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Foreword

ISO (the International Organization for Standardization) is a worldwide fed-

eration of national standards bodies (ISO member bodies).
preparing International Standards is normally carried out
technical committees. Each member body interested in a
which a technical committee has been established has the rig
resented on that committee. International organizations, gove
non-governmental, in liaison with ISO, also take part in the w
laborates closely with the International Electrotechnical Com
on all matters of electrotechnical standardization.

The work of
through 1SO

subject for
ht to be rep-
'nmental and
ork. ISO col-
mission (IEC)

Draft International Standards adopted by the technical committees are cir-

culated to the member bodies for voting. Publication as an
Standard requires approval by at least 756 % of the member b
avote.

International Standard ISO 12745 was prepared by Technica
ISO/TG183, Copper, lead and zinc ores and concentrates.

Annexes Ado D of this International Standard are for informati

International
bdies casting

Committee

bn only.



https://standardsiso.com/api/?name=419ddf3bfa6ce157b24bf647328efd96

This page intentionally left blank



https://standardsiso.com/api/?name=419ddf3bfa6ce157b24bf647328efd96

INTERNATIONAL STANDARD © SO

ISO 12745:1996(E)

Copper, lead and zinc ores and concentrates — Precision
and bias of mass measurement techniques

1 Scope

This Interpational Standard provides guidelines to test
for bias pver a wide ‘range of mass measurement
techniquds, to estimate the, precision for each tech-
nique andl to calculate thé(precision for wet mass
when estlmated by applying one.of those techniques.

The guiddlines are based on the apglication of statisti-
cal tests|to verify that a mass measurement tech-
nique is junbiased, to estimate the variance as the
most bas|c measure for its precision and te.check the
linearity df a static scale over its working rahge: Cali-
bration nmpethods and performance tests for compli-
ance with applicable regulations generate test results
that can |be used to quantify precision and bias for
each of these mass measurement techniques and to
verify lingarity for static weighing devices.

The guidelines apply to mass measurement tech-
niques uded to estimate the wet mass for cargoes or
shipmentk of mineral concentrate as the basis for
freight apd insurance charges and for preliminary
paymentg or for final settlements between trading
partners.

The applifation of static scales requires that at least
one certified weight with a mass of no less than one
(1) tonne|be either available on location or brought in
for calibrgtion purposes, and that this certified weight
be appligable to the scale in accordance with the
manufacturer's recommendations. A set of certified
weights |covering the entire working range of a
weighing|device simplifies the process of verifying its

on this International Standard are encd
vestigate the possibility of applying thd
editions of the standards indicated bel
of IEC and ISO maintain registers of
International Standards.

ISO 3534-1:1993, Statistics — Vocabul
bols — Part 1. Probability and gend
terms.

ISO 3534-2:1993, Statistics — Vocabul
bols — Part 2: Statistical quality control.

ISO 5725-1:1994, Accuracy (trueness an
measurement methods and results — A
principles and definitions.

3 Definitions

The terminology and symbols in this
Standard are largely compatible with of]
dards, see ISO 3584-1, 1SO 3534-2 an
Some discrepancies(are due to a lack of
tween ISO Standards and_metrology —

uraged to in-
most recent
bw. Members
currently valid

bry and sym-
bral - statistical

bry and sym-

d precision) of
art 1: General

International
her ISO Stan-
i SO 5725-1.
uniformity be-
the science of

measurement — as it applies to mining and metal-

lurgy.

NOTE 1 In authoritative textbooksOn applig
use of the sigma squared (62) symbol.is. r

bd statistics the
bstricted to un-

known population variances for which alme

asurement pro-

state of calibration, estimating its precision as a func-
tion of applied load and testing its linearity over the
working range.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this International Standard. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based

cedure 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 (62 or o) indiscrimi-
nately.

Following are definitions for the most relevant con-
cepts 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.
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3.1 accuracy: Generic term that implies closeness
of agreement between an observed mass and its un-
known true value.

NOTE 2 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 between the expectation of the
test result and an accepted reference value.

NOTE 3 This definition is only valid if the accepted refer-
ence value is known with absolute certainty (International

Units of Mass

nd-lonathl Given that maost accantad rof
+

©1SO

3.9 variance; symbol s2: Measure for random vari-
ations in a mass measurement technique, numerically
equal to the sum of squared deviations from the mean
for a set of measurements divided by the number of
measurements in the set minus 1 (divided by the de-
grees of freedom).

NOTE 5 In textbooks on applied statistics the term “mean
squared deviation from the mean” is often used in refer-
ence to the variance.

3.10 standard deviation; symbol s: Measure for
random variations in a mass measurement technique,

erence values 3
difference betw
accepted refere
the test result

cepted refereng

3.3 Student]
difference for
served loads 4
difference.

reCknown within finite confidence limits, the
eensthe expectation of a test result and an
nce value is only a bias if the expectation of
alls outside the confidence limits of an ac-
e value. 1

s t-value; symboly: Ratio between the
the means for sets~of applied and ob-
nd the standard deviation for the mean

3.4 Bias Detection Limit; symbol BDL: Méasure for

the power or §
bias or syste
served loads.

3.5 Type |
hypothesis tha
served loads
ence is, in fact

3.6 Type ll
hypothesis th
observed load
ference is, in f

ensitivity of Student'’s ¢-test to'detect a
matic error between applied and/-ob-

risk; symbol a: Risk of rejecting the
t the means for sets of applied and ob-
bre compatible when their mean differ-
, statistically identical to zero.

risk; symbol B: Risk of accepting the
bt the means for sets of applied and
S are compatible when their mean dif-
hct, statistically different from zero.

3.7 Probable Bias Range; symbol PBR: Limits

within which
predetermined
only or for Typ|

h measured bias is expected to fall at
probabilities, either for a Type | risk
e | and Il risks.

3.8 precisio

n: Generic term for the cumulative ef-

numerically equat to the square root of the variance.

3.11 relative standard deviation; symbol s
Measure for random variations in a mass measure-
ment technique, numerically equal to the [standard
deviation divided by the observed mass.

3.12 Coefficient of Variation; symbol CV:|Measure
for random variations in a mass measurement tech-
nique, numerically equal to the standard devigtion as a
percentage of the observed mass.

3.13 Confidence Interval; symbol CI: Interyal within
which a predetermined percentage of the differences
between all possible measurements and theif mean is
expected to cluster.

3714 Confidence Range; symbol CR: Range within
whieh_a predetermined percentage of all| possible
meastirements is expected to cluster.

NOTE 6 In“science and engineering 95 % conffdence in-
tervals and ranges\are most frequently used.

3.15 correlation coéfficient; symbol r: Mdasure for
the degree of associafion or interdependence be-
tween a set of certified Weights and observed loads.

3.16 draft survey: Mass méasurement fechnique
that is based on converting the difference bgtween a
vessel's displacement under different loads into a
mass on the basis of its draft tables while_tgking into
account the density and temperature of) water and

fect of random variations in a mass measurement

technique.

NOTE 4 Precision is a generic qualifier, e.g. “a high degree
of precision”, “the precision is poor or low"” or “the pre-
cision characteristics are excellent”, are valid statements
albeit without quantitative implications.

ballast, and changes in ballast and supplies.

NOTE 7 Draft surveys are based on Archimedes's Principle
which states that a floating body displaces its own mass. The
wet mass of a cargo or shipment can be measured by con-
verting changes in draft, trim, ballast and consumable sup-
plies into mass on the basis of the vessel's draft table.

1) E.g. the mass of the Iot 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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3.17 belt scale: Mass measurement device that
continuously integrates and records as a cumulative
mass, the load on a belt while it passes the sus-
pended scale section in a conveyor belt.

NOTE 8 Belt scales are continuous mass measurement
devices that are calibrated by applying a load such as a cali-
brated chain 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).

ISO 12745:1996(E)

ballast tanks and in proximity to the

vessel during

draft surveys, are measured and taken into account
when converting a difference between 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. Defor-
mation of vessels, while in a partially loaded condition,
adds another element of uncertainty that may trans-
late into a bias. Displacement surveys for single cargo

spaces are invariably less precise than

displacement

surveys for full cargoes. The highest degree of pre-

3.18 static scale: Mass measurement device that
converts [hto/a mass a static load on a weighbridge or
on a platformy/inside a hopper or suspended from a
gantry schle.

NOTE 9 $tatic scales/ afe batch mass measurement de-
vices thatjare calibrated ejther with a single certified weight
or with a get, and less frequently with a calibrated hydraulic
press. Stalic scales may have dutematic zero adjustment so
that the qum of the differences/between tare and gross
loads can|be used to generate &, cumulative mass. Dual
hopper scgles allow a virtually continuous, mass flow during
loading anpd discharge operations witheut sacrificing the
accuracy gnd precision characteristics of thg static scale.

4 General remarks

Internatignal and national handbooks on weighing de-
vices deffjne the uncertainties in mass measurement
techniques in different ways. In some handbooks the
use of the term “error” is restricted to a bias or sys-
tematic error while others refer to “maximum per-
missible [risks”, which appears synonymous with
“tolerancps”, as a measure for random variations in a
mass mepsurement technique.

