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The history
The ultimate measurement

Anubis

Thalès

The history
•

Before the Renaissance: quantities derived from human
references: feet, inches, lines, etc.

•

Every country, region or town has its own measurement
system.

•

Convention du mètre in 1875: 15 founding countries and
signatories of the treaty which allows the harmonization of
the measurement and the system of International Units (SI).

Definition
Metrology

science of measurement and its application
NOTE : Metrology includes all theoretical and practical aspects of
measurement, whatever the measurement uncertainty and field
of application.

Vocabulary
Quantity value, value of a quantity, value
Number and reference together expressing magnitude of a quantity
Ex : mass of a given body 0,152 kg ou 152 g.
True quantity value (valeur vraie), true value of a quantity, true value
Quantity value consistent with the definition of a quantity
Theoretical value obtained by a perfect measurement (value containing neither error
nor uncertainty).
Conventional quantity value, conventional value of a quantity, conventional value
quantity value attributed by agreement to a quantity for a given purpose
Conventional quantity value of a given mass standard, m = 100.003 47 g.

Vocabulary
Measurand
Quantity intended to be measured
EXAMPLE : The length of a steel rod in equilibrium with the ambient Celsius temperature of 23 °C will
be different from the length at the specified temperature of 20 °C, which is the measurand. In this case,
a correction is necessary.
NOTE : The measurement, including the measuring system and the conditions under which the
measurement is carried out, might change the phenomenon, body, or substance such that the quantity
being measured may differ from the measurand as defined. In this case, adequate correction is
necessary.
NOTE : In chemistry, “analyte”, or the name of a substance or compound, are terms sometimes used for
‘measurand’. This usage is erroneous because these terms do not refer to quantities.

Measurement (mesurage)
Process of experimentally obtaining one or more quantity values that can reasonably be attributed to
a quantity

Vocabulary
Measurement procedure
Detailed description of a measurement according to one or more measurement principles and to a
given measurement method, based on a measurement model and including any calculation to obtain a
measurement result
NOTE 1 : A measurement procedure is usually documented in sufficient detail to enable an operator to perform a
measurement.
NOTE 2 : A measurement procedure can include a statement concerning a target measurement uncer-tainty.
NOTE 3 : A measurement procedure is sometimes called a standard operating procedure, abbreviated SOP (GP
standards)

Influence quantity (Grandeur d’influence)
Quantity that, in a direct measurement, does not affect the quantity that is actually measured, but
affects the relation between the indication and the measurement result
Example : In laboratory, azaperol, an azaperon metabolite in determination of tranquilizers in pig’s
meat.
Example : atmospheric pressure and water temperature in volumetric’s control.

Vocabulary
Measurement repeatability, repeatability
Measurement precision under a set of repeatability conditions of measurement
Repeatability condition of measurement, repeatability condition
Condition of measurement , out of a set of con-ditions that includes the same measurement
procedure, same operators, same measuring system, same operating conditions and same location,
and replicate measurements on the same or similar objects over a short period of time
NOTE 1 : A condition of measurement is a repeatability condition only with respect to a specified set of
repeatability conditions.
Example : These conditions include: same procedure, same observer, same measuring instrument used
under the same conditions, same place, repetition during a short period of time.
NOTE 2 : In chemistry, the term “intra-serial precision condition of measurement” is sometimes used to
designate this concept.

Vocabulary
Measurement reproducibility, reproducibility
Measurement precision under reproducibility conditions of measurement

Reproducibility condition of measurement, reproducibility condition
Condition of measurement, out of a set of conditions that includes different locations, operators,
measuring systems, and replicate measurements on the same or similar objects
NOTE 1 : The different measuring systems may use different measurement procedures.
NOTE 2 : These conditions include : measurement procedure, operator, measurement equipement,
standard, different place, measurement during long period of time.
NOTE 2 : A specification should give the conditions changed and unchanged, to the extent practical.

Vocabulary
Measurement uncertainty, uncertainty of measurement, uncertainty
Non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

NOTE 1 : Measurement uncertainty includes components arising from systematic effects, such as
components associated with corrections and the assigned quantity values of measurement standards,
as well as the definitional uncertainty. Sometimes estimated systematic effects are not corrected for
but, instead, associated measurement uncertainty components are incorporated.
NOTE 2 : The parameter may be, for example, a stan-dard deviation called standard measurement
uncertainty (or a specified multiple of it), or the half-width of an interval, having a stated coverage
probability.

Vocabulary
Indication interval (intervalle des indications)
Set of quantity values bounded by extreme possible indications
NOTE 1 : An indication interval is usually stated in terms of its smallest and greatest quantity values, for
example “99 V to 201 V”.
NOTE 2 : In some fields, the term is “range of indications”.

Nominal quantity value, nominal value
Rounded or approximate value of a characterizing quantity of a measuring instrument or measuring
system that provides guidance for its appro-priate use
Example 1 : 100 as the nominal quantity value marked on a standard resistor.
Example 2 : 1 000 ml as the nominal quantity value marked on a single-mark volumetric flask

Vocabulary
Instrumental drift
Continuous or incremental change over time in indication, due to changes in metrological properties of
a measuring instrument

NOTE : Instrumental drift is related neither to a change in a quantity being measured nor to a change
of any recognized influence quantity.

