


Control Systems Engineering in 
Medical Physics: An Introduction

 :þþþþÿ' 'þÿþþþÿ' þÿ þþþþÿ' þþþÿ' þÿþþÿ
þÿþþÿ

Control Systems Engineering in Medical Physics focuses on 
creating and managing automated systems for medical devices 
and therapeutic equipment. These systems ensure that medical 
procedures and devices operate with high precision, safety, and 
optimal performance. This field is essential for advancing medical 
technology through engineering and improving patient treatment 
accuracy and overall well-being in medicine.

 þþÿÿ' þþþÿÿ' /7'/'N þþþþÿ þÿ þÿþÿ þþþþÿ' 'þÿþþþÿ' þÿ þþþþÿ' þþþÿ' þÿþþÿ
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Learning Objectives & Overview
þÿþÿ /þþÿN þþþþÿ' G'þÿ'

Introduction to Control Systems

þþþþÿ' þþþÿÿ þÿþþÿ
Learn the basic ideas and words used in control 
systems.

 þþþÿ' þÿ þÿþþþþþÿ' .þþþþþþÿ'N þþÿþÿÿ' 7þþÿÿ' þÿ Gþþÿ
.þþþþÿ'

Definitions & Core Concepts

þþÿþÿÿ' þþÿþþþÿ'N .þþÿþþþÿ'
Key terms and main ideas that form the foundation.

.7þÿÿ' þþþÿ þþÿ' þþÿþÿÿ' 7þþÿÿ'N þþþþÿþÿ' .þþþþþþÿ'

Historical Background

þþþÿ7þþÿ' þþþþþÿ'
How control systems developed over time in 
medicine.

.þþþÿ' Fþþþÿ' þÿ þÿþÿ' 7Nþÿ þÿ þþþþÿ' þþþÿ' .7þþÿ þþÿ

Mathematical Foundations

þþÿþÿþÿ' þÿÿ'
The math tools and ways to analyze control systems.

.þþþþÿ' þþþÿ' þþþþÿ FþÿN þþÿþÿþÿ' .'N/ÿ'

Natural Control Problems

þþþþþþÿ' þþþþÿ' þÿþþÿ
Challenges and solutions for control systems in the 
real world.

.þþþþþÿ' þÿþþÿ' þÿ þþþþÿ' þþþÿÿ Fþþþÿ'N .þÿþþþÿ'

Basic Control Elements

þþÿþÿÿ' þþþþÿ' þÿþþÿ
The main parts that make up control systems.

.þþþþÿ' þþþÿ' þþþÿ Fþþþÿ þþÿ' þþþþÿþÿ' ''þÿÿ'



What is a Control System?
�þþþþÿ' Gþþÿ þÿ þÿ
A control system is a group of connected parts that work together to achieve a specific goal or outcome. Imagine 
your home thermostat: it constantly checks the temperature and changes the heating or cooling to keep your home 
at the temperature you want.

 7'þþþÿþÿ þþþþÿ þÿ' :þÿþþÿ þÿ /7'þþÿ' þþþÿ þþþÿ .//þþÿ þþþþÿ N' Gþÿ þþþþþÿ þ Oþÿ þþþÿ þþÿ' þþþþþÿ' ''þÿÿ' þÿ þÿþþþÿ þÿ þþþþÿ' Gþþÿ
.þÿþþÿ þÿ þÿþÿþÿ þþÿ' /7'þþÿ' þÿ7/ þÿ >þþþþÿ þÿþþþÿ' N' þþÿþþÿ' þþþÿN /7'þþÿ' þÿ7/ þÿ

Input
.þÿþþÿ'
The temperature you set

þÿ/þþÿ þþÿ' /7'þþÿ' þÿ7/

Process
þþþþþÿ'
The heating or cooling action

þÿþþþÿ' N' þþÿþþÿ' þþþþÿ

Output
.þÿþþþÿ'
The actual room temperature

þþþþþÿ' þÿþþÿ' /7'þÿ þÿ7/

Feedback
þþÿ'þÿ' þÿþþþÿ'
What the sensor detects

þþþþþþÿ' þþþþþÿ þÿ



Control Systems in Medical Applications
þþþþÿ' .þþþþþþÿ' þÿ þþþþÿ' þþþÿ'

Radiation Therapy Control
þÿþþÿÿ' .þþÿ' þÿ þþþþÿ'

Linear accelerators use smart control systems to 
precisely deliver radiation doses. These systems 
constantly check the strength of the radiation beam, 
the patient's exact position, and important safety 
features as it's happening.

 ?þþÿÿ' .þÿþÿ þþÿþþÿ þþÿ6 þþþÿ þþþÿ' þþþþÿ' .þÿþþþÿ' Gþþþþÿ
 þÿþþÿ'N �?þþÿÿ' ?þþÿ /þÿ 7'þþþÿþÿ þþþÿÿ' Gþÿ þÿ'þÿ .þÿþÿ

..þþÿ' 'þþÿ' þþþþÿ' þÿþþÿ' .'þþÿN �þÿþþþÿ þþÿþÿ'

MRI System Control
þþþÿþþþþÿ' þþÿþÿþÿ þÿþþþÿ' Gþþÿ þÿ þþþþÿ'

MRI machines need very careful control over magnetic 
fields, radio waves (radiofrequency pulses), and 
special coils (gradient coils) to create clear, detailed 
pictures for diagnosis.

