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Basic concepts of measurements 

 

The process or the act of measurement consists of obtaining a quantitative comparison between a 

predefined A Measurement is an act of assigning a specific value to a physical variable. That physical 

variable becomes the Measured Variable. 

Measurement is also a fundamental element of any control process. The engineer is not only interested 

in the measurement of physical variables but also concerned with their control. The two function are 

closely related, however because one must be able to measure a variable such as temperature or flow 

in order to control it.  

Most measurement system may consist of part or all of four general stages: 

• A sensor – Transducer Stage. 

• An Intermediate Stage or signal – Conditioning Stage. 

• A Terminating Stage – Output Stage. 

• Feedback – Control Stage. 

 

System configuration: 

Instrumentation is used for indicating, measuring and recording physical quantities such as flow, 

temperature, level, distance, angle, or pressure. The most important function that they perform is to 

convert data into information. The primary elements of instruments are sensors and transducers. Every 

instrumentation system contains one or more of the following elements, which represent the possible 

arrangement of functional element is necessary to describe any instrument. 

 

 

 

 

Measured quantity: is a physical quantity to be measured such as pressure, level, strain, 

displacement, temperature, etc. 

Primary sensing element: it receives energy from the measured medium and produce an output 

depending. 
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Variable conversation element: it uses to perform the desired function, which is necessary to 

convert the measured variable to be more suitable variable. 

 

Variable manipulation element: it uses to change the numerical value according to some definite 

rule. 

 

Data transmission element: it is necessary to transmit the data from separated physical element 

to another. 

 

Data presentation element: it is important to recognize the measured quantity by one of the 

human senses, in order to monitor, control or analysis purpose such as simple indication 

pointer moving over a scale or recording of a pin moving over a chart.  

 

Measurement systems  

– Choice of instrumentation – Calibration  

– Signal Processing and Data acquisition 

 

Different types of transducers  

– Measurements with strain gauges  

– Pressure transducers  

– Position measurements  

– Velocity measurements 

 

Pressure Thermometer Gauge 

 

This thermometer works on the principle of thermal expansion of the fluid with the change in 

temperature is to be measured. Temperature change can be determined using these thermometers, 

which rely on pressure measurement. Usually Mercury is used as liquid Principle of working, where 
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expansion of liquid due to an increase in the 

pressure within a limited volume Range. It follows 

the ideal gas law PV = mRT, for constant volume 

P α T. The change in pressure of the fluid is 

measured by a suitable pressure transducer, such 

as the Bourdon tube. 

The main constructions of the pressure 

thermometer (Figure below) are: 

1. Bulb  

2. Flexible capillary tube  

3. Bourdon tube  

4. Linkage and gearing mechanism  

5. Pointer and scale arrangement 

 

 

 

 

 

 

 

 

 

Pressure Gauge 

The primary sensing element is the piston, which also 

serves the function of the variable conversation. Since, 

it converts the fluid pressure into an equivalent force on 

the piston face. The force is transmitted by the piston 

rod to a spring, which converts forces into a 

proportional displacement to manipulated by the 

linkage to give a pointer displacement. The pointer 

scale indicates the pressure, as presented in data 

elements shown below: 
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Accuracy, Error, Precision, and Uncertainty 

All measurements of physical quantities are subject to uncertainties in the measurements. 

Variability in the results of repeated measurements arises because variables that can affect 

the measurement result are impossible to hold constant. Even if the "circumstances," could 

be precisely controlled, the result would still have an error associated with it. This is because 

the scale was manufactured with a certain level of quality, it is often difficult to read the 

scale perfectly, fractional estimations between scale marking may be made and etc. Of 

course, steps can be taken to limit the amount of uncertainty but it is always there. Thus, the 

result of any physical measurement has two essential components:  

(1) A numerical value (in a specified system of units) giving the best estimate possible of the 

quantity measured, 

(2) the degree of uncertainty associated with this estimated value. 

 

 

 

 

Definitions 

Accuracy of the measurement refers to how close the measured value is to the true or accepted 

value.  If the true value is not known, then the accuracy of measurement can only be 

estimated (typically, this must be done with extreme care). 

