LKC
TK
301
.R6
1984
c.2

/
. 4
ey e e

WORKING PAPER

Meters
on the Roof

A Statistical Examination
of the Project Results

CONSUMER AND
CORPORATE AFFAIRS CANADA

LEGAL METROLOGY BRANCH

Canadi




T
'

T2\

&,@m

"‘%
>

“t

METERS ON THE ROOF

. A Statistical Examination of the Project Results

M. Roma;nowski\ :
and .‘

E. Green

Legal 'M_etro‘logy Branch.

Consumer and Corporate Affairs Canada

" .The. analysis and conclusions of this study do not necessarily reflect
‘those ‘of the department :




C)Ministéf of Supply and Services Canada 1984
Cat. No. RG 23-80/1984E

ISBN 0-662-13336~6

Version frangaise disponible

.



ACKNOWLEDGEMENTS

The authors express their ératitude to R.G. Knapp,
Director; for his continual support and encouragement
durihg the wvarious phaées of the preparation of this

memorandum.

They also thank Lexica Inc. for its help in the typing

of the English and French versions of the manuscript.




TABLE - OF CONTENTS

Page

‘ IntrOduCtiOn.......'.....-.---oc.co.‘--_,-......'...-.. 1

OQutline of the Projeét...;...,.,............Q..... 5
oL . : |
Outline of the Analysis of Variance.......echveens 9

‘NumeriéaiHCalculations...f.......,..........r..... 15

 Other Statistical InvestigationS.s.eveesessessenss 19

) Appéndix'I ‘
Tables I~B £0 VIIIeuoeueernsenoasnneransnsasanassns 25

. Appendix IT

Disk Errors in the Project.....ccecavererianecnnans 37



. m’j.)._
. "

i,

Imnonncnon

To understand the reasons why theAeXperimental'project.analyzed in ‘this

raport_was,ﬁndertaken; it is useful to highlight the events that led to the

project and to review the‘Legal Metrology Branch's policles during the early

1960's regarding meter verificatioﬁ, sealing, and reverification.

The Electrlcity Inspection Act spec1fied that, before being put into
servica, all measuring .devices used ‘for revenue purposes be vefifiéd for
accuracy agalnst regulated limits of error and then sealed by a government

inSpector_to»prevent tampering. The common household meter is such a device.

Bééause,ﬁo meter aan be expected tdiremain accurate indefinitely, the
Act also spécified'that each meter be "reverified"‘aﬁ prescribed intervals. A
verification seal period of. six years'was driginally prescribéd by regulation
for all electr1c1ty meters, but this was subsequently extended to eight years
for domestic meters. - Consequently, until the early 1960's. it was common
practice fdr utilities ‘to;‘reﬁove_ from service all those meters that had
reached the'end‘of the seal period, routinely inspect and service them in a

meter shop and then have a government inspector reverify and reseal them.

Technological developments in the design and constructon of meters --—

particularly the advent of magnetic suspension"metérs'——' led both utilities

_and manufacturers to demand that seal periods be extended. The rationale for

this request was that better quality metérs would maintain aCCuracy within

prescrlbed tolerances over longer periods of time.

During the same period, the Legal Metrology Branch was in the process of

introducing and refining statistical sampling plans for meter verification and

feverificatibn. -Several staff members decided to carry out a number of long-

ad



range experiments that would test the -validity of the verificétion solutions
being adopted and also help establish Branch policies regarding the metrology
aspects of domestic watt hour meters. In addition, the generélized use of
magnetic suspension meters was encouraged by the notion that an appropriately
constructed meter could be placed either indoors or outside with no signifi-
cant difference in performance over time. . Branch staff felt that this
concept, however reasonable and attractive,-shpﬁld be tested experimentally in
a natural environment over a number of consecutive years.' Tﬁué was born the

"Meters on the Roof" project of 1968.

‘ A total of 144 meters, 36 meters from each of the then four manufac-
turers were installed on specially constructed racks on the roof of the Legal
Metrology Branch Building. Each meter was calibrated and adjusted as ﬁear as
was practicable to zero error at 2.5 and 25 amperes current before installa-
tion for the test program. In 1970, an analysis of the first full year's
Quarterly observations indicated that the findings were inconclusive because
each of the three tiers of meters had been Enefgized from a_sepérate phase of
a three—phase-system.‘ It was therefore decided to test‘ail meter in éeries
and on single phase. Three calibrated "monitor” meters located inside the
building were also placed'on the same phase. These meters registered what ﬁas
deemed to be, for statistical calculations, the "true" number of watt hours

consumed by the test meters on the roof.

