INTERNATIONAL
STANDARD

ISO

12745

Second edition
2008-10-01

Copper, lead and zinc ores'and

concentrates — Precision.and bias of

mass measurement techniques

Minerais et concentrés de cuivre; de plomb et de zinc — Jystesse et

erreurs systématiques des techniques de pesée

Reference number
ISO 12745:2008(E)

© SO 2008


https://standardsiso.com/api/?name=c13b737b31e34cbbb8eb4042839d1488

ISO 12745:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=c13b737b31e34cbbb8eb4042839d1488

Contents

L0 =TT o o
1 £ T o -
2 NoOrmative referencCes ..o ————
3 Terms and definitions........cccvciiiiinin s
4 General remMarks........ccocieiemiirri e e
4.1 Draft SUNVEYS .......ueriiiiiicccceerir s s sssmsnee e s s s s s ssnere e s e s sssssssnmnnneseessnsssnnmnennessesbatandenesenennnn
4.2 Belt SCAlES ....ueveiirr it s e
4.3 ATA"L=YTe ] 01 o T e [o 1= =3 s
44 g Lo 0] o =T =T o 11T S PR
4.5 GaNntry SCAIES ... S
4.6 Platform SCales ...
5 Certified WeIgNLtS ........ooiciei i e
6 Methods Of OPEration ... e e e mmnn e
6.1 L= 5 1= | i
6.2 Draft SUIVEYS .......ceriiriiirccceeerrrrnn e fadd e nn s s sssmnene e s s s s s s s ssmn e e s e e s s s s smn e e e e e eesa s snnmnnnanennns
6.3 Belt SCAIES ....veereiiere i e —————
6.4 ATA"L=YTe ] a1 o T e [o 1= o
6.5 [ oY o 01T =T o | L= S
6.6 GaNLIY SCAIES ..oooieeceries e enner e e e e s s s s smsr e e e e s s s s s s s s s e e e e e e s sas e smne e e e e eeaas s nnneneeeeesan e nnnnnennan
6.7 Platform SCales ....... i
Anngx A (informative) Tables .......ccciiiiiriiniir i
Annegx B (informative) StatistiCs ..o —————————
Anngx C (informative)’ Draft SUIVEYS ........cccciiiiiiniiiiir s
Annex D (informgdtive) Procedure for the testing of static scales .........cccccvvciciiiniiciicccinninnnd
BibliDGraphy . ..ccc it

ISO 12745:2008(E)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c13b737b31e34cbbb8eb4042839d1488

ISO 12745:2008(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has
been established has the right to be represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO_also take part in the work ISQ collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. [Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12745 was prepared by Technical Committee ISO/TC 183, Copper,“lead, zinc and nickel oreg and
concentrated.

This second| edition cancels and replaces the first edition (1ISO@2745:1996), which has been technjically
revised.
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Copper, lead and zinc ores and concentrates — Precision and
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The application of static scales requires that at least-ne certified weight with a mass of no less
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International Standard provides guidelines to test for bias over a wide range of ‘mass n
iques, to estimate the precision for each technique and to calculate the precision for we
ated by applying one of those techniques.

uidelines are based on the application of statistical tests to verify that a mass measuremen
sed, to estimate the variance as the most basic measure for its precision-and to check the
scale over its working range. Calibration methods and performance.tests for compliance w
btions generate test results that can be used to quantify precision and bias for each of
urement techniques and to verify linearity for static weighing devices.

final settlements between trading partners.

be either available on location or brought invfor calibration purposes, and that this certifi
Cable to the scale in accordance with the-manufacturer's recommendations. A set of cer
ing the entire working range of a weighing-device simplifies the process of verifying its state
ating its precision as a function of applied load and testing its linearity over the working rang

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ormative references

nces, only the edifion” cited applies. For undated references, the latest edition of th
ment (including arny,amendments) applies.

guidelines apply to mass measurement techniques used, to estimate the wet mass fof
hents of mineral concentrate as the basis for freight and«insurance charges and for prelimingry payments
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mass when

technique is
linearity of a
th applicable
these mass
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than one (1)
bd weight be
ified weights
of calibration,

a)

.

t. For dated
b referenced

ISO 3534-1:2006, ‘Statistics — Vocabulary and symbols — Part 1: General statistical terms and ferms used in
probability

ISO 3534-2:2006, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO 5725-14-1994; Abbulaby (fl trerness-ard 15U c'bfaiuu) of-meastrement methods—andresufts—Fart 1. General

principle and definitions

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE 1

In authoritative textbooks on applied statistics the use of the sigma squared (c2) symbol is restricted to

unknown population variances for which a measurement procedure gives an estimate only. By contrast, the symbol s2
applies to variances of samples, and thus to finite sets of measurements. Standard methods on sampling of bulk materials
often apply sigma-symbols (2 or &) indiscriminately.

©I1SO
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NOTE 2 Following are definitions for the most relevant concepts and terms in mass measurement technology. They
are presented to clarify the difference between this standard method, which quantifies the risk of losing and the probability
of gaining in commercial transactions, and other methods that deal with mass measurement techniques from the
perspective of regulatory agencies.

31
accuracy
generic term that implies closeness of agreement between an observed mass and its unknown true value

NOTE Accuracy is an abstract concept that cannot be quantified, but a lack of accuracy can be measured and
quantified in terms of a bias or systematic error.

3.2
bias
difference bdtween the expectation of the test result and an accepted reference value

NOTE THis definition is only valid if the accepted reference value is known with absolute certainty, (International Units
of Mass and Uength). Given that most accepted reference values are known within finite confidencelimits, the diffdrence
between the gxpectation of a test result and an accepted reference value is only a bias if the expectation of the test|result
falls outside tHe confidence limits of an accepted reference value. 1)

3.3

belt scale
mass measurement device that continuously integrates and records as a cumulative mass, the load on a belt
while it passg¢s the suspended scale section in a conveyor belt

NOTE Belt scales are continuous mass measurement devices that are»calibrated by applying a load such as a
calibrated chdin on the belt above the scale section (dynamic), or a certified weight suspended from the scale’s [frame
(static), for a|specified integration period, or by measuring with the belt scale a quantity of material whose mass is
measured with a static scale (material-run method).

3.4
bias detectipn limit
BDL
measure for[the power or sensitivity of Student’s\s-test to detect a bias or systematic error between applied
and observed loads

3.5
coefficient gf variation
cv
measure for fandom variations in-a‘mass measurement technique, numerically equal to the standard devjation
as a percentage of the observedmass

3.6
confidence [nterval
Cl
interval withip whichta predetermined percentage of the differences between all possible measurements and
their mean is expected to cluster

3.7

confidence range

CR

range within which a predetermined percentage of all possible measurements is expected to cluster

NOTE In science and engineering 95 % confidence intervals and ranges are most frequently used.

1) For example, the mass of the lot is generally determined once only so that the measured value is not the expectation
of the test result. In this International Standard a bias is the statistically significant difference between independent
estimates of the wet mass of the lot (loading versus discharge, static versus dynamic scales) and mass measurements
should be traceable to National Prototype Kilograms, and thus to the International Unit of Mass, through the shortest
possible calibration hierarchy.
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3.8

correlation coefficient

,

measure for the degree of association or interdependence between a set of certified weights and observed
loads

3.9

draft survey

mass measurement technique that is based on converting the difference between a vessel's displacement
under different loads into a mass on the basis of its draft tables while taking into account the density and
temperature of water and ballast, and changes in ballast and supplies

NOTH Draft surveys are based on Archimedes'’s Principle which states that a floating body displac¢es|its own mass.
The wet mass of a cargo or shipment can be measured by converting changes in draft, trim, ballast’and consumable
supplies into mass on the basis of the vessel’s draft table.

3.10
precision

genetic term for the cumulative effect of random variations in a mass measurement technique
NOTEH Precision is a generic qualifier, e.g. “a high degree of precision”, “the precision is poor or low” o “the precision
charafteristics are excellent”, are valid statements albeit without quantitative implications.

3.11
probpble bias range
PBR
limits| within which a measured bias is expected to fall at predetermined probabilities, either forja type | risk
only or for type | and Il risks

3.12
relative standard deviation
Sr
meagure for random variations in a mass measurement technique, numerically equal to the standard deviation
divided by the observed mass

3.13
stanglard deviation
N
meagure for random variations'in a mass measurement technique, numerically equal to the square root of the
variapce

3.14
stati¢ scale
masg measurément device that converts into a mass a static load on a weighbridge or on a platfprm, inside a
hoppkr or suspended from a gantry scale

NOTH Static scales are batch mass measurement devices that are calibrated either with a single cerfified weight or
with a sef, and less frequently with a calibrated hydraulic press. Stafic scales may have automatic zero adjustment so that
the sum of the differences between tare and gross loads can be used to generate a cumulative mass. Dual hopper scales
allow a virtually continuous mass flow during loading and discharge operations without sacrificing the accuracy and
precision characteristics of the static scale.

3.15

Student’s r-value

t

ratio between the difference for the means for sets of applied and observed loads and the standard deviation
for the mean difference

© 1SO 2008 — All rights reserved 3
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3.16
type I risk
a

risk of rejecting the hypothesis that the means for sets of applied and observed loads are compatible when
their mean difference is, in fact, statistically identical to zero

3.17
type Il risk

B

risk of accepting the hypothesis that the means for sets of applied and observed loads are compatible when
their mean difference is, in fact, statistically different from zero

3.18
variance

§2

measure for
deviations fr|
minus 1 (divi

NOTE In

to the variancg.

4 Gener

International
techniques i

random variations in a mass measurement technique, numerically equal to the{sum of sq
bm the mean for a set of measurements divided by the number of measurements in th
Hed by the degrees of freedom)

textbooks on applied statistics the term “mean squared deviation from the mean’ is often used in refg

hl remarks

and national handbooks on weighing devices define uncertainties in mass measure
h different ways. In some handbooks the use of(the term “error’ is restricted to a bi

systematic ¢rror while others refer to “maximum permissible risks”, which appears synonymous

“tolerances’,

Unless “max
intervals, ne
measuremer

as a measure for random variations in a mass_Measurement technique.

imum permissible errors” or “tolerances* are, by definition, equal to 95 % or 99 % config
ther can be converted into a variance as the most basic measure for the precision
t process. However, an unbiased“estimate for the variance of the wet mass of a car

shipment of mineral concentrate is required before the precision for its dry mass and the masses of cont

metals can b
risk that trad

Annex D pro

e calculated and reported in tetms of 95 % confidence intervals and ranges as a measure fi
ng partners encounter.

ides information for a(step-by-step procedure for the testing of static scales.