Unless |maximum permissible errors” or “toler-
ances” afe, by definition, equal to 95 % or 99 % con-
fidence inftervals, neither can be converted into a vari-
ance as the most basic measure for the precision of a
measurement process. However, an unbiased esti-
mate for [the variance of the wet mass of a cargo or
shipment| of mineral concentrate is required before
the precision for its dry mass and the masses of con-

cistorcambeobtaimed-whenmavesset
loading in a light (without ballast) ar
loaded condition, or at discharge in
loaded and light (without ballast) conditia

Moisture migration during the voyage
discrepancies between surveys at log
charge if drained water were removed

s surveyed at
d completely
a completely
n.

would cause
ding and dis-
with the bilge

pumps. In such cases the wet mass measured at dis-

charge may well be significantly lower
mass at loading but the dry masses 4§

than the wet
t loading and

discharge are expected to be compatiple. Oxidation

often causes a small increase in mass

hat is difficult

to estimate due to the highly variable glegree of pre-

cision for draft surveys.

Generally, precision estimates in terms pf coefficients

of variation range from a low of 0,5 9

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 flischarge has

Knowledge of the vessel's Bill of Lad

ing (B/L), the

draftysurveys at the ports of discharge and loading are

no longer statistically independent [1].

Draft surveys at loading are based q

n consensus

between an officer of the vessel, a marine surveyor
representing the” shipper, and sometimes a marine

surveyor represefting the buyer. Una

er such con-

ditions the precision of the draft survgys at loading

cannot possibly be estimated. Only in
two (2) or more qualifiedsmarine survey
plete their own draft surveys.for the

the case that
brs each com-
bessel, at the

same time but independently/-¢an the piecision of this

mass measurement technique becestim
biased manner.

tained metals can be calculated and reported in terms
of 95 % confidence intervals and ranges as a measure
for the risk that trading partners encounter.

4.1 Draft surveys

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

The precision for a draft survey can also

ated in an un-

be estimated

if the wet mass of a cargo or shipment is measured

with a static scale with known precisi

ion character-

istics, provided that it be located in close proximity to
the vessel to ensure that loss of moisture and mech-
anical loss do not cause a bias. Unlike linearity for

static mass measurement devices line

arity for draft

surveys cannot be defined in a meaningful manner

due to the differences in the deformati
over a wide range of loading conditions.

on of vessels

Annex C provides an example of a displacement cal-

culation for a draft survey.
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4.2 Belt scales

A belt scale is a continuous (dynamic) mass measure-
ment device that integrates the variable load on a
suspended belt section over long periods of time.
Precision and bias for belt scales depend on numer-
ous factors not the least of which is the environment
in which they operate. A belt scale can be calibrated
with a chain that is trailed on the belt over the scale’s
mechanism with a static weight that is suspended
from the scale’s frame, or with a quantity of material
whose wet mass is measured with a static scale.
Despite its relatively short time basis, the material-run

© SO

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].

The suspended mass of the scale’s beam and its sup-
port 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.
/\Hnr r\ﬁr\!ﬂ ovela tha dJUStEd

ok
Ty ctrec—tre vvunvl:ul:usb 1S—ZEetS

test is the

+ Lokl Ll eod: <l £
Vol TCIauic vanuratiunrt MIULTUUTT TUT

dynamic scales

(2].

A belt scale in peries with a hopper scale integrated in

a conveyor bel

system can be calibrated, and its pre-

cision estimatg¢d, by comparing paired wet masses

(static versus
benefit from a
that become W

dynamic). Many applications would
pair of belt scales in series. Particles
edged between the conveyor's frame

and the suspehded frame of a belt scale cause dis-

crepancies befween paired measurements.

Identifi-

cation of anorpalous differences permits corrective

action to be t

ken. Removal of spillage from a belt

scale’s mechafpism at regular intervals reduces drift,
and thus the prpbability of a bias occurring.

A precision of D,4 % in terms of a coefficient of vari-
ation has beep observed for advanced belt scales

under optimum
the coefficient
Reliable and
belt scales un
measuring an(

conditions but under adverse conditions
of variation may well exceed 3,5 %.
alistic estimates for the precision of
er routine conditions are obtained by

monitoring variances between-'gb-

served spans prior to each calibration. Frequent-eali-

brations ensurg

that belt scales will generate unbiased

estimates for wet mass. The central limit theorem
implies that coptinuous weighing with dynamic scales
gives a significantly lower precision forwet mass than

batch weighing

Under routine
difficult to meas
the linearity o
However, line:
necessarily ens
under routine
from linearity

with static scales does:

onditions the_linearity of belt scales is
sure. Manufacturers of load cells test
response,'over 4 mA-20 mA ranges.
rity under test conditions does not
ure, linear responses to applied loads
gonditions. Nonetheless, deviations
e-not likely to add mare uncertainties

either automatically or manually, to eliminatedrift.

Regulatory agencies may use one,or ‘more [wagons
of certified weight to calibrate weéighbridgds. Each
wagon gives only one calibratign, point so that devi-
ations from linearity are impossible to detect.|By plac-
ing two wagons on a weighbridge a set of three (3)
calibration points is obtaifed to provide ugeful but
limited information on¢jts-Tinearity. The most gffective
test for linearity is based on addition or subtraction of
a set of certifieddweights that covers the |working
range of a weighbridge. Equally effective but more
time consuming is alternately adding a single[certified
weight withya mass of 1t-2t and a quantity of ma-
terial until the weighbridge is tested in increments of
5 t-1@t over its working range.

Precision parameters for weighbridges [can be
measured and monitored by weighing in dquplicate
once per shift, a truck or a wagon. After the gross
weight of a randomly selected truck or wagon is
measured in the usual manner, it is removed from the
weighbridge. Next, the zero is checked and aqjusted if
required, and then the unit is moved on to th¢ weigh-
bridge and weighed again. The mean for set$ of four
(4) or more absolute differences between d:tplicates
can be used to calculate the variance for a sifgle test
result at gross loads. In terms of a coefficient of vari-
ation the precision for a weighbridge at grogs loads
generally ranges from 0,1 % up t0 0,5 %.

The precision can also be estimated by placing on the
weighbridge, in addition to the gross load, a tgst mass
of five (5) times up to ten (10) times the scal¢'s read-
ability or sensitivity. Measurements with and|without

thic tact mace Aarn ra~~rAAA ANA ¢ \art £
trro—tootT oo T e Coraet—ant LIIU vaHafee—+or gross

to this mass

measurement technique than other

sources of variability such as belt tension and stiff-
ness, stickiness of wet material or wind forces.

4.3 Weighbridges

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

loads calculated from a set of six (6) data points up to
twelve (12) data points. Such estimates tend to be
marginally but not significantly lower than the pre-
cision between duplicates that are generated by first
weighing, and then removing and reweighing a loaded
truck or wagon.

This procedure can be repeated without a load on the
scale. A test mass is placed on the scale and its mass
recorded. Next, the test mass is removed, and the
zero adjusted if required. This process is repeated no
less than six (6) times, and the variance at near-zero
loads calculated.
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4.4 Hopper scales

The wet mass of cargoes or shipments can also be
determined with a single hopper scale or with a pair of
parallel hopper scales. Upon completion of each dis-
charge cycle a hopper scale is often automatically zero
adjusted so that a bias caused by build-up of wet ma-
terial and dislodgement at random times is eliminated.
Otherwise, tare loads for each weighing cycle should
be recorded to allow for changes in accumulated
mass.

A hopper scale is calibrated by suspending from its
frame a set of certified weights with a mass of 1t-2 ¢

ISO 12745:1996(E)

stratum in a cargo space will partial loads be encoun-
tered 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
0,175 % 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

each to dover its entire working range. It is possible
but more| time-consuming to calibrate a hopper scale
with a sir|gle certified weight of 1 t-2 t by alternatively
adding a|quantity of material, recording the applied
mass, suppending the certified weight and recording
the appligd load again.

The precigion can be estimated by placing on the hop-
per scale|a test mass of five (5) times up to ten (10)
times a [scale’s readability or sensitivity, recording
measurernents with and without this test mass, and
calculating the variance for a single weighing cycle
from six (6) test results up to twelve (12) test results.
This chedk can be repeated after the discharge cycle
to determpine whether the precision is a function of
load. In tgrms of a coefficient of variation the 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 masg, its suspended mass in the empty candition
is large ephough to add to the variance for the,net wet
mass megsured during each weighing cycle.

4.5 Gantry scales

The wet |mass of cargoes _‘Qr_shipments of concen-
trates in pulk can be determined with a gantry scale.
This mas$ measurement device is also zero adjusted,
either manually or automatically, after each load is
dischargeld. The wet)mass contained in a fully loaded
clamshell|bucketis of the same order of magnitude as
its suspended Mmass and support structure so that the
variances| forytare and gross loads both contribute to

The wet mass of shipments of containe
centrate can be measured by weighing
other containers on a platformhsecale,
empty and the loaded condition: at mi
loaded and the empty condition at sme
scales are often used td measure the

d mineral con-
bulk bags or
either in the
hes, or in the
ters. Platform
wet mass of

valuable mineral concentrates so that a proper state of

calibration is extremely/important.

The suspended mass of the scale’s bea
port structuré is only a small part of t
mass at gross loads. As a result, the v3
tare mass is significantly lower than th
the gross mass. The variance for the ne
a container is equal to the sum of the hig
the‘gross mass and the low variance for
which implies that the variance for the

M and its sup-
he suspended
riance for the
e variance for
t wet mass of
h variance for
the tare mass
vet mass of a

shipment is largely determined by the variance for the

gross mass of containers. Unless gross
substantially from the certified weight re
brate a platform scale, the linearity
measurement device is not a matter of d

The precision of platform scales (near ze
capacity) can be estimated by placing a
five () times up to ten (10) times its
sensitivity on its platform, recording n
with and without this test mass and (
variance for single weighing cycles from
replicate test results up to twelve (12)
results. In terms of a coefficient of var
cision for platform scales ranges from
0,2 % at gross loads. The variance fo
mass is equal to the sum of the varia
and tare loads.

masses differ
bquired to cali-
of this mass
oncern.

o and at rated
test mass of
readability or
neasurements
alculating the
sets of six (6)
replicate test
ation the pre-
0,05 % up to
the net wet
hces at gross

the variance for the net wet mass of each wWeighing
cycle.