Thus, 
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𝑨 =
𝑿𝒏

𝒀𝒏
 

Where: 

A: is the relative accuracy 

𝑋𝑛: is the measured value 

𝑌𝑛: is the true value 

 

The percentage of accuracy (𝒂) is written as: 

𝒂 =
𝑿𝒏

𝒀𝒏
∗ 𝟏𝟎𝟎% 

 

Precision refers to how close together a group of measurements actually are to each other.  In many 

cases, when precision is high and accuracy is low. It is used to indicate the reliability and/or 

repeatability of a measurement, as reflected by the number of significant figures used to 

represent the measured value. If the true value is not known, the measured value is repeated 

multi times so that the precision is a closeness of single measured value with the multi 

measured values to the same measured variable from the mean of these values. 

So, 

𝑷𝒊 = 𝟏 − ቤ
𝑿𝒊 − 𝑿𝒏

തതതത

𝑿𝒏
തതതത

ቤ 

Where: 

𝑿𝒏
തതതത =

𝟏 

𝒏
  𝑿𝒊 

𝒏

𝒊=𝟏

 

𝑷𝒊 : is the precision of measured value of (i) 

𝑿𝒊 : is the measured value of (i) 

𝑿𝒏
തതതത: is the mean value of the multi measured values (n) 

 

 

Resolution it refers to the ability of instrument to sense the smallest change in the measured 

variable, which is defined by: 
 

𝑹𝒆𝒔 =
𝑭𝒖𝒍𝒍 𝒔𝒄𝒂𝒍𝒆 𝒅𝒆𝒇𝒍𝒆𝒄𝒕𝒊𝒐𝒏 

𝑵𝒐. 𝒐𝒇 𝒅𝒊𝒗𝒊𝒔𝒊𝒐𝒏
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Sensitivity it refers to the ratio of the linear movement of the pointer on the instrument to the 

change of the measured variable, which is defined by: 
 

 

𝑺𝒆𝒏𝒔 =
𝑸𝒐𝟐  − 𝑸𝒐𝟏

𝑸𝒊𝟐  − 𝑸𝒊𝟏
 

 

 

 

 

Readability it refers to the closeness with which the scale of the instrument may read. 

e.g. An instrument is used to measure a parameter X in range from 0 to 50 varying 12 scale, where 

another instrument is used to measure the same parameter in the same range but having 6 scale. 

Thus, the first one has higher readability but with less resolution, where: 

𝑹𝒆𝒔 𝟏 =
𝟓𝟎 − 𝟎 

𝟏𝟐
=  

𝟓𝟎 

𝟏𝟐
 

𝑹𝒆𝒔 𝟐 =
𝟓𝟎 − 𝟎 

𝟔
=  

𝟓𝟎 

𝟔
 

 

So, the resolution is decreased with increasing the number of divisions. 

 

Measurement uncertainty: it is a parameter characterizing the range of values within which the 

value of the measurand can be said to lie within a specified level of confidence. The uncertainty is 

a quantitative indication of the quality of the result. It is influenced by systematic and random 

measurement errors. The systematic errors are caused by abnormalities in gain and zero settings 

of the measuring equipment and tools. The random errors caused by noise and induced voltages 

and/or currents. 

The uncertainty of measuring instruments is usually given by two values: uncertainty of reading 

and uncertainty over the full scale. These two specifications together determine the total 

measurement uncertainty. 

Instrument 

𝑸𝒊𝟏 

𝑸𝒊𝟐 

𝑸𝒐𝟏 

𝑸𝒐𝟐 
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i. Uncertainty relative to reading 

An indication of a percentage deviation without 

further specification also refers to the reading.  

A voltmeter which reads 70,00 V and has a "±5 % 

reading" specification, will have an uncertainty of 

3,5 V (5 % of 70 V) above and below. The actual 

voltage will be between 66,5 en 73,5 volt. 

 

 

ii. Uncertainty relative to full scale 

This type of inaccuracy is caused by offset errors and 

linearity errors of amplifiers. This specification refers to 

the full-scale range that is used. 