Following this modification, observations taken quarterly during 1971
were analyzed and described in a Technical Memorandum published in 1975.
Quarterly recordings of registration errors continued uninterrupted until
October 1979, when the.project was terminated. Direct meter readings taken
during the months of May and October over the eight-year period. (a vtotal

sample of 2252) were later converted to the more convenient percentage form.

In 1982 the Branch decided to undertake a statistical analysis of

variance with respect to the criteria "manufacturer” and'"orientatibn".




The reader, upon examining the results of this analysis of variance,.

will note the amount and variety of information that the authors have been

able to extract from the expefimental data. It was possible to break down the

2252 observations into clear—éut_subsamples according to precise criteria. It

was possible to consider, for instance, observations made on all meters from a

particular manufacturer, or observations made on all meters facing north, or

observations made during warm seasons. Consequently, the sample was well
suited to both an analysis of variance and to a study of the "theory of

mixtures" -- one of the major fields.of research of the authors of this report

(see Note, p. 22),.

In>concldsion, it éan’be-considered a 1uckyA¢oincidence that while the
analysis of va?ianceAwaS‘being adapted;to the "Meters on the Roof" project,
~the theory of mixtufes-waS'studied and developed, totally independently, at
the National Research Counciifs Division of Physiés.‘ The final juncture of
these two domains of statistics, and the resulting success, demonstrates the

- benefit that two institutions-ban gain>throqgh cooperation and mutual assis~ '

tance.

The Legal Metrology Branch is indebted to Mr. E. Green of the Division
of Physics at NRC, and in particular to Mr. M. Romanowski, consultant to the

Branch.

.Richard G. Knapp
Director

Legal Metrology






1. | OUTLINE OF THE PROJECT

A brief history describing the original objedtives and experimental

arrangements is contained in the "Introduction” prepared by Richard G. Knapp,

Director, tegai.Metrology Branch. -

From a pureiy'Statistical point of view, each year of the éight—year
long experiment is represented by - four samples qf'TRE CIotal Regiétnation
Errors)} each sample is constituted by the fecordings performed on the
totaiity of 144 meters under test. Fach of four manufacturers j(Genefal
Electric, Ferranti-Packard, Westinéhouse, Sangamo) is, represented by a group
of 36 nominally identical meteré, each group Being divided into four equal
"eells”. A cell (9 meters) is thus the smallest set of metersAwhére:any two

meters can be interchanged without affecting the analysis.

The recordings were performed four times a yéar: in February, May,
Auguét and November. If4none of the meters had been eliminated, this would

have led to a total of 4608 TRE. 1In reality; this population was somewhat

~ reduced as the iﬁitial number of:144 decreased gradually iﬁ the course of the

years to 136.

Each "fecordingf operation, i.e., the reading of all meters represents
for the team of two of the Elecfrical Laborétofy staff members 2 or 3 days of

work. The reduction of these reéordihgs,_i.e., the\ekpreééing of them as

"percentage errors” is time-consuming work. Because of the shortage of man—

power (technical ahd clerical)iinitially'on1y~the-recordihgs made in November

could be reduced. The analysis of varianée was thus applied to the yearly

results of eight consecutive years (November to November); and the number of

the year, e.g., 1972, indicétes’the TRE (in % form) relatedAto the period
extendiﬁg from November 1971 to November 1972., Table IA.
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After some calculations had been carried out, it,became-obvious that for
statistical investigations other than the analysis of variance, larger samples
would be more apprOpriate; The decision was then taken to reduce also the
recordings of-tﬁe_obsefvations made in May. . The calculations presented in
SéctiOn 4 are performed oﬁisamples that, by a.genefal consensus, can be termed
“large": ‘their sizes are of the order of two thousand elements. ' The conclu-
sions drawn from samples of such sizes are considered as sufficiently reliable
to lead to practical conclusions. Before applying the methods -of statistical
analysis let us first examine the nature of several general questions which
may be asked and to which the analysis that f§116ws may propose moré or less

complete answers.

a) General consistency and reliability of the‘_instruﬁents when
they.are-used.undef special_coﬁditions and, by extension, -the
likelihood - that . fhey will Behavel similarly when placed in -
conditions in which fhey are usea in practice. It is obviously -
‘of consideréble':importance,' for the manufacturer, for the
official métrolbgical institutions and, of course, for the
coﬁsumer of'electfical“energy to determine:whét kind “of atmos-='-
pheric-bonditions inflhenCe‘the-functioning of a“meter.\ Is it
possibie to fofeseé.wﬁetﬁér~thé location of a meter on a house’
or factory cén influence the amount of money a custémer has to
pay? Does the metef located on a sunny side of a house favour
the producer or the user of elec#riéal'pbwer?

b) Influence of the criterion of classification "manufacturer”.*l

Aithough all meters are assumed to be "identically constructed”

it is obvious that each manufactﬁrer is "likely to introduce

some small specific factors the presence - of ﬁhich may not be"
directly perceptible But may be névertheless evidenced statis-

ticaily.