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 (5)
times up to ten (10) 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 (6) test results up to twelve
(12) test results. It is possible to estimate the pre-
cision of a gantry scale with partially loaded clam-
shells. However, only during removal of the lowest

5 Certified weights

The traceability of certified weights to the Inter-
national Unit of Mass through National Prototype Kilo-
grams and a hierarchy of verifiable calibrations is of
critical importance. The integrity of certified weights
can be ensured by storing them in a clean and dry
environment, preferably on platforms or pallets, by
covering them with tarpaulins to avoid corrosion and
accumulation of dirt and by handling them carefully to
avoid mechanical damage.
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Based on how a traceable mass is compared with a
draft survey or a measurement with a belt scale, or
how a certified weight is compared with test results
for a static mass measurement device, calibration
methods can be divided into four (4) categories,
namely:

— a single certified weight of appropriate mass;

— a set of certified weights to cover a typical work-
ing range;

— a single, but preferably two (2) wagons of certi-
fied weight;

© SO

invariably based on a draft survey at the port of loading,
should not be disclosed to the marine surveyor at dis-
charge until the draft survey is completed. Otherwise,
the precision between draft surveys at loading and dis-
charge cannot be estimated in an unbiased manner.

6.2.1 Draft surveys at loading and discharge

An example of draft surveys at loading and discharge
can be found in table A.1 of annex A. Table A.1 lists a
set of ten (10) paired wet masses that are determined

— a mass trpceable to a properly calibrated static
scale.

Weighbridges | (including in-motion and coupled-in-
motion weighing devices) can also be calibrated with
hydraulic presgure gauges. The use of a hydraulic
pressure gaugé adds to the calibration hierarchy a link
that is based op a completely different technology.

6 Methods of operation

6.1 General

Dy draft surveys at loading and discharge., Each ship-
ment was loaded into a single cargo spaeg so that
these results are typical for draft suryéys” of partially
loaded vessels. Table 1 lists the statistical pafameters
for this paired data set.

Table 1 — Precision-and bias between draft

Precision and
and technique
a function of
dynamic scalg
bias but also
measurements
simple precisio
case can be m
at regular inter
control charts.

bias for mass measurement devices
b can be estimated and monitored as
time. Calibration data for static and
s not only generate information on
reliable precision estimates for mass
. Calibrations require more time(than
n checks with a test mass, therefore a
hde that precision checks be earried out
als, and that precision be_monitored on
Sudden changes in precision may be

indicative of mechanical failures dr jmalfunctioning

electronics, an
the manufactu

Testing for bi
linearity are ba
lar on Studen
variance) and ¢

 require testing for-€onformance with
er's specifications:

s, estimating precision and checking
sed on applied statistics, and in particu-
's t-test» Fisher's F-test (analysis of
brrelation-regression analysis.

surveys
Parameter. Symbol Yalue
Mean - load.{t) x(L) 4101,2
Mean - diseharge (t) x(D) 4 1D6,9
Mean difference (t) AX 14,3
Mean-difference (%) Ax 10,1

Variance of differences (t2) s2(Ax) 14[10,92
Coefficient of Variation (%) Ccv 0,91
Student’s r-value t 0,361

Bias Detection Limits:
BDL(l)
BDL(I&l)

Type | risk only (%)
Type | & Il risks (%)

0.7
1,2

e Ll

The variance of differences of 1 410,92 t2 is {he most
basic measure for the precision between draft sur-
veys at loading and discharge while the coefficient of
variation of 0,91 % is a more transparent megsure for
precision. The question is whether this estimate for
the precision between draft surveys is unbiaped, and

thus whether draft surveys at loading and discharge
are Qfaficfir‘all\'/ indnpandnnf

Annex B revie

vs—testsandformutae Tequited to calcu=

late relevant parameters.

6.2 Draft surveys

Precision and bias of draft surveys can be estimated
and monitored by comparing wet masses that are de-
termined at loading and discharge, by comparing wet
masses determined by draft survey (either at loading
or at discharge) or with a properly calibrated static
weighing device in close proximity to the port of loading
or discharge. The vessel's bill of lading, which is almost

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 coef-
ficient 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 ves-
sel'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 estimate for the unknown true
mass.
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If the draft surveys at loading and discharge were
equally precise, the variance for a single draft survey

ISO 12745:1996(E)

Table 2 — Precision for wet mass by draft survey

would be: Parameter Symbol Value
1410,92 — 705,46 t2 Meén (t) M, 4109
Variance (t2) s2(M,,) 705,46
o Standard deviation (t) s(M,) 26,56
for standard deviation of: w '
Coefficient of Variation (%) cv 0,65
\J705,46 = 26,561t 95 % Confidence Interval (t) V| 95 % ClI +60,1
) 95 % Confidence Interval (%) 95 % CI +15
and a coefficient of variation of:
95 % Confidence Range:
26,56 x 100 ~065% lower limit (t) 95 % CRL 4049
=0, (]
[(4111,2+4106,9)/2] upper limit (t) 95 %CRU|| 4169
Means of{4 111,2 t and 4 106,2 t are used to calculate 1) Based on 1g,gs:g X s(M,,).
the coefficient of variation. In this case the means are
statistically identical but the mean of statistically dif-
ferent mgans can still be used to calculate the coeffi- If the long-term coefficient of variation| were 0,8 %,
cient of \Jariation. However, numerically it is not the the 95 % confidence’/interval for a ywet mass of
most religble precision estimate. 4 109 t would be;:
Because puch a large set of variables interact in this 1,96 x £109x 0,8
mass megasurement technique, the probability that 700 =+64,4t
displacement surveys at loading and discharge are
equally pfecise is remote. In 6.2.2 evidence will be for 8.95 % confidence range from 4 109 — 64,4 =
presented to show that this variance of differences of 4045t up to 4109 + 64,4 = 4173 t. The zvalue of
1410,9212 is not an unbiased estimated for the pre- 1,96 from the normal or Gaussian distrifjution is often
cision befween draft surveys at loading and at dis- rounded to 2 which would change thé 95 % confi-
charge. dence interval from £ 64t to £ 66 t, a difference that

The calcllated r-value of 0,361 for a mean differ-

ence of 4
10,959 = 2
at loading
identical.

,3 t does not exceed the tabulated value-of
,262 which implies that means of 41 11,2 t
and 4 106,9t at discharge are statistically
Hence, each draft survey appears to gen-

erate an {inbiased estimate for the unknown true wet

mass of
this r-vall
ations fa
closeness

Bias Detg
Type | ris
risks, are
power of
tion Limitp
losing an

he shipment in question. The probability of
e of 0,361 being caused)by random vari-
Is between 20 % and) 30 % so that the
of agreement is netSuspect.

pction Limits -0f )£ 0,7 % or =27t for the
only, and £.%2 % or + 49 t for Type | and
different™measures for the sensitivity or
Student's.*-test to detect a bias. Bias Detec-
5 are also measures for symmetrical risks of

between

) probabllmes of gannlng if the settlements

is well within the precision of this mass
technique.

The precision estimates in table 2 are o
variance of differences is unbiased, an
surveys at loading and discharge are eq
The question whether the draft surveys
discharge are indeed equally precise co
by estimating the precision at loading an
from statistically independent draft sur
words, were two (2) or more marine
measure independently a vessel's draf
and loaded condition a set of no less
duplicate or replicate draft surveys, on
and under comparable conditions, woul
to estimate the precision of draft survey
lar port.

Imeasurement

hly valid if the
d if the draft
jually precise.
At loading and
uld be solved
i at discharge
eys. In other
surveyors to
t in the light
than four (4)

dimilar vessels

d be required
s at a particu-

ffferences is an

the wet mass of shlpments by draft surveys

Based on a standard deviation of 26,5612 for a
single displacement survey and a tabulated rvalue of:
fo,05:0 = 2,262, the 95 % Confidence Interval (95 % Cl)
for a cargo or shipment with a wet mass of 4 109 t is:

2,262 x 26,56 =160t

for a 95 % Confidence Range (95 % CR) from 4 109 —
60 =4049tup to 4109 + 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.

unbiased estlmate for the preC|S|on between draft
surveys at loading and discharge can be solved by
comparing the results of draft surveys with wet
masses measured with a static scale. In draft surveys
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 draft surveys and

with a weighbridge can be found in table A.2 of an-
nex A. Table A.2 lists a set of ten (10) pairs of wet
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masses for the same shipments that were also re-
ported 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 r-value for the mean difference,
the variance of differences and the number of paired
data in the set. In this example the variance of differ-
ences 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 tech-
nigues with vastly different precision characteristics.

© |SO

Thus it would appear that knowledge of the vessel's
bill of lading before the draft survey at discharge is
completed, resuits in statistical dependencies be-
tween draft surveys at loading and discharge. There-
fore, the coefficient of variation of 0,91 % is a biased
estimate for the precision between draft surveys and
the coefficient of variation of 2,8 % is a better estimate
for the precision of single draft surveys for partially
loaded vessels.

