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Career (Academic and Industry):
• Assistant Professor, IISc, Bangalore (Since July 2023)
• Postdoc Scholar, BEARS, UC Berkely’s Lab in Singapore (2018-2023)
• Data Scientist (DataGen and SenSing) (2017-2018)
• IBM Research (Fellowship and Internship), Bangalore (2014-2015)
• Visiting Graduate Researcher, NESL @ UCLA (2013)
• PhD Scholar, IIIT-Delhi

Research Interests and Expertise:
• IoT, CPS, AI/ML and Edge AI
• Domains: Smart X (Energy, Buildings, Cities, Mobility, and Agri) 
More details at https://www.samy101.com/
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Building Efficiency and 
Sustainability in the Tropics
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Course 
Logistics

• Lecture 
• Mondays 5:30 to 7 PM
• G22, Seminar Hall, IDR Building

• Lab Sessions 
• Batch 1: Tuesdays 5:30 to 7 PM  
• Batch 2: Wednesdays 5:30 to 7 PM 
• #205, IDR

• Course website: https://www.samy101.com/edge-ai-26/

• Teaching Assistants
• Naman Srivastava
• Jare Suyog Machhindra
• Moin
• Priyanka Nihalchandani
• Arun Kumar
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Source: Internet

https://www.linkedin.com/pulse/evolution-industrial-revolution-arindam-nath/


IoT is a network of physical objects that are 
embedded with sensors, software, and network 
connectivity, allowing them to collect, exchange, 
and act on data over the internet.
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8Source: Internet

https://www.linkedin.com/pulse/evolution-industrial-revolution-arindam-nath/
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Source: Edge Intelligence: Paving the Last Mile of Artificial Intelligence With Edge Computing (Zhou et al. 2019)

Edge Devices
• Provide connectivity between end 

devices and cloud services
• Deployed close to data sources to 

enable low-latency processing
• Operate under limited compute, 

memory, and energy budgets

Edge Computing
• Processes data close to where it is 

generated (at the network edge), 
rather than relying solely on 
centralized cloud data centers

• Reduces latency and bandwidth 
usage

• Enables real-time processing and 
decision-making

• Improves privacy, reliability, and 
energy efficiency

https://ieeexplore.ieee.org/document/8736011
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Source: [3]

Processing data near the data source instead of sending 
it to the cloud. 

Executing and adapting AI models on edge devices, 
enabling local intelligence without reliance on the cloud.

Running ML models on resource-constrained 
embedded systems

Ultra-low-power ML on microcontrollers with extremely 
limited resources

https://www.oreilly.com/library/view/ai-at-the/9781098120191/
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Source: https://en.wikipedia.org/wiki/Timeline_of_artificial_intelligence
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5 Quintillion
bytes of data produced every 

day by IoT

<1%
of unstructured data is 
analyzed or used at all

Source: Harvard Business Review, What’s Your Data Strategy?, April 18, 2017
Cisco, Internet of Things (IoT) Data Continues to Explode Exponentially. Who Is Using 
That Data and How?, Feb 5, 2018

https://hbr.org/webinar/2017/04/whats-your-data-strategy
https://blogs.cisco.com/datacenter/internet-of-things-iot-data-continues-to-explode-exponentially-who-is-using-that-data-and-how
https://blogs.cisco.com/datacenter/internet-of-things-iot-data-continues-to-explode-exponentially-who-is-using-that-data-and-how


Source: https://epoch.ai/ and Machine Learning Model Sizes and the Parameter Gap (Villalobos et al., 2022)

ML Model size has grown 10x faster than before since 2018
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https://epoch.ai/
https://arxiv.org/abs/2207.02852


Top-1 accuracy vs. computational 
complexity on ImageNet
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Source: https://github.com/CeLuigi/models-comparison.pytorch 

https://github.com/CeLuigi/models-comparison.pytorch
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Source: Edge Intelligence: Paving the Last Mile of Artificial Intelligence With Edge Computing (Zhou et al. 2019)

https://ieeexplore.ieee.org/document/8736011
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LatencyBandwidth Connectivity

1 billion+ cameras worldwide
10’s of petabytes per day

Safety-critical services
Realtime decisions

50% of populated world < 8mbps
Bulk of uninhabited world no 3G+

Data Redaction + Confidentiality
Private cloud or on-premises storage

Privacy

Source: [1]

https://developer.nvidia.com/edge-ai-robotics-teaching-kit-syllabus
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Board MCU / ASIC Clock Memory Sensors Radio