*1 In statistics, terms such as "manufacturer”, "direction“;
‘etc., designate "criteria" according to which a sample can be
classified. ’ : :




¢) Influence of the criterion "geographical directionf. This is
. actually one of the major reasons why the experiment has been .
-undertaken. It is impossible to assert a priori that a meter
'facing South will register electricitj_in the same manner and
with the same accuracy as a meter faeing North. Orientation
may act not only through- temperaturel but also through such

factors as wind, humidity, etc.

dj Influence of ‘the criterion "season”. This poses problems which
are, from the standpoint of statistical calculations, identical
I_to those of "direction”.

. The information supplied through the analysis of .. these problems is
equally important by its implicatlons of scientiflc technical and economic

nature.

vThelmathematical method ose&'to'compare the behaviour of the meters by
“taking into account a. certain criterion of classification is that of analys1s
of variancep. The principles of this powerful statistical tool have been
estahlished by R.A. Fisher andvare, in general, presented in all_text books on

statistics., -

For the convenience of the Reader however the fundamentals of the
analysis of variance, as they are used in this report are briefly outlined in

the following section.




.

2. OUTLINE OF THE ANALYSIS OF VARIANCE

In this report (as in all previous works on similar matters) the symbol
Y (capital letter with appropropriate subscripts) designates the so-called
'Total Registratlon Error” (TRE) calculated on the yearly basis, i. e.; from
November to November.‘ A number such as .Yk ‘ranging from 1 to 144 is."the
"percentage” by which the registration of the kth meter differs from that of
the monitors.*2 If, for instance, Yjq = -0.23, this means “that the’ meter of

rank 10 registers (after twelve months of being energized) an amount of

~electricity which is 0.23% smaller than that registered by the monitors*. The

latter is sometimes, but not very correctly called- true" registration, in

kWh.

. To make this report more easily accessible to non-statisticlans, only

the analysis of - varience with one single criterion will be used: the 144

meters will be- divided into four classes either according to the criterion
"manufacturer” or according to the criterlon "direction". . At the beginning of
the experlment (1972) all classes were - exactly of the same size (36 meters)

As it has been mentioned above, the initial sizes were not rlgorously main-
tained because in the. course of_ the years some meters were, for wvarilous

reasons, eliminated but.not replaced.

%2 Monitors are the reference standards located in the laboratory
(not outdoors). They form the base for the evaluatlon of the
registration of the meters under test. -
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If a sample of N elements Yi (k = 1, 2, ... N) is considered in its

unclassified form, the mean is given by the formula

e~ Z L] ' LI
Y N o Yi _ (L)
An important and basic relation in all the calculations that follow is the

expression of the sum of squares of the deviations of sample elements from any

number A in terms of the sum of squares of the deviations from the'saﬁple mean
Y: - |

LY - A2 = F(y - D2 + 8T - a)2. o | <+ o(22)
For A= 0, this reduces to

o o, s , , |
ﬁYk = ﬁ(Yk Y)< + NY=Z. : - o+ +(2b)

If the  sample is distributed into "classes", these classes will be
denoted'by the subscript i, the total numbér of elements in the ith ¢1ass will
be. denoted by the symbol nj. The rank in the class will be indicated by the
subscript j so that j 5‘1, 2, 3,'... nj. An element will therefore have two
subscripts, e.g., i . '

i

3 With: i

1, 2, ¢vsh (i.e. h classes; here h = 4)
i=1, 2, «..ny (n; elements in the'ith-class)

The ith class constitutes in itself an unclassified sample of =y
elements so that it is possible to apply to it the relation (1) in which a)
the subscript k is repléced‘by the subscript j that takes on all values from

j=1¢to j=mn4, and b) Y is replaced by the class mean.?i which is equal to

Y=< I¥pqe . | RN E))

¥}
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This gives
: %%(Y ' A)Z'. ﬁf(y )2 ; (% .A)Z
PP = PR A s . — .
=1t j=1 i3 =% o1 %L_ ot

If in this relation A is made equal to the general meanf§, then

"ni S " on.

jji(Yij -Y)2 =j3i(Yij - ?i)z + (Y - D20 ceo(B)

 Finally, the summation with respect.to all h classes leads to the. fundamental

-formula of decomposition of the sum of squares::

h ny h' ny ‘ ) h .
T I (Y Y) % (Yes = Yi)2 4+ 0 (Y - Y)4ng. o i (5)
1=1J=1 1] 1—1J=1 S Rt i

A partlcularly important feature of this expression is that a close
inspection of its three terms reveals that each of them (provided we take into
account the appropriate number of degrees of freedom) can lead to an estimate
of the variance of the sample. For the calculation of an estimate, the term
must be divided by its own spec1f1c number of degrees of freedomn. The
estimates are all unbiased, i.e., they all converge to the same value if the

sample size grows to infinity.
The expressions for the estimates are‘presented below. The symbols for

the estimates of variances are s2 '2 s"2 and the correspondlng degrees of

freedom are denoted by v, V', V' , respectlvely.'