The weighbridge’s precision is expected to add sig-
nificantly less than

Under such conditions the variance of differences is
virtually identicpl to the variance for the least precise
mass measurgment technique (draft surveys at dis-
charge).

Table 3 lists th¢ most relevant statistics for this set.

Table 3 — Pgecision and bias between different

techniques
Parameter Symbol Value

Mean - draft sufvey (t) x(D) 4106,9
Mean - weighbiidge (t) x(W) 4134,3
Mean differencg (t) Ax + 27,4
Mean differencg (%) Ax +0,7
Variance of diff¢rences (t2) s2(Ax) 13243
Coefficient of Vfariation (%) Ccv 2,8
Student's r-value t 0,753
Bias Detection Limits:

Type | risk ohly (%) BDL(l) +2,0

Type | & Il rigks (%) BDL(I&l) +3,6

The coefficient| of variation of 2,8.%7is a measure for
the precision between draft surveys at discharge and
wet masses determined wijth.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<0;91 %. The question whether
coefficients of| variation of 2,8 % and 0,91 % are
compatible can|b&-solved by comparing the calculated

T = 705,46 t2
2

to the variance of differences of 13-243 t2 sp that a
variance of 13243 — 705,46 ~,12500 t2 wWould be
a better estimate for the precision of a single draft
survey than the variance of 705,46 t2. In teqms of a

coefficient of variation the(precision for draft|surveys
for a single cargo space«would then be

{12500.%4100 27%

(4106,949343)/2]

A calculated’ r-value of 0,753 for a mean difference
of 27,44 does not exceed the tabulated YValue of
fo95,9°= 2,262 which implies that means of 4 106,9 t
at:loading and 4 134,3 t at discharge are stdtistically
jdentical. Hence, the draft survey at dischgrge and
the weighbridge at discharge apparently gengrate un-
biased estimates for the unknown true wgt mass
of each shipment. Nonetheless, the precision of a
static scale such as a weighbridge installs & signifi-
cantly higher degree of confidence in a cumulative
wet mass of 4 134,4 t than the precision of draft sur-
veys does.

Bias Detection Limits of £2,0 % or +82t| for the
Type | risk only, and £ 3,6 % or £ 149t for Type | and
Type |l risks, are measures of the power or sgnsitivity
of this test to detect a bias. Generally, Bias Qetection
Limits are also estimates for the risk of ong 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 massds deter-
mined with the weighbridge so that the ifsk was

F-ratio of

13243

———=9,39

1410,92

(the variance between draft surveys at discharge and
wet masses measured with a weighbridge at a
smelter, divided by the variance between draft sur-
veys at loading and discharge) with tabulated values of
Fo9s.99 = 3,18 and Fpgg99 = 5,35. The calculated
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 % are sta-
tistically identical is much less than 1 %.

1 1 1 Dy L o O N 0o/ | Y . W W .Y
mucihiess tNarn DULS O T°Z,U 70 dlild T°5,0 70 Hlp]y.

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 1250012 and a single wet
mass of 4 107t for draft surveys at discharge are
equivalent to a 95 % confidence interval of:

2x 412500 =+2241t

for a 95 % confidence range from 4 107 — 224 = 3883 t
upto4 107 + 224 = 4 331 t.
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Table 4 lists precision estimates that are based on a
single wet mass of 4 107 t, a cumulative wet mass of
41 343t, a variance of 1250012 for the single wet
mass, and the sum of variances of 125 000 t2 for the
cumulative wet mass.

ISO 12745:1996(E)

the basic statistical parameters for each moving data
base.

Coefficients of variation of 0,39 % and 0,11 % are
both measures for the precision of this belt scale.

However, the calculated F-ratio of
The coefficient of variation of 2,7 %, when divided by

V710, becomes: 01976 =13,00
0,0152
2,7 . ,
m=0,9 Yo between the variances before and after calibration ex-

ceeds the tabulated values of Fpgs:11:11 = 2,82 and
Fo99:11:11 = 4,64 which implies that these variances
itter signiticantly. The long-term variamce of 0,197 6
between chain spans prior to calibratior] more truly re-
flects the magnitude of random‘-Variations in mass
measurement with this belt /scale as|a function of
time. Therefore, the coefficient’of variation of 0,39 %
is the more reliable estimate for its pfecision under
routine conditions.

This relat
rem, an important theorem in mathematical probability
and applied statistics.

6.3 Belt scales

An examlple of how to calculate the precision of wet
masses Mmeasured with belt scales can be found in
table A.3 of annex A. This table lists a set of twelve
(12) chaimp spans, recorded at weekly intervals prior to
calibration, and a similar set of spans that were ob-
tained imjmediately following its calibration. Table 5 lists

The question whether the belt scale |[generates un-
biased estimates_for wet mass can be| solved by ap-
plying Student’s’t-test to the differencg between the
required spah (115,25 for this belt s¢ale), and the
mean of observed spans for a set tha{ constitutes a
moving.data base. Table 6 lists the results of this test.

Table 4 — Precision for'wet mass by draft survey

Parameter Symbol Single Cumulative
Mean (t) M, 4107 41 343
Variance (t2) s2(M,,) 12 500 145 000
Standard deviation (t) s(My,) 111.,8 353,6
Coefficignt of Variation (%) CcVv 2,7 0,9
95 % Cdnfidence Interval (t) ) 95 % Cl + 224 + 707
95 % Cdqnfidence Interval (%) 95 % ClI +5,4 +1,7
95 % Cqnfidence Range:
lower limit (t) 95 % CRL 3883 40 636
upder limijtt) 95 % CRU 4331 42 050
1) Based @fi.zg g5 X s(M\,), Or 20 g5 X s(ZMw).
Table 5 — Precision of a belt scale
Parameter Symbol Before After
Mean (scale units) x 115,12 115,36
Variance (scale units)? 52(x) 0,197 6 0,015 2
Standard deviation (scale units) s(x) 0,444 6 0,123 4
Coefficient of Variation (%) Ccv 0,39 0,11
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Table 6 — Testing a belt scale for bias Table 7 — Precision for wet mass with a belt scale
Parameter Symbol Value Parameter Symbol Value
Mean - required span x(R) 115,25 Mean (t) M, 25 000
Mean - observed span x(O) 115,12 Coefficient of Variation (%) CVv 0,39
Mean difference (span units) Ax -0,13 Standard deviation () s(M,) 97,5
Student'’s t-value t 1,013 95 % Confidence Interval (t) 95 % Cl +195
Significance — ns1 95 % Confidence Interval (%) 95 % ClI +0,8
Bias Detection Limits: 95 % Confidence Range:
i H [&)
Type | risk only (span units) | BDL() +0,28 lower limit (1) 95 % CRL | 24805
— =
Type | & Il rigks (span units)| BDL(I&I) +0,51 upper limit {t) 95 % CRU | 25195

1) ns = not sign

ficant.

The difference
quired span of
test data, resul
is below the t4g
the belt scale
Detection Lim
+ 0,51 for Type
ference of 0,1
random variatid

A belt scale ne
tween the req

of — 0,13 scale units between the re-
115,25 and the mean of 115,12 for all
ts in a calculated t-value of 1,013 which
bulated value of 19,95.11 = 2,201 so that
s in a proper state of calibration. Bias
ts of +0,28 for the Type | risk, and
| and Il risks, indicate that a mean dif-
B span units is most probably due to
ns.

ed not be adjusted if the difference be-
Lired span and the moving average of

the running datta base does not exceed the Bias De-

tection Limit fd
of the chain t4
data base whil
data base is re
retained in the|
quired Bias De

For a wet mas
of 0,39 % give

0,39 x 2§
100

a standard dev

0,39 x 25
100

r Type | and Il risks. Upon completion
st the observed span is added to the
e the first observed span in the running
moved. The number of test data to.he
moving data base depends on the re-
ection Limits, and ranges from 8t016.

5 of 25 000 t the coefficient of variation
5 a variance of

2
0—00) =9506 t2

ation of

00 s

6.4 Weighbridges

Table A.4 of annex A presents an example of how to
check the state of calibfation for a weighbr{dge and
how to estimate its precision. Table A.4 lists|a set of
paired test data for alweighbridge that was dalibrated
with a pair of ~wagons with certified weights of
31 890 kg and/70.810 kg respectively. Two (2) subsets
of four (4) test data were generated by detprmining
the mass.efieach wagon while the third suljset was
obtainedby weighing both wagons simultanedusly.

Tahle 8 summarizes the most important dtatistical
parameters for this set of calibration data.

Table 8 — Precision and bias for a weighbridge

Parameter Symbol Yalue

Mean - applied loads (kg) x(A) 68 p67
Mean - observed loads (kg) x(0) 68 §51
Mean difference (kg) Ax 116
Number of test data n 12
Variance of differences (kg2 s2(Ax) 145
Coefficient of Variation (%) CVv 0,03
Student’s r-value t 2,601
Significance — 1)

1)_Significant at 95 % orobability
L b4 L r

a 95 % confidence interval of 2 x 97,6 =+ 195t and a
95 % confidence range from 25 000 — 195 = 24 805 t
to 25000 + 195 = 25195 t.

Table 7 lists precision parameters for a wet mass of
25 000 t based on a coefficient of variation of 0,39 %.

Although belt scales have found wide application in
mining and mineral processing, a wet mass deter-
mined with a belt scale contributes a large component
to the variances for metals contained in concentrates.
Therefore, wet masses of concentrate shipments on
which settlements between mines and smelters are
based should not be determined with belt scales.

