1,... ,n(SQ), the estimates of the offset parameter and their associated
relative standard uncertainties [columns D and F],

° 31(52)7 Uy (B;?) ,ls=1,... ,né2), the estimates of the gain parameter and their associated

relative standard uncertainties [columns E and G,

® COV, (AZ(SQ), BZ(SZ)> Ll =1,... ,ng), the relative covariances associated with the estimates
of the offset and gain parameters [column H],

° 51(52), ls=1,... ,ng), the levels of additive noise in the sensor output [column IJ.

Behaviour of faulty sensors

° ng), the number of faulty sensors [cell L9 — filled in automatically from information in

column M],
° Iﬁ’F, lr=1,... ,ng), the indices of the faulty sensors [column M],
° C’l(?, Uy (C’;?) ,Ilp=1,. .. ,nl(f), the estimates of the offset parameter and their associated
relative standard uncertainties [columns N and P]J,
(2) (2) i (2) . . . .
o D7, ur (D)), lp =1,...,np", the estimates of the gain parameter and their associated

relative standard uncertainties [columns O and Q),

® COV, (C’l(?, Dl(Fz)) ,lp=1,... ,nl(f), the relative covariances associated with the estimates

of the offset and gain parameters [column R],

. TIS?Z)F’l, lF=1,... ,n(FQ), the times at which sensors begin behaving faultily [column S],
° TS}PP, lF=1,... ,n(FQ), the times at which sensors end behaving faultily [column T].

Missing data

° ”1(\/2[)’ the number of sensors for which packets of data are missing [cell W9 — filled in

automatically from information in column X],

. ng ), the number of data points in each packet [cell W10],

° IIE/?,)IM’ ImM=1,... ,nl(\?[), the indices of the sensors for which packets of data are missing

[column X],
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° p1<v2[)lM’ ImM=1,... ,nﬁ), the proportion (expressed as a percentage) of the data packets
that are missing within the assigned time interval [column Y],

° TIS/IQ )hji, m=1,... ,nﬁ), the times at which sensors begin missing packets of data [column

° Tl\(/f )hi’ mM=1,... ,nl(\i), the times at which sensors cease missing packets of data [column
AA].

3 Additional input

The following information, previously calculated, is used:

(2)

o t12 i1 =1,...,m;”’, the times at which the ‘true’ values of the subsidiary measurand are

1,81
calculated (corresponding to the sampling frequency fl(z)),

° ygzi)l, ih=1,... ,mgz), the ‘true’ values of the subsidiary measurand, stored in vector y§2) .

4 Sensor response values

The array \752) of sensor response values is given by

v (2 =(2) <(2)
g = V2 1 P A%
, 2>
2,ng
where
5(2)
2,ls,1
{’;21) = :
stS
5(2)
2,ls,m>)
S, My

is the vector of response values for sensor lg and is obtained as follows:

1. Evaluate the vector of sensor responses

vf) 7A(2)*+Bl(52)*y§2)+rl(32)7

ls = ‘Mg

(2)

1,21°

2)% 2
[ ]-([ 2 ] =)
Bls Bls s

(2)

corresponding to the times ¢ 11 =1,...,my"’, where

with
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2 2)\ 2 2 2 2) 5(2) ]
w (AP AP\ cov, (A2, BY) AR B
2(2) 100 100
ls = 2 2 2) (2 2 2)\ 2 )
cov, (A BE) AP BD (u (B) B
100 100
and
2
Tl(s,)l
2
2ol |
e
ls,mgm
with

2 2\2\ . 2
7al(s,)iz NN<O7 (555)) )7 22:1,...,m§).

2. For sensors that are faulty, the response values within the time intervals

[TF(?I)F’l, TE%)F’Q} are obtained similarly to those in step 1, but using the parameters
O, e (02), D e (D) and cov, (€2, D), te =1,....nf?

3. Determine the times té?i)g, 0=1,... ,mgz), at which the sensor response values are to be
evaluated.

4. Evaluate the sensor response values ”5,21)5 in corresponding to the times té?i)Q, io=1,..., mg),

by applying linear interpolation to the sensor responses Ufl)s
(2) (2)
t

1,410 7;1:1,...7m1 .

i, corresponding to the times

(2)

2,ls,i27

(2)

5. The sensor response values v 19 = 1,...,my"’, are then quantized according to the

values of n](32 ) and @ (if present) to give values

~(2)

2,ls,i2”

(2)

i2:1,...7m2 .

If no values have been provided for ng ) and s@ | then

~2) (2

2)lsyi2 T T2,ls,i2?

(2)

’L’2:1,...,m2 .

6. For sensors that have missing data, the proportions pl(vzl)lM of data packets (a data packet
is defined to be a group of data points that are sequential in time) chosen randomly
within the time intervals [Tl\(/[? )Z;,TS )INQI have their values set to Not-a-Number (NaN),

lel,...,nl(VQI).
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5 Subsidiary measurand estimates and associated uncertainties

The array Y£2) of subsidiary measurand estimates is given by

(2) 2)

Y211 - y2,n<82),1
2 . ) .
Yé ) = : . . )
2 )
92’17m<22) e y2,n(s2),mé2)
where 9 e
@ _ Y2isie — Mg
Y2,15,i0 = Bl(2)
S
The array Ug) of standard uncertainties associated with the subsidiary measurand estimates is
given by
2 2
w(ud,) . w (y; i )
2 2
where
2 2\ 4@\ 2 2) \2 2\ @)
2 ( (2) ) _ 1 r (Als )Als " yé,l)sﬂé U (Bls )Bls I
Y2,1s,ia - Bl(2) 100 Bl(2) 100
S S

2 (2) R 42 p2) 2) \ 2
y;l)s’lé covy (Als >Bls )Als Bls . 51(5)
100 B@ |

ls