4.1 Draft

urveys

The difference between’a vessel's displacements, either before and after loading or before and
discharge, is| converted,into a wet mass on the basis of its draft table. Corrections are applied for chang
ballast and cpbnsumables such as fuel, potable water and supplies. Average densities of water, in ballast

and in proxi

ity to'the vessel during draft surveys, are measured and taken into account when convert

hared
e set

rence

ment
AS or
with

ence
of a
jo or
hined
br the

after
es in
fanks
ing a

difference bgtween the vessel's displacements under different load conditions into a mass.

External factors, such as wind velocity and stratified salinity, limit the precision of draft surveys. Deformation of
vessels, while in a partially loaded condition, adds another element of uncertainty that may translate into a
bias. Displacement surveys for single cargo spaces are invariably less precise than displacement surveys for
full cargoes. The highest degree of precision can be obtained when a vessel is surveyed at loading in a light
(without ballast) and completely loaded condition, or at discharge in a completely loaded and light (without
ballast) condition.

Moisture migration during the voyage would cause discrepancies between surveys at loading and discharge if
drained water were removed with the bilge pumps. In such cases the wet mass measured at discharge may
well be significantly lower than the wet mass at loading but the dry masses at loading and discharge are
expected to be compatible. Oxidation often causes a small increase in mass that is difficult to estimate due to
the highly variable degree of precision for draft surveys.
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Generally, precision estimates in terms of coefficients of variation range from a low of 0,5 % to a high of 2,5 %.
The lowest coefficients of variation were observed by comparing draft surveys at loading and discharge. If the
marine surveyor at discharge has knowledge of the vessel’s bill of lading (B/L), the draft surveys at the ports
of discharge and loading are no longer statistically independent [1].

Draft surveys at loading are based on consensus between an officer of the vessel, a marine surveyor
representing the shipper, and sometimes a marine surveyor representing the buyer. Under such conditions
the precision of the draft surveys at loading cannot possibly be estimated. Only in the case that two or more
qualified marine surveyors each complete their own draft surveys for the vessel, at the same time but

independently, can the precision of this mass measurement technique be estimated in an unbiased manner.

The pre G&ra HHey-Cai-arS61eE€ FRatEa RE-Wettia o=a€atrgoo Hpeh measured with
a stafic scale with known precision characteristics, provided that it be located in close proximity,fto the vessel
to erfsure that loss of moisture and mechanical loss do not cause a bias. Unlike linearity-fof static mass
meagurement devices linearity for draft surveys cannot be defined in a meaningful. mannef due to the
differences in the deformation of vessels over a wide range of loading conditions.

Annex C provides an example of a displacement calculation for a draft survey.

4.2 |Belt scales

A belt scale is a continuous (dynamic) mass measurement device that integrates the variabje load on a
suspénded belt section over long periods of time. Precision and. hias for belt scales depend ¢n numerous

facto
chain
scale
relati

A be
preci
bene
the ¢
anon
mech

A pre
optin
and 1
moni

's not the least of which is the environment in which they.operate. A belt scale can be cali
that is trailed on the belt over the scale’s mechanism with a static weight that is suspen
's frame, or with a quantity of material whose wet mass is measured with a static scale
ely short time basis, the material-run test is the magst'réliable calibration procedure for dyna

t scale in series with a hopper scale integrated in a conveyor belt system can be calibn
sion estimated, by comparing paired wet masses (static versus dynamic). Many applic
fit from a pair of belt scales in series. Particles that become wedged between the conveyo

alous differences permits corrective~action to be taken. Removal of spillage from a
anism at regular intervals reduces'drift, and thus the probability of a bias occurring.

cision of 0,4 % in terms of/aycoefficient of variation has been observed for advanced belt
um conditions but under(adverse conditions the coefficient of variation may well exceed 3,
palistic estimates for the)precision of belt scales under routine conditions are obtained by m
oring variances betWween observed spans prior to each calibration. Frequent calibrations en

scal€

Und
linea

s will generate_unbiased estimates for wet mass. The central limit theorem implies tha
ing with dynamic’scales gives a significantly lower precision for wet mass than batch weighi
does.

r routing-eonditions the linearity of belt scales is difficult to measure. Manufacturers of load

brated with a
Hed from the
. Despite its
mic scales [21.

ated, and its
htions would
's frame and

uspended frame of a belt scale cause-discrepancies between paired measurements. Id¢ntification of

belt scale’s

Scales under
b %. Reliable
casuring and
sure that belt
t continuous
hg with static

cells test the

ity £0f( response over 4 mAto 20 mA ranges. However, linearity under test conditio

s does not

necessarily ensure linear responses to applied loads under routine conditions. Nonetheless, depiations from

linea

variability such as belt tension and stiffness, stickiness of wet material or wind forces.

4.3

Weighbridges

r sources of

The wet mass of cargoes or shipments of mineral concentrate is often measured by weighing trucks or
wagons in empty and loaded condition at mines or ports, and in loaded and empty condition at ports or
smelters. The precision for wet mass that is measured with a static scale such as a weighbridge, is perfectly
acceptable for settlement purposes. The variance component that the measurement of wet mass contributes
to the variance for contained metal is significantly lower than those for the measurement of moisture and
metal contents [3].
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The suspended mass of the scale’s beam and its support structure is only a small part of gross loads. As a
result, the variance for tare loads is significantly lower than the variance for gross loads which implies that the
variance for the net wet mass of a single unit is largely determined by the variance for its gross load. After
each cycle the weighbridge is zero adjusted, either automatically or manually, to eliminate drift.

Regulatory agencies may use one or more wagons of certified weight to calibrate weighbridges. Each wagon
gives only one calibration point so that deviations from linearity are impossible to detect. By placing two
wagons on a weighbridge a set of three [3] calibration points is obtained to provide useful but limited
information on its linearity. The most effective test for linearity is based on addition or subtraction of a set of
certified weighs that covers the working range of a weighbridge. Equally effective but more time consuming is
alternately adding a single certified weight with a mass of 1tto2t and a quantity of material until the
weighbridge

o tactad in incramonte nf 5+t 10 t avar ite warkina rannao
SteSteaH-HhRcremetS oo+t ——ot+ovVerHSWoehahRgahge:

Precision pa
shift, a truck

rameters for weighbridges can be measured and monitored by weighing in duplicate~enc
or a wagon. After the gross weight of a randomly selected truck or wagon is measured

B per
n the

usual mannsg
then the unit
differences b

terms of a coefficient of variation the precision for a weighbridge at gross loads generally ranges from

up to 0,5 %.

The precisio
of five times
mass are re
points. Such
that are geng

This procedd
recorded. Ng
than six time

4.4 Hopp

The wet mas
parallel hopg
adjusted so

Otherwise, ta

A hopper sc
each to cove
a single certi

suspending the certified weight and recording the applied load again.

The precisio
scale’s reads
variance for

variation the

r, it is removed from the weighbridge. Next, the zero is checked and adjustedyif.required
is moved on to the weighbridge and weighed again. The mean for sets of four'\or more abs
etween duplicates can be used to calculate the variance for a single test result’at gross loa

h can also be estimated by placing on the weighbridge, in addition te the gross load, a test
up to ten times the scale’s readability or sensitivity. Measurements with and without thi
corded and the variance for gross loads calculated from a<set’of six data points up to 12
estimates tend to be marginally but not significantly lowerthan the precision between dupli
rated by first weighing, and then removing and reweighing'a loaded truck or wagon.

re can be repeated without a load on the scale. A test mass is placed on the scale and its
xt, the test mass is removed, and the zero adjusted if required. This process is repeated ng
5, and the variance at near-zero loads calculated.

br scales

s of cargoes or shipments can also be determined with a single hopper scale or with a p
er scales. Upon completion of.each discharge cycle a hopper scale is often automatically
hat a bias caused by build-up-of wet material and dislodgement at random times is elimir
re loads for each weighing cycle should be recorded to allow for changes in accumulated m

ble is calibrated by suspending from its frame a set of certified weights with a mass of 1t

fied weight of 1t10"2 t by alternatively adding a quantity of material, recording the applied 1

. and
olute
0s. In
D,1 %

mass
b test

data
cates

mass
less

air of
zero
ated.

BSS.

to2t

I its entire working.range. It is possible but more time-consuming to calibrate a hopper scalg with

Nnass,

n can be. estimated by placing on the hopper scale a test mass of five times up to ten ti

precision at gross loads generally ranges from 0,1 % up to 0,25 %.

Even though the hopper’s suspended mass in the loaded condition adds most to the variance for net wet
mass, its suspended mass in the empty condition is large enough to add to the variance for the net wet mass
measured during each weighing cycle.

4.5 Gantry scales

The wet mass of cargoes or shipments of concentrates in bulk can be determined with a gantry scale. This
mass measurement device is also zero adjusted, either manually or automatically, after each load is
discharged. The wet mass contained in a fully loaded clamshell bucket is of the same order of magnitude as
its suspended mass and support structure so that the variances for tare and gross loads both contribute to the
variance for the net wet mass of each weighing cycle.
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Only a single certified weight is required on location to maintain a gantry scale in a proper state of calibration.
The precision of a gantry scale can be estimated by placing on the loaded clamshell a test mass of five times
up to ten times its readability or sensitivity, recording measurements with and without this test mass and
calculating the variance for single weighing cycles from sets of six test results up to 12 test results. It is
possible to estimate the precision of a gantry scale with partially loaded clamshells. However, only during
removal of the lowest stratum in a cargo space will partial loads be encountered so that neither the precision
for partial loads nor the linearity of the gantry scale are matters of much concern.