 .ÿþþþÿ' þÿ þÿþþþÿ þþÿ/ þþþÿ ÿ' þþþÿþþþþÿ' þþÿþÿ' /þþÿ' .þþþÿ
 �(þþþÿþÿ' //þþÿ' .þþþÿ) þþþþÿþÿ' .þÿþþÿ'N �þþþþÿþþþþÿ'
 þþþþÿN þþÿ'N 7þÿ .þþÿÿ (.7þþÿ' .þþþÿ) þÿþþÿ' .þþþþÿ'N

.þþþþþþÿ



Key Definitions in Control Systems
þþþþÿ' þþþÿ' þÿ þþÿþÿ' þÿ7þþÿ

Plant (Process)
(þþþþþÿ') þþþþÿ'
This is the part of the system or equipment that we 
want to control. For example, it could be the 
mechanism that rotates a CT scanner's gantry.

 .þþÿ þþþþÿ' þÿ þÿþÿ Nþÿ' 6þþþÿ' N' Gþþþÿ' þÿ 'þþÿ' þÿ 'þÿ
 6þþÿ þÿ þþþþÿ' F'7N/ þþÿ& Fþþÿ F' þþþÿ �Fþþþÿ' þþþÿ þÿ

.þþþþþþÿ' þþÿÿ'

Controller
þþþþþÿ'
This is the "brain" that makes decisions about how 
the system should operate. An example is the 
computer that sets the correct X-ray exposure for a 
patient.

 .Gþþþÿ' þþÿ þþþþÿ Fþÿ .'7'þþÿ' þþþÿ Nþÿ' "þþþÿ'" þÿ 'þÿ
 þþþþÿ' 6þþþÿ' þþþÿ Nþÿ' þÿþþþþþÿ' þÿ þÿ6 þÿ FþþÿN

.þÿþþþÿ þþþþþÿ' þþÿþÿ

Sensor
þþþþþþÿ'
A device that measures and collects information 
about what the system is doing. For instance, a 
radiation detector measures how much radiation is 
being delivered.

 þþþÿ þÿ .Gþþþÿ' þþþþÿ þÿ Fþÿ .þÿþþþÿ þþþÿN þþþÿ 6þþÿ
.þþÿþþÿ' þþÿ þþÿ' þÿþþÿ' þþþÿ ?þþÿÿ' þÿþÿ þþþÿ �Fþþþÿ'

Actuator
þþþþÿ'
This component carries out the physical actions 
based on the controller's decisions. An example is 
the motors that move and position patient 
treatment tables.

 .þþþþþÿ' .'7'þÿ þÿ O'þþÿ þþÿþÿþþþÿ' .'''þÿÿ' þþþÿ Fþþþÿ' 'þÿ
 .þÿ .ÿNþÿ þþÿN Gþþÿ þþÿ' .þÿþþþÿ' þÿ þÿ6 þÿ Fþþÿ

.þÿþþÿ'



Essential Control System 
Terminology

þþÿþÿÿ' þþþþÿ' Gþþÿ .þþþþþÿ

Reference Input (Set Point)

(þþþÿ' þþþÿ) þþþÿþþÿ' /7þÿÿ' þÿþÿ
This is the target or desired value you want the system to 
achieve. For example, in radiotherapy, it's the exact radiation 
dose prescribed, like 2 Gy per session.

 þÿ .Gþþþÿ' þþþþþÿ F' þÿþÿ þþÿ' þÿþÿþþÿ' N' þÿþþþþþÿ' þþþþÿ' þÿ Gþÿ
 �þÿþÿ //þþþÿ' þþÿþþÿÿ' þÿþþÿ' þÿ �þÿþþÿÿ' .þþÿ' þÿ �Fþþþÿ' þþþÿ

.þþþÿ þþÿ N'þÿ 2 þþÿ

Feedback Signal

þþÿ'þÿ' þÿþþþÿ' /7þÿ'
This signal tells the controller how the system is actually 
performing. It's like checking the current temperature of a 
room and sending that information back to the thermostat.

 þþþþÿ' þþÿ þþÿ' .þþþÿþÿ Gþþþÿ' þþþÿ þþÿ þþþþÿ' /þÿN /7þÿÿ' Gþÿ þþþÿ
 þþþÿ ÿ' Oþÿ' /þÿ .þÿþþþþÿ' þþÿ Fþÿ7'N þþÿþþÿ' þÿþþÿ' /7'þÿ þÿ7/ þÿ

./7'þþÿ'

Error Signal

þþþÿ' /7þÿ'
This is the difference between what you want the system to 
do (the set point) and what it's actually doing (feedback 
signal). This difference tells the system how much it needs to 
adjust.

 þþþÿþÿ þþþþÿ þÿN (þþþÿ' þþþÿ) Gþþþÿ' þþþþÿ F' þÿþÿ þÿ þþÿ Fþþÿ' þÿ 'þÿ
..þþþþÿ' þÿþþþÿ' 7'þþÿ Gþþþþÿ Fþþÿ' 'þÿ þÿþÿ .(þþÿ'þÿ' þÿþþþÿ' /7þÿ')



Historical Development of Control Systems
þþþþÿ' þþþÿÿ þþÿ7þþÿ' 7þþþÿ'

1Ancient Times - Water Clocks
þþÿþþÿ' .þÿþþÿ' - þþÿþþÿ' þþÿ6ÿ'

Ancient civilizations used simple float systems in 
water clocks to keep water levels steady, which 

helped them measure time accurately.

 þÿ þþþþÿ þþÿþÿ þþþÿ' þþÿþþÿ' .'7þþþÿ' þÿþþþÿ'
 þþÿ �Gþþþþÿ þÿþÿ Oþþþÿ þÿ >þþþþÿ þþÿþþÿ' .þÿþþÿ'

.þÿþÿ þÿþÿ' 7þþÿ þÿ þÿþÿþÿ

2 1788 - Watt's Governor
.'N þþþÿ - 1788

James Watt created a device called the 
centrifugal governor for steam engines. This 
invention was crucial because it automatically 
controlled the engine's speed, marking the 
beginning of automatic feedback control.

