
MODULE 2



Digital Transducers

• Introduction



Frequency domain Transducers

1) Electromagnetic Frequency domain 
Transducer



2) Opto-electrical frequency domain Transducer



• Opto-electrical frequency domain transducer 
for rotary motion



3) Vibrating string transducer



• Natural frequency of vibrating string



Digital Encoders

• Introduction to digital coding

- Digital code

- Straight binary coding 



• Types of codes

1) BCD code

2) Excess-3 code

3) Gray code



4) Octal code

5) Hexadecimal code



Description of digital encoders
1) Optical type encoder



2) Magnetic type encoder



Digital Pressure Transducer



Recent Trends- Smart Pressure 
Transmitters

• Advantages

- Increased range

- Higher accuracy

- Reduced cabling cost

- Better noise immunity

- Economical 



Selection of Sensors



Rotary Variable Differential 
Transformer(RVDT)



Synchros and Resolvers
• Synchro



• Resolver



• Advantages of synchros and resolvers



Induction Potentiometers
• These are linear synchro devices used for the 

measurement of angular displacement



Micro Electro Mechanical 
Systems(MEMS)

• Introduction

- MEMS are small integrated devices which 
combine electrical and mechanical 
components like microsensors, microactuators
and signal transduction elements.

- MEMS are used to sense, control and 
activate mechanical processes.



• Advantages of MEMS



• Applications of MEMS



• Description of MEMS

• Input signal

• MEMS package: Microsensors & 
Microactuators

• Output signals



• Manufacturing of MEMS

1) Bulk Micromachining

2) Surface Micromachining

3) LIGA process



• MEMS Accelometer-Vibration microsensor

- Piezoelectric type accelerometer



• MEMS humidity microsensor

• C=KεA/d



MODULE 3

Signal Conditioning



Signal Conditioning

• Introduction



Signal Conditioning and Its Necessity



Processes adopted in Signal Conditioning

1. Protection

2. Getting right type of signals

3. Getting correct level of signals

4. Elimination of interferences

5. Manipulation of signals



Mechanical Amplification and Electrical Signal 
Conditioning

• Limitations of mechanical amplification

• Advantages of electrical signal conditioning



Functions of signal conditioning equipment

1) Amplification

2) Modification or Modulation

3) Impedance Matching

4) Data processing

5) Data Transmission



Two types of transducers



The excitation sources may be

• DC voltage source

• AC voltage source

Depending on this, there are two types of signal 
conditioning systems

• DC signal conditioning systems

• AC signal conditioning systems



DC signal conditioning systems



AC signal conditioning systems



Amplification



Types of amplifiers

1) Mechanical amplifiers

2) Fluid amplifiers

3) Optical amplifiers

4) Electrical and electronic amplifiers



Mechanical amplifiers



Limitations of mechanical amplification



Fluid amplifiers



Optical amplifiers



Electrical and Electronic Amplifiers



Electronic amplification of gain







Examples



Types of Amplifiers

• AC amplifiers

• DC amplifiers



Modulated and Unmodulated Signals



• Integrated Circuits



Operational Amplifiers(Op-amp)

• Definition



Specification/Characteristics of an Op-amp





Op-amp Description

V0=G(V+-V-)



Limitations of Op-amp

• Op-amps have non-ideal characteristics(With 
both the inputs grounded residual output 
voltage remains)

• Op-amp output reaches zero at some nonzero 
input voltage

• Low CMRR

• Thermal drift(Both internal and external 
circuit elements may be temperature 
sensitive)



Applications of Op-amp



Op-amp circuits used in instrumentation



1) Inverter



2) Adder



Data Acquisition Systems and 
Conversion

Data acquisition system

• Introduction





In telecommunications and computer networks, multiplexing
(sometimes contracted to muxing) is a method by which multiple 
analog or digital signals are combined into one signal over a shared 
medium.

In electronics, a sample and hold (S/H, also "follow-and-hold") circuit is an 
analog device that samples (captures, takes) the voltage of a continuously 
varying analog signal and holds (locks, freezes) its value at a constant level for 
a specified minimum period of time.







