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The World Your Graduates Are Entering

Every intelligent physical system being built today — across every engineering discipline — has one thing in 

common:

It makes decisions autonomously. It does not wait for a human to interpret data and act.

Engineering discipline Where AI is already present in physical systems

Electrical Engineering Smart grid fault detection, power quality monitoring, transformer health

Electronics Engineering Predictive maintenance, battery management systems, sensor fusion

Mechanical Engineering Rotating machinery health, vibration analysis, structural monitoring

Automotive Engineering ADAS, engine fault diagnosis, battery state estimation, noise detection

Aerospace Engineering Flight control, structural health monitoring, navigation under uncertainty

Biomedical Engineering Wearable diagnostics, ECG anomaly detection, implant monitoring

The question is no longer whether your graduates will encounter AI in their careers.

The question is whether they will be the ones who build it — or the ones who depend on those who do.
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The Embedded System Is Where Engineering Begins

In a four-year engineering programme — the creation of embedded systems hardware is where hands-on 

engineering learning begins. It is the foundation of application engineering across every electrical and 

mechanical discipline.

What students already build:

• Microcontroller circuits

• Sensor interfacing — ADC, I2C, SPI

• Actuator control — PWM, motor drive

• Firmware in C — interrupt driven

• Signal processing — FFT, filtering

• Communication — UART, CAN, Ethernet

• Real time control loops

• Power management circuits

This is already AI-ready hardware.

Every skill the student has built maps directly to AI 
deployment:

• ADC → feature extraction input

• Flash memory → model weight storage

• C firmware → inference engine

• Interrupt loop → inference trigger

• FFT → signal feature extraction

• UART/CAN → decision output

• Control loop → intelligent actuation

• Low power design → TinyML deployment
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The Natural Next Step — Making It Intelligent

AI does not replace the embedded system. It is the next layer built on top of it — using the same hardware, the 

same C skills, the same sensor understanding the student already has.

The progression is natural and continuous:

Year 1–2
Embedded System

Build the hardware — MCU, sensors, actuators, firmware in C. If student uses ready hardware, he loses 
the real hands-on creation experience of Engineering. So, they must, design, build and test.

↓

Year 3
Signal Processing

Understand the data — FFT, filtering, feature extraction

↓

Year 4
AI Enabled System

Add intelligence — model in flash, inference engine in C, autonomous decision

Creating an AI enabled embedded system is the capstone of intelligent electrical, electronics, and 

mechanical engineering education.
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Three Ways to Add Intelligence to an Embedded System

Any embedded system that uses one of these three approaches to make intelligent decisions can be called an 

AI system. All three are valid engineering choices.

Name What it means Example students can build

1 Rule-Based AI Engineer writes explicit mathematical or 

logical rules. No data needed. No 

training.

STM32 with Kalman Filter for drone stabilisation 

or Fuzzy Logic for motor control

2 Machine Learning Based AI Machine learns patterns from structured 

sensor data. Engineer defines features. 

Model deployed to MCU.

STM32 detecting bearing faults from vibration and 

temperature feature vector

3 Deep Learning Based AI Machine learns from raw unstructured 

input — images, audio. Network 

discovers its own features.

STM32 with Ethos NPU detecting wake word from 

microphone or defect from camera

The choice is driven by:

Nature of input

Structured numbers or raw unstructured 

signal?

Complexity of decision

Can a human write the rule or not?

Data available

No data / labeled data / abundant raw 

data?
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The Hardware Reality — From Student Project to Industry

The same AI concepts apply across a spectrum of hardware — from the microcontroller your students already 

use to the edge AI modules used in industry. The progression is continuous.

Hardware What students know it as AI role AI framework

STM32 Cortex-M4 Standard microcontroller lab 

hardware

TinyML inference — Rule-Based 

or ML Based AI

STM32Cube.AI — CMSIS-NN

STM32N6 Cortex-M55 + Ethos 

NPU

Next generation MCU with AI 

accelerator

TinyML + vision and audio 

inference

STM32Cube.AI with NPU support

ESP32-S3 Popular IoT microcontroller TinyML inference — keyword 

spotting, gesture

Edge Impulse — TFLite Micro

Raspberry Pi Single board computer — Linux Edge AI inference — larger 

models

TensorFlow Lite — ONNX 

Runtime

NVIDIA Jetson Orin Edge AI module — industry 

standard

Edge AI — vision, LLM, 

continuous learning

TensorRT — PyTorch

Cloud GPU — workstation Training infrastructure Model training — never deployed 

to edge

PyTorch — TensorFlow

A student who has programmed an STM32 in C is three steps away from deploying their first AI model on it:

Collect sensor data  →  Train model on laptop  →  Flash INT8 model to STM32 via STM32Cube.AI
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The Journey Every Engineer Must Understand

Every AI system — regardless of complexity — follows the same end-to-end journey. This is the mental model 

every engineering graduate must carry.

