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Calculation of estimates of measurand for
example 3A
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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 measurand in the example contained in MATLAB script
DataFusionSoftware_3A.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 {| and [5| provide full mathematical
descriptions of how the sensor response values and estimates of the measurand (and associated
uncertainties) are calculated, respectively, by the function LinearCalibrationLag.m.

2 User input

The responses of the sensors to the measurand are defined by the following information provided
by the user:

Sampling and quantization

e fo, the sampling frequency [cell B10],
e (optional) ng, the number of bits for quantization [cell B11],

e (optional) s, the saturation value [cell B12].

It is assumed that fo < f1, i.e., the sampling frequency for the sensors is less than the sampling
frequency used when calculating the ‘true’ measurand (section .



NPL DATA FUSION SOFTWARE (RELEASE 1, DECEMBER 2011) 2

Behaviour of sensors

ng, the number of sensors [cell B9 — filled in automatically from information in column CJ,

A, ur(Ay), ls = 1,...,ng, the estimates of the offset parameter and their associated
relative standard uncertainties [columns D and G,

By, w(Byg), ls = 1,...,ng, the estimates of the gain parameter and their associated
relative standard uncertainties [columns E and H],

Ly, ur(Ly), ls = 1,...,ng, the estimates of the time lag and their associated relative
standard uncertainties [columns F and J],

cov, (A, Big), Is =1,...,ng, the relative covariances associated with the estimates of the
offset and gain parameters [column I,

15, Is =1,...,ng, the levels of additive noise in the sensor output [column K].

Behaviour of faulty sensors

nr, the number of faulty sensors [cell N9 — filled in automatically from information in
column O],

Iry., lr =1,...,np, the indices of the faulty sensors [column O],

Clp, u(Clp), lp = 1,...,np, the estimates of the offset parameter and their associated
relative standard uncertainties [columns P and S,

Dy, uw(Dyy,), lp = 1,...,np, the estimates of the gain parameter and their associated
relative standard uncertainties [columns Q and TJ,

M., uw,(M,), lp =1,...,np, the estimates of the time lag and their associated relative
standard uncertainties [columns R and V],

covy(Clp, Dip), Il = 1,...,np, the relative covariances associated with the estimates of
the offset and gain parameters [column U],

TI}JF, lp =1,...,np, the times at which sensors begin behaving faultily [column W],

Tg’lF, lp =1,...,np, the times at which sensors end behaving faultily [column X].

Missing data

nn, the number of sensors for which packets of data are missing [cell AA9 — filled in
automatically from information in column AB],

np, the number of data points in each packet [cell AA10],

vy, Im = 1,...,nM, the indices of the sensors for which packets of data are missing
[column AB],
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® DMy IM = 1,...,nM, the proportion (expressed as a percentage) of the data packets that
are missing within the assigned time interval [column AC],

° Tl\l/l,lM’ Im =1,...,nM, the times at which sensors begin missing packets of data [column
AD],

° TI\QMM, Im = 1,...,ny, the times at which sensors cease missing packets of data [column
AE].

3 Additional input
The following information, previously calculated, is used:

® {14, t1 =1,...,my, the times at which the ‘true’ values of the measurand are calculated
(corresponding to the sampling frequency fi),

® Y, 11 =1,...,mq, the ‘true’ values of the measurand.

4 Sensor response values

The array Vo of sensor response values is given by

VQ = [V271 . V2,ns] :
where
V2,14,1
V2,ZS = :
U2,l5,mz

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

1. Draw the time lag L;; from the rectangular distribution

R Lls . \/gur(Lls)Lls’ Lls + \/gur(Lls)Lls )
100 100

L}, defines a number g, of values of the sampled ‘true’ measurand, where g, is the smallest
integer satisfying

ql*s 2 flLst °

Generate the vector yIf’lS of time-shifted ‘true’ measurand values given by
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L NaNa 15115(11*57
Y1igi = . 1< g <
3tS, yl’“_ql*s’ qls + 11 >my,

where NalN denotes ‘Not a Number’.

Evaluate the vector of sensor responses

2)* 2)*
Viig = A( ) +B( ) yIfalS +rls>

ls ls

corresponding to the times ¢1;,, i1 = 1,...,my, where

A" A
~N DY
[ Bls2)* B 's

with
(ur(AlS ) Aug ) 2 covy(Arg, Big) Ajg Big
. = 100 100 )
s COVr(AlS, BZS)AZSBZS (Ur(BlS)BlS> ’
100 100
and
Tlg,1
Iy = >
Tlg,my

with

Tigi, ~ N0, (05)?), i1 =1,...,m1.

2. For sensors that are faulty, the response values within the time intervals [Thl I Tg lF:| are

obtained similarly to those in step 1, but using the parameters Cj, u:(Ciy.), Dy, ur(Dyy ),
covy(Crp, D), My, and u,(My,), lp=1,...,np .

3. Determine the times t2;,, i2 = 1,...,m2, at which the sensor response values are to be
evaluated.
4. Evaluate the sensor response values vg 4 ;, corresponding to the times t9;,, 712 = 1,...,ma2,

by applying linear interpolation to the sensor responses vy i, ;; corresponding to the times
t17i17 11 = 1, e, Mmy.
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5. The sensor response values vg g ;,, %2 = 1,...,mg, are then quantized according to the
values of ng and s (if present) to give values

1727@71'2, ig = 1, e, Mo,
If no values have been provided for ng and s, then

V2lg,in = V2,0g,in> 12 = 1,...,ma.

6. For sensors that have missing data, the proportions pyr g, 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\l/l,lM?TI\Q/I,lM} have their values set to NaN, lpy = 1,..., nu.

5 Measurand estimates and associated uncertainties

Let g4 be the smallest integer satisfying
Qs > foLig.

The array Yo of measurand estimates is given by

Y2,11 -+ Y2ng,l
Yo=| . :
Y2,1,me -+ Y2ngmo
where
NaN, 1 <12 < q,
Y2,ls,iz = { UQJ&ZEZS_AIS, qis +1 <19 <meo.

The array Us of standard uncertainties associated with the measurand estimates is given by

w(y211) -0 u(Yang1)
Uz = E : ,
(Y2 1my) - U (Y2ngms)
where
u (Y2,4,5,) = NaN, 1 <y < g,
and

2 2 2 2
1 ur(Ajg) A ) Y2,lsi (Ur(Bl ) B )
2 ) — - s/4s stz s/ Pls
u (y2,ls,lz) (Bls> ( 100 T Bls 100 +

Y2 (0)\% 2
2 ,ls,ig C I‘(Alsa Bl )Al Bl > ;)*l .
( ( ls) ) ( 100 Bl 9 QZS 19 meo