Objectives and configuration of data acquisition 
system(DAS)

• Objectives of DAS



• Configuration of DAS





Data acquisition system



1) Analog and Automated DAS



• Automated data acquisition systems

1) Data loggers

2) Computer with plug in boards



• Data loggers
A data logger (also datalogger or data recorder) is an electronic device that records 
data over time or in relation to location either with a built in instrument or sensor or 
via external instruments and sensors. Increasingly, but not entirely, they are based on 
a digital processor (or computer).



• Computer with plug-in boards



2) Single channel data acquisition system



3) Multichannel data acquisition system

i) Multi-channel analog multiplexed system



2) Multiplexing the outputs of sample-holds



3) Multiplexing after A/D conversion



4) Multiplexing low level data

• Applications of DAS

-Aerospace

-Biomedical

-Telemetry



Data Conversion

• Analog to Digital Conversion(A/D)

- Digital signals



• Procedure of conversion



• Components used in A/D conversion



• Analog to Digital converter

-Definition

• Design principles



1) Successive approximation A/D converter



2) Flash A/D converter



3) Single slope and dual slope integration

a) Single slope or ramp or voltage to time A/D converter



b) Dual slope integration A/D converter or dual ramp converter



• Multiplexer



• Digital multiplexer



Digital to Analog (D/A) Conversion
• Definition



• Weighted resistor D/A converter



• R-2R ladder D/A converter



• Computer control hardware



• Pulse Modulation

1) Pulse amplitude modulation (PAM)

2) Pulse width modulation (PWM)



1) Pulse amplitude modulation (PAM)



2) Pulse width modulation (PWM)



Module 4

DATA TRANSMISSION AND 
TELEMETRY



Data/Signal Transmission

• Definition

• Data transmission

• Telemetry

• Factors affecting the choice of data 
transmission



Types of data transmission

1) Mechanical transmission

2) Hydraulic transmission



3) Pneumatic transmission



4) Magnetic transmission



5) Electric type of transmitters

• Converters



Telemetry

• Definition

• General telemetring system



Types of telemetry systems



• Advantages and disadvantages of landline 
telemetry system



1) Voltage telemetering system



2) Current telemetering system



i) Motion balance current telemetering system



ii) Force balance current telemetering system



• Advantages of current telemetering system



3) Position or Ratio telemetering system



II) Radio frequency(RF) telemetry system



Introduction to types of signals and 
transmission paths

Types of signals

1) Analog signals: Ex. Telephone, radio 
broadcast or TV signals

2) Digital signals: Ex. Telegraph and teleprinter
signals



Transmission paths

1) Line communications: Through transmission 
lines (Overhead or underground cable)

2) Radio communications:  propagation of 
signals through atmosphere. Antennas are 
used. 





Modulation and Demodulation
1) Modulation



• Need of Modulation
Modulation increases operating range.



Methods of modulation



1) Amplitude Modulation(AM)
The process by which the amplitude of a carrier wave is varied in 

accordance with the modulating signal.



2) Frequency Modulation(FM)
The process by which frequency of a carrier wave is varied in accordance with the 

modulating signal.



3) Pulse Modulation



• Classification of Pulse Modulation



• Noise



• Modems



• Frequency Modulation (FM) Telemetry System



• Pulse Amplitude Modulation (PAM) Telemetry 
System



• Pulse Code Modulation (PCM) Telemetry 
System



Module 5

Measurement of Non-Electrical 
Quantities



Pressure Measurement

• Definition: Force per unit area.





• Units for pressure and pressure measuring 
instruments



• Pressure measuring instruments



• Electrical pressure transducer



1) Resistance type pressure transducers

i) Strain gauges



ii) Moving contacts



2) Pressure voltage transducer



3) Inductance type pressure transducer

Current sensitive coil type



LVDT type



Reluctance type



4) Capacitive type pressure transducer



5) Carbon pile pressure transducer



6) Piezoelectric pressure transducers



7) Photoelectric pressure transducers



Measurement of high pressure
Bridgman gauge



Measurement of low pressure



1) Pirani vacuum gauge



2) Ionization gauges