In terms of a coefficient of variation the precision of gantry scales at gross loads generally ranges from 0,15 %
up to 0,4 %. The variance for the net wet mass of single grabs is equal to the sum of the variances at gross
and tare loads.

4.6 | Platform scales

The et mass of shipments of contained mineral concentrate can be measured by weighing pulk bags or
other| containers on a platform scale, either in the empty and the loaded condition at\mines, or |n the loaded
and the empty condition at smelters. Platform scales are often used to measure)the wet masg of valuable
minefal concentrates so that a proper state of calibration is extremely important.

The guspended mass of the scale’s beam and its support structure is only a.small part of the suspended mass
at grgss loads. As a result, the variance for the tare mass is significantly-lower than the variance|for the gross
masg. The variance for the net wet mass of a container is equal to the sum of the high variance|for the gross
masg and the low variance for the tare mass which implies that the‘variance for the wet mass of a shipment is
largely determined by the variance for the gross mass of containets. Unless gross masses differ| substantially
from the certified weight required to calibrate a platform scale,\the linearity of this mass measur¢ment device
is no{ a matter of concern.

The precision of platform scales (near zero and at rated Capacity) can be estimated by placing a|test mass of
five times up to ten times its readability or sensitivitycon its platform, recording measurements witI and without
this test mass and calculating the variance for single weighing cycles from sets of six replicate t¢st results up
to 12| replicate test results. In terms of a coeffi¢ient of variation the precision for platform scales| ranges from
0,05 P up to 0,2 % at gross loads. The varignce for the net wet mass is equal to the sum of the| variances at
grosg and tare loads.

ertified weights

The fraceability of certified weights to the International Unit of Mass through National Prototype Kilograms and
a hiefarchy of verifiable ‘calibrations is of critical importance. The integrity of certified weights cap be ensured
by stbring them in a~Clean and dry environment, preferably on platforms or pallets, by covering them with
tarpaplins to avoid)cofrosion and accumulation of dirt and by handling them carefully to avoi¢g mechanical
damage.

Based on how a traceable mass is compared with a draft survey or a measurement with a belt scale, or how a
certifled/Weight is compared with test results for a static mass measurement device, calibration methods can
be diyided into four categories, namely:

— asingle certified weight of appropriate mass;

— a set of certified weights to cover a typical working range;

— asingle, but preferably two wagons of certified weight;

— amass traceable to a properly calibrated static scale.

Weighbridges (including in-motion and coupled-in-motion weighing devices) can also be calibrated with

hydraulic pressure gauges. The use of a hydraulic pressure gauge adds to the calibration hierarchy a link that
is based on a completely different technology.
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6 Methods of operation

6.1

General

Precision and bias for mass measurement devices and techniques can be estimated and monitored as a
function of time. Calibration data for static and dynamic scales not only generate information on bias but also
reliable precision estimates for mass measurements. Calibrations require more time than simple precision
checks with a test mass, therefore a case can be made that precision checks be carried out at regular
intervals, and that precision be monitored on control charts. Sudden changes in precision may be indicative of
mechanical failures or malfunctioning electronics, and require testing for conformance with the manufacturer’s
specifications.

Testing for b
on Student’s

Annex B revi

6.2 Draft surveys

Precision an
determined &
or at dischar
discharge. T

should not b¢ disclosed to the marine surveyor at discharge until the draff sufvey is completed. Otherwis

precision bef]

6.2.1 Draft

An example
wet masses
single cargo
the statistica

ias, estimating precision and checking linearity are based on applied statistics, and in part
t-test, Fisher's F-test (analysis of variance) and correlation-regression analysis.

ews tests and formulae required to calculate relevant parameters.

d bias of draft surveys can be estimated and monitored by compating wet masses thg
t loading and discharge, by comparing wet masses determined by draft survey (either at lo
je) or with a properly calibrated static weighing device in close proximity to the port of load
ne vessel’s bill of lading, which is almost invariably based on a-draft survey at the port of loa

ween draft surveys at loading and discharge cannot be estimated in an unbiased manner.
surveys at loading and discharge

pof draft surveys at loading and discharge can beifound Table A.1, which lists a set of ten
that are determined by draft surveys at loading~and discharge. Each shipment was loaded

space so that these results are typical for-draft surveys of partially loaded vessels. Table
parameters for this paired data set.

Table 1 — Precision and bias between draft surveys

cular

t are
nding
ng or
ding,
2, the

aired
nto a
lists

Parameter Symbol Value
Mean — load (t x (L) 41112
Mean — dischprge (t) x (D) 4106,9
Mean differerjce (t) Ax -43
Mean differer{ce (%) - -0,
Ax

Variance of dfffererices (t°) s2(Ax) 1410,92
Coefficient of variation (%) Ccv 0,91
Student’s r-value t 0,361
Bias detection limits:

Type | risk only (%) BDL(l) +0,7

Type | & Il risks (%) BDL(I & 1I) +1,2

The variance of differences of 1 410,92 t2is the most basic measure for the precision between draft surveys at
loading and discharge, while the coefficient of variation of 0,91 % is a more transparent measure for precision.
The question is whether this estimate for the precision between draft surveys is unbiased, and thus whether

draft surveys

at loading and discharge are statistically independent.
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If the marine surveyor at the port of discharge were to have prior knowledge of the vessel’s bill of lading, the
draft survey at discharge would no longer be statistically independent which implies that the coefficient of
variation of 0,91 % is not expected to be an unbiased estimate for the precision between draft surveys at
loading and discharge. Therefore, the vessel’s bill of lading should be kept confidential until the draft survey at
discharge is completed to ensure that the wet mass measured at the port of discharge is also an unbiased

estim

ate for the unknown true mass.

If the draft surveys at loading and discharge were equally precise, the variance for a single draft survey would

be:

1410,92

= 705,46 t2

for st

and 3

Z

hndard deviation of:

/705,46 = 26,56 t

coefficient of variation of:

26,56 x 100 —~0.65%

Meari
statis
varia

Beca

displacement surveys at loading and discharge are egually precise is remote. Subclause 6.2.2 sh

varia
loadi

The

10,95
ident

of th¢ shipment in question. The-probability of this #-value of 0,361 being caused by random v

betw

BDLs
meas
symn
onm

Base|
%0,95;

(41112 + 4 106,9)/2]

s of 4 111,2t and 4 106,2 t are used to calculate the coeffi€ient of variation. In this case th
tically identical but the mean of statistically different means.can still be used to calculate the
ion. However, numerically it is not the most reliable precision estimate.

use such a large set of variables interact in thissmass measurement technique, the pr
nce of differences of 1 410,92 t2 is not an unbiased estimate for the precision between drz
ng and at discharge.

= 2,262 which implies that meahns)of 4 111,2 t at loading and 4 106,9 t at discharge ar

ben 20 % and 30 % so that the closeness of agreement is not suspect.

of £ 0,7 % or + 27-for the type | risk only, and + 1,2 % or + 49t for type | and Il risks,
ures for the sensitivity or power of Student’'s #test to detect a bias. BDLs are also 1
netrical risks ofdosing and probabilities of gaining if the settliements between trading partners
pasuring the wet mass of shipments by draft surveys.

d on a-standard deviation of 26,56 t2 for a single displacement survey and a tabulate
= 2,262, the 95 % confidence interval (95 % CI) for a cargo or shipment with a wet mass of

e means are
coefficient of

bbability that
ows that this
ft surveys at

calculated r-value of 0,361 for a méan difference of 4,3 t does not exceed the tabulgted value of

b statistically

cal. Hence, each draft survey appears to generate an unbiased estimate for the unknown tjue wet mass

ariations falls

are different
heasures for
5 were based

d r-value of:
4 109 t is:

4

[aYalal o0 Lo

-

[ AT a WS
2,202 X220, 00 ="T0U1

For a 95 % confidence range (95 % CR) from 4 109 — 60 = 4 049 t up to 4 109 + 60 = 4 169 t. Table 2 lists
precision estimates based on the mean of means of 4 109 t and a variance of 705,46 t2.
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Table 2 — Precision for wet mass by draft survey

Parameter Symbol Value

Mean (t) M,, 4109
Variance (t2) s2(M,,)) 705,46
Standard deviation (t) s(M,,)) 26,56
Coefficient of variation (%) cv 0,65
95 % Confidence interval (t) @ 95 % of Cl + 60,1
95 % Confidence interval (%) 95 % of CI +1,5
95 % Confidence range:

lower limit (t) 95 % of CRL 4 049

upper limjt (t) 95 % of CRU 4169
2@  Based on 0,05:9 % 5(My).

If the long-tgrm coefficient of variation were 0,8 %, the 95 % confidence interval for a wet mass of 4|109 t
would be:
1,96x4109x0,8 _ 4644t
100

for a 95% copfidence range from 4 109 — 64,4 =4 045t up to 4 109 + 64,4 = 4 173 t. The z-value of 1,96
the normal dr Gaussian distribution is often rounded to 2 which would change the 95 % confidence in

from + 64 t tq

The precisioh estimates in Table 2 are only valid if-the variance of differences is unbiased and if the

+ 66 t, a difference that is well within the precision of this mass measurement technique.

from
erval

draft

surveys at Igading and discharge are equally pregise. The question whether the draft surveys at Ioadinﬁ and
discharge arg¢ indeed equally precise could be ‘selved by estimating the precision at loading and at discharge
from statistigally independent draft surveysi.In other words, were two or more marine surveyors to megsure
independently a vessel’s draft in the lightand loaded condition, a set of no less than four duplicate or replicate
draft survey$, on similar vessels and,under comparable conditions, would be required to estimatg the
precision of draft surveys at a partieular port.

The questiof whether a variance of differences is an unbiased estimate for the precision between|draft
surveys at Idading and discharge can be solved by comparing the results of draft surveys with wet masses
measured w(th a static .scale. In draft surveys wet masses measured with a static scale at discharge are
compared with wet masses estimated with a weighbridge at discharge.