A voltmeter may have a specification "3 % full scale". If 

during a measurement the 100 V range is selected (= full 

scale), then the uncertainty is 3 % of 100 V = 3 V 

regardless of the voltage measured. If the readout in this 

range 70 V, then the real voltage is between 67 and 73 

volts. 

Figure 2 makes clear that this type of tolerance is independent of the reading. Would a value of 

0 V being read; in this case would the voltage in reality between -3 and +3 volts. 

 

Measurement Uncertainty/Error:  

The estimated deviation of a measured value from the true value.  The true value may or may not 

be known.  There are three types (sources) of error: measurement mistakes, random errors, and 

systematic errors. 

• Measurement mistakes are “illegitimate errors” since they are due to sloppiness and/or lack 

of care in the measurement process and are avoidable.  Mistakes errors should always be 

completely eliminated. 

Figure 2 Uncertainty of 3 % full scale in the 100 V range 

Figure 1 Uncertainty of 5 % reading and a read value of 

70 V 
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• Random errors result from (hopefully small) uncontrolled variability of the environment, 

equipment, and/or other subtle aspects of the measurement.  The individual measured 

values randomly deviate high or low of an average value. 

• Systematic errors result in the consistent deviation of a measurement (on average, either 

high or low as compared to the true value) due to equipment problems or neglect (or 

ignorance) of some other important factor in the measurement process.  

There are three formulae used to express the errors of measurement: 

Absolute Error (𝑬𝒂): these errors denote the difference between the true value and the measured 

value, as: 

𝑬𝒂 = 𝑴 − 𝑻 

Where, M is the measurement and T is the true value  

Relative Error (𝑬𝒓): it is a relative of the measured quantity to another quantity such as the true 

value. 

𝑬𝒓 =
𝑬𝒂

𝑻
= ฬ

𝑴 − 𝑻

𝑻
ฬ 

Percentage Error (𝑬𝒑): If the true value of a quantity is known, the percentage error of a 

measurement is simply the difference between the measurement M and the true value T, divided 

by the true value, and then multiplied by 100%.  

𝑬𝒑 =
𝑬𝒂

𝑻
∗ 𝟏𝟎𝟎% = ฬ

𝑴 − 𝑻

𝑻
ฬ  ∗ 𝟏𝟎𝟎% 

 

Classification of errors: 
Because errors may arise from every source imaginable, there are many different ways in which 

they can be classified. Two categories often used to classify the errors, these are: 

 

1.) Systematic errors: This type may be avoided and corrected and can be subdivided into: 

a)  Gross Errors: These are mistakes or blunders including: 

i. Misreading of instrument. 
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ii. Incorrect adjustment of apparatus. 

iii. Improper application of instrument. 

iv. Computational mistake. 
 

b) Instrument Errors: These are defects or shortcoming of instrument such as: 

i. Error in calibration. 

ii. Damage internal 

iii. Unsuitable internal element. 

iv. Worn and defective parts. 
 

c) Environmental Errors: Physical effects in influence on the: experimental equipment and 

quantity being measured; these influences are: 

i. Temperature. 

ii. Pressure. 

iii. Humidity. 

iv. Electromagnetic field. 
 

d) Observational Errors: These pertain to habits of the observer, such as: 

i. Imperfect technique. 

ii. Poor judgment. 

iii. Peculiarities in making observations 
 

2.) Random Errors: Random errors are those which are accidental; whose magnitude (and sign) 

fluctuates in a manner that can’t be predicted from a knowledge of the measuring system and 

the condition of measurement. It can occur for a variety of reasons such as: 

i. Lack of equipment sensitivity. 

ii. Noise in the measurement 

iii. Imprecise definition. 

 

 

Other Source of Errors: 

In addition to the errors mentioned before, there are a number of sources of errors These are: 

i. Noise. 

ii. Response time. 

iii. Design limitation. 

iv. Energy gained or lost by interaction. 

v. Transmission. 

vi. Deterioration of the measuring system. 
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