RAW DATA  →  ALGORITHM  →  TRAINING  →  MODEL  →  INFERENCE ENGINE  →  DECISION

Step Plain language meaning Where it happens

Raw Data Measurements from sensors — temperature, vibration, current, 

images, audio

Field — the physical system

Algorithm The mathematical method that defines how the machine will learn from 

that data

Engineer's choice — workstation

Training Running the algorithm on data until the machine learns accurately Laptop or cloud — compute intensive

Model The result — a file of learned numbers deployed to the embedded 

device

Travels from training to device

Inference Engine The C program that reads the model and applies it to new sensor data Runs on MCU — written in C

Decision The intelligent output — classify, detect, predict, alert, control Edge device — where action is needed

Training always happens where compute is abundant.

Inference always happens where the decision is needed — on the embedded system the student built.
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What Every Engineering Graduate Must Be Able to Do

A graduate who has completed a well-designed AI in embedded systems module should be able to:

Capability What it looks like in practice

Define AI precisely Distinguish Rule-Based AI from ML Based AI from Deep Learning Based AI — and explain when 

each is appropriate

Understand the end-to-end 

journey

Explain what training is, what a model is, what an inference engine is — and where each lives in 

a physical system

Deploy a model to an MCU Take a trained model, quantize it, generate a C array, flash it to an STM32 or ESP32, and run 

inference

Choose the right approach Given a sensor input and a decision requirement — identify which of the three AI approaches is 

appropriate

Use precise terminology Never confuse training with inference, model with engine, learning with deployment — use terms 

correctly in context

Read and understand AI 

literature

Follow a technical paper, application note, or product brief about embedded AI without being lost 

in terminology

None of these require a mathematics or computer science background beyond what an engineering graduate already has.

They require a clear conceptual foundation, precise terminology, and hands-on deployment experience.
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The Terminology Problem — Why It Matters in the Classroom

One of the most persistent barriers to AI adoption in engineering education is imprecise terminology. When 

foundational terms are used loosely — students build understanding on unstable ground.

What is commonly said What it actually means Why the difference matters

"The AI is learning" The device is running inference — not 

learning. Learning happened during training.

Student deploys wrong hardware — expects MCU to 

improve itself

"Machine Learning algorithm" Could mean the learning method, the 

inference operator, or just any AI approach

Student cannot communicate precisely with industry 

colleagues

"Running AI on the device" Almost always means frozen model inference 

only — no active learning

Student misunderstands what the device is actually 

doing

"The AI model" In different contexts means the system, the 

weight file, or the quantized array

Student cannot read documentation or application 

notes correctly

"Edge AI chip" A chip optimised for inference — not for 

training

Student selects wrong hardware for wrong phase of 

AI pipeline

Precise terminology is not pedantry. It is the foundation of flawless engineering.

A faculty member who teaches AI terminology precisely gives every student a professional advantage that lasts their 
entire career.
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What This Resource Offers — And How to Use It

This resource is a complete, self-contained AI reference for engineers — built specifically for physical systems 

engineers, not for software or data science audiences.

Component Content Time Best used by

Main deck — 100 slides (AI-What 

Every Engineer must know about)

Foundations through deployment — AI, 

ML, DL, hardware, terminology. Short 

case studies on ML based Battery 

management system implementation, DL 

based key word spotting

3 hrs / 1 hr 

foundations

Students with embedded background —

self study or lecture

Rotating machinery case study End to end ML — sensors to Phase 3 

RUL — 9 slides + Word doc

1 hr Students with embedded background

This faculty overview — 10 slides The pedagogical case — why, what, how 10 minutes Faculty — curriculum planning

Three entry points for an engineering faculty:

→  Never taught AI before: Start with this deck. Then Slides 1–13 of the main deck.

→  Teach embedded systems already: Main deck foundations — Three Approaches — and the case studies.

→  Want to integrate into existing course: Use the algorithm tables and inference engine slides as lecture inserts.
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