23 v=nN-l. | | ee(6a)

2]
N

i
L~
()

[N

—

<
~

s'z

H
™
N
<
e
.
!
<
N
N

Vo= NeH, | g o ...(6b)
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‘u 1 kTS . " | . )
§"2 = F—Ti.“i(Yi - Y)Z-; v h-1. ee(6C)
J

The foundation of the analysis of variance can now be outlined as
follows. If the universe of elements (i.e;, a very large number of observa- o
tions) from which a sample of 144 elements was dfawn was homogeneous then any
classification according to ény external formal criterion would not introduce
any statistical bias ahdyfﬁelthree estimates of the Vériance would not be
significantly different from each other. If, however, the 'éstimat'esvs'2 and
s"2 are significantly different, then this difference.pointé to the existence
of a systematic reason, l.e.,, to a real "cause of variation"” (term adopted by
statisticiaﬁs). -Thoéé‘ causes which disturb the value of s'2 are termed

"causes of variation within classes”, for instance variations within the

criterion of classification “manufacturer”. The causes affecting s"2 are

termed "causes of variation between class means”.

“ In mathematicél statistics, the most coﬁmonly used ratlo of varilances 1is
‘s‘z/s"z or its inverse. It 1s designated by the. symbol 'F, to honour
R.A. Fishef who created and fully devéloped the analysls of variance. The
definition of F is therefore the folldwing:

. _ 2
if s'2 > s"2, then F = 5—5’

; . . ) S"

\ ' :

: ' w2 - : ' o o(7)
if S'2'< s"z, then F = s pe

§ In most of the text boéks on statistics the F tables are presented in an
1 abridged form. ‘A more complete form may be’ found in CRC-Standard Math
| Tables. In the present case, .there are h = 4 classes, hence vy = 4-1 = 3; the
"value of vy isv 9 = N-4 = 144-4 = 140, 1In the T table, for vy = 3, vy = 140,

there- are two values of F: an ubper value sb—called "5% 'point"” which is

smaller than the lower value termed "1% point“ (often printed in bold-face
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type). With respect to these "points"”, here equal to 2,4fand 3.4 respec-

tively, the numberical values of F can be

a) below the 5% point,
b) above the 1% point,

c) between these two points. -

Suppose that the hypothesis that is tested is that the variances s'2_and g"2
correspond to samples - that are drawn from a completely honogeneous,vnormally
distributed (or near-normally distributed) universe. ' The upper value a) is
that value which in repeated sampllng would be exceeded with a probability
equal to 0.05 (i.e., 5%). The lower value b) would be, on the other hand,
exceeded with a probability of O. 01 (1.e., 1%). If the value of F is below
the "5% point" ‘then this value can be considered as not significant and this
would be favourable to the formulated hypothesis, i.e., to assuming the

homogeneity of the universe.

This section can be sumnarized'colloquially as follows:lif the sample is
classified according to-,the criterion ."manufacturer" ‘and 1f such a
classification has:no systematic_effect‘(or,'what is the same, the meters of
one manufacturer are.not distinguishable from those of other manufacturers)
the variances s'2 are s"2 are likely to bebclose to each other. A similar
statement can be made concerning the criterion direction. If" F is large,
i.e., if s'2 is acutually very: different from s"2 then the criterion has a

significant.effect on the behaviour of the meters. As it has been said above,

the convenient pointS‘are those which are-termed 5% point*and 1% point. The .

values that are located between these points cannot be securely assessed and

may require some other investigations.

It must be finally and strongly.emphasized, as the conclusion of this
theoretical outline of the principles of the analysis of variance, that this
method, however powerful (forltesting the likelihood of an assumption) does

not -suggest for what real _ reason _thef hypothesis should be accepted or
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3. ‘ . NUMERICAL CALCULATIONS

The form of equations (6) is not very well adapted. to  numerical
-calcuiétions. To illustrate how these calculations should be berformed, the
results of the observatidps made in November 1972 will be treatéd in detail.
The principal steps of the calculations are also reproduced, in a more
condensed form, in the "outputs” of fhe cbmputer; the meéning of the symbols
used being everywhere the same. The>calqu1ations of all other years are then

presented only under the form of the-cdmputér "outputs”. Appendix I.