6.2.2 Draft|survey versus weighbridge

A comparison of wet masses by dratft surveys and with a weighbridge can be found in Table A.2, which lists a
set of ten pairs of wet masses for the same shipments that were also reported in Table A.1. In this case wet
masses that were measured by draft surveys at the port of discharge are compared with wet masses that
were measured with a weighbridge for trucks at the smelter.

The set of paired mass measurements is tested for bias by calculating the 7-value for the mean difference, the
variance of differences and the number of paired data in the set. In this example the variance of differences is
a measure for the precision between mass measurement techniques with vastly different precision
characteristics. Under such conditions the variance of difference is virtually identical to the variance for the
least precise mass measurement technique (draft surveys at discharge).

Table 3 lists the most relevant statistics for this set.
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Table 3 — Precision and bias between different techniques

Parameter Symbol Value
Mean — draft survey (t) x (D) 4106,9
Mean — weighbridge (t) x (W) 41343
Mean difference (t) AX + 27,4
Mean difference (%) AT +0,7
Variance of differences (t2) 52(Ax) 13 243
Coefficient of variation (%) cv 2,8
Student’s r-value t 0,75
Bias detection limits:
Tylpe | risk only (%) BDL(l) +2,0
T]pe | & Il risks (%) BDL(l & 1) + 3,6

The ¢oefficient of variation of 2,8 % is a measure for the precision between draft surveys at dischprge and wet
masges determined with a weighbridge at the smelter. In 6.2.1 the precision between draft surveys at loading
and discharge in terms of a coefficient of variation came out at 8,9%%. The question whether doefficients of
variation of 2,8 % and 0,91 % are compatible can be solved by-Ccomparing the calculated F-ratio gf

113243 _ 4 459
1410,92

(the yariance between draft surveys at discharge and wet masses measured with a weighbridge|at a smelter,
dividgd by the variance between draft suryeys at loading and discharge) with tabulated values of
Fpo5l9.9 = 3,18 and F g9.99 = 5,35. The calcutated value of 9,39 exceeds tabulated values at the 95 % and
99 %] probability levels. Hence, the probability that coefficients of variation of 2,8 % and 0,91 % arie statistically
identfcal is much less than 1 %.

Thus| it would appear that knowledge of the vessel’s bill of lading before the draft survey at|discharge is
completed, results in statistical dependencies between draft surveys at loading and discharge. Therefore, the
coefflcient of variation of 0,91.% is a biased estimate for the precision between draft surdeys and the
coefflcient of variation of 2,8 % is a better estimate for the precision of single draft surveys for pgrtially loaded
vessels.

The Weighbridge’s precision is expected to add significantly less than

[1 410.92€ 305,46 12

to the Cariance of differences of 13 243 t2 so that a variance of 13 243 — 705,46 ~ 12 500 t2 would be a better
estimate forthe precision of asingte draft survey thamthe variatiomof 705,462t terms of @ coefficient of
variation the precision for draft surveys for a single cargo space would then be

4/12 500 x 100 —27%

[(4106,9 + 4 134,3)/2]

A calculated #value of 0,753 for a mean difference of 27,4t does not exceed the tabulated value of
10,95:9 = 2,262 which implies that means of 4 106,9t at loading and 4 134,3 t at discharge are statistically
identical. Hence, the draft survey at discharge and the weighbridge at discharge apparently generate
unbiased estimates for the unknown true wet mass of each shipment. Nonetheless, the precision of a static
scale such as a weighbridge installs a significantly higher degree of confidence in a cumulative wet mass of
4 134,4 t than the precision of draft surveys does.
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Bias Detection Limits of + 2,0 % or + 82 t for the type | risk only, and + 3,6 % or + 149 t for type | and type I
risks, are measures of the power or sensitivity of this test to detect a bias. Generally, Bias Detection Limits are
also estimates for the risk of one trading partner to losing and an identical probability of the other trading
partner to gaining. In this case, however, the settlements were based on wet masses determined with the
weighbridge so that the risk was much less than BDLs of + 2,0 % and + 3,6 % imply.

Precision estimates for the wet mass of a single cargo space or a complete cargo, and for the cumulative
mass of a set, are calculated in the same manner. For example, a variance of 12 500 t2 and a single wet mass

of 4 107 t for

draft surveys at discharge are equivalent to a 95 % confidence interval of:

2 x 12500 =+ 224 t

for a 95 % cq
Table 4 lists

41 343t, a
cumulative w

The coefficie

nfidence range from 4 107 — 224 =3 883 tup to 4 107 + 224 =4 331 t.
precision estimates that are based on a single wet mass of 4 107 t, a cumulative, wet m3

ariance of 12 500 t2 for the single wet mass, and the sum of variances of 125000 t2 fd
et mass.

nt of variation of 2,7 %, when divided by /10 , becomes:

ss of
r the

27 =0,9%

3,16
This relationghip is based on the central limit theorem, an important theorem in mathematical probability and
applied statigtics.
6.3 Belt sicales
An example|of how to calculate the prevision of wet masses measured with belt scales can be found in
Table A.3, which table lists a set of 12 chain spansxfrecorded at weekly intervals prior to calibration and a

similar set of
parameters f

Coefficients
the calculate

0,1976
0,0152

between the
Fo.99:11:11 =
between cha
measuremer]
more reliable

spans that were obtained immediatelyfollowing its calibration. Table 5 lists the basic stat
br each moving data base.

bf variation of 0,39 % and 0,11'% are both measures for the precision of this belt scale. How
i F-ratio of

= 13,00

variances before and after calibration exceeds the tabulated values of F( g5.41.11 = 2,83
4,64, whichimplies that these variances differ significantly. The long-term variance of 0,
in spang\ prior to calibration more truly reflects the magnitude of random variations in
t with.tRis belt scale as a function of time. Therefore, the coefficient of variation of 0,39 %
estimate for its precision under routine conditions.

stical

ever,

and
197 6
mass
s the

The question whether the belt scale generates unbiased estimates for wet mass can be solved by applying
Student’s #-test to the difference between the required span (115,25 for the belt scale in this example) and the
mean of observed spans for a set that constitutes a moving data base. Table 6 lists the results of this test.

12
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Parameter Symbol Single Cumulative
Mean (t) M, 4107 41343
Variance (£2) s“(M,,) 12 500 125 000
Standard deviation (t) s(M,,) 111,8 353,6
Coefficient of variation (%) cVv 2,7 0,9
95 % Confidence interval (t) ® 95 % of Cl +224 +707
95 9dTonfidence interval (%) 95 % of Cl 54 H1,7
95 %4 Confidence range:
loyver limit (t) 95 % of CRL 3883 4( 636
ugper limit (t) 95 % of CRU 4 331 43 050
2  Based on 20,95 X (M), or Z g5 x S(EM,,,).
Table 5 — Precision of a belt scale
Parameter Symbol Before After
Mean (scale units) x 115,12 115,36
Varigdnce (scale units)? s2(x) 0,197 6 0,015 2
Stanglard deviation (scale units) s(x) 0,444 6 0,123 4
Coefficient of variation (%) Ccv 0,39 q,11
Table-6.— Testing a belt scale for bias
Parameter Symbol Value
Mear — required span x (R) 115,25
Mear — observed span x (0) 115,12
Mean difference (span units) AXx -0,13
Student’s r-value t 1,01B
Significance — ns
Bias detection-limits:
Typeisk only (span units) BDL(l) +0,48
Typel & Hrisks{span-units) BDLO &1 +0-581
@ ns = not significant.

The difference of — 0,13 scale units between the required span of 115,25 and the mean of 115,12 for all test
data, results in a calculated #-value of 1,013 which is below the tabulated value of £, g5.44 = 2,201 so that the
belt scale is in a proper state of calibration. BDLs of + 0,28 for the type | risk, and + 0,51 for type | and Il risks,
indicate that a mean difference of 0,13 span units is most probably due to random variations.

©I1SO
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A belt scale need not be adjusted if the difference between the required span and the moving average of the
running data base does not exceed the BDL for type | and Il risks. Upon completion of the chain test the
observed span is added to the data base while the first observed span in the running data base is removed.
The number of test data to be retained in the moving data base depends on the required BDLs and ranges
from 8 to 16.

For a wet mass of 25 000 t the coefficient of variation of 0,39 % gives a variance of

(

a standard d

0,39 x 25000

2
=9 506 t2
100

bviation of

0,39 x 2
10d

p 000 _ 97,5t

a 95 % confi
25000 + 19§

Table 7 lists

Although bel
with a belt

Therefore, W
based shoulg

jence interval of 2 x 97,5 =+ 195 t and a 95 % confidence range from 25 000 195 = 24 8(
=25195t.

I scales have found wide application in mining and mineral processing, a wet mass deterr
scale contributes a large component to the variances fof/metals contained in concent
et masses of concentrate shipments on which settlements between mines and smelter|
not be determined with belt scales.

Table 7 — Precision for wet mass with a belt scale

brecision parameters for a wet mass of 25 000 t based on a coefficient of variation of 0,39 %)|.

5tto

nined
ates.

5 are

Parameter Symbol Value
Mean (t) M, 25000
Coefficient of|variation (%) Ccv 0,39
Standard devjation (t) s(M,) 97,5
95 % Confidence interval (t) 95 % of CI +195
95 % Confidence interval (%) 95 % of CI +0,8
95 % Confidence range:
lower limit (t) 95 % of CRL 24 805
upper limjt (t) 95 % of CRU 25195
6.4 Weighbridges

Table A.4 presents an example of how to check the state of calibration for a weighbridge and how to estimate
its precision. It lists a set of paired test data for a weighbridge that was calibrated with a pair of wagons with
certified mass of 31 890 kg and 70 810 kg respectively. Two subsets of four test data were generated by
determining the mass of each wagon while the third subset was obtained by weighing both wagons
simultaneously.