 Nþÿþþÿ' /þþÿ' þþþÿ þþþÿ 'O6þþÿ .'N þþþÿ þþþÿ'
 þOþÿþþþÿ þþþÿ þÿÿ þ Oþþÿ ?'þþÿÿ' 'þÿ Fþÿ .þÿ7þþþÿ' .þÿþþþþÿ
 þÿþþþÿþÿ þÿþþþþÿ' þþþþÿ' þÿ'þÿ þþþÿ þþÿ �Gþþþÿ' þÿþÿ þÿ
.þþÿ'þÿ'

31940s - Control Theory
þþþþÿ' þÿþþÿ - þÿþþÿ' Fþþÿ' .þþþþþÿ7'

During World War II, scientists developed the 
mathematical rules (control theory) needed to 

guide radar and missiles precisely.

 þþÿþÿþÿ' þÿ'þþÿ' 'þþþþÿ' þÿN �þþÿþþÿ' þþþÿþþÿ' .þþÿ' Fþÿ
.þÿþÿ þÿ7'þþÿ'N .'7'/'þÿ' þþÿþþÿ þÿ6þÿ' (þþþþÿ' þÿþþÿ) 4 1970s - Digital Control

þþÿþÿ' þþþþÿ' - þÿþþÿ' Fþþÿ' .þþþþþþÿ
The invention of microprocessors (small 
computer chips) in the 1970s completely 
changed how control systems were built and 
what they could do, making them more 
powerful and complex.

 (/þþþþÿ' þÿþþþþþÿ' þÿ'þÿ) þþþÿþÿ' .þþÿþþþÿ' ?'þþÿ' /þÿ'
 þÿN þþþþÿ' þþþÿ' 'þþÿ þþþþÿ þÿ þþÿþÿ /7þÿ .þþþþþþþÿ' þÿ
.' OþþþþÿN /þÿ þþÿ' þþþþÿ þþÿ �þþþÿ þþþþþÿ

5Present - Smart Medical Systems
þþÿ6 þþþÿ þþþÿ' - þÿþþÿ'

Today, advanced control systems powered by 
Artificial Intelligence (AI) help doctors provide 

very accurate and personalized medical 
treatments and diagnose diseases more 

effectively.

 'þÿþÿþÿ þÿþÿþþÿ' þÿþþþþÿ' þþþþÿ' þþþÿ' þÿþþÿ �Gþþÿ'
 þþþþÿN þþþÿ/ þþþÿ .þÿþÿ þþÿþÿ þÿ 'þþÿÿ' þÿþþþÿÿ'

.þþÿ' þþÿþþþÿ 6'þÿÿ' þþþþÿN �þÿþþþÿ



Understanding the Math Behind Control 
Systems

þþþþÿ' þþþÿ' ''7N .þþÿþÿþÿ' þþÿ
Control systems use math to help engineers understand and predict how a system will behave. This math makes 
sure that medical devices, for example, work correctly and reliably.

 F' �Fþþþÿ' þþþÿ þÿ �.þþÿþÿþÿ' Gþÿ þþþÿ .Gþþþÿ' Gþþÿ þþþþÿ þÿþÿN þþÿ þÿ þþÿþþþþÿ' /þÿþþþÿ .þþÿþÿþÿ' þþþþÿ' þþþÿ' Gþþþþÿ
.FþÿþÿN þþþÿ þþþÿ þþþþÿ' /þþÿÿ' þþþÿ

Differential Equations
þþþÿþþþÿ' .ÿ/þþþÿ'
These equations explain how things 
change over time in systems that are 
always active, like how a heart rate 
adjusts.

 7Nþþÿ 7þÿÿ' þþþþÿ þþÿ .ÿ/þþþÿ' Gþÿ /þþÿ
 þþÿ �7'þþþÿþÿ þþþþÿ' þþþÿÿ' þÿ þÿþÿ'
.þþþÿ' .þÿþÿ Fþþÿ þÿþþÿ þþþþÿ

Laplace Transforms
7þÿÿ .þÿþþÿ
This tool helps turn hard-to-solve 
time-based problems into easier 
frequency-based problems for 
analysis.

 .þþþþÿ' þÿþþÿ þÿ /'/ÿ' Gþÿ þÿþþÿ
 .þþþÿ ÿ' þÿþÿ' þÿ þþþþÿ þþÿ' þþþþÿ'
.þþþþþþÿ //þþÿ' þÿ þþþþÿ þþÿ'

Transfer Functions
þÿþþþÿ' F'N/
These are mathematical descriptions 
that show how a system's output 
changes when its input changes, all 
in terms of frequency.

 .þþÿ þþþÿ þþþþÿ þÿþÿ þþÿþÿ7 GþÿN' Gþÿ
 þþÿ þÿ þÿ6 þÿN �þþÿþÿ þþþÿ þþÿ Gþþþÿ'
.//þþÿ'



Mathematical Tools in Practice
þþÿþÿþÿ' .'N/ÿ' þþþþÿ

Understanding System Response

Gþþþÿ' þÿþþþÿ' þþÿ
Imagine a simple system that shows how tissue heats up during a 
hyperthermia treatment. The temperature change over time, T(t), 
when a heat source is suddenly applied, can be explained by this 
formula:

 þþþÿ ./7'þþÿ' 7þÿ .þÿ 'þþÿ' þþþÿÿ' þþþþÿ þþþþÿ þÿþÿ þ Oþþþÿ þ Oÿþþÿ þþþÿ
 Gþþÿ �/þþÿ /7'þÿ 7þþÿ þþþþÿ þþÿ �T(t) �þÿþÿ' 7Nþÿ þÿ /7'þþÿ' þÿ7/ þþþÿ þÿN

:þÿ/þþþÿ'

= T (t)2 T  (1final( et/Ç2

Where:

:þþÿ

T(t): The tissue temperature at a specific time *t*.