The 1972 observations (TRE in % form) are diSplayéd in Table IA. They

are classified vertically according to the criterion "manufacturer”: General

Electric (GE), Ferranti-Packard (FP), Westinghouse (W), Sangamo (S). The same
table can also be used horizdntally, thé classification being made accordiﬁg
fq the criterion "direction™: South (5), East (E), Nbrth (N), West (W). The
calculations will be described for the vertical classification. Their

sequence is the following:

a) Class totals ti =7 Y.+ o This gives ty, tg, t3, t4- ‘ C...(8)

Grand total to .. to = tl + tz +. t3 + ta-
Squares: tlz, t22, t32, t42 and tdz = (tl + to + ty + t4)2

b) General "sum of squares" S:

144 5 4 36 ) 4 ‘ =1, 2, 3, 4 o
L= klek =i§1j£1 Yij 3 k 1.~2?....1 4 jo=1, 2...36 «es(9)
) Cléss méans squares.ui:‘ Ui =‘£lg-, Uy = ElE—, ceally = EAEn «..(10)
. _ : - o oony 36 ) 36

d) Total class mean square Mg ¢ Mo =;§“1'= Py oy ot ny +oug- oo (11)




EOE.—_—- (tq +t7+tq+t4)2

e) General mean square M : M =

N 144

The equation (6a) can be, in conformity with (2), put under the

ACTIER LI R R (oL
ij i3 G

_ ¢ »
=8 -0-=9g - M = [A] (output)

This is also valid for (6b) except that the symbol M must be replaced:

%E(Yij _.§i)2 =8 - 19 = [B] (outpqt),

Finally, the relation (6c).1eads to

0= D? = o = 1= (6] (outpuo)

The numerical values in the above relations are

p o= 471, o= 2.89, u3 = 2.49, w, = 25.23, yo = 35.32.

S = 58.23. M = 27.41.
[A] = 30.82, [B] = 22.91, [C] = 7.91.

Table of final formulae

... (12)

form -



- 17 -

According to the meahiné of‘F; this shows that the value of F is very
significant as, in the table, the:S%_point is equal to 2.4 (for vyp = 140,
v2 = 3). This is interpreted as being strongly against the assumption that

‘the sample is homogenous with respect to manufacturers.

. . The above calculations:® arefﬁaiso_ summarized in the wupper half of
Table IB. The‘iower~ha1f shows tﬁe'resﬁlts'bf'phe‘calculetions concerhing the
eriterion "direction". Here, F =~i;56 Which, wiﬁh*respect to 1% point (3.4)
is very .small. "Hence, the assumption that the sample is 'homogeneeus with
respect to the geographical orientétion of the meters is very likely to be

correct.

The examination of all eight tables. (I to VIII) confirms the conclusion

‘yielded b&‘the'yearA1972,’ The Reader:is nonjustified to asklwheﬁher similar
conclusions could be reached lby our ‘examining _directly the numerical data

presented in the tables. :Coheider: the values' of ° class totals

b(i=1, 2, 3, 4). o

N _ .
| u | £ ‘Jf R
9,46
"18.35"

110.20
14.09

13.02
13.62

I‘{an.uf o
‘Direct.:

30.14
16.76

- }; The total "Manuf. t, = 30.14" is very different from other totals on the
same horizontal line but no such remark can be made concernlng the second line
" (Direct.). = Thus by classifying meﬁers accdrding to the criterion

;‘i - "manufacturer”. we form a group of 36 meters (with t, = 30.14) which is
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substantially different from the other three anaiogous groups. On the other
hand, the classification according to directions produces four groups that are

very similar to each other (second line in the table above)

A few conclusions of a general nature which result from the analysis of
variance are joined to those which will result from the analysis performed in

the next section.

.
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4. . © ' OTHER STATISTICAL INVESTIGATIONS

In the "analysis of variance” a sample is represented by its mean and
variance. ' No attention is paid to its actual internal frequency
distribution. However, it is necessary to'check that this distribution is not
too far from normality (bell—shaped) as the establishment of Fisher' s. Tables
is founded on. the postulate that the distribution of the universe is normal or
close to normal. The Reader can easily check that such 1is the .case by
examining the data:presented in the computer "outputs" (Tables I and'VIII)°
In the present section, the-internal'structure of the samples. will play an
important role, particularly in relation with the structure of the mixtures of

partlal subsamples into which the total populations can be subdivided.