Table 8 summarizes the most important statistical parameters for this set of calibration data.
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Parameter Symbol Value
Mean — applied loads (kg) x (4) 68 467
Mean — observed loads (kg) x (0) 68 451
Mean difference (kg) AXx -16
Number of test data n 12
Variance of differences (kg2) s2(Ax) 445
Coefficient of variation (%) CV 0,03
Student’s r-value t 2,604
Significance — a
@  Significant at 95 % probability.
The mean difference of — 16 kg results in a calculated #-value of 2,601 whichexceeds a tabulated value of
f9.95:11 = 2,201 but is still below ¢ g9.14 = 3,106. This mean difference falls between BDLs of +[13 kg for the
type | risk only, and + 24 kg for type | and Il risks. Hence, this weighbridge is in a proper state of calibration if
type | and Il risks are both taken into account.
For g weighbridge a coefficient of variation of 0,03 % is exceptionally low so that the power or sefsitivity of the
t-test|to detect a bias is high. Therefore, the weighbridge’s state of calibration and its precision|are perfectly
acceptable for commercial applications. The question of whether precision is a function of load, can be
checked by applying correlation-regression analysis to~applied loads and differences betwgen certified
weiglhts and observed masses. The correlation coefficient of — 0,170 is statistically identical to gero. Hence,
therelis no evidence that the precision of this weighbridge is a function of applied load.
The yariance for the wet mass of the contents. 0f a wagon is equal to the sum of the variances {or gross and
tare mhasses. For example, if gross and tarexthasses of 120 000 kg and 20 000 kg respectively wdre measured
using this weighbridge, the sum of the variances and thus the variance for the wet mass would be
2 2
120 000 x 0,03 20 000 x 0,03 — 1296 + 36 = 1332 kg2
100 100
Evidgntly, the measurement of ‘gross mass largely determines the variance for wet mass.
Tablg 9 lists precision parameters that would apply to a single wagon with a wet mass of 100 t apd to a set of
250 wagons with a-.cumulative wet mass of 25 000 t.
Table 9 — Precision for wet mass with a weighbridge
Parameter Single wagon 250 wagons

WettmassT(t) 100 25000

Variance (t2) 0,000 9 0,225

Standard deviation (t) 0,03 0,47

95 % Confidence interval (t) @ + 0,06 +0,95

95 % Confidence interval (%) + 0,06 + 0,004

95 % Confidence range:

lower limit (t) 99,94 24 999

upper limit (t) 100,06 25001

8 Based on 2 x s(M,,), or 2 x s(M,,).
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The weighbridge’s linearity can be checked by applying correlation-regression analysis to the set of paired
calibration data. Table A.5 summarizes the results for the complete set of paired data and for the means of
each subset. The test for paired means has only one degree of freedom and is therefore much less robust
than the test for paired data with ten degrees of freedom.

Table 10 summarizes correlation-regression parameters for all data and for means only.

Table 10 — Linearity of a weighbridge

Parameter

Symbol———————— Al data———————Means-only—

Correlation doefficient
Significance
Slope

Significance
Intercept (kg

Significance

a

b

ns = not gignificant.

Significart at 99,9 % probability.

The #test can be applied to the slope and intercept of the regréssion line. The slope usually ranges fijlom a

minimum of §,999 8 to a maximum of 1,000 2 and the intercept\should not be statistically significant.

6.5 Hopper scales

Table A.6 presents an example of how to use the"differences between applied and observed loads [for a
hopper scalg for checking its state of calibration*and estimating its precision. It lists test data for a hppper
scale that whs calibrated using a set of certified weights with a mass of 2 000 kg each and the statistical
parameters for this set of calibration data:-After the scale’s zero was adjusted, the first certified weight was
placed on thé frame underneath the hopper and the observed mass recorded. Additional weights were pjaced
on the scale|until the complete set of-12 certified weights was loaded on the scale. Table 11 lists the[most
relevant statistical parameters for-this set of calibration data.

Table 11 — Precision and bias for a hopper scale

Parameter Symbol Value
Mean — appli¢d l6ads (kg) x (4) 13 000
Mean — observedHoadstkg) {6} +3-663
Mean difference (kg) AXx +3
Number of test data n 12
Variance of differences (kg2) s2(Ax) 46
Coefficient of variation (%) CcVv 0,05
Student’s r-value t 1,410
Significance — ns @
@  ns = not significant.

16
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The mean difference of 3 kg results in a calculated #-value of 1,410 which is below the tabulated value of
10,95:11 = 2,201 and thus below the BDL of +4 kg for the type | risk only. Hence, this hopper scale is in a

proper state of calibration, even when only the type I risk is taken into account.

A coefficient of variation of 0,05 % for a single measurement with a hopper scale is excellent. Therefore, the
hopper scale’s state of calibration and its precision are acceptable for commercial applications. The question
whether precision is a function of load can be checked by applying correlation-regression analysis to applied
loads and differences between certified and observed masses. The correlation coefficient of — 0,114 is
statistically identical to zero. Hence, there is no evidence that the precision of this hopper scale is a function of

applied load.

The variance for the wet mass of a hopper load is equal to the sum of the variances for empt

and loaded

conditions, For example, if the hopper contained 24 000 kg, the variance in the loaded condition-would be

24000 x 0,05

2
= 144 kg?
100 J g

With [automatic zero adjustments between discharge cycles the variance for an~empty hopper
suspended mass is not expected to be significantly less than 144 kg2 so that thé variances for a
of 24{000 kg would be 288 kg2. Table 12 lists precision parameters that wéuld apply to a single| hopper load

with @ wet mass of 24 t and to a set of 1 000 hopper loads with a cumulative wet mass of 24 000 {.

Table 12 — Precision for wet mass with hopper scale

with its large
net wet mass

Parameter Single cycle 1 000 cygles

Wet mass (t) 24 24 00(
Varignce (t) 0,000 3 0,288
Stanglard deviation (t) 0,017 0,54
Coefficient of variation 0,07 0,002
95 % Confidence interval (t) @ +0,034 + 1,07
95 % Confidence interval (%) +0,14 + 0,004
95 9% Confidence range:

lopver limit (t) 23,97 23 998)9

ugper limit (t) 24,03 24 0011
@ Bpsed on 2 x s(M), or 2 x s(EM,,).

The gcale’s linearity can be checked by applying correlation-regression analysis to the set of pair

pd calibration

d Tl A7 Lata Ll Ha £ ot H ol olod 4 P P Y | 40 H $lo Lo
ata aulc AT TIolS UTIT TTOUIS TUT TS PalltlUu Udla STU dllU TadUIT To SUTTIHTIariZco Uic LurTciatl

parameters for the set of paired means only.
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Table 13 — Linearity of a hopper scale

Parameter Symbol Value
Correlation coefficient r 1,000
Significance — —@
Slope m 0,999 9
Significance — —a
Intercept (kg) a +4,1
Significance — nsP
a8  Significant at 99,9 % probability.
b ny = not significant.

The t-test can be applied to the slope and intercept of the regression line. The slope usually ranges fijlom a
minimum of §,999 8 to a maximum of 1,000 2 and the intercept should not be statistically significant.

6.6 Gantry scales

Table A.8 prg¢sents an example for precision and bias for gantry scales on-the basis of a set of paired tesf data.
The first pairfwas obtained by zero adjusting the scale with the clamshell bucket empty, suspending a ceftified
weight with § mass of 2 000 kg from the clamshell and recording the observed mass (1 994 kg). The next pair
was obtainel by recording the mass of the partially loaded clamshell bucket (2 102 kg), suspending the
certified weight from the clamshell and then recording the obseryed mass (4 105 kg). The process of afding
about 2t of [material to the clamshell bucket, recording the. observed mass, and then adding the ceftified
weight of 2 000 kg was repeated until the clamshell bucket Was loaded to its rated capacity. Table 14 lisfs the
most importgnt statistical parameters for this set of calibration data.

Table 14 — Precision and bias for gantry scale

Parameter Symbol Value
Mean — applied loads (kg) x (4) 9027
Mean — obsefved loads (kg) x (0) 9 026
Mean differefce (kg) Ax -1
Coefficient off variation (%) Ccv 0,11
Student’s ¢-value t 0,280
Significance — ns @
@ ns = not s|gnificant.

The mean difference of —1 kg results in a calculated #-value of 0,28 which is below the tabulated value of
19.95:7= 2,365. In fact, a mean difference of —1 kg is below BDLs of + 8 kg for the type | risk only and + 13 kg
for type | and Il risks, hence this gantry scale is in a perfect state of calibration.

For a gantry scale a coefficient of variation of 0,11 % is acceptable and the power or sensitivity of the #test to
detect a bias is high. Thus the gantry scale’s state of calibration and its precision are acceptable for
commercial applications. The question whether its precision is a function of load can be checked by applying
correlation-regression analysis to the means of, and the differences between, the applied and observed loads.
The correlation coefficient of 0,085 is statistically identical to zero. Thus there is no evidence that the precision
of this gantry scale is a function of applied load.
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The variance for the wet mass of the content of a clamshell bucket is equal to the sum of the variances at
gross and zero loads. Based on a coefficient of variation of 0,11 % the variance for a gross load of 10 000 kg
is

2
01110 000)" _ 1) 2
100

Because the scale is linear, the variance for the empty clamshell bucket is expected to be 121 kg2, so that the
variance for the net wet mass of 10 000 kg is 242 kgZ.

Table 15 lists precision parameters that would apply to a single clamshell load with a net wet mass of
10 040 kg and to a set of 2 500 loads with a cumulative wet mass of 25 000 t.

Table 15 — Precision for wet mass with a gantry scale

Parameter Single load 2 500 |oads

Wet mass (t) 10 25 Q00
Varigdnce (t2) 0,000 242 0,6p5
Stanglard deviation (t) 0,015 6 0,778
Coefficient of variation 0,16 0,93
95 9% Confidence interval (t) @ +0,03 + 1156
95 % Confidence interval (%) +0,3 +0,)01
95 %4 Confidence range:

lower limit (t) 9,97 24 998,5

upper limit (t) 10,03 25001,6
@  Based on 2 x s(M,), or 2 x s(ZM,).

The gantry scale’s linearity can(be*checked by applying correlation-regression analysis to the et of paired
calibfation data. Table A.9 lists the results for the set of calibration data.

Tablg 16 summarizes the-correlation-regression parameters for the set.

