
Introduction to Instrumentation and Control

Key concepts, terminology, and basic principles for beginners

1. What Is Instrumentation & Control?

Term Definition

Instrumentation

The science and technology of measuring physical variables

(temperature, pressure, flow, level, etc.) and converting them into

readable signals.

Control

The use of measured information to manipulate a process so that it

behaves in a desired way (maintain set?points, follow a trajectory,

protect equipment).

Instrumentation &

Control (I&C)

Integrated discipline that combines measurement (instrumentation) with

the actions needed to regulate a system (control).

Why it matters:

Ensures product quality, safety, and efficiency in industries such as oil & gas, chemicals,

power generation, pharmaceuticals, and manufacturing.

Provides data for monitoring, diagnostics, and optimization.

2. Basic Elements of an I&C System

1. Sensor / Transducer – Converts a physical variable into an electrical, pneumatic, or digital

signal.

2. Signal Conditioning – Amplifies, filters, linearises, or isolates the raw sensor output.

3. Transmitter – Formats the conditioned signal (e.g., 4?20?mA, 0?10?V, HART, Foundation

Fieldbus).

4. Controller – Compares measured value with a set?point, computes corrective action (PID,

advanced algorithms).

5. Actuator – Executes the controller’s command (valve, motor, heater, pump).

6. Final Control Element (FCE) – The device that directly influences the process (e.g., a

control valve).
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7. Human?Machine Interface (HMI) / SCADA – Displays data, allows operator interaction,

logs trends.

[Process] ? Sensor ? Signal Conditioning ? Transmitter ? Controller ?

 Actuator ? Process

3. Common Measured Variables

Variable Typical Sensors Typical Units

Temperature RTD, Thermocouple, Infrared, Thermistor °C, °F, K

Pressure Strain?gauge, Capacitive, Piezoelectric bar, psi, Pa

Flow (Liquid) Orifice, Turbine, Magnetic, Coriolis L/min, m³/h

Flow (Gas) Thermal, Vortex, Mass?flow Nm³/h, SLPM

Level Ultrasonic, Radar, Float, Capacitance mm, %, m

Position / Displacement LVDT, Linear Variable Differential Transformer mm, in

pH / Conductivity Electrochemical cell pH units, µS/cm

4. Signal Standards

Standard Description Typical Range

4?20?mA
Current loop, widely used in analog wiring,

immune to voltage drop

4?mA = 0?% span, 20?mA

= 100?% span

0?10?V Voltage signal, common for short runs
0?V = 0?% span, 10?V =

100?% span

HART
Superimposes digital data on a 4?20?mA loop

(communication protocol)

Same as 4?20?mA + digital

packets

Foundation

Fieldbus

Digital, multi?drop network for sensors &

actuators

31.25?kbps (H1) or 500?

kbps (HSE)
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