Himax
WE-I Plus EVB

HX6537-A
32-bit EM9D DSP

400 MHz 2MB flash
2MB RAM

Accelerometer, Mic, 
Camera None

Arduino
Nano 33 BLE Sense

32-bit
nRF52840 64 MHz 1MB flash

256kB RAM

Mic, IMU, Temp, 
Humidity, Gesture, 
Pressure, Proximity, 

Brightness, Color

BLE

SparkFun
Edge 2

32-bit
ArtemisV1 48 MHz 1MB flash

384kB RAM
Accelerometer, Mic, 

Camera BLE

Espressif
EYE

32-bit
ESP32-D0WD 240 MHz 4MB flash

520kB RAM
Mic, Camera WiFi, BLE

Arduino Nicla 
Vision

Dual Arm® Cortex® 
M7/M4 

240 MHz
480 MHz

2MB Flash 
1MB RAM

6-Axis IMU 
2 MP Color Camera

Distance / Time Of Flight 
sensor Microphone

WiFI, BLE
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Faster

Smaller

Greener

Storage

Latency Energy

Computation

Memory

Efficiency Metrics
Memory-Related  

#parameters 
model size

total/peak #activations

Computation-Related
MAC 

FLOP, FLOPS

OP, OPS

Image source: 1

.
Source: [7]

https://hanlab.mit.edu/courses/2024-fall-65940


Source: [2]

Pruning and Sparsity
Knowledge Distillation
Quantization
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https://mlsysbook.ai/


Make AI models run faster and efficiently on low-power hardware

Source: [4]
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https://github.com/tinyMLx/courseware


Source: Learning both Weights and Connections for Efficient Neural Networks (Han et al. 2015)
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https://arxiv.org/abs/1506.02626
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Pruning Ratio (Parameters Pruned Away)
100%

Pruning Pruning+Finetuing Iterative Pruning and Finetuing

0.5%

0.0%

-0.5%

-1.0%

-1.5%

-2.0%

-2.5%

-3.0%

-3.5%

-4.0%
-4.5%

Train Connectivity

Prune Connections

Train Weights

Source: Learning both Weights and Connections for Efficient Neural Networks (Han et al. 2015)
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https://arxiv.org/abs/1506.02626


Neural Network #Parameters MACs

Before Pruning After Pruning Reduction Reduction

AlexNet 61 M 6.7 M 9✕ 3 ✕

VGG-16 138 M 10.3 M 12✕ 5 ✕

GoogleNet 7 M 2.0 M 3.5✕ 5 ✕

ResNet50 26 M 7.47 M 3.4✕ 6.3✕

SqueezeNet 1 M 0.38 M 3.2✕ 3.5✕

Source: Efficient Methods and Hardware for Deep Learning (Han 2017)
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https://stacks.stanford.edu/file/druid:qf934gh3708/EFFICIENT%20METHODS%20AND%20HARDWARE%20FOR%20DEEP%20LEARNING-augmented.pdf


Quantization is an optimization that works by reducing the precision of the numbers used 
to represent a model's parameters, which by default are 32-bit floating point numbers. 
This results in a smaller model size, better portability and faster computation.

-5.31345

3.8958

-5

4

Source: [4]
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https://github.com/tinyMLx/courseware
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Source: [4]
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https://github.com/tinyMLx/courseware


How to Quantize

When to quantize How much to quantize

Dynamic Static

Post-training

Quantization-aware training

Hardware-aware

16bit 8bit 4bit 2bit

Mixed-precision

What to Quantize

Weight ActivationBias

Source: [4]
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https://github.com/tinyMLx/courseware


Accuracy vs. compression rate for AlexNet on ImageNet dataset
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2 % 5 % 8 % 11% 14%

Model Size Ratio after Compression

17% 20%

Pruning + Quantization Pruning Only Quantization Only

Source: Deep Compression (Han et al., ICLR 2016)
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https://arxiv.org/abs/1510.00149


Memory size is too small to hold DNNs

30

Cloud AI Mobile AI Tiny AI

Memory (Activation)

Storage (Weights)

141GB 4GB

256GB

320kB

1MB~TB/PB

Source: [7]

https://hanlab.mit.edu/courses/2024-fall-65940


Memory size is too small to hold DNNs
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Cloud AI Mobile AI Tiny AI

Memory (Activation)

Storage (Weights) ~TB/PB

4GB

256GB

320kB

1MB13,000x
smaller

1,000,000x
smaller

141GB

Source: [7]

https://hanlab.mit.edu/courses/2024-fall-65940


Memory size is too small to hold DNNs
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Cloud AI Mobile AI Tiny AI

Memory (Activation)

Storage (Weights)

141GB 4GB

256GB

320kB

1MB~TB/PB

• We need to reduce both weights and activation to fit DNNs for On-Device Training

Source: [7]

https://hanlab.mit.edu/courses/2024-fall-65940
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Source: https://ai.google.dev/edge/litert 

35

https://ai.google.dev/edge/litert


Source: https://www.tensorflow.org/model_optimization 
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https://www.tensorflow.org/model_optimization


Source: https://ai.google.dev/edge/litert/models/model_optimization 
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https://ai.google.dev/edge/litert/models/model_optimization


Quantized models are 4x smaller and 1.4x faster!