Table 16 — Linearity of a gantry scale

Parameter Symbol Valug
Corrg¢lation coefficient r 1,000
Significance — —a
Slope m 1,000 2
Significance — —2a
Intercept (kg) a -2,6
Significance — ns b
a8  Significant at 99,9 % probability.
b ns=not significant.

The #-test can be applied to the slope and intercept of the regression line. The slope usually ranges from a
minimum of 0,999 8 to a maximum of 1,000 2 and the intercept should not be statistically significant.
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6.7 Platform scales

How to check a platform scale’s state of calibration and how to estimate its precision.

Table A.10 lists two sets of calibration data for a platform scale and the most important statistical parameters
for each set. This type of static scale can be used to determine the wet mass of concentrate shipments in bulk

bags with a capacity of approximately 2 000 kg each.

Table 17 lists the statistical parameters for each set of calibration data.

A mean difference of 5 kg for the first set of calibration data gives a calculated r-value of 6,124 which exceeds

a tabulated 0,995 * 0,999;5 —
difference eXceeds the BDL of + 2,1 kg for the type | risks only and + 3,7 kg for type | and Il
first data set|indicates that the platform scale is not in a proper state of calibration.

risks. Heng

The lower and upper limits of PBRs for the type | risk range from PBL(l) = 2,9 kg to PBU(l) =171 kg and
PBL(I&II) = 1,3 kg to PBU(I&II) = 8,7 kg for type | and Il risks. These lower and upper limits‘are estimat
the range within which the observed bias of 5 kg is expected to fall when either a type | risk'Only, or type
Il risks, are taken into account.

The mean difference of 0,3 kg for the second set of calibration data gives a calcufated svalue of 0,42 wh

far below thq tabulated value of #; g5.5 = 2,571. Nor does this mean difference. exceed the BDL of + 1,8
the type | risk. Hence, the second set of calibration data shows that the scale)is in a perfect state of calib

Table 17 — Precision and bias of a platform scale

from
bs for
I and

ich is
g for
ation.

Parameter Symbol First Second
Certified weight (kg) x (O) 2 000 2 000
Mean — obsgrved loads (kg) x (0) 2 005 2 000,3
Mean differehce (kg) AXx +5 +0,3
Coefficient of variation (%) Ccv 0,10 0,09
Student’s t-vplue ¢ 6,124 0,420
Significance — —a ns b

Bias detectign limits (kg):

Type | risk only BDL(l) +2,1 +1,8
Type | & |l risks BDL(I&II) +3,7 +3,3
Probable bias ranges
Type I risk oply:
lower limit (kg) PBL(I) 29 na°®
upper limit(Kg) PBUT) 7,1 na
Type | & |l risks:
lower limit (kg) PBL(I&lI) 1,3 na
upper limit (kg) PBU(I&IT) 8,7 na

@  Significant at 99 % probability.
ns = not significant.

¢ na = not applicable.
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The F-ratio of

4 1,30
3,07

between the variances of 4 kg2 for the first set and 3,07 kg2 for the second set does not exceed the tabulated
value of Fj g5.5.5= 5,05. Therefore, variances of 4 kg2 and 3,07 kg? are statistically identical, which implies
that the precision of the platform scale remained constant during the calibration process.

For bulk bags with similar gross and tare masses, the linearity of this type of scale is not a cause for concern.
The variance for the net wet mass of a single bulk bag’s content is the sum of the variances for gross and tare

masyes.

For example, the sum of the variance of

2
0,09 x 2 050 _ 3,404 kg2
100
for agross mass of 2 050 kg and
0,09 x 50)°
=== = 2| = 0,002kg?
100
for thie tare mass of 50 kg, would result in a variance of 3,406-kg? for the net wet mass of 2 000 kg in a single
bulk bag.
Tablg 18 lists precision parameters that would apply tothe net wet mass of 2 000 kg in a single pulk bag and
to a get of 500 bulk bags with a cumulative wet massZof 1 000 000 kg.
Table 18 — Precision for wet mass with a platform scale
Parameter Single bag 500 bags
Wet mass (kg) 2000 1 000 000
Varignce (kg?) 3,406 1703
Stang¢lard deviation (kg) 1,85 41,3
95 % Confidence intefval (kg) @ +3,7 +82,5
95 9% Confidence interval (%) +0,18 +0,01
95 % Confidence’range:
lower limit (kg) 1996 999 917
uppeklimit (kg) 2 004 1000 083
@ Basedon 2 x s(M,), or 2 x s(ZM,,).
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Annex A
(informative)

Tables

Table A.1 — Precision and bias for draft surveys at loading and discharge

Ship Loaded Discharged Difference
t t t
1 36754 3727 +51\6
2 3307,2 32831 24,1
3 4 086,7 4093,3 +6,6
4 3867,9 3808,7 -59,2
5 4002,8 4014,6 +11,8
6 5465,8 54241 -41,7
7 4100,9 40877 -13,2
8 4 688,3 4 666 -223
9 4 003,7 40622 + 58,5
10 3913,2 3.902,3 -10,9
Parameter Symbol Value
Sum-loaded (}) M, (L) 41111,9
Sum-discharded (t) M,(D) 41 069
Difference (t) Ax 42,9
Mean-loaded|(t) x (L) 4111,2
Mean-discharged (t) x (D) 4106,9
Mean differerice (t) AXx -43
Mean differerice (%) Ax -0,1
Variance of dffferences (t2) s2(Ax) 1 410,92
Standard devjation (t) s(Ax) 37,56
Coefficient of|variation (%) Ccv 0,91
Number of pajired data n 10
Variance of mean difference S2(AX) 141,09
Standard devlation s(AX) 11,88
Student’s -vqlue t 0,361
Significance — ns @
Bias detection limits:
Type I risk only (t) BDL(l) +27
Type 1 & |l risks (t) BDL(I&ll) +49
f0,90:9 1,833
Tabulated t-values f0.95:9 2,262
10.99.9 3,250
10,999:9 4,781

@  ns = not significant.
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Table A.2 — Precision and bias for draft surveys and weighbridge at discharge

Lot Draft survey Weighbridge Difference
t t t
1 3727 3668,9 - 58,1
2 3283,1 3289 +5,9
3 4093,3 3991,8 -101,5
4 3808,7 3835,1 +26,4
5 4014,6 4 036,5 +21,9
6 54241 57224 +298,3
7 4087,7 4 061,7 -2p
8 4 666 4 609,4 - 56,6
9 4 062,2 4091,3 +291
10 3902,3 4 036,8 +134,5
Parameter Symbol Valye
Sum{draft survey (t) M, (D) 41 0p9
Sum{weighbridge (t) Mo(W) 41 342,9
Diffefence (t) Ax +273,9
Mearn}-draft survey (t) x (D) 4 106,9
Mear-weighbridge (t) x (W) 41343
Mear) difference (t) AXx + 274
Mean difference (%) AT +0J
Varignce of differences (2) s?(AX) 13 2413
Stanglard deviation (t) S(AX) 115|1
Coefficient of variation (%) cV 2,8
Number of paired data n 10
Varignce of mean difference s2(AX) 1324,3
Stanglard deviation s(AX) 36,4
Student's r-value ' 0,793
Significance _ ns p
Bias petection limits:
Type Trisk only (f) BDL(T) +3
Type | & Il risks (t) BDL(I&Il) + 149
f0,90;9 1,833
Tabulated r-values o2 2,262
10.99.9 3,250
10,9999 4,781

@ ns = not significant.
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Table A.3 — Precision and bias for belt scales —

required and observed spans before and after calibration

Test Before After
scale units scale units
1 115,02 115,19
2 114,83 115,31
3 115,61 115,33
4 115,35 115,34
5 145,87 14542
6 114,48 115,51
7 114,44 115,45
8 114,71 115;58
9 115,46 115,14
10 115,12 115,36
11 115,29 115,30
12 115,32 115,34
Parameter Symbol Before After
Mean (scale ynits) x 115,12 115,36
Variance (scale units)2 s2(x) 0,19%.6 0,0152
Standard devjation (scale units) s(x) 0,444 6 0,123 4
Coefficient of variation (%) Ccv 0,39 0,11
Required chaln span x (R) 115,25 115,25
Observed chgin span x (0) 115,12 115,36
Mean difference Ax -0,13 +0,11
Number of tegt data n 12 12
Variance of mlean £(x) 0,016 5 0,001 3
Standard devlation s(x) 0,128 3 0,0356
Student’s t-vajue t 1,013 1 3,091
Significance — nsa —b
Bias detection] limits:
Type I risk|only (t) BDL(l) +0,28 +0,08
Type | & llfrisks (t) BDL(1&I1) +0,51 +0,14
1 9011 1,796
Tabulated -values fo.05:11 2,201
099,11 3,106
10,999;11 4,437

@ ns = not significant.

b

Significant

at 99 % probability.
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Table A.4 — Precision and bias for weighbridges — applied loads versus observed loads

Test Applied Observed Difference
kg kg kg
1 31890 31890 0
2 31890 31870 -20
3 31890 31900 +10
4 31890 31870 -20
A 70810 70 770 —-4
6 70 810 70 780 <3P
7 70810 70770 —-4p
8 70 810 70 820 +1D
9 102 700 102 710 +1p
10 102 700 102 690 -1p
11 102 700 102 650 -5p
12 102 700 102 690 -1p
Parameter Symbol Valye
Mean-applied load (kg) x (4) 68 457
Mear}-observed loads (kg) x (0) 68 4p1
Mear) difference (kg) Ax -16
Varignce of differences (kg?) s2(Ax) 44!
Stanglard deviation (kg) s(Ax) 21,1
Coefficient of variation (%) Ccv 0,08
Number of paired data n 12
Varignce of mean difference S2(AX) 37
Standlard deviation s(Ax) 6,1
Studént’s r-value t 2,601
Significance — —f
Bias petection limits:
Type | risk only:(kg) BDL() +1B
Type | & ILtisks (kg) BDLI(I1&IT) +24
f0,90;11 1,796
Tabulated t-values fo.06:44 2.201
f0,99,11 3,106
10,999;11 4,437
a Significant at 95 % probability.
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Table A.5 — Linearity of weighbridges

