
Introduction

The classification adopted by a Local Authority for non-
automatic weighing instruments (NAWI’s) that are
within its jurisdiction often depends on the type and
quantity of standard weights required to carry out their
verification.

Typically at the Local Metrology Authority of Naples,
the following classification criteria are used:

• Small capacity NAWI: Class III accuracy weighing
instruments up to 20 kg capacity. For these instru-
ments, one officer can perform the verification alone
according to the relevant technical standard [1] by
using a complete set of M1 20 kg standard weights [2].

• Medium capacity NAWI: Class III accuracy weighing
instruments up to 1 000 kg capacity. For these instru-
ments, a verification officer should have a sufficient
number of M1 20 kg standard weights available in
order to test the instruments to full capacity. In these
instances extra labor might be required or, alternative-
ly, a Local Metrology Authority technical assistant
may have to accompany the officer to help lift and
place the weights onto the load receptor. The main
concern when verifying this type of NAWI is having to
carry up to 25 M1 20 kg standard weights to many
locations (from 5 to 10 per day).

• High capacity NAWI: Class III accuracy weighing
instruments from 1 t to 60 t capacity. Italian Regula-
tions specify that these NAWI’s have to be verified by
an officer using high capacity standard weights that
meet the relevant OIML Recommendation require-
ments, and which have to be made available by the
NAWI owner or by the service agency responsible for
the NAWI maintenance program. The traceability of
standard weights to the national mass standard is, in
these cases, to be clearly demonstrated to the officer
performing the verification. The total number of
standard weights to be used is specified by the rele-
vant technical standard (see subclause 3.7.3 of [1]).

Since carrying 25 M1 20 kg standard weights around
can be somewhat problematic, this paper describes a
strain-load methodology to perform fast routine verifi-
cations of medium capacity NAWI by using an error
characteristic estimating model based on the concept of
the “sensitivity error” [5].

This method is intended for performing routine
verifications of NAWI’s that have a good compliance
history: if a NAWI subjected to the present fast verifica-
tion method fails the test, it shall not be considered as
rejected, but rather as needing to be further examined
according to the full verification procedure set out in the
relevant standard [1]. Since the global population of
NAWI’s consists of a majority of compliant devices and
not that many non-compliant ones, the time needed to
complete the whole routine verification program can be
reduced, resulting in an advantage for the Local Metrol-
ogy Authority responsible for the program management.

1 Error sources in a NAWI

In a medium capacity NAWI the load receptor dimen-
sions are small, especially when the NAWI is equipped
with load cells; this occurrence in notably true for single
point load cell equipped NAWI’s. Thus the influence of
off-center loading can be considered as a marginal
factor affecting the accuracy in a well calibrated NAWI.

The offset error [5] can be clearly detected and (in a
certain weight value range) can be cancelled by activat-
ing the NAWI zero-setting mechanism.

The linearity and hysteresis error [5] are mainly due
to the load cells: these items can only be investigated in
a restricted way during a routine inspection. Linearity
performance can be evaluated by means of the accuracy
test according to the relevant standard [1]. The
hysteresis contribution to the error characteristic can be
evaluated by determining errors during the loading and
unloading processes in the course of the NAWI accuracy
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test: an acceptable performance criterion is that in both
processes, the error characteristic must be within the in-
service mpe values as laid down by the regulation or
standard.

Since the relevant European Directive [6] stipulates
that electronic NAWI’s have to be submitted to pattern
approval, it can be assumed that the NAWI’s behave in
such a way that offset, linearity and hysteresis error
characteristics were more thoroughly investigated at the
time of pattern approval, and found to be within the
mpe. Moreover, if the initial verification result is “OK”,
this can be considered as confirming that circumstance.
Thus in a routine inspection, it can be assumed that the
sensitivity error [5] is the main source of error when a
NAWI is in service due either to incorrect calibration
procedures or to electronic shift phenomena occurring
in the analog components that process the signal ema-
nating from the load transducers.

2 The sensitivity error model

The reasons described in section 1 above show that the
NAWI’s accuracy performance may be described by
assuming that the relationship between the applied load
L and the NAWI indication is a linear one: a NAWI
having no error regardless of the load applied on the
receptor would have the dotted straight line represent-
ing the unity function as shown in Fig. 1.