T(t): /þþÿ þÿN þÿ þþþþÿ' /7'þÿ þÿ7/ *t*.

Tfinal: The maximum temperature the tissue reaches.

Tfinal: þþþþÿ' þþþÿ' þþÿ /7'þÿ þÿ7/ þþÿ'.

e: A mathematical constant (about 2.718).

e: (2.718 þÿ'þÿ) þÿþÿ7 þÿþÿ.

t: The time passed since heating started.

t: þþþþþÿ' 'þÿ þþÿ þþþþþÿ' þÿþÿ'.

Ç (tau): How fast the tissue temperature changes. A smaller tau 
means faster heating.

Ç (Nþÿ): ?þÿ' þOþþþþÿ þþþÿ þþÿ' Nþÿ þþþÿ .þþþþÿ' /7'þÿ þÿ7/ þþþÿ þÿþÿ Oþÿ.

Why this matters in medicine: 
Knowing how the tissue 
temperature changes helps doctors 
decide the best time and amount of 
treatment to give.

 þþþÿ þþþþÿ þÿþþÿ :þþÿ' þÿ þþÿ 'þÿ '6þþÿ
 þÿþþÿ þÿ 'þþÿÿ' þÿþþÿ þþþþÿ' /7'þÿ þÿ7/

..þþþÿ þþþÿN þÿN þþÿ'



Nature's Control Systems: Lessons for Engineering
þÿþþþþÿ 7N7/ :þþþþþþÿ' þþþþÿ' þþþÿ'

Nature offers many great examples of control systems. Our bodies, for instance, keep temperature, blood pressure, 
and sugar levels stable using clever biological systems. These natural methods inspire engineers to design their 
own solutions.

 þþþÿ' .þÿþþþÿN þÿ/ þþÿN þÿ7'þÿ þÿ7/ þÿ Fþþÿÿ' þþÿ þÿþþÿ �Fþþþÿ' þþþÿ þÿ .þþþþÿ' þþþÿÿ /þÿþÿ þþÿ'7 þþþÿ' þþþþþÿ' Gþþÿ
.þÿþþÿ' þþÿþþÿ þþþþþÿ þþÿþþþþÿ' þþþÿ þþþþþþÿ' Fþþÿ' Gþÿ .þþÿ'þÿ' þÿþþþÿ' þÿ þþþþÿ þþÿ6 þþÿþÿþþÿ þþþÿ' G'þþþÿþÿ /þþþþÿ

Keeping Body Temperature 
Stable

 þþþÿ' /7'þÿ þÿ7/ þÿ >þþþÿ'
/þþþþÿ
Our body keeps its 
temperature at 37°C by 
sweating when hot, 
shivering when cold, and 
by changing how wide our 
blood vessels are.

 þÿ7'þÿ þÿ7/ þÿ þþþþÿ þÿþþÿ
 þÿþÿ þÿ þÿþþÿ þÿ7/ 37 þþÿ
 �þþÿþÿ 7þþþÿ' þþÿ Fþþþÿ'
 �/þþÿþÿ 7þþþÿ' þþÿ 6þþÿ7ÿ'N
.þÿþÿþÿ' þþÿNÿ' ?þþÿ' þþþþÿN

Managing Blood Pressure

Gþÿ' þþÿ þÿ þþþþÿ'
The heart and blood 
vessels automatically 
adjust to keep blood 
pressure healthy.

 þþÿNÿ'N þþþÿ' þÿþþÿ þþÿ
 þþÿ þÿ >þþþþÿ þOþÿþþþÿ þÿþÿþÿ'
.þOþþÿ Gþÿ'

Balancing Blood Sugar

Gþÿ' þþÿ þÿ6'þÿ
Hormones like insulin and 
glucagon work to keep 
blood sugar levels within a 
safe range.

 þþÿþþÿÿ' þþÿ .þÿþÿþþÿ' þþþÿ
 þÿ >þþþþÿ Fþÿþÿþþþÿ'N
 þþÿ Gþÿ' þÿ þþþÿ' .þÿþþþÿ
.þÿ& Fþþÿ

Controlling Breathing

þþþþÿ' þÿ þþþþÿ'
Our breathing speed 
changes automatically 
based on how much 
carbon dioxide is in our 
body and how much 
oxygen we need.

 O'þþÿ þOþÿþþþÿ þþþþþÿ þÿþÿ þþþþÿ
 þÿ Fþÿþþÿ' þþþÿ' þÿþÿ þþþÿ þÿ
 þþÿ' þþþþÿÿ' þþþÿN þþÿþþÿ'
.þþÿþþþÿ



Engineering Control Challenges
þÿþþþÿ' þþþþÿ' .þÿþþÿ

Disturbance Rejection
.þÿ'þþÿÿ' þÿ7

Control systems must work 
correctly even when unexpected 
outside factors try to disrupt them. 
For example, a radiation machine 
needs to keep its beam steady, 
even if the patient moves slightly.

 þþþÿ þþþÿ þþþþÿ' þþþÿ' þþþÿ F' þþÿ
 þþÿþþÿ þþÿ þþÿ7þÿ þÿ'þÿ þÿNþÿ þÿ þþÿ

 þÿ& .þþþÿ �Fþþþÿ' þþþÿ þÿ .þþþþþþÿ
 þþÿ �þOþÿþÿ þþÿþþÿ þÿ >þþþÿ' ÿ' ?þþÿÿ'

.Oþþþÿ þÿþþÿ' Gþþÿ þÿ

Response Time
þÿþþþÿÿ' þÿN

Systems need to react very quickly 
to changes, especially in critical 
situations. For instance, radiation 
therapy equipment requires 
immediate shutdown if something 
goes wrong.