10

The mean difference of — 16 kg results in a calculated
t-value of 2,601 which exceeds a tabulated value of
t0,95:11 = 2,201 but is still below 7999:11 = 3,106. This
mean difference falls between Bias Detection Limits
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 a weighbridge a coefficient of variation of 0,03 %
is exceptionally low so that the power or sensitivity of


https://standardsiso.com/api/?name=419ddf3bfa6ce157b24bf647328efd96

© SO

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 whether precision is a function of load can
be checked by applying correlation-regression analysis
to applied loads and differences between certified
weights and observed masses. The correlation coeffi-
cient of — 0,170 is statistically identical to zero. Hence,
there is no evidence that the precision of this weigh-
bridge is a function of applied load.

The variance for the wet mass of the contents of a
wagon is equal to the sum of the variances for gross
and tare_masses. For example, if gross and tare

ISO 12745:1996(E)

Table 10 — Linearity of a weighbridge

were medasured using this weighbridge, the sum of

masses %of 120 000 kg and 20 000 kg respectively
ces, and thus the variance for the wet mass

the varia
would be

1200000 x 0,03 2+ 20000 x 0,03 )2 _
100 100 B

1296 + 36 = 1332 kg2

Evidently] the measurement of gross mass largely
determings the variance for wet mass.

Table 9 lists precision parameters that would apply to
a single wagon with a wet mass of 100t and to a
set of 280 wagons with a cumulative wet mass of
25 000 t.

Taple 9 — Precision for wet mass with

Parameter Symbol | All data Means

only

Correlation coefficient r 1,000 1,000

Significance — —N —1

Slope m 0,999 9 0,999 9

Significance — -1 —n

Intercept (kg) a -77 -8,4

Significance — ns2 ns2

1) Cignifinanf at 00’0 (A B k. k'l;t,:.

2) ns = not significant.

The t-test can be applied to, the-slope and intercept of
the regression line. The slope usually fanges from a
minimum of 0,999 8 to &maximum of 1}000 2 and the
intercept should not beystatistically significant.

6.5 Hopper scales

Table A.6+of annex A presents an examniple of how to
usecthe differences between applied fand observed
loads' for a hopper scale for checking ity state of cali-
Bration and estimating its precision. Tlable A.6 lists
test data for a hopper scale that was calibrated using
a set of certified weights with a mags of 2 000 kg
each and the statistical parameters for this set of cali-
bration data. After the scale’s zero wag adjusted the

a weighbridge first certified weight was placed on thg frame under-
neath the hopper and the observed mjass recorded.
Parameter Single wagon| 250 wagons Additional weights were placed on the pcale until the
complete set of twelve (12) certified wedights was loa-
We_t masss (1) 100 25 000 ded on the scale. Table 11 lists the modt relevant sta-
Variance (t2) 0,000.8 0,225 tistical parameters for this set of calibratlon data.
Standard|deviation (t) 0,03 0,47
95 % Confidence Interval (t) V{4 0,06 +0,95 Table 11 — Precision and bias for a Hopper scale
95 % Corfidence Intervald%)| +0,06 + 0,004
L - Parameter Symbol Value
95 % Confidence Range:
lower/limit (t) 99,94 24 999 Mean - applied loads (kg) x(A) 13 000
upperllimit, (t) 100,06 25 001 Mean - observed loads (kg) x(O) 13 003
Mean difference (kg) AXx +3
1) Based|on.2'x s(M,,), or 2 x s(ZMW).
Number of test data n 12
Variance of differences (kg2) s3Ax) 46
The weighbridge’s linearity can be chﬁcked b¥ ap_plyd- Coefficient of Variation (%) cV 0,05
ing correlation-regression analysis to the set of paire .
calibration data. Table A.5 of annex A summarizes the S.tUd,e.m s tvalue ! 1,410
results for the complete set of paired data and for the Significance — ns?
means of each subset. The test for paired means has 1) ns = not significant
only one (1) degree of freedom and is therefore much _ 9 :

less robust than the test for paired data with ten (10)
degrees of freedom.

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

The mean difference of 3 kg results in a calculated
t-value of 1,410 which is below the tabulated value of
10,9511 = 2,201 and thus below the Bias Detection

11
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Limit of +4 kg for the Type | risk only. Hence, this
hopper scale is in a proper state of calibration, even
when only the Type | risk is taken into account.

A coefficient of variation of 0,05 % for a single
measurement with a hopper scale is excellent. There-
fore, 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 coef-
ficient of —0,114 is statistically identical to zero.

©1S0

Table 13 — Linearity of a hopper scale

Hence' there i‘_ aVa Q\'/Ednln'r\o that tha pronieir\n aof thie
hopper scale is|a function of applied load.

The variance fpr the wet mass of a hopper load is
equal to the sum of the variances for empty and
loaded conditigns. For example, if the hopper con-
tained 24 000 Kg, the variance in the loaded condition
would be

2
24000 xP,05 144 kg?
100

With automati¢ zero adjustments between discharge
cycles the varignce for an empty hopper with its large
suspended malss is not expected to be significantly
less than 144 kg? so that the variance for a net wet
mass of 24 000 kg would be 288 kg2. Table 12 lists
precision parafeters that would apply to a single
hopper load with a wet mass of 24 t and to a set of
1000 hopper loads with a cumulative wet mass of
24 000 t.

Table 12 — Precision for wet mass with hopper

Parameter Symbol Value
Correlation coefficient r 1,000
Significance — —1
Slope m 0,999 9
Significance — —N
Intercept (kg) a + 4,1
Significance — ns?2)

1) Significant at 99,9 % probability.
Z) NS = not signimicant.

The t-test can be applied to the slopevand intgrcept of
the regression line. The slope usually rangeg from a
minimum of 0,999 8 to a maximum of 1,000 7 and the
intercept should not be statistically significant.

6.6 Gantry scales

Table A.8 in annéx A presents an example|for pre-
cision and bias for gantry scales on the basis|of a set
of paired test data. The first pair was obtained by zero
adjustingsthe scale with the clamshell bucket empty,
suspeénding a certified weight with a mass of R 000 kg
frofr the clamshell and recording the observed mass
(1“994 kg). The next pair was obtained by recording
the mass of the partially loaded clamshel| bucket
(2 102 kg), suspending the certified weight from the
clamshell and then recording the observdd mass
(4 105 kg). The process of adding about 2 t of|material
to the clamshell bucket, recording the observgd mass,

scale and then adding the certified weight of 2 00Q kg was
- repeated until the clamshell bucket was loaded to its
Parameter sc'"gl:: 1 000 cycles rated capacity. Table 14 lists the most imporfant stat-
y istical parameters for this set of calibration dafa.
Wet mass (t) 24 24 000
Variance (t2 0,000 3 0,288 0 L. .
() ] Table 14 — Precision and bias for gantry|scale
Standard deviation (t) 0,017 0,54
Coefficient of Mfariation 0,07 0,002 Parameter Symbol Value
95 % Confidenge Intérval (t) V| + 0,034 +1,07 Mean - applied loads (kg) FA) 9427
95 % Confideng¢e Interval (%) | £ 0,14 + 0,004 Mean - observed loads (kg) (0) 9d26
95 % Confidence Range: Mean difference (kg) AX -1
lower limit () 2397 | 239989 Coefficient of Variation (%) oV 0,11
upper limit {t) 24.03 24 0011 Student'’s r-value t 0,280
1) Based on 2 x s(M,,), or 2 x s(ZMW). Significance — ns 1

The scale's linearity can be checked by applying corre-
lation-regression analysis to the set of paired cali-
bration data. Table A.7 lists the results for this paired
data set and table 13 summarizes the correlation-
regression parameters for the set of paired means
only.

12

1) ns = not significant.

The mean difference of — 1 kg results in a calculated
t-value of 0,28 which is below the tabulated value of
togs:7 = 2,365. In fact, a mean difference of —1 kg is
below Bias Detection Limits of + 8 kg for the Type |
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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 ap-
plying correlation-regression analysis to the means of,
and the differences between, the applied and ob-
served loads. The correlation coefficient of 0,085 is
statistically identical to zero. Thus there is no evidence

that the prescision-ofthis—gantryscaleisafunctionof —

applied Igad.

The varignce 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
0,71x 10 000 —121kg?
100
Because|the scale is linear the variance for the empty
clamshel] bucket is expected to be 121 kg? so that the
variance for the net wet mass of 10 000 kg is 242 kg2.

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

Table 15 — Precision for wet mass with agantry

ISO 12745:1996(E)

Table 16 — Linearity of a gantry scale

Parameter Symbol Value
Correlation coefficient r 1,000
Significance — -1
Slope m 1,000 2
Significance — —N
Intercept (kg) a -2,6
Significance — ns2

1) Significant at 99,9 % probability.

2 Ts=motsignificant.

The t-test can be applied to the slope a
the regression line. The slope~usually
minimum of 0,999 8 to ammaximum of 1
intercept should not be statistically sign

6.7 Platform scales

How to check a platform scale’s statq
andihOw to estimate its precision.

Table A.10 of annex A lists two (2) set
data for a platform scale and the most
tistical parameters for each set. This
scale can be used to determine the we
centrate shipments in bulk bags with
approximately 2 000 kg each.

Table 17 lists the statistical parameters
calibration data.