Before performing this analysis, let us first emphas1ze that a sample of
144 elements is actually rather a “small" sample., - If it is subdivided into
parts,:thesehparts are so small that statistical‘calculations can lead only to
unreliable conclusionss In order, to operate on larger samples, all

observations made during the eight consecutive years were lumped into one

single sample. In addltion, it was decided to recalculate all TRE anew but on

a 31x—month basis. This has led to a total population of 2252 elements which

because of eliminations, is a little smaller than the theoretical maximum of

2 x 144 x 8 = 2304. The loss of 52 TRE is due‘to the elimination of 7 meters

(indicated by asterisks in the outputs). The total population conslsts

therefore of:

a) Blght "May Tables" (analogous to Table IA) containing

1128 TRE calculated for s1x—month periods, November to May,
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b) IEight “November Tables™ containing 1124 "TRE calculated for

six-month periods, May to November.

The errors recorded in May belong to the ﬁeriod that contains winter
months so that this period is called "cold season” and is designated by the
subscript "c”. The-périqd extending from May to November contains summer
months ‘and is called "warm season” (subscript "w”). The individuai values of
the 2252 TRE are not given in the presentl memo; however, they figure in
classified form in both Fig._lrand.Fig. 2: in Fig. 1 the total (2252) is
considered as a "mixture” of two subsamples, subsample "cold season” and sub-
sample "warm season”; in Fig. 2 the .total -is a mixture of two subsamples,
"cold direction” and “"warm direction”. ‘The statistics'of the subdivision into
"seasons” are the following:. a '

Cold season (Nov-May): N 1128, m

. = c = 0.57, st. dev. s, = 0.52
Warm season (May~Nov): N, = 1124, m = 0.22 " " sy, = 0.59
Total: N, = 2252, m, = 0.39, " " sy = 0.58

Before drawing conclusions from . Fig. 1 and 2 it is necessary to mention
again, the 1mportant fact that, in the course of the eight-year long experi-
ment, seven meters have been eliminated for malfunctioning. The.mannep in
which the registfations have been recofded (the control is not continuous)
does not provide a better insight on_thé manner in which mal functionings have
actuaily started to appear. In about half of the cases, the meter was found
to have simply stopped (and remained stopped for the rest of the experiment).
In other cases, the peading was found to be totally erroneous. Only an
experienced manufacturer and an expert in electrical measurements can judge
the quality of the metérs that were tested injthe manner described in this
memor andum, If the cases of malfunctioning are considered as not signifi-
cantly numerous, one can say that the meters have been working satisfac-
torily. A meter seems to be, within the'accepted.tolerance limits, a reliable

instrument ‘in spite of the hard climate of the Ottawa region.
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Concernlng frequency dlstrlbution, it is possible to make the following
general remark. all five observed diagrams are reasonably regular, symmetric
and bell-shaped but four of them are not really well represented by Gaussian
eurves. They are leptokurtic with different degrees of leptokurtosis.*3 In
the modern statistical theory of errors the presence of leptekurtosis is
simply treated as an additional -characteristic of a sample without any

specific meaning so far as the Quality of observations is concerned.

The general impression (as it may result from a superficial look)
produced by Fig. 1 is that of "disperion" while that produced by Fiz. 2 is
that of "cqmeactness".' «This‘suggests the idea that the criterion: "season”
influences the  behaviour of ﬁeters more strongly than the criterion
"direction”. A closer examination shows fhat’in both figures the means wifh
subseript w are close to 0 than the means with subscript '¢c: it seems Eherefore
that in warmer conditions (South and Summer) the‘registration errors have the
tendency to decrease while in colder conditions there is a tendency in the
opposite sense.  In addltlon, the means of the subsamples are farther apart in

Fig. 1 than in Fig. 2 and the dlfference in the former- is not negligible.
m, - m, = 0.35

As s, and s are both of the order of 0.55, the difference is of the
order of 0.6 standard deviation. ' This is not an insignificant difference.
This can be expressed colloquially as follows: it is to the advantage of the

consumer to‘place his meter on the Southern side of the building and to use

*3 An observed diagram of class frequencies is said to. be
leptokurtic (K. Pearson's term) if, in its central portion,
the observed class frequencies (represented by dots . in. both
"totals") are greater than the corresponding theoretical class
frequencies of the Gaussian curve that fits into the diagram.
In the curve representing the ‘total sample (2252 elements)
there are nine dots . that are above the Gaussian curve. This
central excess is compensated by the corresponding lowering of
. dots on both sides of the central part.
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the electricity mostly during the warm part of the year. However, his gain

would be only "probable" and would be only very slight!

Note

The sample of Total Registration Errors (TRE) analyzed
above 1is also used to illustrate the theory of "mixtures”,
© particularly when the components are of the modulated ndrmal-
type. The article on this subject is published in the
Bulletin Gdodésique, 53, No. 1, 1983, p. 62 and can be
obtainéd from the authors (MR or EG) at NRC, Division of:
Physics, Ottawa, Ontario; Canada K1A OR6.
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APPENDIX T

‘This appendix contains the tables of the observed data

and the computer "outputs” for each of the years

1972 - 1979. 1In these tables the observed data are

AArepreSented as in Table IA.

