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METROLOGY
•The word derived from Greek “METRON” means to MEASURE.

•“Science of measurement”.

•Measurement is the language of science.

•Metric System(Seven Basic units)
Mass Kilogram (kg)

Length Meter (m)

Time Second (s)

Temperature Kelvin (K) 

Electric Current Ampere (A)

Amount of Substance Mole (mol)

Luminous Intensity Candela (cd)



Metrologist
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• Designs and runs measurement calibrations & tests

• Analyzes the results 

• Determines the final accuracy of the device under test

Scientific Metrology
– Organization and development of measurement standards 

and their maintenance (highest level)

Industrial Metrology
– Adequate functioning of measurement instruments used in industry as 

well as production and testing processes
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Legal Metrology
– Measurements that influence economic transactions, health and safety



Who Needs 
Accurate Measurements?
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Pharmaceuticals Industry:

• Metrology laboratories test weights and volume standards for pharmaceutical companies

• Products include medicines like aspirin, antibiotics, vaccines, insulin, & vitamins

Defense Industry:

• Metrology laboratories test standards for many military and defense companies

• These companies make the guidance systems for the Patriot missiles and other things that 
are confidential

• Metrology laboratories test standards for many companies that provide parts of the space 
shuttle

Space station and Satellites:

• These parts include the metal, heat shield, electronics, fabrics, o-rings, optics, and tires.

• State metrology laboratories test standards used to test retail scales and meters

Retail measurements:

• These include gas pumps, produce scales, milk, bread and other packaged items, and price 
scanning systems



Engineering Metrology 
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Elements of Measurement systems 
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• Measurand : It is physical quantity to be measured.

• Reference : Phy-quantity – property to which Quantitative Comparison are made.

• Comparator : Comparing Measurand with some reference.

• Example
❖ Length of table – Measurand

❖ Steel rule – Reference

❖ Eye – Comparator 
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Static and Dynamic Characteristics of Instruments 
in Metrology 
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Basic steps:

• Development of Mathematical Model for  Identification of 
Parameters to be measured.

• Identification of  characteristics to be possessed by a general 
Instruments.

• Qualitative and Quantitative models for determination of 
Instrument design details.

• Selection of geometrical and physical parameters.



Characteristics in instruments 
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• To choose the instrument, most suited to a particular measurement 
application, we have to know the system characteristics.

• The performance characteristics may be broadly divided into two 
groups, namely ‘static’ and ‘dynamic’ characteristics. 

Static characteristics
• the performance criteria for the measurement of quantities that 

remain constant, or vary only quite slowly. 
Dynamic characteristics
• the relationship between the system input and output when the 

measured quantity (measurand) is varying rapidly.



Generalised System 
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SYSTEMATIC CHARACTERISTICS

• Range

• Span

• Linearity

• Sensitivity

• Environmental effects

• Hysteresis

• Resolution
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Range:
• The input range defines the minimum and maximum value of the variable to 

measure.
• The output rage defines the minimum and maximum value of the signal given by 

the transducer.
• Assume a temperature transducer which temperature range is from 100°C to 

250°C and the output range is given from 4 to 10 mV.

Span:
• The input span is the maximum change of the input and the output span is the 

maximum change of the output.
• Input span:

MINMAX II −
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Sensitivity:
• The sensitivity of measurement is a measure of the change in instrument output that occurs when 

the quantity being measured changes by a given amount. 
• Thus, sensitivity is the ratio: 

Environmental Effects:
• All calibrations and specifications of an instrument are only valid under controlled conditions of 

temperature, pressure etc. 
• These standard ambient conditions are usually defined in the instrument specification.
• As variations occur in the ambient temperature, etc., certain static instrument characteristics change, 

and the sensitivity to disturbance is a measure of the magnitude of this change.
• Such environmental changes affect instruments in two main ways, known as zero drift and sensitivity 

drift. 
• Zero drift is sometimes known by the alternative term, bias.



Drift 
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• This is caused by variations taking place in the parts of the instrumentation over 
time. 

• Prime sources occur as chemical structural changes and changing mechanical 
stresses. 

• Drift is a complex phenomenon for which the observed effects are that the 
sensitivity and offset values vary. 

• It also can alter the accuracy of the instrument differently at the various amplitudes 
of the signal present.



Hysteresis and Backlash
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• Careful observation of the output/input relationship of a block will
sometimes reveal different results as the signals vary in direction of
the movement.

• Mechanical systems will often show a small difference in length as
the direction of the applied force is reversed.

• The same effect arises as a magnetic field is reversed in a magnetic
material.

• This characteristic is called hysteresis
• Where this is caused by a mechanism that gives a sharp change,

such as caused by the looseness of a joint in a mechanical joint, it is
easy to detect and is known as backlash.



Summary

In this chapter, an introduction to the field of the metrology was 
given and some significant to be noticed are given below;

• Generalised measurement system and  its elements

• Characteristics of the instruments
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Topics to be Discussed in Next Lecture

• Errors in measurement
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