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https://github.com/boisgera/control-engineering-with-python
https://creativecommons.org/licenses/by/4.0/
https://itn.dev/


SYMBOLS
🐍 Code 🔍 Worked Example

📈 Graph 🧩 Exercise

🏷️ Definition 💻 Numerical Method

💎 Theorem 🧮 Analytical Method

📝 Remark 🧠 Theory

ℹ️ Information 🗝️ Hint

⚠️ Warning 🔓 Solution
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🏷️ CONTROL THEORY
A field of Mathematics that deals with the

modelling,

analysis and

control.

of abstract dynamical systems.

🇺🇸 Control Theory  🇫🇷 Automatique.→
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🏷️ DYNAMICAL SYSTEMS
(ABSTRACT)

Described by a set of time-dependent variables,

which are governed by mathematical equations,

that connects the system past, present and future.
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🧭 EXAMPLES
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MECHANICAL SYSTEMS
PHOTO BY  ON ENGINAKYURT UNSPLASH
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https://unsplash.com/@enginakyurt?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/pendulum?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


POPULATION DYNAMICS
PHOTO BY  ON JEREMY CAI UNSPLASH
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https://unsplash.com/@j?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/fish-lake?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


EPIDEMIOLOGICAL MODELS
PHOTO BY  ON DANIEL SCHLUDI UNSPLASH
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https://unsplash.com/@schluditsch?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/covid-19?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


🏷️ CONTROL ENGINEERING
Apply Control Theory to design & build concrete
dynamical systems with specified behaviors.
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Overlaps with and complements:

🔌 Electrical Engineering

🔧 Mechanical Engineering

🖥️ Software Engineering

…
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🧭 APPLICATIONS
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ROBOTICS
 ON POSSESSED PHOTOGRAPHY UNSPLASH
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https://unsplash.com/@possessedphotography?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/robotics?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


🤖 OR 🧑?
Consider:

💸 Cost analysis

🎨 Creative/complex work?

🦾 Strength, speed, precision

🏜️ Hostile work environment
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MANUFACTURING
Automated Manufacturing Robots - FABTECHAutomated Manufacturing Robots - FABTECH
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https://www.youtube.com/watch?v=s-yne8xTNM0


EUROFIGHTER TYPHOON
PHOTO BY  ON RAY HARRINGTON UNSPLASH
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https://unsplash.com/es/@raymondo600?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/eurofighter-typhoon?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


twin-engine, canard delta wing, multirole fighter

air superiority fighter / agile / dogfighter

⚠️ aerodynamically unstable in subsonic flight!
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“The design of the Typhoon is such that without input
to any control surfaces the aircraft will pitch up during
flight extremely quickly.”

“Although this improves the agility of the aircraft it
also requires a system to enable controlled flight to be
maintained.”
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“This is achieved through the Fly By Wire 🏷️ Flight
Control System […].”

“With this system the pilot has no direct link to any of
the aircraft’s control surfaces.”

“Instead, all movements of the throttle, stick or
pedals are interpreted by the FCS and an appropriate
control response taken.”
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LEARN MORE
📖 

📖 

🖼️ 

Negative Stability (Aerodynamics)

Eurofighter Typhoon FCS

Eurofighter Typhoon Photos
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https://en.wikipedia.org/wiki/Relaxed_stability
https://web.archive.org/web/20110901224810/http://typhoon.starstreak.net/Eurofighter/flight-sys.html
https://unsplash.com/s/photos/eurofighter-typhoon


BOEING 737 MAX
PHOTO BY  ON JUSTIN HU UNSPLASH
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https://unsplash.com/@phanto_sea?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/boeing-737-max?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


BOEING 737 MAX
4th generation of Boeing 737.

Larger and more powerful engines.

 ⛽ fuel consumption reduced by 14%

 💸 profit!

→

→
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 ⚠️ engines located further forward and higher

 ⚠️ pitch-up tendency that needs to be controlled

 🏷️ Maneuvering Characteristics Augmentation
System (MCAS)

→

→

→
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FATAL CRASHES
✈️ Lion Air Flight 610 (2018, Indonesia)

“MCAS pushing the aircraft into a dive due to data from
a faulty angle-of-attack sensor.”