A mean difference of 5kg for the fif
bration data gives a calculated t-value ¢
exceeds a tabulated value of 19995 = 4
siderable margin but is still below fg ggg
mean difference exceeds the Bias Det
+ 2,1 kg for the Type | risks only, and # |
| and Il risks, hence the first data set ind
platform scale is not in a proper state of

The lower and upper limits of PBRs for

Nd intercept of
ranges from a
,000 2 and the
ficant.

of calibration

5 of calibration
important sta-
type of static
t mass of con-
a capacity of

for each set of

5t set of cali-
f 6,124 which
032 by a con-
= 6,859. This
pction Limit of
,7 kg for Type
icates that the
calibration.

the Type | risk

range from PBI(l) = 2 9kg to PBI()

= 7,1 kg and

scale
Parameter Single\load | 2 500 loads

Wet mags (t) 10 25 000
Variance|(t2) 0,000 242 0,605
Standard deviation (t) 0,0156 0,778
Coefficignt of Variation 0,16 0,03
95 % Copfidence«nterval (1) 1| + 0,03 +1,56
95 % Copfidence-interval (%) | £ 0,3 +0,01
95 % Confidence Range:

lower TiMIt (1) 9,97 249985

upper limit (t) 10,03 25 001,6
1) Based on 2 x s(M,,), or 2 x s(ZMw).

The gantry scale’s linearity can be checked by apply-
ing correlation-regression analysis to the set of paired
calibration data. Table A.9 in annex A lists the results
for the set of calibration data.

Table 16 summarizes the correlation-regression para-
meters for the set.

from PBL(I&Il) = 1,3kg to PBU(I&ll) = 8,7 kg for
Type | and |l risks. These lower and upper limits are
estimates for the range within which the observed
bias of 5 kg is expected to fall when either a Type |
risk only, or Type | and Il risks, are taken into account.

The mean difference of 0,3 kg for the second set of
calibration data gives a calculated t-value of 0,42 which
is far below the tabulated value of # g5.5 = 2,571. Nor
does this mean difference exceed the Bias Detection
Limit of = 1,8 kg for the Type | risk. Hence, the second
set of calibration data shows that the scale is in a per-
fect state of calibration.
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Table 17 — Precision and bias of a platform scale
Parameter Symbol First Second
Certified weight (kg) x(C) 2 000 2 000
Mean - observed loads (kg) x(0) 2 005 2 000,3
Mean difference (kg) Ax +5 +0,3
Coefficient of Variation (%) Ccv 0,10 0,09
Student’s r-value t 6,124 0,420
Significance — —1 ns 2
Bias Detection Limits (kg):
Type | risk ofily BOLM T 71,8
Type | & Il rigks BDL(I&lI) +3,7 +33
Probable Bias Ranges
Type | risk only:
lower limit (kg) PBL(l) 2,9 na3
upper limit (kg) PBU(I) 7.1 na
Type | &Il risks
lower limit (Kg) PBL(I&l1) 1.3 na
upper limit (kg) PBU(I&II) 8,7 na
1) Significant at 9 % probability.
2) ns = not significant.
3) na = not applifable.
The F-ratio of for the tare mass of 50 kg, would result in a jariance
of 3,406 kg? for the net wet mass of 2000 kg in a
4 single bulk bag.
—=1,30
3,07

between the v
3,07 kg? for th
tabulated value
ances of 4 kg?

briances of 4 kg2 for the fijrst*set and
e second set does not exceed the

of Fpgsss = 5,05.( Therefore, vari-
and 3,07 kg? are statistically identical

which implies

at the precision(of the platform scale

remained constiant during the.galibration process.

Table 18 lists precision parameters that would|apply to

the net wet mass of 2 000 kg in a single bulk

bag and

to a set of 500 bulk bags with a cumulative wet mass

of 1 000 000 kg.

Table 18 — Precision for wet mass with a platform

scale
Eor b_ulk bags‘ ith similar gross and tare masses the Parameter Single bag | 500 bags
linearity of this| type_of-scale is not a cause for con-
cern. Thg variahce fpr the net wet mass qf a single Wet mass (kg) 2 000 1 000 000
bulk bag's content is thrfa sum of'thivanancef Lflor Variance (kg?) 3.406 1703
gross and tare 'masses—or eXampre,the—sunT o the .
variance of Standard deviation (kg) 1,85 41,3
95 % Confidence Interval
+ +
0,09 x 2050 2—34O4k ) (kg) " 37 +82,5
100 =SAutke 95 % Confidence Interval (%)  +0,18 +0,01
95 % Confidence Range:
for a gross mass of 2 050 kg and lower limit (kg) 1996 999 917
upper limit (kg) 2 004 1 000 083
0,09 x 50 )2
[T) =0,002kg? 1) Based on 2 x s(M,,), or 2 x s(ZMW).

14
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Tables
Table A.1 — Precision and bias for draft surveys at loading and discharge
Ship Loaded Discharged Difference
t t s
1 36754 3727 + 5[1,6
2 3307,2 3283,1 - 2Kh1
3 4086,7 4093,3 +P.6
4 38679 38087 -5p,2
5 4002,8 40146 +101.8
6 5 465,8 54241 - 41,7
7 4100,9 4 Q8%7 -1B,2
8 4 688,3 4666 -2pR.3
9 4 003,7 4062,2 +5B,5
10 3913,2 3902,3 -1p.9
Parameter Symbol Value
Sum - lopded (t) M, (L) 4111[1,9
Sum - dipcharged (t) M,,(D) 41 06p
Differenge (t) Ax 4p.9
Mean - Ibaded (t) x(L) 41111,2
Mean - discharged (t) x(D) 410p,9
Mean difference (t) Ax -B.3
Mean difference (%) Ax -p.1
Variancq of differences (t2) 52(Ax) 141p,92
Standard deviation (t) s(Ax) 3J7,56
Coefficig¢nt of Variation (% Ccv D,91
Number|of paired data n i)
Variancd of mean difference s2(AX) 141,09
Standard deviation s(AX) 10,88
Studentls r-value t 0,361
Significanee — ns
Bias Detection Limits:

Type | risk only (t) BDL(l) +27
Type | &l risks (t) BDL(I&lI) +49
Tabulated z-values £0.90:9 1,833

10,959 2,262

t0,99:9 3,250

10,999;9 4,781
1) ns = not significant.
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Table A.2 — Precision and bias for draft surveys and weighbridge at discharge
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Lot Draft survey Weighbridge Difference
t 1 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 40146 4 036,5 +21,9
6 54241 5722,4 +298,3
7 4 087,7 4061,7 - 26
e A 666 /! R{'\O/! 55’6
) 4062,2 4091,3 +29,1
1 39023 4 036,8 + 1345
Parameter Symbol Value
Sum - draft sur M,(D) 41 069
Sum - weighbri M, (W) 413429
Difference (t) Ax +273,9
Mean - draft su x(D) 4106,9
Mean - weighbilidge (t) x (W) 4134,3
Mean differenc Ax +27,4
Mean differenc AX +0,7
Variance of diff¢rences (t2) 52(Ax) 13 243
Standard deviat] s(Ax) 115,1
Coefficient of Vpriation (%) CcVv 2,8
Number of pairg n 10
Variance of mean difference s2(AX) 1324,3
Standard deviat s(AX) 36,4
Student’s ¢-val( t 0,753
Significance — ns1
Bias Detection
Type I risk o BDL(l) + 82
Type | & Il ri BDL(I&lI) +149
Tabulated ¢-vall £0,90:9 1,833
t0’5;9 2,262
t0,99;9 3,250
10,999;9 4,781

1) ns = not signi
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Table A.3 — Precision and bias for belt scales — Required and observed spans before and after calibration

Before After
Test . .
scale units scale units
1 115,02 115,19
2 114,83 115,31
3 115,61 115,33
4 115,35 115,34
5 115,87 115,42
6 114,48 115,51
7 114,44 115,45
Q 1 1A'71 11 R’
9 115,46 1167914
10 115,12 115,36
11 115,29 115,30
12 115,32 115,34
Parameter Symbol Before After
Mean (sdale units) x 115,12 115,36
Variance [(scale units)2 52(x) 0,197 6 0,d15 2
Standard|deviation (scale units) s(x) 0,444'6 0,123 4
Coefficiept of Variation (%) cv 0,39 0,11
Required| chain span x(R) 115,25 115,25
Observed chain span x(0) 115,12 115,36
Mean difference Ax -0,13 +0,1
Number pf test data n 12 12
Variance [of mean 52(x) 0,016 5 0,901 3
Standard|deviation s(x) 0,128 3 0,356
Student's ¢-value t 1,013 1 3,091
Significafce — ns 1) —2
Bias Detgction Limits:
Type | risk only (t) BDL(l) +0,28 +0,48
Type | & Il risks (t) BDL(I&lI) +0,51 +0,14
Tabulatedl r-values £0,90:11 1,796
10,9511 2,201
t0,99;11 3,106
10,999;11 4,437
1) ns = rfot significant,
2) 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 31 890 31900 +10
4 31890 31870 -20
5 70 810 70770 -40
6 70810 70 780 -30
70810 70770 - 40
g 70810 70 820 +10
9 102 700 102 710 + 10
1( 102 700 102 690 ~10
11 102 700 102 650 =50
12 102 700 102 690 -10
Parameter Symbol Value
Mean - applied Joad (kg) x(A) 68 467
Mean - observgd loads (kg) x(O) 68 451
Mean differencp (kg) Ax -16
Variance of diffgrences (kg2) 52(A%) 445
Standard deviatjon (kg) s(Ax) 21,1
Coefficient of Vfariation (%) Ccv 0,03
Number of pair¢d data n 12
Variance of mean difference s2(AX) 37
Standard deviatjon s(AX) 6,1
Student'’s t-valde t 2,601
Significance — —1N
Bias Detection Limits:

