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Control Systems Engineering in
Medical Physics: An Introduction
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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.
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Learning Objectives & Overview

Introduction to Control Systems
oSl dakaid doado

Learn the basic ideas and words used in control
systems.
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Historical Background
)Ll dualsl

How control systems developed over time in
medicine.
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Natural Control Problems
dudall @Sl JSline

Challenges and solutions for control systems in the
real world.
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Definitions & Core Concepts
duwlwdl graléally colé) il
Key terms and main ideas that form the foundation.
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Mathematical Foundations
4oyl Guaw3l
The math tools and ways to analyze control systems.
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Basic Control Elements
Lol @Sl polic
The main parts that make up control systems.
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What is a Control System?
SeSoul allas g0 Lo

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.
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Input Process
GINESVN | dulosll
The temperature you set The heating or cooling action
3355 Ll lyal dz)o oyl of &85l duloc
Output Feedback
Oyl de>1)Jl 43l
The actual room temperature What the sensor detects
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Control Systems in Medical Applications
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MRI System Control

usbligall Gl peaidl plss 9 @Sl

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.

OIlaall 8 Glall (5485 @S5 | uudblisall Gyl 83g21 7 liss
(Sl 333l laws) daSlwll Ol gelly duugdblizall
dluatog dously oo zlid (z)adl lake) duwoll wolalellg
il

Radiation Therapy Control
oelaidl el 8 @Sl

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.
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Key Definitions in Control Systems

oSl dabasl 9 duwluwl Cay)les

Plant (Process)
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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.
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Sensor

|
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.
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Controller

Sl

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.
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Actuator

Jdiall

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.
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Essential Control System
Terminology
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Reference Input (Set Point)

(o)l dnis) dx2> p0ll 8)L3l J5 20

This is the target or desired value you want the system to | —— -
achieve. For example, in radiotherapy, it's the exact radiation IMTEM

dose prescribed, like 2 Gy per session.
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Feedback Signal
dex>lyl b2l &)Ll

Conprator

This signal tells the controller how the system is actually

performing. It's like checking the current temperature of a

leasurenent Setpoirt value,

room and sending that information back to the thermostat.
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Error Signal

Uasdl 8yLio]
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.
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Historical Development of Control Systems

oSl dakas¥ sl Hghaill

Ancient Times - Water Clocks
dlall Colelull - dayas)l dioj 3|
Ancient civilizations used simple float systems in

water clocks to keep water levels steady, which
helped them measure time accurately.
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1940s - Control Theory
oSl i - uslall (yyall lyigay)|
During World War II, scientists developed the

mathematical rules (control theory) needed to
guide radar and missiles precisely.
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Present - Smart Medical Systems

&S dub dabail - sl

Today, advanced control systems powered by
Artificial Intelligence (AI) help doctors provide
very accurate and personalized medical
treatments and diagnose diseases more
effectively.
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1788 - Watt's Governor

Olg elaio - 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.
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1970s - Digital Control

ROl Sl - alall 8l Olueuw
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.
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Understanding the Math Behind Control

Systems

Sl dalail elyg Olus byl ogs

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.
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Differential Equations
dlosladl codsleall

These equations explain how things
change over time in systems that are
always active, like how a heart rate
adjusts.
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Laplace Transforms

o3 O)ygs

This tool helps turn hard-to-solve
time-based problems into easier

frequency-based problems for
analysis.
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Transfer Functions

Jro=>dl Jlgo

These are mathematical descriptions
that show how a system's output
changes when its input changes, all
in terms of frequency.
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Mathematical Tools in Practice

Why this matters in medicine:
Knowing how the tissue
temperature changes helps doctors
decide the best time and amount of
treatment to give.
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Understanding System Response
pladl dyloiwl @gd

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:
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Where:

T(t): The tissue temperature at a specific time *t*
T(1): 3350 89 8 pmndl 81> doys *t*

Tfinal: The maximum temperature the tissue reaches.
Tfinal: ol lgdl Juan 8)h> doys uadl.

e: A mathematical constant (about 2.718).

e: (2.718 Jlg>) Lol b

t: The time passed since heating started.

t: Gusunidl e Jie radiell Bl

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



Nature's Control Systems: Lessons for Engineering

dwigh (wg)d tdueulall 0Soull dolal

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.
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Keeping Body Temperature
Stable
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Our body keeps its
temperature at 37°C by
sweating when hot,
shivering when cold, and
by changing how wide our
blood vessels are.
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Managing Blood Pressure
pll hews 8 @Sl

The heart and blood
vessels automatically

adjust to keep blood
pressure healthy.
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Balancing Blood Sugar
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Hormones like insulin and
glucagon work to keep

blood sugar levels within a
safe range.
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Controlling Breathing

ol 9 eSsull

Our breathing speed
changes automatically
based on how much
carbon dioxide is in our
body and how much
oxygen we need.
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Engineering Control Challenges