 /þþþÿ þÿþþÿ þÿþþþÿÿ' ÿ' þþþÿÿ' .þþþÿ
 þÿ .þÿþþÿ' þÿ'þþÿ' þÿ þÿþÿ �.'þþþþþÿ

 .þþÿ' .'þþÿ þþþþÿ �Fþþþÿ' þþþÿ
.þÿ þþÿ /þÿ '6' N7þþÿ' Fþÿÿ' þÿþþÿÿ'

Accuracy & Precision
þþþÿ'N þÿþÿ'

Medical technologies must be 
extremely accurate. For example, 
in stereotactic radiosurgery (a type 
of radiation treatment), the beam 
needs to be positioned within a 
fraction of a millimeter.

 þþþÿ/ þþþþÿ' .þþþþþÿ' Fþþÿ F' þþÿ
 þÿ'þþÿ' þÿ �Fþþþÿ' þþþÿ þÿ .þÿþþþÿ
 .þþÿ' þÿ ?þÿ) þþþþþþþÿ' þþÿþþÿÿ'

 ?þþþÿ' þÿþÿ þÿþþÿ þþÿ �(þÿþþÿÿ'
.þþþþþþÿ' þÿ 'Oþþþÿ ' O'þÿ 6Nþþþÿ ÿ þÿþÿ



Basic Elements of Control Systems
þþþþÿ' þþþÿÿ þþÿþÿÿ' þÿþþþÿ'
Every control system, whether it's keeping a room warm or delivering precise medical treatments, has key parts 
that work together to achieve its intended purpose.

 .þþþþÿ' 6þþÿ' þþþþþÿ þ Oþÿ þþþÿ þþþþÿ7 ''þÿ' þÿ Fþþþÿ �þþþÿ/ þþþÿ .þÿþÿ þþþÿ N' þÿþþÿ' 'G/ þÿ þÿþþÿ Fþÿ ''þÿ �þþþÿ Gþþÿ þÿ
.þþÿ

Reference Input
þþÿþþÿ' þÿþþÿ'
This is the desired goal or target value that the 
system is trying to achieve.

.þþþþþþÿ Gþþþÿ' FNþþÿ þþÿ' þÿþþþþÿ' þþþþÿ' N' Gþþÿ' þÿ 'þÿ

Controller
þþþþÿ' /þÿN
This 'brain' part looks at what's happening, finds any 
differences from the goal, and sends commands to 
correct them.

 þÿ .þÿþþÿ' N' þþÿN �/þþÿ þÿ þÿ'þÿ "þÿþÿþÿ'" 'þþÿ' 'þÿ
.þþþþþþþÿ þÿ'N' þÿþÿ þÿ �Gþþÿ'

Plant/Process
þþþþþÿ'/þÿÿ'
This is the actual machine or process being 
controlled, like medical devices or a heating system.

 /þþÿÿ' þþÿ �þþþÿ þþþþÿ' þþÿ þþÿ' þþþþþÿ' N' þþþþÿ' 6þþþÿ' þÿ 'þÿ
.þþÿþþÿ' Gþþÿ N' þþþþÿ'

Feedback Sensor
þþÿ'þÿ' þÿþþþÿ' þþþþþÿ
This part measures the current output of the system 
and sends this information back to the controller for 
adjustments.

 /þÿ .þÿþþþþÿ' Gþÿ þÿþÿN Gþþþþÿ þþþþÿ' þÿþþÿ' þþþÿ 'þþÿ' 'þÿ
..þÿþþþÿ' ''þÿÿ þþþþÿ' /þÿN ÿ' Oþÿ'



Control System Block Diagram
þþþþÿ' Gþþÿ þþþÿ þþþÿ

Reference Input
þþÿþþÿ' þÿþþÿ'

The target value or 
desired outcome for 

the system.
 N' þÿþþþþþÿ' þþþþÿ'

.Gþþþþÿ þÿþþþþÿ' þþþþþÿ'

Controller
þþþþÿ' /þÿN

Calculates what action 
is needed based on 

the error signal.
 .þþþþÿ' ''þÿÿ' þþþÿ

.þþþÿ' /7þÿ' þÿ O'þþÿ

Plant / Process
þþþþþÿ' / þþþþÿ'

The actual system or 
process that is being 

controlled.
 þþþþþÿ' N' þþþþÿ' Gþþþÿ'

.þþþÿ þþþþÿ' þþÿ þþÿ'

Output
þÿþþÿ'

The actual result or 
current state of the 

system.
 þÿþþÿ' N' þþþþþÿ' þþþþþÿ'

.Gþþþþÿ þþÿ'þÿ'

Feedback Sensor
þþÿ'þÿ' þÿþþþÿ' þþþþþÿ

Measures the system's 
output and sends this 

information back.
 þÿþÿN Gþþþÿ' þÿþÿ þþþÿ
.Oþÿ' /þÿ .þÿþþþþÿ' Gþÿ

This diagram shows the basic setup of any control system that uses feedback. The 'summing junction' is where the 
desired input is compared with the actual output (from the feedback sensor) to find any difference, or 'error.' This 
error then tells the controller what adjustments to make.