The - reader will notice that the numerical results,

-although somewhat different from year to year, lead to

the same conclusions as those presented at the end of

Section 2.




Date of Data is 1972 NOU
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22 .S V27 27 Totals squared
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.44 04 .56 i,6% Hu zero =
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TABLE " I-B

Criterion- MANUFACTURER

N= 144,00
h=4
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0,20 9. 46
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10489 .48
N~h= 140,00
h-1=3
Cri.erlon- DIRECTION
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h=4
EAST NORTH
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iv8.53 336.72
5,51 9,35
N-h= 140,00
h—1=3

it
e (n
25 s =" i1}

[

rob o
ofG &

WEST
i6.76
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Date of Data is 1973 NOV Date of Data is 1973 NOV TABLE 1
Criterion~ MANUFAUTURER
.48 .93 1,46 1,39 K
-, 09 64 .82 .87 8= 63,06 . = 144,00
.18 -.52 25 74 M= 33,64 . - h=4
5% . 88 .89 i.0¢ ’ T : '
,i4 .48 ! i.40 ’ . '
-.03 -, 37 ~.53 . 64 ‘Han vfacturer BE ! FP : W
. 36 53 66 93 Totals (1) 14,06 . . 15,37 i3.27
Ry - 1,07 ¥ 5 o 197, Co 236,24 ' 176,09
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4 ik 2% 1,04 Tt zero = 69 .60 N-fi= 140,00
, 36 .51 -.40 .72 1 zZero sque,= 484416 fi-i=3
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.72 43 -, 19 67 A = 29 .44
43 A2, 1.27- 74 B = 26,04
U,00 76 , 64 .80 E C = 3 .41
63 .56 -.03 .94 s’ square = iy i
73 -y -. 16 i.,12 827 square = i.14
V54 .04 .33 51 F o= 6,11
(v’ 3, v/s= ' i40.00>
.31 .35 41 .53
i 1.14 -, 04 , 56 )
04 1.09 67 i.04 o
, 65 .56 L U3 52 ’ Criterion- DIRECTION
78 P4 .60 .73 ’ .
W 7 43 -, 07 27 8="63.,06 N= 144,00
V70 79 97 1,01 M= 33,64 o h=4
59 .38 - .35 i.0F : ’
38 .35 V24 1.29
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23 159 35 , 39 ‘Totals squared 321.84 : . 327.97 414,94 3.73421
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47 19 .67 . 9S A = 29,42
V74 .43 -, 01 .38 B = 28.66
C = .76
s’ sguare = .20
s’’ square = 29
F = .81

(v’=3 v’i= i40.,00)
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i.03

-, d5
-. 08
.33

.88
63
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TABLE IO
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EAST
13.13
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.

o
Bl g
B0 Pl
Ui o
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.S6 73 i.09 .98 :
.51 .04 .50 1,24
e 23 :
128 .58 .32 i.32 Pirection SOUTH . fAsT NORTH WEST
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" APPENDIX II-

Ndfe on the correélation between the Total Registration
Errors (TRE) and the Disk Errors (DE) in the Project

"Meters on the Roof".

‘This note has been prepared in coéuthorship with B.

Fulspm,_'Head, Electfical- Laboratory and J. Samuel,

summer'studenﬁ.(1982). 
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. DISC BRRORS IN THE PROJECT
"METERS ON THE ROOF"

I. Introduction

The basic feature of " "Total Registration Errors"” (TRE) - is that they
require that the measurements be made at iong intervals, at least several
months. This implies the consumption of large quantities of electrical energy
and the maintenance, during 1ong“periods,fof appropriate circuitry and instal-
lations. One of the reasone'for such a situation is ‘that the mechanism of a
meter gives reliable readings oniy.when:relative1y>1arge'quantities of watt
hours are considered. NevertheleSs, for the nanufacturer and for the user who
consumes 1arge amounts of electrical energy, TRE are obviously of the greatest

importance and must be investigated.

In current practice, however, one of the routine operations is the
determination of the meter's error over a very short time e.g. only a few -
minutes. It is obvious that - such a determination cannot be ‘as’ reliable as
that of the total reglstratlon error but, for obylous reasouns, it must be per-—
formed.. When a user finds that a meter requires to be cheCked;'it is trans-
ferred to an appropriate lahoratory in which the so-called Disk Error (DE) is

determined.

The fundamental property of an induction type meter is that a tura of
its rotating disk corresponds to a constant'number of units of energy (joule -
or watt hour) This constant, denoted by the symbol- "Kh"A is - somewhat‘dis—
turbed by the conditions in which the measurement is -performed. - The determin—
ation. of the -TRE benefits from the averaging effect due to the - very large

number of turns which take place dur1ng long perlods of time.