A NAWI having an error due to a sensitivity value
(dI/dL) other than 1 would have the continuous red line
plotted in Fig. 1, which is described by the equation:

I = aL (1)

where a is the slope (dI/dL). Thus the NAWI sensitivity
error:

E = I – L (2)

is proportional to the applied load, and in fact:

E = aL – L = (a – 1)L (3)

Because of (3), the NAWI can be considered as
having a behavior that is influenced by a predominant
sensitivity error when the accuracy error rises propor-
tionally as the applied load increases.

3 The strain-load fast verification approach

Once a NAWI has been installed and verified according
to the relevant technical standard, it may be assumed
that it is likely to retain the correct accuracy character-
istics throughout its whole operating life. Thus subse-
quent verifications could be performed using an abridged
procedure, only focusing on the main error sources such
as the sensitivity error. This abridged verification can be
deemed as being satisfactory provided that full verifica-
tion tests and fast verification tests are performed
alternately during the NAWI’s operating life.

3.1 The strain-load method as a NAWI 
fast verification procedure

According to [4] a strain-load test is “the test of a scale
beginning with the scale under load and applying known
test weights to determine accuracy over a portion of the
weighing range. The scale error for a strain-load test are
the errors observed for the known test loads only. The
tolerances to be applied are based on the known test load
used for each error that is determined”.

Since the relevant European technical standard does
not allow for strain-load to be performed, but does allow
for a substitution test to be performed (see subclause
3.7.3 of [1]) provided that the NAWI under test meets
given repeatability requirements, the possibility has been
investigated to combine the substitution test procedures
with the strain-load method (which is faster) by means
of an error characteristic estimating model. This model
analyzes the error characteristic in the initial weighing
range near to zero by using a limited number of test
weights (up to 500 times the interval, e), extrapolates a
linear characteristic from the initial weighing data and
explores the error characteristic by means of a strain-
load beginning with the NAWI loaded at 50 % (or more)
of the maximum capacity.
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Fig. 1 Relationship between NAWI indication and applied load

I = L

I = aL

L

I



3.2 The estimating linear model

To determine the estimating linear model, the NAWI is
loaded up to 500 e in progressive steps of 100 e each. The
procedure is shown in Table 1, where Li (i varying from
1 to 5) represents the known test loads, Ii the corres-
ponding indication when the load on the NAWI is in-
creased, and Ii’ the corresponding indication when the
load is decreased.

In order to draw the straight line characterizing the
estimating linear model, use is made of the random
variable εk, defined as follows:

εk = Ikc – aLk (4)

where the Ikc’s are the corrected indications and the Lk’s
are the corresponding applied loads; a is the slope of the
estimating model straight line.

To achieve on average a zero variation ε for optimiz-
ing the fitting of the estimating model, the expected
value of εk is calculated and let to be equal to zero:

E[εk(a)] = E[Ikc ] – a⋅ E[Lk] = 0 (5)

From (5) the slope of the estimating model straight
line is:

a = (Σk (Ikc + I’kc) / (Σk Lk)) (6)

In (6) use has been made of the unbiased average
estimator (arithmetic mean) for the mathematical ex-
pectation operators appearing in (5):

E[Ikc] = (Σk(Ikc + I’kc)) / 9

E[Lk] = (2 ⋅ (L1 + L2 + L3 + L4) + L5 ) / 9

The first condition which the NAWI has to meet to
pass the fast verification is that the corrected errors be
within the in-service mpe’s for the five test loads.

The further condition with which the NAWI has to
comply is based on the strain-loading process: an un-
known load L* equal to 50 % Max or more is applied to
the NAWI, then the corresponding indication IU is noted;
starting from this load a known test load ∆L, preferably
of the same amount as 500 e, is applied to the NAWI: the
new indication IF is noted. The corrected indications (IUc
and IFc) are then calculated. The situation is shown in
Fig. 2; as indicated, the error that is likely to character-
ize the NAWI at the load L* + ∆L is:

Ep = (IUc + ∆I) – (L* + ∆L) =

= IUc + (IFc – IUc) – L* – ∆L (7)

By using the estimating linear model Ic = a ⋅ L, (7)
can be written as:

Ep = [(a – 1)/a] IUc + (∆I – ∆L) =

= [(a – 1)/a] IUc + (IFc – IUc – ∆L) (8)

By means of (8), the error at the load L* + ∆L can be
estimated: the NAWI passes the fast verification only if
the Ep value remains within the mpe value corres-
ponding to the load L* + ∆L ((IUc / a) + ∆L).