Test Applied Observed Difference
kg kg kg
1 31890 31890 0
2 31890 31870 -20
3 31890 31900 +10
4 31890 31870 -20
Mean 31890 31882 -8
5 70 810 70770 -40
6 70 810 70 780 -30
7 70 810 70770 —40
8 70 810 70 820 +10
Mean 70 810 70785 -25
9 102 700 102 710 +10
10 102 700 102 690 -10
11 102 700 102 650 -50
12 102 700 102 690 -10
Mean 102 700 102685 -15
Parameter Symbol Value

Correlation coefficient:

all data points r 1,000 0
Significance — —a
Slope m 0,999 9
Significance — —a
Intercept a -7,7
Significance — nsb
70,95,10 0,576
Tabulated r-values 7099.10 0,708
"0,99,10 0,823

Correlation coefficient;

means only r 1,000 0
Significance — —_a
Slope m 0,999 9
Significance — —a
Intercept a -84
Significance — nsb
t0,95:1 0,997
Tabulated t-values 19.99:1 1,0
0,999:1 1,0

@  Significant at 99 % probability.

b ns=not significant.
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Table A.6 — Precision and bias for hopper scales — applied loads versus observed loads

Test Applied Observed Difference
kg kg kg
1 2000 2 004 +4
2 4000 4005 +9
3 6 000 6 009 +9
4 8 000 7993 -7
5 10 000 10 007 +7
6 12 000 12 008 +.8
7 14 000 13 991 -9
8 16 000 16 007 +7
9 18 000 18 005 +5
10 20 000 20 003 + 3
11 22 000 21992 _8
12 24 000 24 009 +9
Parameter Symbol Valt1e
Mean — applied loads (kg) X (4) 13 010
Mean — observed loads (kg) x (0) 13 003
Mean difference (kg) Ax +3
Varignce of differences (kg?) 52(Ax) 46
Stanpard deviation (kg) s(Ax) 6,8
Coefficient of variation (%) cv 0,01
Numpered of paired data n 12
Varidance of mean difference s2(AX) 4
Stanpard deviation s(Ax 2
Studpnt’s r-value t 1,410
Sign|ficance — ns
Bias|detection limits:
Type | risk only,(kg) BDL(l) + 4
Type | & Ihrisks (kg) BDL(1&IT) +8
0,90;11 1.79
Tabulated s-values 10,9521 =2
10,9911 3,106
0,999;11 4, 437
@  ns = not significant.
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Table A.7 — Linearity of hopper scales — applied loads versus observed loads

Test Applied Observed Difference
kg kg kg
1 2 000 2004 +4
2 4000 4005 +5
3 6 000 6 009 +9
4 8 000 7993 -7
5 10 000 10 007 +7
b 12 000 12 008 +8
1 14 000 13 991 -9
B 16 000 16 007 +7
D 18 000 18 005 +5
10 20 000 20 003 +3
(I 22 000 21992 _8
12 24 000 24 009 +9
Parameter Symbol Value
Correlation cqefficient 7 1,000 0
Significance - —a
Slope m 0,999 9
Significance — —a
Intercept a 4.1
Significance — ns®
70,95;10 0,576
Tabulated r-vplues 0.99:10 0,708
T0,999;10 0823

b ns=not sipnificant.

a8  Significangat 99,9 % probability.
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Table A.8 — Precision and bias for gantry scales — applied loads versus observed loads

Test Initial Added Observed Difference
kg kg kg kg
1 0 2000 1994 -6
2 2102 2000 4105 +3
3 4234 2000 6 229 -5
4 5975 2000 7983 +8
5 8125 2000 10 107 -18
6 9 996 2000 12 004 +8
7 11 880 2000 13 891 - 11
8 13 905 2000 15 896 -9
Parameter Symbol Value
Meap — applied loads (kg) X (4) 9027
Meap — observed loads (kg) x (0) 9026
Meap difference (kg) Ax -1
Varignce of differences (kg2) 52(Ax) 102
Standard deviation (kg) s(Ax) 10,1
Coefficient of variation (%) CV. 0,11
Nunlbered of paired data n 8
Varigance of mean difference s2(AX) 13
Stanidard deviation s(AX) 3,6
Student’s r-value t 0,280
Signfficance — ns @
Bias|detection limits:
Type | risk only (kg) BDL(l) +8
Type | & Il risks (kg) BDL(1&IT) +15
f0,90;7 1,895
Tabylated r-values 057 2,395
10,997 3,499
f0,.999;7 5405
@  ps = potsignificant.
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Table A.9 — Linearity of gantry scales — applied loads versus observed loads

Test Initial Added Observed Difference
kg kg kg kg
1 0 2000 1994 -6
2 2102 2000 4105 +3
3 4234 2000 6 229 -5
4 5975 2000 7983 +8
5 8 125 2 000 10 107 -18
6 9 996 2000 12 004 +@8
7 11 880 2000 13 891 411
8 13905 2000 15 896 e
Parameter Symbol Value
Correlation qoefficient r 1,000 0
Significance — —8
Slope m 1,000 2
Significance — —_a
Intercept o -2,6
Significance — ns b
"0,95:6 0,707
Tabulated r-yalues 70,09:6 0,834
"0,999;6 0,925
a8  Significant at 99,9 % probability.
b ns=not ignificant.
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Table A.10 — Precision and bias for platform scales — certified weights versus observed loads

Certified weight Observed load
Test No. First Second
kg kg kg
1 2000 2 006 1998
2 2000 2002 2 001
3 2000 2 005 2003
4 2000 2008 2000
5 2000 2 005 11999
6 2000 2004 2|001
Parameter Symbol First Second
Certified weight (kg) x (O) 2 000 2|000
Mean — observed load (kg) x (0) 2 005 2000,3
MeaI difference (kg) Ax +5 40,3
Varignce (kg?) $2(x) 4 3,07
Stanflard deviation (kg) s(x) 2 75
Coefficient of variation (%) Ccv 0,10 0,09
Numper of paired data n 6 6
Varignce of mean s2(X) 0,667 01511
Stanflard deviation s 0,816 01715
Studgnt’s #-value t 6,124 0j420
Significance — —a ps b
Bias |detection limits:
Type I risk only (kg) BDL(l) +2,1 41,8
Type | & Il risks (kg) BDL(1&I1) +3,7 43,3
Probpble bias ranges
Type | risk only:
lopver limit (kg) PBL(I) +2,9 na ¢
upper limit (kg) PBU(II) +71 na
Typd | & Il risks;
lopver limit(kg) PBL(I&ll) +1,3 na
upgperlimit (kg) PBU(I&IT) +8,7 na
f0,90;5 2,015
Tabulated r-values ‘o558 2571
10,99 5 4,032
10,999;5 6,859

b

@  Significant at 99 % probability.
ns = not significant.

¢ na=not applicable.
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Annex B
(informative)

Statistics

B.1 Terms and symbols

In this annex
estimate the
and observe

B.2 Meas

Only the arifhmetic mean is required as a measure for central tendency and thus for the most pro

estimate of t
can only be
unbiased, fof

For applicati

tendency andl thus for the unknown true value of the wet mass of a quantity of concentrate. Its formula is:

; = Z xi
where
is th
is th
is th

X
Xi

n

In practice
calibrations,
be tested for

dalc illtlUdubUd btdﬁbtibdi tUIIIID dlluI DyIIIIUUiD, tcata dlld th;llliunD |cqui|cd tU bi chk fUl ;JI
precision of mass measurement techniques and to verify the degree of causality betweenay
i loads. In Table B.1 statistical terms and symbols applied in different sections are listed:

ire for central tendency

ne unknown true mass of a quantity of mineral concentrate. This statemeént implies that wet
bstimated with a finite degree of precision as each mass measurement is an estimate, hop
the unknown true wet mass.

bn in the field of mass measurement, the arithmetic mean. is“an effective estimate for c

e mean for a set of » measurements;
e ith measurement;

e number of measurements in a set.
bnly a single estimate forthe wet mass of a quantity of concentrate is obtained. Sy

however, generate paired séts of applied and observed loads so that the mean difference
statistical significance

Table B.1 — List of statistical terms and symbols

As, to
plied

bable
mass
efully

entral

(B.1)

stem
5 can

Pgrameter Symbol Parameter Symbol
Mean x Difference Ax
Variance s2(X) Mean difference Ax
Standard devjation s(x) Variance of differences s2(Ax)
Coefficient oflvariance C\ Standard deviation of differences s(Ax)
Student’s r-value t Variance of mean difference s2(AX)
Correlation coefficient r Standard deviation of mean difference s(AX)
95 % confidence interval 95 % Cl 95 % confidence range 95 % CR
Bias detection limits BDL Type | risk only BDL(l)
Type | and Il risks BDL(1&II)
Probable bias range PBR Type | risk only: lower limit PBL(I)
Type | risk only: upper limit PBU(I)
Type | & |l risks: lower limit PBL(I&ll)
Type | & Il risks: upper limit PBU(I&IT)

NOTE D

erived symbols such as s2(MW) or s(XMy) are used in various clauses of this part of ISO 12745.
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B.3 Measures for variability

The variance is the most fundamental measure for determining variability. The variance can be calculated
using the following basic formula:

)= M (B.2)

2
( n-1

S (X

where

IS the mean for a Set of n measurements,
X is the ith measurement in the set;
7 is the number of measurements in the set;

-1 is the degrees of freedom

This formula requires that the mean be calculated before differences are squared and added whi¢h introduces
a megasure of uncertainty due to rounding. The next formula is equivalentto the basic formula, but it is more
precise and much faster and simpler to use in computer applications.

2(x) = > —(2x) /” (B.3)

n-1

wherg
inz is the sum of squared measurements;

. is the sum of all measurements;

1 is the number of measurements in a set;
1 —1 isthe degrees of freedom.

The following formula iscused to calculate the variance of differences between identifiably different sets of
paire measurements such as applied loads and observed loads:

2 (1) - 2% (3 Ax) /” (B.4)

n-1

s?(Ax) is the variance of differences;

ZAxiz is the sum of all squared differences;
(ZAx,.)z is the sum of all differences squared;
n is the number of paired measurement;

n—1 is the degrees of freedom.