Another important point that must be mentioned concerns the current used

for DE determinations. The influence of its intensity on Kh is not simple and
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in any case, is far from linear. In common practice, Kh 1is determined with
the current being equal to 2.5 A,and_ZS A. All manufacturers aim at producing
meters that possess prescribed values for disk constants and a meter is con-
sidered (by the manufacturér),aé écceptable for domestic -electrical instal-
lation if its Disk Error is not larger than 1%. 1In fact, such a limit is
narrower than the legal tolerance (2%) because the checking of new meters is
based on sampling procedures and not on the examination of every individual

instrument.

The reference for all DE is .an instrument called "Transfer standard”.

It generates pulses, the time between two consecutive pulses corresponding to’

a constant amount of electrical energy. It is used in the laboratory of Legal

Metrology to determine the. constant Kh of the "Reference Watt hour Standard”..

The constant Kh is adjusted so that one watt. hour corresponds to three revolu-
tions of the disk. 1In other words, Kh = 1/3 and legally a meter is .judged

acceptable if it is not in error by more than 2%.

II. Experimental Work and. Calculation of Correlations:

It is obvious that even on a high quality meter a linear relationship
between its TRE and DE will not be absolutely perfect. .In statistical
language we can however expect that these two kinds of errors will be,

although not "perfectly", but "very highly correlated”. 1In the course of the
eight-year long experiment already described, a certain number of determina-
tions of the Disk Errors have been also performed.. However,. for practical
reasons; the population of DE thus constituted could not be treated in its
entirety and only three separate "periods” could be calculated and stati$tic—
ally analysed. The first and the third periods extend over a year,Athe second
period extends over two consecutive years. . The DE for a period is the average
of the observations performed at the beginning, the middle and the end of the
period. This average is denoted by tﬁe symbol Xi‘so that, in .each period, to

a TRE Y; corresponds a Disk Error X;+. The tables of the X; afe not presented
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in this memorandum and the data concerning the periods are summarized as

follows:
N . ~ First period: 1 Nov 1971 to 11 Oct 1972, N'= 144 meters.
e | Second " : 15 Oct 1974 to 15 Oct 1976, N'= 139 meters.
= 138 meters.

A Third " : 12 Oct 1975.to 15 Oct 1979, N

The sequence of operations 1eading to the value of the "correlation

index" r can be presented as follows:

‘A) Calculation of means'§ and'fz

N _
b

- 1 N
= = . = X
YTy -1 1’ X X3

i-1

-

B) Calculation of the deviatiouns yi and x;:

yp =¥ o ¥ s o%g 5K - X

C) Caiculation of the variances sy2 and sxz:

D) Calculation of the covariance: -

i . ._ 1 k
‘ BRI

tz

x>."
1y1 ?

E) The corrélation‘indek r, as it results from these values, is:

NERTEET
Sny'
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F) The significance’of=the_qbtained numerical value of r is obtained by
referring this value to the correspond;ng Student's t-variate. Tle
relation between t and r is: ’

r

t = N - 2)
1—r2( )

A strong correlation Between y and X (as it is expected here) leads to
values of r that are close to unity; that in its turn leads to large values of
t. With, for instancé; r =.0.5 (N = 144), t = 6.9. This is a'verj large t

“and it indicates the existence of a Sﬁrong correlation.

The numerical values of various quantities mentioned . above -‘are, 1in

present analysis, given in the following table.

FIRST-PERIdD SECOND PERIOD THIRD fﬁkIOD-
(1972) ©(1976)
Wi = 0.170 o080 | o250
syz'; 0.215 0.185 C0.23%6
s = 0.464 | 0.430 . 0.486
s 2= 0.301 | 0.324 0.361
ey = 0.549 | 0.569 0.601
r= o0.667 | 0.736 0.855

It 1is to. be -néted that . all values: - of r are. lérgér :than 0.5. For
r = 0.667, t is larger than 10. The correlations between X and Y in all three
periods are therefore extremely strohg. The ‘overall ‘ébnclusion of the
experiment and of its statistical énalysis is that there is no reason to
invalidate the traditional use of the Disk Erfor test to check the correctness

of an ‘electrical meter.




If the c1rcumstances permlt (i e. if the ‘appropriate manpower becomes

tavallable) it may become poss1ble to - apply the. Analys1s of . Variance . directly

. - -to DlSk Errors. .. It w0uld be interesting to see how thlS analys1s agrees, in
T o its conclu51ons, with that of the Analy31s of Varlance applied to the Total

Az, Reglstratlon Errors (TRE)

|



LKC

TK 301 .R6 1984 c.2

Meters on the roof a statistical examinati
of the project results

DATE DUE

DATE DE RETOUR