Accuracy & Precision
buallg ddull

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.
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Response Time
o3| g

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

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.
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Basic Elements of Control Systems

oSl Aokl dpnluwdl yolis)

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.
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Reference Input

o2l J>aell

This is the desired goal or target value that the
system is trying to achieve.
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Plant/Process
ddogll/d3 |

This is the actual machine or process being
controlled, like medical devices or a heating system.
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Controller
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This 'brain’ part looks at what's happening, finds any
differences from the goal, and sends commands to
correct them.
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Feedback Sensor

dex> | sl yeiiiwe

This part measures the current output of the system
and sends this information back to the controller for
adjustments.
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Control System Block Diagram

Controller Output
oSl 839 Ul oSl allas AS bl
Calculates what action The actual result or
1S needed based on current state of the
the error signal. system.
Oolball ez 3l oy Al ol dulesll douuid!
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Reference Input Plant / Process Feedback Sensor
o>l >l ddesll / Josgoll do> 1yl 3ol yeuiswe
The target value or The actual system or Measures the system's
desired outcome for process that is being output and sends this
the system. controlled. information back.
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error then tells the controller what adjustments to make. "
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Open-Loop vs Closed-Loop Systems
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Closed-Loop Control

daleoll 8)51aL Sl

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.
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Pros: Very precise, can handle unexpected changes,
adapts to new conditions.
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Cons: More complex, costly, might become unstable.
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Open-Loop Control
d>giaoll 8)51aJL @Sl
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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.
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Pros: Easy to build, cheaper, usually steady.
Bydine (1955 Lo B3leg «yas)l «giuall dlguw iyl
Cons: Can't fix unexpected changes, not very precise.
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Medical Example: IV Infusion Pump
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Input Controller Actuator
SN SV Sl Adioll
The desired flow rate set by the The pump's "brain” The part that physically pushes
doctor (e.g., 100 ml per hour). (microprocessor) that uses a the medicine, like the pump motor.
Ll Sl 3933 dpglinell deyl  PTOSTAIM (O decide how much Symo Jto Lilsb clgall gdsy (sill 5l
3 Jo 100 Jio) sl l3amy medicine to give. o mll
o il lgall deS 3yami) Broli
Laglac|
Output Sensor
The actual amount of medicine flowing into the A device that checks how fast the medicine is actually
patient. flowing.
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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.
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Control System Performance Characteristics
oSl dabsil cbsl Gallas

Understanding how control systems react to changes is very important, especially in medical applications where accuracy and reliability are

key.
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Stability Steady-State Accuracy

Hheiwdl 88l Al 48y

The system stays balanced and doesn't go out of control with wild The final output precisely matches the target value we want.
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Transient Response Disturbance Rejection

splell &loiwdl Obhlhsdl yas)

How fast the system settles down and reaches the desired The ability of the system to keep working well even when

performance after a change. external things try to interfere.
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Types of Controllers in Medical
Systems
dudall dali¥l 9 @Soadl Wilasg Elgil

PATIENT | =S
‘ STATUS: | S

sTABLE | IEES

PID Controller
S>3 83>9 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.
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Adaptive Control

Sl @Sl

Systems that automatically
change how they work to
match new situations.
Crucial for treatments that
need to adapt to each
patient's unique needs.
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Advanced Controllers in Medical

Systems

9 @Sl Wlasg (o dosdin glgil

Fuzzy Logic Control
Hall Glhiell oSl

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.
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Neural Network Control
o)l Ol @S>l

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.
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Safety in Medical Control Systems

dudall @Sl dolail 9 dodull W) luicl

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.
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Fail-Safe Design
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"If there's a problem, the
system automatically

switches to a safe mode to
prevent harm."
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Alarm Systems
Sl dalail

Redundancy

H)Sal

"We use several backup
systems. If one system fails,

others take over to keep
things running smoothly."

b330 dublus| dalas "iem "
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"Loud and clear alerts immediately tell operators if anything is

not working as it should."
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Future of Medical Control Systems
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Wireless Integration

Skl Jogil

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.
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47%
Lovger Costs
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Medical control systems are
expected to lower healthcare costs

23%

Better Treatment
Bl e

Advanced control programs will
make treatments much more

Al-Enhanced Control
%,Ll.i.b.;o}u <SAL (QS»".H

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.
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35%
Happier Patients
ol Lo,
Automated monitoring systems will
lead to much higher patient

by working more efficiently. accurate. satisfaction.
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Summary: Key Takeaways
o c . . .
dowlw Il blaill | asxde
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.
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New Medical Uses

1 833> duub ilolaiiwl

Keeping Patients Safe & Devices Working Well

2
3> JSuin 838231 Jocg ud el dodls
Parts of Control Systems
3
0S| dabasl ey
The Math Behind It
4
dali¥ lgude o Sl dwab)ll Ul
Main Ideas & What They Mean
S
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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.
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