✈️ Ethiopian Airlines Flight 302 (2019, Ethiopia)

“Evidence suggests, that […] the aircraft was
configured to dive, similar to Lion Air Flight 610.”

 🛑 global 737 MAX groundings.→
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LEARN MORE
📖 

📖 

📰 

📰 

📰 

Boeing 737 Max (Wikipedia)

Boeing MCAS

Boeing 737 Max Plane Crashes

What is the Boeing 737 Max MACS?

Boeing 737 Max adjustable stabilizer
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https://en.wikipedia.org/wiki/Boeing_737_MAX
https://www.boeing.com/737-max-updates/mcas/
https://www.theverge.com/2019/3/22/18275736/boeing-737-max-plane-crashes-grounded-problems-info-details-explained-reasons
https://theaircurrent.com/aviation-safety/what-is-the-boeing-737-max-maneuvering-characteristics-augmentation-system-mcas-jt610/
https://en.wikipedia.org/wiki/Ethiopian_Airlines_Flight_302#/media/File:Adjustable_stabilizer.svg


ROCKET BOOSTER LANDING
🚀 

SpaceX Makes History Catching Rocket on LandingSpaceX Makes History Catching Rocket on Landing

SPACEX’S STARSHIP
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https://www.youtube.com/watch?v=RYUr-5PYA7s
https://www.spacex.com/vehicles/starship/


ADAS & SELF-DRIVING CARS
🏷️ ADAS: Advanced Driver-Assistance Systems

📆 2025: fully autonomous cars are not 100% there
yet.

Actors: , , , etc.Tesla Mercedes-Benz Waymo
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https://www.tesla.com/
https://www.mercedes-benz.com/
https://waymo.com/


🏷️ SAE : Society of Automobile Engineers

Level 0: ~ No automation

Level 1: ~ Hands on

Level 2: ~ Hands off  Telsa Autopilot

Level 3: ~ Eyes off  Mercedes Drive Pilot (2021)

Level 4: ~ Mind off  Mercedes Testing (2024)

Level 5: ~ 🚀 Self-driving  Not achieved yet

SAE LEVELS

←

←

←

←
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https://www.sae.org/blog/sae-j3016-update


LEVEL 1 ADAS
Single feature automation.

🏷️CAS: Collision avoidance systems

🏷️ CC: Cruise control
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🏷️ ACC: CAS + CC
ADAPTATIVE CRUISE CONTROL

Adaptive cruise controlAdaptive cruise control
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https://www.youtube.com/watch?v=GInSPWZRFRM


🏷️ ESC/ESP
ELECTRONIC STABILITY CONTROL

Electronic Stability program ESC in Action - Zed - VFX AnimElectronic Stability program ESC in Action - Zed - VFX Anim……
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https://www.youtube.com/watch?v=ie0Icbo6jJ8


LEARN MORE
📰 

📰 

📰 

📖 , , , , .

Tesla’s self-driving technology fails to detect
children […]

Mercedes Drive Pilot Beats Tesla Autopilot By
Taking Legal Responsibility

Mercedes-Benz Wins World’s First Approval For
Level 3 Autonomous Cars

ADAS CAS CC ACC ESC/ESP
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https://www.theguardian.com/technology/2022/aug/09/tesla-self-driving-technology-safety-children%3E
https://www.theguardian.com/technology/2022/aug/09/tesla-self-driving-technology-safety-children%3E
https://www.roadandtrack.com/news/a39481699/what-happens-if-mercedes-drivepilot-causes-a-crash/
https://www.roadandtrack.com/news/a39481699/what-happens-if-mercedes-drivepilot-causes-a-crash/
https://www.slashgear.com/782536/mercedes-benz-wins-worlds-first-approval-for-level-3-autonomous-cars-whats-that-mean/
https://www.slashgear.com/782536/mercedes-benz-wins-worlds-first-approval-for-level-3-autonomous-cars-whats-that-mean/
https://en.wikipedia.org/wiki/Advanced_driver-assistance_system
https://en.wikipedia.org/wiki/Collision_avoidance_system
https://en.wikipedia.org/wiki/Cruise_control
https://en.wikipedia.org/wiki/Adaptive_cruise_control
https://en.wikipedia.org/wiki/Electronic_stability_control