Maximum permissible measurement error, maximum permissible error, limit of error
Extreme value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given meas-urement, measuring instrument, or measuring system
NOTE 1: Usually, the term “maximum permissible errors” or “limits of error” is used where there are
two extreme values.
NOTE 2: The term “tolerance” should not be used to designate ‘maximum permissible error’.

Vocabulary
Calibration
Operation that, under specified conditions, in a first step, establishes a relation between the
quantity values with measurement uncertainties provided by measurement standards and
corresponding indications with associated measurement uncertainties and, in a second step, uses
this information to establish a relation for obtaining a measurement result from an indication
NOTE 1 : A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative
correction of the indication with associated measurement uncertainty.
NOTE 2 : Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration.

Vocabulary
Verification
Provision of objective evidence that a given item fulfils specified requirements
Example 1 : Confirmation that a given reference material as claimed is homogeneous for the quantity value and
measurement procedure concerned, down to a measurement portion having a mass of 10 mg.
Example 2 : Confirmation that performance properties or legal requirements of a measuring system are achieved.
Example 3 : Confirmation that a target measurement uncertainty can be met.
Note 1 : When applicable, measurement uncertainty should be taken into consideration.
Note 2 : The item may be, e.g. a process, meas-urement procedure, material, compound, or measuring system.
Note 3 : The specified requirements may be, e.g. that a manufacturer's specifications are met.
Note 4 : Verification in legal metrology, as defined in VIML[53], and in conformity assessment in general, pertains to
the examination and marking and/or issuing of a verification certificate for a measuring system.
Note 5 : Verification should not be confused with calibration. Not every verification is a validation.
Note 6 : In chemistry, verification of the identity of the entity involved, or of activity, requires a description of the
structure or properties of that entity or activity.

Measurement equipements
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The metrology function
 Master the means of measurement.
 Give assurance of this mastery.

The operator must be able to ensure that the device is fit for use :
• Documentary base: instructions for use, instructions for use
• Life sheet: history of problems, date of installation, dates of the controls,
responsibility, etc.
• Maintenance sheet

The metrology function
 help with the implementation of new equipment
Quantity
Value

Measurement
equipment

Measurement

Need of measurement

Adequacy of measurement means

Uncertainty

The metrology function
 Give advices
A good measurement depend :
• Knowledge of the performance of the measuring means.
• Knowledge of their limits.
• Knowledge of their performance in time.
First result :
• Conditions of use, methods of use and accuracy wanted
Second result : It must be determined by
• The need for measurement and the associated uncertainty wanted
To determine :
• The necessary equipment, the calibration methods, the associated
environmental conditions

The metrology function
 Explanation
Spécifications

Need of measurement :

Equipment

Vérification

Work measurement
standard :

Standard measurement :

M ± x (%)
5 ± 3 °C
x/3
3/3

x / 10
3/10

(x/3)/3
0,33

to (x/3)/10
to 0,10 0,1 to 0,03

(x/9)/3
0,11

to (x/9)/10
to 0,01 0,003 to 0,001

1 to 0,3°C

Characteristic of a measurement equipement

Measurement trueness
Measurement precision
Measurement accuracy
Capability
Availability
Maintenance
Reliability
Durability

Justesse
Fidélité
Exactitude
Capabilité
Disponibilité
Maintenabilité
Fiabilité
Durabilité

Characteristic of a measurement equipement
• Measurement trueness
Closeness of agreement between the average of an infinite number of replicate
measured quantity values and a reference quantity value.
• Measurement precision
Closeness of agreement between indications or measured quantity values obtained
by replicate measurements on the same or similar objects under specified conditions
• Measurement accuracy
Closeness of agreement between a measured quantity value and a true quantity
value of a measurand
• Capability
The ability of the device to give an adequate result to the aim.

Characteristic of a measurement equipement
• Availability
Delay between breakdown and repair
• Maintenance
Set of operations necessary to preserve the properties of a equipment within stated
limits (internal to the enterprise)
• Reliability
Ability that a device has to maintain his performance over time

• Durability
Ability that a device has to stay in operation over time

Practical approach
1) Appoint a manager
 Independent
 Responsible for his function, not about staff
 Responsible for the equipment necessary for its function and not for
all the laboratory equipment
 Calm and balanced in his choices and decisions

Practical approach
2) Make an inventory of the laboratory’s equipment
It’s important to know what we talk about.
Without a serious inventory, the metrology manager will not know how
to launch his project.

Practical approach
3) Production and management of the material files which depend on
the metrology service
It’s important to define which equipements are under the metrology
service management.

Practical approach
4) Analysis of request
The Metrology service will surely be asked as a consultant.
A good knowledge of the different devices (by reviewing the instructions
for use when they exist) will provide important support to different
technical services

Practical approach
5) Write metrology procedures (without forgetting uncertainty
calculations) and buy the metrology equipment
The profession of metrology manager

Practical approach
6) Advice when buying new laboratory equipment
Metrology is a "technical" service, which has its own procedures
(calibration, verification, …).
It is advisable to manage it as a "transversal" service in the laboratory
but with its own Quality Plan, its procedures and related documents.

This also allows a better knowledge of the service by the technical
operators of the laboratory.

Practical approach
7) The quality documentation of the metrology service
The metrology service must be informed of a future purchase of
equipment delivering a measurement :
It will be able to :
Advice the service requesting the purchase,
consider the metrology traceability of the equipment,
Help the service in the choice of its suppliers
perform some “checks” of proposed equipments.

Thank you !

