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Chapter Description

• Aims
– Obtain basic knowledge about electronic, measurement, sensors, and instrumentation

– Able to analyse particular sensor, instrument, and measurement situation.

• Expected Outcomes
– Determine general treatment of instrument elements and their characteristic

– Analyse transducer elements, intermediate elements, and data acquisition system (DAQ)

– Determine principles of the work and derive mathematical model of sensors for measuring 
motion and vibration, dimensional metrology, force, torque and power, pressure, temperature, 
flow and acoustics

• References
– Introduction to signal processing, instrumentation, and control : an integrative approach / 

Joseph Bentsman Hackensack, NJ : World Scientific Pub., 2016

– Transducers for instrumentation / M. G. Joshi, New Delhi, India : Infinity, 2017

– Instrumentation and measurement in electrical engineering / editor : Harinirina
Randrianarisoa, New York : Arcler Press, 2017
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Main topics

• Chp 1: Fundamental of sensors and instrumentation 
system

• Chp 2: (Static) performance instrument characteristic

• Chp 3: Transducer elements: analog and digital

• Chp 4: Intermediate components/elements:
– Op-amp

– Differential & integral components/elements

– Filtering 

– AD/DA converters

– Conversion & terminology 



Sensor & Instrumentation System by Ahmad Shahrizan Abdul Ghani.

• Chp 5: Temperature transducer
– Resistance temperature detector (RTC) 
– PTC & NTC

• Chp 6: Distance/proximity sensor
– Ultrasonic sensor
– Capacitive & inductive sensors

• Chp 7: Force, torque, power measurement tranducer
– Balance
– Hydraulic load cell and Pneumatic load cell

• Chp 8: Motion and vibration measurements
– Relative motion or vibration measuring devices
– Absolute motion or vibration devices
– Calibration of motion / vibration measuring devices

• Chp 9: Actuators
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Introduction

• Significant improvement: field of instrumentation

• Area: detection, acquisition, control and analysis of data in science & technology.

• E.g.; an ordinary watch – an instrument for measuring time.
Car air-cond; washing machine.

• Modern automobiles are equipped with a variety of sensors and indicators.

• E.g.: sensors for knock detection, manifold pressure, coolant level & temperature,
oil level & flow rate, brake fluid level, fuel levels,

• E.g.: throttle position & speeds of the engine, crank shaft & wheel, MEMS for
safety airbags for passengers, GPS for geographically information and on-board
computers/micro-processors for controlling air-conditioning systems and engine
operations at different loads and speeds.
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Sensors In 

Slideshare: 

Patil Sanket, 2014. 

Sensors in Automobiles 

(https://www.slideshare.net/patilsanket123/sensors
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Area of applications
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Instrumentation system: applications

1. Measurement of system parameters
• present the information regarding the condition of the system 
• Form: visual indication/registering/recording/monitoring/ transmission 

according to the requirements of the system.

2. Control of process or operations
• used in process industries - oil refineries, chemical plants, textile mills, etc. for 

controlling variables like temperature, pressure, flow rate and other 
parameters

3. Simulation of system conditions
• simulate experimentally the actual conditions of complex situations for 

revealing the true behaviour of the system under different governing 
conditions.

• lift, drag and other relevant parameters of aerodynamic bodies are usually 
obtained by testing the models in controlled air streams generated in wind 
tunnels that simulate the flow conditions.
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System response to sensor and instruments 

signal
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E.g. Water level control system
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Instrumentation system: applications

4. Experimental design studies
• For the purpose of the design and development of a new product.
• The prototype test data is used to improve the design calculations till the 

desired design performance is achieved.

5. To perform various manipulations
• The instruments are employed to perform operations like signal addition, 

subtraction, multiplication, division, differentiation, integration, signal 
linearization, signal sampling, signal averaging, multi-point correlations, ratio 
controls, etc.

• Also to determine the solution of complex differential equations or other 
mathematical manipulations.

6. Testing of materials, maintenance of standards and specifications of 
products
• To ensure that the material/products meet the specified requirements so that 

they function properly and enhance the reliability of the system.
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Instrumentation system: applications

7. Verification of physical phenomena/scientific theories
• Generate experimental data to verify a certain physical 

phenomenon or developing new theories or checking the validity 
of a certain hypothesis which may have been developed using 
some simplifying assumptions.