Type | risk only (kg) BDL(l) +13
Type | & Il risks (kg) BDL(I&l) +24
Tabulated r-valges 10,90:11 1,796

10,9511 2,201

10,99;11 3,106

10,999;11 4,437
1) Significant at P5 % prebability.
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Table A.5 — Linearity of weighbridges
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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 31 882 -8
5 70810 70770 -40
6 70810 70 780 -30
7 70810 70770 - 40
8 70810 70820 +~10
Mean 70810 70 785 =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 102 700 102 685 -156
Parameter Symbol Valte
Correlatign coefficient:
all datp points r 1,000 0
Significarjce — —1
Slope m 0,999 9
Significarlce — —1
Intercept a -7.7
Significar|ce — ns?2
Tabulated r-values r0,95:10 0,976
10,9910 0,708
r0,999;10 0.823
Correlatign coefficient:
mean$ only r 1,000 0
Significar|ce — —1
Slope m 0,999 9
Significarjce — —1
Intercept a -84
Significarce — ns 2
Tabulated r-values r0,95:1 0,997
r0,99;1 1.0
r0.999:1 1.0
1) Significant at 99,9 % probability.
2) ns = not significant.
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Table A.6 — Precision and bias for hopper scales — Applied loads versus observed loads

© ISO

Test Applied Observed Difference
kg kg kg
1 2 000 2 004 +4
2 4 000 4 005 +5
3 6 000 6 009 +9
4 8 000 7 993 -7
5 10 000 10 007 +7
6 12 000 12 008 +8
7 14 000 13 991 -9
160660 16007 ¥7
D 18 000 18 005 +5
1P 20 000 20 003 +3
i 22 000 21992 -8
114 24 000 24 009 +9
Parameter Symbol Value
Mean - applied|loads (kg) x(A) 13 000
Mean - observed loads (kg) x(0) 13 003
Mean differenge (kg) Ax +3
Variance of diﬂlerences (kg?) s2(Ax) 46
Standard deviation (kg) s(AX) 6,8
Coefficient of Yariation (%) CV 0,05
Number of paired data n 12
Variance of mefan difference s2(AX) 4
Standard devialion s(AX) 2
Student’s t-vallie t 1,410
Significance — nst
Bias Detection|Limits:

Type | risk qnly (kg) BDL(l) +4
Type | & Il fjsks (kg) BDL(I&II) +8
Tabulated ¢-vallies 10,90:11 1,796
10,95;11 2,201
10,99:11 3,106
10,999;11 4,437

1) ns = not signyficant.
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Table A.7 — Linearity of hopper scales — Applied loads versus observed loads

2) ns =n(

t significant.

Test Applied Observed Difference
kg kg kg
1 2 000 2 004 +4
2 4000 4005 +5
3 6 000 6 009 +9
4 8 000 7 993 -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
1 22 000 21 992 -8
12 24 000 24 009 +9
Parameter Symbol Valye
Correlatiop coefficient r 1,0p0 0
Significange — —1
Slope m 0,9p9 9
Significance — —1
Intercept a 4,1
Significance — ns2
Tabulated r-values 70,95.10 0,56
r0,99;10 0,7)8
r0,999;10 0,8p3
1) Signifidant at 99,9 % probability.
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Table A.8 — Precision and bias for gantry scales — Applied loads versus observed loads
Initial Added Observed Difference
Test
kg kg kg kg
1 0 2 000 1994 -6
2 2102 2 000 4105 +3
3 4234 2 000 6 229 -5
4 5975 2000 7 983 +8
5 8125 2 000 10107 -18
6 9 996 2 000 12 004 +8
7 11 880 2 000 13 891 +11
8 +3-965 2-066 +5-896 =
Parameter Symbol Value
Mean - applied loads (kg) x(A) 9.027
Mean - observgd loads (kg) x(0) 9 026
Mean differenge (kg) AXx -1
Variance of differences (kg2) 52(Ax) 102
Standard devidtion (kg) s(Ax) 10,1
Coefficient of Yariation (%) Ccv 0,11
Number of paifed data n 8
Variance of mdan difference S2A¥) 13
Standard deviaftion s(Ax) 3,6
Student'’s t-vallie t 0,280
Significance — ns?
Bias Detection|Limits:
Type | risk ¢nly (kg) BDL(l) +8
Type | & Il fisks (kg) BDL(I&l) +15
Tabulated ¢-values 10,90:7 1,895
10,957 2,365
t0'99;7 3,499
101999;7 5,405
1) ns = not sigrfificant.
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Table A.9 — Linearity of gantry scales — Applied loads versus observed loads

Initial Added Observed Difference
Test
kg kg kg kg
1 0 2 000 1994 -6
2 2102 2 000 4105 +3
3 4234 2 000 6 229 -5
4 5975 2000 7983 +8
5 8125 2 000 10107 -18
6 9996 2 000 12 004 +8
7 11 880 2 000 13 891 +11
Q 13905 2 000 15 896 -9
Parameter Symbol Valye
Correlatiop coefficient r 1,0p0 0
Significanke — —1
Slope m 1,0p0 2
Significanke — —
Intercept a -2,6
Significance — ns?2
Tabulated r-values r0.95%. 0.7p7
rolgg;e 0,8 34
%0,999:6 0.9P5

2) ns=n

1) Signifig

t significant.

ant at 99,9 % probability.
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Table A.10 — Precision and bias for platform scales — Certified weights versus observed loads
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Certified Observed load
Test No. weight First Second
kg kg kg
1 2 000 2 006 1998
2 2 000 2002 2 001
3 2 000 2 005 2 003
4 2 000 2008 2 000
5 2 000 2 005 1999
6 2 000 2 004 2 001
PararLeter Symbol First Second
Certified weight (kg) x(C) 2000 2 000
Mean - observed load (kg) x(0) 2 005 2.000,3
Mean differenge (kg) Ax +5 +0,3
Variance (kg2) 52(x) 4 3,07
Standard devialtion (kg) s(x) 2 1,75
Coefficient of Yariation (%) cv 0,10 0,09
Number of paifed data n 6 6
Variance of mgan s2(x) 0,667 0,511
Standard deviation s(x) 0,816 0,715
Student'’s ¢-vallie t 6,124 0,420
Significance — —1 ns2
Bias Detection|Limits:
Type | risk gnly (kg) BDL(l) +2,1 +1,8
Type | & Il rjsks (kg) BDL(l&ll) +3,7 +3,3
Probable Bias Ranges
Type | risk only:
lower limit (kg) PBLII) +29 na3
upper limit {kg) PBU{l) +7.1 na
Type | &Il risk$:
lower limit (kg) PBL(I&lI) +1,3 na
upper limit {kg) PBU(I&lI) +8,7 na
Tabulated t-vallies 10,905 2,015
10,955 2,571
10,99;5 4,032
10,999;5 6,859

1) Significant at

99 %%, probability.
ficant.

2) ns = not sign

3) na = not appl

icable.
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Annex B
(informative)

Statistics

B.1 Terms and symbols

mate — hopefully unbiased — for the unknown true

wet mass

In this arlmex are introduced statistical terms and

symbols,

ests and techniques required to check for

bias, to edtimate the precision of mass measurement

technique

5 and to verify the degree of causality be-

tween applied and observed loads. In table B.1 statis-

tical term
are listed.

5 and symbols applied in different sections

B.2 Maeasure for central tendency

Only the

for centra

estimate

arithmetic mean is required as a measure
tendency and thus for the most probable
bf the unknown true mass of a quantity of

mineral doncentrate. This statement implies that

wet mass

of precisi

can only be estimated with a finite degree
bn as each mass measurement is an €esti-

For applications in the field of mass-mea
arithmetic mean is an effective estimat
tendency and thus for the unkfiown trug
wet mass of a quantity of coheéntrate. It

surement the
e for central
value of the
6 formula is:

...(B.1)

x is the&imean for a set of n measudrements;

x; . Isthe ith measurement;

n D is the number of measurements|in a set.

[0 practice only a single estimate for the wet mass

of a quantity of concentrate is obtained,

brations, however, generate paired sets

System cali-
f applied and

observed loads so that the mean differ¢nces can be

tested for statistical significance.

Table B.1 — List of statistical terms and symbols

Parameter Symbol Parameter Symbol
Mean x Difference Ax
Variance 52(x) Mean difference AX
Standard|deviation s(x) Variance of differences s2(Ax)
Coefficient of \Variation Ccv Standard deviation of differences s(Ax)
Student’q t-value t Variance of mean difference s2(AX)
Correlation coefficient r Standard deviation of mean difference s(AX)
95 % Confidence Interval 95 % CI 95 % Confidence Range 95 % CR
Bias Detection Limit BDL Type | risk only BDL(!)
Type | & Il risks BDL(I&l)
Probable Bias Range PBR Type | risk only: lower limit PBL(l)
Type | risk only: upper limit PBU(I)
Type | & Il risks: lower limit PBL(I&l)
Type | &Il risks: upper limit PBU(I&II)
NOTE — Derived symbols such as s2(M,,) or s(ZMd) are used in different sections of this International Standard.
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B.3 Measures for variability

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

Y (x1-%)2

...(B.2
— (B.2)

x is the mean for a set of n measurements;

Is theith- measurement in the set:

© SO

in the set are the most important statistical para-
meters 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:

s2(x)=(n/4) [(lei1_ X, )/”]2

where

... (B.5)

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

n is the number of measurements in the set;

n—1 is the degrees of freedom.

