
Overview of Instrumentation and Control Systems

(A concise, structured guide for students and professionals)

1. What Is Instrumentation & Control?

Term Definition

Instrumentation
Devices and systems that measure, record, and display physical

variables (temperature, pressure, flow, level, etc.).

Control System
A set of components that regulates process variables to achieve desired

performance (set?point tracking, stability, safety).

Integrated I&C

System

Combines measurement (sensing) and action (actuation) with

logic/algorithms to close the loop.

2. Core Components

Category Typical Elements Function

Sensors /

Transducers

Thermocouples, RTDs, pressure

transducers, flow meters, level

probes

Convert a physical quantity into an

electrical signal (voltage, current,

digital).

Signal Conditioning

Amplifiers, filters, isolation

amplifiers, analog?to?digital

converters (ADCs)

Scale, linearize, filter, and protect

sensor signals before they reach the

controller.

Controllers

PID controllers, PLCs, DCS, micro

?controllers, soft?controllers

(software)

Compare measured value (PV) with

set?point (SP), compute corrective

action (control output).

Actuators

Valves (pneumatic, electric,

hydraulic), motors, heaters,

dampers

Convert control signals into physical

changes in the process.

Human?Machine

Interface (HMI)

Touch panels, SCADA graphics,

alarm consoles

Provide operators with visualization,

control, and diagnostic tools.
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Category Typical Elements Function

Communication

Networks

Fieldbus (Profibus, Foundation

Fieldbus), Ethernet/IP, Modbus,

OPC-UA

Transfer data among sensors,

controllers, HMIs, and higher?level

systems.

Power Supplies &

Safety Devices

UPS, circuit breakers, fuses,

emergency?stop circuits

Ensure reliable operation and protect

against faults.

3. Types of Control Loops

Loop Type Description Typical Use

Open?Loop Output is generated without feedback.
Simple on/off heating, batch

timers.

Closed?Loop

(Feedback)

Measured PV is fed back to the controller to

adjust the output.

Temperature regulation,

speed control.

Feedforward
Controller acts on measured disturbances

before they affect the PV.

Compensating for known load

changes.

Cascade
Primary controller drives a secondary

controller (e.g., temperature ? flow).

Tight control of temperature in

a reactor.

Multivariable

(MIMO)

Multiple interacting variables are controlled

simultaneously.

Aircraft flight control,

advanced process plants.

4. Basic Control Strategies

Strategy Principle Advantages Limitations

On/Off

Switches actuator fully on

or off based on a

threshold.

Simple, cheap.
Oscillations, poor

accuracy.

Proportional (P) Output ? error (SP?PV).
Reduces steady?state

error.

May leave residual

error.

Proportional?Integral

(PI)

Adds integral term to

eliminate steady?state

error.

Zero steady?state error

for step changes.

Can cause

overshoot if not

tuned.
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Strategy Principle Advantages Limitations

Proportional?Integral

?Derivative (PID)

Adds derivative term to

anticipate error change.

Good balance of speed,

stability, accuracy
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