 þÿþþÿ' þÿ7þþÿ þþÿ þþÿ Nþÿ' Fþþþÿ' þÿ "þþþþþÿ' þþþÿ" .þþÿ'þÿ' þÿþþþÿ' Gþþþþÿ þþþÿ Gþþÿ Nÿ þÿþÿÿ' þþÿþþÿ' þþþþÿ' 'þÿ þÿþÿ
 .þÿþþþÿ'N .'''þÿÿþÿ þþþþÿ' /þÿN þþþÿ' 'þÿ þþþÿ ."þþÿ" N' �Fþÿ N' þÿþþþÿ (þþÿ'þÿ' þÿþþþÿ' þþþþþÿ þÿ) þþþþÿ' þÿþþÿ' þÿ .þþþþÿ'

.þÿ6þÿ'



Open-Loop vs Closed-Loop Systems
þþþþþÿ' /þÿ'þÿ' .'6 þÿþþÿ þÿþþþþÿ' /þÿ'þÿ' .'6 þþþþÿ' þþþÿ'

Open-Loop Control

þÿþþþþÿ' /þÿ'þÿþÿ þþþþÿ'

These systems work without checking their output. 
Think of a microwave timer: you set the time, but it 
doesn't actually measure if your food is hot enough.

 þÿþÿ þþþÿ .þþþÿþþÿ þÿ þþþþÿ' FN/ þþþÿÿ' Gþÿ þþþÿ
 Fþÿ '6' þÿ þOþþþÿ þþþÿ ÿ þþþÿ �þÿþÿ' þþþÿ þÿ' :þÿNNþþþþÿ'

.þþþÿ þþÿ þOþÿþÿ þÿþþÿ

Pros: Easy to build, cheaper, usually steady.

./þþþþÿ Fþþÿ þÿ //þÿN �þÿ7' �þþþÿ' þþþÿ :þÿ'þþÿ'

Cons: Can't fix unexpected changes, not very precise.

 þþþÿ/ þþþÿN �þþÿþþþÿ' þþÿ .'þþþþÿ' /þÿ' þþþþþÿ ÿ :.þþþÿ'

.' Oþÿ

Closed-Loop Control

þþþþþÿ' /þÿ'þÿþÿ þþþþÿ'

These systems use feedback to constantly check and 
adjust their work. A smart thermostat, for example, 
measures the room temperature and changes the 
heating to keep it right.

 þþÿþþÿN þþþþÿ þÿ þþþþþÿ þþÿ'þÿ' þÿþþþÿ' þþþÿÿ' Gþÿ Gþþþþÿ
 /7'þÿ þÿ7/ þþþÿ �Fþþþÿ' þþþÿ þÿ �þÿþÿ' /7'þþÿ' þþþÿ .7'þþþÿþÿ

.þþþþÿ' þþþÿþÿ þþþþÿ >þþþþÿ þþÿþþÿ' þþþÿN þÿþþÿ'

Pros: Very precise, can handle unexpected changes, 
adapts to new conditions.

 �þþÿþþþÿ' þþÿ .'þþþþÿ' þÿ þÿþþþÿ' þþþþþÿ �' Oþÿ þþþÿ/ :þÿ'þþÿ'
./þÿþþÿ' GNþþÿ' þÿ þþþþÿN

Cons: More complex, costly, might become unstable.

./þþþþÿ þþÿ þþþÿ þÿN �þþþþÿ �' Oþþþþÿ þþÿ' :.þþþÿ'



Medical Example: IV Infusion Pump
Nþÿ7þÿ' þÿþþþÿ' þþþÿ :þþÿ Fþþÿ

Input
.þÿþþÿ'
The desired flow rate set by the 
doctor (e.g., 100 ml per hour).

 þþÿ' þÿþþÿ' þÿþþÿ þÿþþþþÿ' þÿþþÿ'
 þÿ þÿ 100 þþÿ) þþþþÿ' þÿ/þþÿ

.(þÿþþÿ'

Controller
þþþþþÿ'
The pump's "brain" 
(microprocessor) that uses a 
program to decide how much 
medicine to give.

 Gþþþþÿ (þþÿ/ þÿþþÿ) þþþþÿ' "þþÿ"
 þþÿ þþÿ' ''Nþÿ' þþþÿ þÿþþþÿ þOþÿþÿþÿ

.þÿ&þþÿ'

Actuator
þþþþÿ'
The part that physically pushes 
the medicine, like the pump motor.

 Gþþÿ þþÿ �þOþþþÿ ''Nþÿ' þÿþÿ Nþÿ' 'þþÿ'
.þþþþÿ'

Output
.þÿþþþÿ'
The actual amount of medicine flowing into the 
patient.

.þÿþþÿ' þþÿ ÿ' þÿþþÿ þþÿ' ''Nþÿ' þÿ þþþþþÿ' þþþþÿ'

Sensor
þþþþþþÿ'
A device that checks how fast the medicine is actually 
flowing.

.þþþþþÿ' ''Nþÿ' þÿþÿ þÿþÿ þÿ þþþþÿ 6þþÿ

This infusion pump constantly checks the actual flow rate of the medicine. If it's not correct, it adjusts the pump's 
speed to deliver the medicine precisely. This helps keep the patient safe and ensures the treatment works well.

 'þÿ .þÿþÿ ''Nþÿ' þþÿþþÿ þþþþÿ' þÿþÿ Fþþÿ þþÿþÿ �þþþþÿ þþÿ þÿ '6' .7'þþþÿþÿ þþþþþÿ' ''Nþÿ' þÿþÿ þÿþÿ þþÿ'þþÿ Gþÿ þÿþþþÿ' þþþÿ Gþþÿ
.þþÿ þþþÿ .þþÿ' þþÿþþÿ þþþÿN þÿþþÿ' þÿþÿ þÿ >þþþÿ' þÿ þÿþþÿ



Control System Performance Characteristics
þþþþÿ' þþþÿ' ''/' þÿþþÿ
Understanding how control systems react to changes is very important, especially in medical applications where accuracy and reliability are 
key.