This formula re¢quires that the mean be calculated be-

fore differencgs are squared and added which intro-

duces a meas
next formula i
is more precis
computer appl

ire of uncertainty due to rounding. The

equivalent to the basic formula, but it
b and much faster and simpler to use in
cations:

x;2— (in)z/n

... (B.3)

s2(x) =
where

inz ist

x; ist

n ist

n—1 ist

The following 1
of differences
paired measur
served loads:

‘SAx,-Z— (zAxi)Z/n

n-1

he sum of squared measurements;

he sum of all measurements;

he number of measurements in a set;
he degrees of freedom.

ormula is used to calculate thewariance

between identifiably different sets of
ements such as applied(loads and ob-

s2(Ax) =4

where

s2(Ax)

... (B.4)

n-—1

is the\variance of differences;

[+

X sthefirstmeasurementof Hthpar;

x;, Is the second measurement of {th pai

n is the number of paired measurements.

r

Absolute differences between/\simultaneoys dupli-
cates are a measure of pregision only. By fcontrast,
relative differences between' identifiably [different
paired data (certified weights and observed |masses)
with their signs taken inte-account, generate a|measure
of the absolute accuracy of a mass meadurement
technique.

Due to its squared dimension the variance [is not a
useful measure to check and compare variability and
precision ‘at’a glance. The standard deviation, |which is
the squafe root of the variance and has the same di-
mension as the variable of interest, is a more readily
understood parameter for precision. Derived|parame-
ters such as the Coefficient of Variation (CV$), Confi-
dence Intervals (Cls) and Confidence Ranges|(CRs) as
measures of the precision of means, and Bids Detec-
tion 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 (94 % CRs)
are used most frequently. The power or sengitivity of
Student’s t-test 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 Coefficient of Variation (CV) is a most effective

z:Axi2
(X ax)

n

n-1

is the sum of all differences squared;

is the number of paired measurements;

is the degrees of freedom.

The variance of differences between identifiably dif-
ferent 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 ¢-test to detect a
bias or systematic error. Hence, the variance of differ-
ences and the number of applied and observed loads
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measure for quantifying the precision of a mass
measurement technique. CVs can be plotted on control
charts for precision. Their value is numerically equal to
the standard deviation as a percentage of the mean of
observed loads so that the following formula applies:

CV =(100/x) x 4/5s2(x) = (100/X) X s(x) ...(B.6)

where
s2(x) is the variance;
s(x) is the standard deviation;
x is the mean of observed loads.
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A CV's dimension is represented by a percentage so
CVs make it simple to compare at a glance the pre-
cision parameters for different mass measurement
techniques.

Confidence Intervals and Confidence Ranges are use-
ful 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, a 95 % Cl

is the product of the mean’s standard deviation and
the factor 296, the z-value from the naormal of Gaus-

ISO 12745:1996(E)

Intervals and Confidence Ranges at various probability
levels are also effective control and action limits for
control charts for precision and bias. The relationship
between the variance for a set of measurements and
the variance for the mean of the set is also based on
the Central Limit Theorem.

Bias Detection Limits (BDLs) are measures of the
power or sensitivity of Student’s ¢-test for detecting a
bias. Probable Bias Ranges (PBRs) are measures for
the probable range within which an observed bias is
expected to fall when preselected statistical risks are
taken into account. PBRs can be reported for the Type |
risk alone or for Type | and Il risks It only makes

sian distripution for a symmetrical 95 % probability.
This impligs that 95 % Cl = s(x) x 2 0,96 = —s(x) x 2. In
the case yhere the number of data points is known
and small| a tabulated t-value with n— 1 degrees of
freedom i used to compute 95 % confidence inter-
vals and rgnges so that:

95% €1 = 5(%) X 10 5. n_1 ..(B.7)

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

95 % [CR:lowerlimit=x -95 % Cl=

f—s(f)Xt0195;,,_1==)7—s(f)X20,95 ...(B.8)

95 % [CR: upper limit =x + 95 % Cl =

f+S(f)Xt0’95;n_1=)7+s()_c)xzo'95 B (BQ)
where

x is the mean;

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

10,95:44-1 is the t-value for symmetrical 95 % prob-
ability;

20,95 is the z-valde for symmetrical 95 % prob-
ability.

NOTE 10 [Care should be taken when referring to statisti-
cal tables for tzvaltes as many compilations use a notation
different tq that>used in this International Standard. Many
statistical feference books write the ¢-value shown in this

sense to report PBRs if the mean difference between
applied loads and observed loads exceeds$ BDLs.

B.5 Central Limit. Theorem

The Central Limit, Theorem is one of thel most impor-
tant theorems imjapplied statistics. It pJays a funda-
mental role indmany applications such ag| calculating a
precision estimate for the mean of a sef{ of measure-
ments, testing sets of paired test resdilts for com-
patibility; calculating Bias Detection Limjts and Prob-
ablg Bias Ranges for bias test programg and plotting
Bjas Detection Limits in control charts.

For this application the Central Limit Theorem is de-
fined as follows:

The variance for the mean differengde between a
set of n paired measurements is n fimes smaller
than the variance of differences betwpeen measure-
ments.

A robust and sensitive test to check sdts of identifi-
ably different paired data for compatibility is Student'’s
t-test. It is used to test for bias the megan difference
between certified loads and observed loads and
to estimate the precision of a mass measurement
technique.

B.6 Student’s :-test

International Standard fggs..-1. in the alternative form,
t0.05.0-1, Which explicitly shows it is the 5 % probability of
[t] > t0,05:n-1-

It is also commonly found that ¢¢,gs.,—1 IS Written as tg 026:4-1
to indicate that the probability is 2,5 % that ¢ > ¢ g25.,-1 and
2,5 % that 1 < tg025.4-1 fOr the symmetrical ¢-distribution. By
comparing the tabulated ¢-values in this International Stan-
dard with the statistical tables being consulted, it should be
clear as to what convention the tables are using for the
probability.

Confidence Intervals and Confidence Ranges are
calculated from the variances for means. Confidence

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 t-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 is a measure for the cumulative effect
of all random variations in a mass measurement
technique.
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If the mean difference between a set of certified
weights and observed loads is statistically different
from zero (reject null hypothesis) the mass measure-
ment system is not in a proper state of calibration. If
the mean difference between applied and observed
loads is statistically identical to zero (accept null hy-
pothesis) the scale is in a proper state of calibration.
Otherwise, it should be adjusted and recalibrated be-
fore its state of calibration is acceptable for commer-
cial applications.

Student's t-value is the ratio between the mean differ-
ence and its standard deviation so that the following

© SO

Table B.2 — Student'’s t-test for calibration data

formulae apply:

_X-
~san)|
_AX
~ s(AY) ...(B.10)

t i$ the calculated ¢-value;

X i$ the mean for first data set;

X, i$ the mean for second data set;
Ax i$ the mean difference;

s(Ax) i$ the standard deviation of mean differ-
nce.

QD

The formula jmplies that the relationship between

Parameter Symbol Value
Mean - applied loads (kg) x(A) 68 467
Mean - observed loads (kg) x(0) 68 451
Mean difference (kg) Ax -16
Variance of differences (kg2) s2(Ax) 445
Standard deviation (kg) s(Ax) 21,1
Coefficient of variation (%) Cv 0,03
Number of paired data n 12
Variance of mean difference s%(AX) 37
Standard deviation s(AX) 6.1
Student’s t-value t 2,601
Significance 1 — 1
1) Significant at 95 % probability.

s(AX), the sta
and s(AXx), th
tween paired

hdard deviation of the mean differende;
b standard deviation of differencés jbe-
Hata with their signs taken into account

is based on the Central Limit Theorem so that

s(AX) = Js2(Ax)/n]
s(fAx)

Jn .. (B.11)

Hence, three Variables intefact and yield the calculated
t-value.

rence between a set of paired data is

bias. A bias, in turn, is either posmve (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 sensi-
tivity of the t-test to detect a bias. The variance of dif-
ferences 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 set.

28

The calculated t-valuetof

16
— =2,601
6,1

exceeds the tabulated value of 79511 = 2,201 at 95 %
probability but is still below the tabulated|value of
togg’v = 3,106 at 99 % probability. The gyestion is
thén whether a mean difference of — 16 kg is statisti-
¢dlly identical to zero. The concept of Bias [Petection
Limits for the Type | risk only, and for Typg | and |l
risks, makes it simple to assess whether this mean
difference of — 16 kg is a measure for a bias pr due to
random variations only.

The number of paired data in a set deternfines the
Bias Detection Limits. Theoretically, it is pgssible to
prove that even a small and commercially indignificant
difference is a bias if the number of paired |data in a
set is large enough.

B.7 Bias Detection Limits

Bias Detection Limits (BDLs) are measures of the
power or sensitivity of Student’s t-test to detgct a bias

[s) observed
loads. BDLs are defined elther for the Type | risk only
or for Type | and |l risks. The effect of the number of
paired data in the set, on the sensitivity of the t-test
becomes evident upon realizing that each BDL is the
product of the standard deviation for the mean differ-
ence and either a single tabulated t-value for the
BDL(l), or the sum of two for the BDL(I&ll). Tabulated
t-values are also a function of the number of paired
data in the set.

In science and engineering a symmetrical two-sided
5 % probability for the Type | risk (reject null hypothe-
sis when the mean difference is statistically identical
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