3.3 Statistical consideration of the estimating
linear model

The error determined by (8) is based on an estimating
model which makes use of a parameter a, based on the
hypothesis that the NAWI’s main source of error is due
to its sensitivity properties and that, at least in the initial
weighing range, other influence factors affecting the
NAWI’s accuracy balance each other (this is the meaning
of (5)).
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Fig. 2 The strain loading process

Load Ii
x I’i

y Corrected Ii Corrected I’i
L1 I1 I’1 I1c = I1 – E0 I’1c = I’1 – E0

L2 I2 I’2 I2c = I2 – E0 I’2c = I’2 – E0

L3 I3 I’3 I3c = I3 – E0 I’3c = I’3 – E0

L4 I4 I’4 I4c = I4 – E0 I’4c = I’4 – E0

L5 I5 I5c = I5 – E0

Table 1 The initial loading process

(Note: E0 is the near zero error determined according to subclause
A.4.4.3 of [1]. In order to only consider the error due to 
the applied load and without including the zero error, 
the corrected indication Iic = Ii – E0 is calculated, E0 being 
the near zero error as referred to above).

500 e

I5c

∆I = IFc – IUc

IUc

IFc

L* L* + ∆L



Thus (8) is in fact an estimate; for this reason it calls
for a valuation of its reliability.

In order to do that, reckoning with constraint (5) a
standard deviation estimate sa could be defined as:

sa
2 = E[(εk(a) – E[εk(a)])2] = 1/8 Σ1

9 (Ik – a ⋅ Lk)
2 (9)

Because of definition (4) the following can be
written:

Ik = εk(a) + a ⋅ Lk (10)

From (10) the indication variance can be evaluated as:

sI
2 = sa

2 (11)

because a and Lk are known values that are not subject
to variations once they are determined.

From (8), in the following form:

Ep = [(a – 1)/a] IUc + (IFc – IUc – ∆L)

due to the fact that the indication IUc is not determined
but only extrapolated by the estimating linear model, the
error variance can be written as:

sE
2 = ((a – 1)/a)2 ⋅ sI

2 + sI
2 = 

= sI
2 ⋅ {1 + [(a – 1)/a]2} (12)

Tchebicheff’s Theorem [7] can help estimate the
reliability of the error calculated by means of (8): indi-
cating by E the “true” error and by k a constant, the
probability that the error falls far from the estimated Ep
by more than the quantity k ⋅ sE is given by:

P{|E – Ep | ≥ k ⋅ sE } ≤ 1/k2 (13)

The criterion for considering the estimate (8) as
reliable could be that the distance k ⋅ sE , defining the
uncertainty of the estimate, be less than or equal to 1/3
mpe, i.e.:

k ⋅ sE ≤ (1/3) mpe (14)

In (14) k has to be greater than or equal to 3 in order
to ensure that:

P{|E – Ep | ≥ k ⋅ sE } ≤ 1/9 (15)

i.e. that the probability that the true error E is far from
the estimated error Ep by more than k ⋅ sE is 11.1 % or
less.

Thus when performing the strain-load test a NAWI
passes the fast verification procedure if the estimated
error Ep corresponding to the virtual applied load is
within the mpe value, and [(mpe)/(3 ⋅ sE)] ≥ 3. If the
latter condition is not verified, then a full verification
procedure according to the relevant technical standards
has to be performed.

3.4 Form for the fast verification procedure

To better summarize the strain-load fast verification
procedure, a Verification Form example is given in
Annex 1 (opposite).

4 A worked out example

In order to establish whether the strain-load fast verifi-
cation procedure satisfactorily fulfills the purpose for
which it is intended, an experiment was prepared with
the aid of a NAWI manufacturer, the firm “Adriano
Gomba & C. S.a.s.”, based in Naples.

A NAWI was first calibrated as best as possible, to
keep it within the mpe’s. The strain-load fast verification
procedure was then applied: the results are shown in
Annex 2 (page 14).

Then the error at the maximum virtual load was
determined in the classical way by means of test loads.
The former error (estimated) was found to be – 0.27 kg
at a 400 kg load; the latter error (determined) was found
to be – 0.22 kg at the same 400 kg load.
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Annex 1 Fast verification data registration form

A n n e x  2  o v e r l e a f E E E
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Annex 2 A worked out example of the strain-load fast verification procedure