.7þÿÿ' þÿ þþÿþÿþþÿ'N þÿþÿ' þþÿ þþþþÿ' .þþþþþþÿ' þÿ þÿþÿ �þþþÿÿ' þÿþÿ þÿ' .'þþþþþþÿ þþþþÿ' þþþÿ' þÿþþþÿ' þþþþÿ þþÿ

1

Stability
7'þþþÿÿ'
The system stays balanced and doesn't go out of control with wild 
swings.

.//þÿ .þþþþþÿ /þþþþÿ' þÿ .þþÿ ÿN þOÿ6'þþÿ Gþþþÿ' þþþÿ

2

Steady-State Accuracy
/þþþþþÿ' þÿþþÿ' þÿ/
The final output precisely matches the target value we want.

.þÿþÿþÿ þþÿ' þÿþþþþþÿ' þþþþÿ' þ Oÿþþÿ þÿþþÿ þÿþþþÿ' þÿþþÿ'

3

Transient Response
/þÿþþÿ' þÿþþþÿÿ'
How fast the system settles down and reaches the desired 
performance after a change.

.þþþþþÿ' þþÿ .þþþþÿ' ''/ÿ' ÿ' þÿþÿNN Gþþþÿ' 7'þþþÿ' þÿþÿ Oþÿ

4

Disturbance Rejection
.þÿ'þþÿÿ' þÿ7
The ability of the system to keep working well even when 
external things try to interfere.

 þþÿ7þÿ þÿ'þÿ FNþþÿ þÿþþÿ þþÿ þþÿ þþþÿ þþþÿ' þÿ 7'þþþÿÿ' þÿ Gþþþÿ' /7þÿ
.þÿ'/' þÿþÿ'



Types of Controllers in Medical 
Systems
þþþþÿ' þþþÿÿ' þÿ þþþþÿ' .'þÿN ?'þÿ'

PID Controller
þþþÿ /þÿN PID

A common type of controller 
that uses three ways to 
adjust and achieve precise 
control. Often used to 
regulate temperature, like in 
devices for heating or 
cooling patients.

 .þþþþþþÿ' þÿ þÿþÿ ?þÿ þÿ
 þÿþþþþÿ Fþÿ /þÿ Gþþþþÿ
 þÿ þOþÿþÿ .þþÿ/ þþþÿ þþþþþÿ

 þþÿ �/7'þþÿ' þÿ7/ þþþÿ Gþþþþÿ
 þÿþþÿ N' þþÿþÿ /þþÿ' þÿ Fþþÿ' þÿ

.þÿþþÿ'

Adaptive Control
þþþþþÿ' þþþþÿ'
Systems that automatically 
change how they work to 
match new situations. 
Crucial for treatments that 
need to adapt to each 
patient's unique needs.

 þþþþÿ þþÿþÿ þÿ þOþÿþþþÿ þþþþÿ þþþÿ'
 þÿN ./þÿþþÿ' GNþþÿ' þÿ þþþþþÿ
 ÿ' .þþþÿ þþÿ' .þÿþþþÿ þÿ7Nþÿ

 þþÿ /þÿþþÿ' .þÿþþþÿÿ' þÿ þþþþÿ'
.þÿþÿ



Advanced Controllers in Medical 
Systems
þÿ þþþþÿ' .'þÿN þÿ þÿþþþÿ ?'þÿ' 
þþþþÿ' þþþÿÿ'

Fuzzy Logic Control
þÿþþþÿ' þþþþþÿ' þþþþÿ'
This system works well with 
information that isn't perfectly clear or 
precise, similar to how humans make 
decisions. It's used in systems that 
manage anesthesia and pain.

 þþÿ N' þþÿ'þÿ' þþÿ .þÿþþþþÿ' Gþþþÿ' 'þÿ þÿþþÿ
 .'7'þþÿ' 6þþÿ' þþÿþÿ þOþÿþþÿ �þþÿ þþþÿ þþþÿþÿ'
 /7'/'N þÿþþþÿ' þþÿþÿ þþþÿ' þÿ Gþþþþÿ .þÿþþþÿ'
.þÿÿ'

Neural Network Control
þþþþþÿ' .þþþþÿþÿ þþþþÿ'
These controllers use computer systems 
that learn like the human brain. They 
help to understand complex processes 
and make control better. Used in robotic 
surgery and artificial limb control.

 þþÿþÿþÿ þþþÿ' Gþÿ þþþþÿ' .'þÿN Gþþþþÿ
 þþÿ þÿ þÿþþÿ .Nþþþÿ' >þÿþÿ' þþÿ þþþþÿ
 þÿ Gþþþþÿ .þþþþÿ' þþþþÿN /þþþþÿ' .þþþþþÿ'
.þþÿþþþÿ' G'þÿÿ' þÿ þþþþÿ'N þþÿþÿNþÿ' þÿ'þþÿ'



Safety in Medical Control Systems
þþþþÿ' þþþþÿ' þþþÿ' þÿ þÿþþÿ' .'7þþþÿ'

Keeping patients safe is the most important goal for medical 
control systems. We use many backup safety features to make sure 
the systems work correctly, even if something goes wrong.

 .þþÿ& Gþþþþÿ .þþþþÿ' þþþþÿ' þþþÿÿ þÿÿ' Gþþÿ' þÿ þÿþþÿ' þÿþÿ þÿ >þþþÿ'
 /Nþÿ Fþÿ þÿ þþÿ �þþþÿ þþþÿ þþþÿÿ' þþÿ Fþþþÿ //þþþÿ þþÿþþþÿ' Fþÿ'

.þþÿ N'

Fail-Safe Design
þþþÿ' þÿ þÿÿ' þþþþþÿ'

"If there's a problem, the 
system automatically 
switches to a safe mode to 
prevent harm."