The variance of differences between identifiably different paired data such as calibration data for static scales
and the number of pairs in a set, determines the power or sensitivity of Student’s stest to detect a bias or
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systematic error. Hence, the variance of differences and the number of applied and observed loads in the set
are the most important statistical parameters to test for bias and estimate precision of mass measurement
techniques.

The following formula generates an estimate for the variance of a single measurement with a static scale from

a set of duplicate measurements:

2

§2 (x) = (n/4) [(Z‘xh - xiz‘)/n} (B5)
where

s2(x) |is the variance for a single measurement;

Xi1 is the first measurement of i th pair;

Xio is the second measurement of i th pair;

n is the number of paired measurements.
Absolute differences between simultaneous duplicates are a measure of precision only. By contrast, refative
differences Hetween identifiably different paired data (certified weights and,observed masses) with their [signs
taken into actount, generate a measure of the absolute accuracy of a mass'measurement technique.
Due to its squared dimension the variance is not a useful measure to check and compare variability and
precision at p glance. The standard deviation, which is the square root of the variance and has the same
dimension ds the variable of interest, is a more readily understood parameter for precision. Dgrived

parameters g

uch as the coefficient of variation (CV), confidenee intervals (Cls) and confidence ranges (CRs)

as measureg of the precision of means and bias detection limits (BDLs) and probable bias ranges (PBRS|), are
more readily [understood measures of precision than variances.
In science and engineering 95 % confidence intervals (95 % Cls) and 95 % confidence ranges (95 % CR§$) are
used most frequently. The power or sensitivity,'of Student’s rtest to detect a bias between applied and
observed loads is usually reported at 95 %, 99 % and 99,9 % probability levels.
B.4 Measures for precision
The CV is a most effective measure for quantifying the precision of a mass measurement technique. CVp can
be plotted op control charts for precision. Their value is numerically equal to the standard deviation|as a
percentage df the mean of«Observed loads so that the following formula applies:

CV = (1p0/x) xJ52(x) = (100/%) x s(x) (B.6)
where

s2(x) s the variance;

s(x) is the standard deviation;

X

is the mean of observed loads.

A CV’s dimension is represented by a percentage so CVs make it simple to compare at a glance the precision
parameters for difference mass measurement techniques.

Cls and CRs are useful measures for determining precision. In mining and metallurgy 95 % Cls and 95 % CRs
are used most frequently but 99 % and 99,9 % probability levels are often used in statistical tests. In the case
where the number of data points on which a variance estimate is based is unknown but expected to be large,
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a 95 % Cl is the product of the mean’s standard deviation and the factor 1,96, the z-value from the normal of
Gaussian distribution for a symmetrical 95 % probability. This implies that 95 % Cl = s(x ) x 20,96 ~ —s(x ) x 2.
In the case where the number of data points is known and small, a tabulated #value with n — 1 degrees of

freedom is used to compute 95 % confidence intervals and ranges so that:

95 % Cl = S(}) X t0’95;n_1

(B.7)

Generally, the 95 % confidence range for the most probable value is the estimated value minus its 95 %
confidence interval and the estimated value plus its 95 % confidence interval thus:

95 % CR:lower limit= % —95% Cl = X —s(X) x #g g5i,.1~ ¥ — (X)X 2 g5 (B.8)

£L5 % CR:upper limit=x +95% Cl = x +s(x) x5 95,1~ X +5(X) xzg95 (B.9)
wherg

3 is the mean;

4(x) is the standard deviation of the mean;

1 .95i,—1 s the r-value for symmetrical 95 % probability;

30.95 is the z-value for symmetrical 95 % probability.
NOTH Care should be taken when referring to statistical tables, for +values as many compilations yise a notation
differgnt to that used in this International Standard. Many statistical reference books write the #-value |[shown in this

Intern|
[¢]> ¢

Itis &
2,5 %

ational Standard 10,9501 in the alternative form, 7, .54, which explicitly shows it is the 5%
,95;n—1-

Iso commonly found that ¢ 5., 4 is written as 7, 3¢, "4 to indicate that the probability is 2,5 % that ¢
that 1 <4 925, 4 for the symmetrical ~distribution. By comparing the tabulated r-values in this Internat

with the statistical tables being consulted, it should be clear as to what convention the tables are using for the

Cls
vario

gnd CRs are calculated from the yariances for means. Confidence intervals and confiden

Is probability levels are also effective control and action limits for control charts for precis

The felationship between the variance for a set of measurements and the variance for the mear

also

BDLs
the p
takern
to ref

B.5

pased on the central limit theorem.

are measures of the power or sensitivity of Student’s #test for detecting a bias. PBRs are
robable range within-which an observed bias is expected to fall when preselected statist
into account. PBRs can be reported for the type | risk alone or for type | and Il risks. It only
ort PBRs if tie-mean difference between applied loads and observed loads exceeds BDLs.

Central limit theorem

probability of

19,025.n-1 @Nd
onal Standard

e probability.

Ce ranges at
on and bias.
of the set is

measures for
cal risks are
makes sense

The
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fundamental

role in many applications such as calculating a precision estimate for the mean of a set of measurements,
testing sets of paired test results for compatibility, calculating BDLs and PBRs for bias test programs and
plotting BDLs in control charts.

For this application the central limit theorem is defined as follows:

The variance for the mean difference between a set of n paired measurements is n times
the variance of differences between measurements.

smaller than

A robust and sensitive test to check sets of identifiably different paired data for compatibility is Student’s #test.
It is used to test for bias the mean difference between certified loads and observed loads and to estimate the
precision of a mass measurement technique.
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B.6 Student’s r-test

The t-test is applied to check for compatibility sets of identifiably different paired data (e.g. certified weights
against observed loads). It gives information on the absolute accuracy of mass measurements and on the
variance of differences between identifiably different paired measurements. Student’s #test is applied to check
whether the mean difference between a set of paired data is statistically different from zero and thus is a
measure for a bias, or is statistically identical to zero and thus a measure for the cumulative effect of all
random variations in a mass measurement technique.

If the mean difference between a set of certified weights and observed loads is statistically different from zero
(reject null hypothesis) the mass measurement system is not in a proper state of calibration. If the mean
difference be i i st ' i i3) the
scale is in a|proper state of calibration. Otherwise, it should be adjusted and recalibrated before its.st
calibration is|acceptable for commercial applications.

Student’s value is the ratio between the mean difference and its standard deviation so that’'the follpwing
formulae apgly:

_Xi-
s(A]

2
)

AX
i B.10)

where
t is the calculated #-value;

xq is the mean for first data set;

Xy is the mean for second data set;

Ax is the mean difference;

s(Ax) |is the standard deviation of mean difference.

The formula|implies that the relationship between s(Ax), the standard deviation of the mean differenc¢ and
s(AXx), the standard deviation of. differences between paired data with their signs taken into account is Based
on the centrgl limit theorem se that:

s(Ax) = [sz (Ax)/n}

_ Ay B.11)

Hence, three variables interact and yield the calculated r-value.

The mean difference between a set of paired data is either statistically identical zero, or a measure for a bias.
A bias, in turn, is either positive (higher than a certified weight) or negative (lower than a certified weight). The
variance of differences and the number of paired data in a set determine the power or sensitivity of the #test
to detect a bias. The variance of differences is a function of the variability between paired test results and thus
of the precision of the mass measurement technique applied to obtain the set

The t-test was applied to a set of calibration data for a weighbridge. Table A.4 lists the complete data set and
its statistical parameters and Table B.2 summarizes the statistical parameters for this paired data.
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Table B.2 — Student’s ¢-test for calibration data

Parameter Symbol Value

Mean — applied loads (kg) x (4) 68 467
Mean — observed loads (kg) x (0) 68 451
Mean difference (kg) Ax -16
Variance of differences (kg?2) s2(Ax) 445
Standard deviation (kg) s(Ax) 21,1
Coefficient of variation (%) CVv 0,03
Numbperof-paired-data " 12
Varignce of mean difference s2(AX) 37
Stanglard deviation s(AX) 6,1
Student’s r-value t 2,601
Significance — —3a
a8  Significance at 95 % probability.
The galculated #-value of

16 _ 2,601

B, 1
excegds the tabulated value of #5544 = 2,201 at 95 % probability but is still below the tabulgted value of

10,99
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4 = 3,106 at 99 % probability. The question is then‘Whether a mean difference of — 16 kg
cal to zero. The concept of BDLs for the type |isk only and for type | and Il risks, make
5s whether this mean difference of — 16 kg is a.measure for a bias or due to random variatior

humber of paired data in a set determines’the BDLs. Theoretically, it is possible to prove
and commercially insignificant difference is a bias if the number of paired data in a set is lar

Bias detection limits

are measures of the power or sensitivity of Student’s -test to detect a bias between a s
ts and observed loads-BDLs are defined either for the type | risk only or for type | and Il rish
number of paireddata in the set, on the sensitivity of the rtest becomes evident upon

e BDL(l), or the'sum of two for the BDL (I&Il). Tabulated #values are also a function of tf
i data in the¢set.

ence‘and engineering a symmetrical two-sided 5 % probability for the type | risk (reject ny
the'mean difference is statistically identical to zero) and a symmetrical one-sided 5 % ¢

s statistically
5 it simple to
s only.

that even a
he enough.

bt of certified
s. The effect
realizing that

BDL is the product’of the standard deviation for the mean difference and either a single tabuylated ¢-value

e number of

Il hypothesis
robability for

| risks (arrnpf null hylnnfhpeiq when the mean difference is qu’rie’rir‘nlly different from zero

are used to

quantify the power of the #-test to detect a bias. Based on this convention BDLs are calculated as follows:

BDL() = s(AX)x 7005, 1
BDL(I&Il) = s(AX) x [ 90:p1 + £0,95:1 — 1]
where
BDL(l) = BDL for the type | risk only;
BDL(I&ll) = BDL for type | and Il risks;
s(AX) is the standard deviation of mean difference;
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