8. Quality control in industry
• To have continuous quality control tests of mass produced 

industrial products.
• To discover defective components that are outright rejected at 

early stages of production.
• The various test are: X-ray examination of the plate for defects like 

blow holes, cracks, etc.; metallographic examination for 
metallurgical defects; periodic strength tests of the samples, etc.
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Functional elements of a measurement 

system

• Basic functional elements - form the integrated
parts of instruments.
1. Transducer element - senses & converts desired input

to a more convenient and practicable form to be
handled by measurement system.

2. Signal conditioning element/ intermediate modifying
element - manipulate/process the transducer output
in a suitable form.

3. Data presentation element - give information about
the measurand / measured variable in the
quantitative form.
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Functional elements of a measurement 

system

General data-flow 
of an instrument/
transducer
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Functional elements of a measurement 

system

• Auxiliary functional elements - those incorporated in particular
system based on the requirement type, nature of measurement
technique, etc.
1. Calibration element - provide built-in calibration facility.
2. External power element - facilitate the working of one or more of the

elements (e.g. transducer, the signal conditioning, the data processing
or the feedback element).

3. Feedback element
- control the variation of physical quantity that is being measured.
- feedback element is provided in the null-seeking potentiometric or
Wheatstone bridge devices to make them automatic or self-
balancing.

4. Microprocessor element - facilitate the manipulated data for the
purpose of simplifying or accelerating the data interpretation.
- Used in conjunction with ADC which is incorporated in the signal
conditioning element.
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Identification examples of functional 

elements in instrument
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Pressure measurement –
pointer display

Bourdon tube 
pressure gauge
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• Bourdon tube pressure gauge
The pressure - hollow oval shaped bent tube

deforms the cross-section - causes a relative motion,
proportional to the applied pressure at the free end of
the tube with respect to its fixed end.

Acts as transducer element  converts the input
(pressure into a displacement x) at its free end.

Combined lever and the gearing arrangement (signal
conditioning elements) amplify signal.

Pointer movement (data presentation elements) (at
the gear on a scale) indication of the pressure.
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Pressure 
measurement –
digital display

Bourdon pressure gauge
with electrical read-out
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• Bourdon pressure gauge with electrical read-out
1. The use of linear variable differential transducer

(LVDT) for sensing the movement of the tip of the
Bourdon tube improves the performance of the
pressure measuring device.

2. Advantage: the output of the instrument is electrical
and is quite convenient for suitable signal
conditioning operations.

3. A very stiff and short Bourdon tube is used to achieve
features of linearity, rapidity of response and a small
volume displacement.
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Small movement detection –
motion transducer

Electrodynamic displacement 
measuring device
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Some examples of identification of functional 

elements in instruments

• D’Arsonal type of

galvanometer

B.C.Nakra and K.K. Chaudhry, 2012. 

Instrumentation measurement and 

analysis, 3rd ed., Tata-McGraw-Hill.
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• D’Arsonal type of galvanometer
1. A permanent magnet moving coil (PMMC) type of

galvanometer to measure dc voltage, 𝑉 or current, 𝐼.
2. The input current 𝐼, (or current proportional to voltage 𝑉)

flows in the coil suspended in the magnetic field causes a
tangential force on the axial conductors of the coil.

3. This generates a torque, 𝑇 proportional to the input
current, 𝐼.

4. This torque is balanced by means of twin spiral springs;
the upper and lower spiral springs.

5. This results in the output 𝜃 of the pointer, attached to the
shaft, which gives the output indication 𝑞0 on the circular
scale.
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D’Arsonal type of galvanometer

B.C.Nakra and K.K. Chaudhry, 2012. 

Instrumentation measurement and 

analysis, 3rd ed., Tata-McGraw-Hill.
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Example of sensors and standard specification
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Conclusion

• Aims

– Obtain basic knowledge about electronic, measurement, sensors, 
and instrumentation

– Able to analyse particular sensor, instrument, and measurement 
situation.

• Students should be able to:

– Determine general treatment of instrument elements and their 
characteristic

– Analyse transducer elements, intermediate elements, and data 
acquisition system (DAQ)

– Determine principles of the work and derive mathematical model of 
sensors for measuring motion and vibration, dimensional metrology, 
force, torque and power, pressure, temperature, flow and acoustics