 Gþþþÿ' þþþþÿ �þþþþÿ þÿþÿ '6'"
".7þÿ N' þþþÿ þÿ& þÿN ÿ' þOþÿþþþÿ

Redundancy
7'þþþÿ'

"We use several backup 
systems. If one system fails, 
others take over to keep 
things running smoothly."

 .//þþþÿ þþÿþþþÿ' þþþÿ' Gþþþþÿ"
 þþþÿÿ' ÿþþÿ �þÿ'N Gþþÿ þþþÿ '6'
 þÿ7'þþþÿ' Fþþþÿ þþþþÿ' Oþÿÿ'
".þÿþþÿ þþþÿ'

Alarm Systems
7'þÿÿ' þþþÿ'

"Loud and clear alerts immediately tell operators if anything is 
not working as it should."

 ÿ 'þÿ N' Gþþÿ Fþÿ '6' 7þþÿ' þÿ þþþþþþÿ' þþþÿ þþÿ'NN þÿ7þÿ .þþþþþÿ"
".þþþþÿ þþÿ þþþÿ



Future of Medical Control Systems
þþþþÿ' þþþþÿ' þþþÿ' þþþþþÿ

AI-Enhanced Control
þÿþþþÿÿ' 'þÿþÿþÿ þþþþÿ'
Smart computer programs (AI) will learn from patient 
data to predict what they need. This means treatments 
can be adjusted instantly, making them more personal 
and work better for each patient.

 .þÿþþÿ þÿ þþþþþÿ (þÿþþþÿÿ' 'þÿþÿ') þþÿþÿ' þÿþþþþþÿ' þÿ'þÿ
 þþþÿþþÿ þþþÿ .þÿþþÿ' F' þþþÿ 'þÿ .þþÿþÿþþþÿ' þÿþþþÿ þÿþþÿ'

.þÿþÿ þþÿ þþÿþþÿN þ Oþþþþÿ þþÿ' Fþþþÿ �O'7þÿ

Wireless Integration
þþþÿþÿ' þþÿþþÿ'
Medical devices will connect wirelessly through the 
'Internet of Medical Things'. This allows doctors to 
monitor patients closely from anywhere and even 
control devices remotely, leading to better care and 
results.

 'þÿ ."þþþþÿ' 'þþÿÿ' þÿþþÿ'" þþÿ þOþþþÿÿ þþþþÿ' /þþÿÿ' þþþþÿ
 þþþþÿ' þþÿN Fþþÿ N' þÿ þþÿ þÿ þÿþþÿ' þþÿ'þþÿ 'þþÿþÿ þþþÿ

.þþÿ' þÿþþÿN þÿþÿ7 ÿ' N/þÿ þþÿ �þþÿ þÿ /þþÿÿ' þÿ

47%
Lower Costs

þÿ' þþÿþþÿ
Medical control systems are 

expected to lower healthcare costs 
by working more efficiently.

 þÿ þþþþÿ' þþþþÿ' þþþÿ' þþþÿ F' þÿþþþÿ' þÿ
 /'þþþÿ þþþþÿ Fþÿ þÿ þþþþÿ' þÿþÿþÿ' þþÿþþÿ

.þþÿ'

23%
Better Treatment

F/' .þÿ
Advanced control programs will 

make treatments much more 
accurate.

 þþÿ' .þÿþþÿ' þþþþÿ þÿþþþþÿ' þþþþÿ' þÿ'þÿ
.þþþþÿ þÿ/

85%
Happier Patients

þÿþþÿ' þÿ7
Automated monitoring systems will 

lead to much higher patient 
satisfaction.

 /þþþÿ //þÿ6 ÿ' þþÿÿ' þþÿ'þþÿ' þþþÿ' N/þþÿ
.þÿþþÿ' þÿ7 þÿ



Summary: Key Takeaways
þþÿþÿÿ' 7þþþÿ' :þþþÿ
Control systems are essential for modern medical tools. They make sure patient care is accurate, safe, and works 
well, using smart automatic processes and feedback.

 þþÿ6 þþÿþþþÿ .þþþþÿ G'þþþÿþÿ þÿ6N �þÿþþþÿ þÿþþÿN þþÿ&N þþþÿ/ þþþÿ þÿþÿ7 þþþÿ þÿ .þþÿþþÿ' þþþþÿ' /þþÿþÿ þÿ7Nþÿ þþþþÿ' þþþÿ'
.þÿþþþÿ' .þþÿ&N

1
New Medical Uses

/þÿþÿ þþþÿ .þÿ'þþþÿ'

2
Keeping Patients Safe & Devices Working Well

þþÿ þþþÿ /þþÿÿ' þþÿN þÿþþÿ' þÿþÿ

3
Parts of Control Systems

þþþþÿ' þþþÿ' ''þÿ'

4
The Math Behind It

þþþÿÿ' þþþþÿ þþþÿ þþÿ' þþÿþÿþÿ' þÿÿ'

5
Main Ideas & What They Mean

þþÿþþÿþþÿN þþÿþÿÿ' 7þþÿÿ'

Next Steps: Look for control system parts in medical devices you see. Think about how feedback makes these 
systems work better and safer in clinics.

 ''/ÿ' þþþþÿ þÿ þÿþþþÿÿ' þþþÿ' þÿþþÿ þþÿ þþÿ .þÿ'þÿ þþÿ' þþþþÿ' /þþÿÿ' þÿ þþþþÿ' þþþÿ' ''þÿ' þÿ Gþþþÿ F' FNþÿ :þþÿþþÿ' .'þþþÿ'
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