Source: https://ai.google.dev/edge/litert/models/model_optimization 
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https://ai.google.dev/edge/litert/models/model_optimization


Source: https://pytorch.org/executorch-overview 
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https://pytorch.org/executorch-overview


Source: https://developer.nvidia.com/tensorrt https://github.com/NVIDIA/TensorRT-Model-Optimizer 
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https://developer.nvidia.com/tensorrt
https://github.com/NVIDIA/TensorRT-Model-Optimizer


Source: https://stm32ai-cs.st.com/home 
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https://stm32ai-cs.st.com/home


Source: https://github.com/sony/model_optimization 
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https://github.com/sony/model_optimization


Source: https://docs.openvino.ai/2025/index.html 
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https://docs.openvino.ai/2025/index.html


Source: https://github.com/openvinotoolkit/nncf 
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https://github.com/openvinotoolkit/nncf


Source: Internet
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Source: Internet
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Source: https://developer.nvidia.com/blog/detecting-real-time-waste-contamination-using-edge-computing-and-video-analytics/ 
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https://developer.nvidia.com/blog/detecting-real-time-waste-contamination-using-edge-computing-and-video-analytics/


Portable AI-powered 
devices that connect 
directly to a chatbot 
without the need for 
apps or a touchscreen are 
set to hit the market. Are 
they the emperor’s new 
clothes or a 
gamechanger?

Source: https://www.theguardian.com/
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https://www.theguardian.com/technology/2024/mar/31/wearable-ai-smartphones-fashion-ai-pin-rabbit-r1-meta-smart-glasses-pendant-tab


Source: Internet
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StethoMe® AI detects abnormal sounds in 
the respiratory system!!!

Source: https://www.stethome.com/ 
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https://www.stethome.com/


Source: https://www.hackster.io/dhruvsheth_/eletect-tinyml-and-iot-based-smart-wildlife-tracker-c03e5a 
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https://www.hackster.io/dhruvsheth_/eletect-tinyml-and-iot-based-smart-wildlife-tracker-c03e5a


Smart Farming

Source: https://www.libramli.ai/
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Source: https://www.xenonstack.com/blog/edge-ai-agriculture 
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https://www.xenonstack.com/blog/edge-ai-agriculture


Source: https://www.honeywellbuildings.in 
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https://www.honeywellbuildings.in/


Source: https://www.vmukti.com/products/object-detection-camera/ 
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https://www.vmukti.com/products/object-detection-camera/


What is an AI PC?
AI PCs use artificial intelligence technologies 
to elevate productivity, creativity, gaming, 
entertainment, security, and more. They have 
a CPU, GPU, and NPU to handle AI tasks 
locally and more efficiently.
-Intel

Source: https://www.scmp.com/ and https://www.intel.com/ 
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https://www.scmp.com/
https://www.intel.com/


Source: https://robquickenden.blog/2024/03/what-is-an-ai-pc/  
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https://robquickenden.blog/2024/03/what-is-an-ai-pc/


Source: https://www.edgeaifoundation.org/edgeai-content/the-2025-edge-ai-technology-report 58

https://www.edgeaifoundation.org/edgeai-content/the-2025-edge-ai-technology-report


Source: https://market.us/ 
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https://market.us/


Source: https://www.edgeaifoundation.org 
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https://www.edgeaifoundation.org/


Source: https://www.edge-ai-vision.com 61

https://www.edge-ai-vision.com/


Course Topics

• Foundations of IoT, Accelerated Edge Computing, and Edge AI

• AI/ML and Computer Vision Fundamentals

• Tiny and Embedded Machine Learning

• Edge AI Hardware and Accelerators

• Edge AI Software Frameworks and Deployment Pipeline

• Model Compression and Optimization (Pruning, Quantization, 
Distillation)

• Federated and Distributed Learning for Edge Devices

• Generative and Agentic AI on Edge

• Sustainable and Energy-Efficient AI

• Case Studies in Smart Cities, Agriculture, and Healthcare

• Software and Libraries: Micro Python, OpenMV,  TensorFlow Lite 
and LiteRT, PyTorch and ExecuTorch, and ONNX

What will you learn in this 
course?

62



Plus, hands-on tutorials and research papers
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• Five programming assignments (5 × 10%): 50%
• End-to-end human activity recognition system (e.g., fitness tracker) using a smart wearable kit
• AI model compression using post-training quantization and quantization-aware training
• Model pruning and sparsity techniques for efficient edge inference
• End-to-end embedded computer vision system prototype
• Federated learning algorithm implementation on edge devices and accelerators

• Course project: 30%

• Final examination: 20%

Prerequisites:
• Proficiency in Python and C programming

• Optional: Basics of AI/ML, programming microcontrollers and embedded systems, and IoT
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Arduino Tiny Machine Learning Kit

Source: https://store.arduino.cc/products/arduino-tiny-machine-learning-kit 
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https://store.arduino.cc/products/arduino-tiny-machine-learning-kit


Arduino Nicla Vision Microcontroller •STM32H747AII6 Dual Arm® Cortex® M7/M4 
IC:1x Arm® Cortex® M7 core up to 480 MHz
•1x Arm® Cortex® M4 core up to 240 MHz

Sensors •2 MP Color Camera
•6-Axis IMU (LSM6DSOX)
•Distance / Time Of Flight sensor (VL53L1CBV0FY/1)
•Microphone (MP34DT05)

Power •3.7V Li-po battery with Integrated battery charger and 
fuel gauge (MAX17262REWL)

Memory 2MB Flash / 1MB RAM
16MB QSPI Flash for storage

Connectivity Wi-Fi / Bluetooth® Low Energy 4.2
(Murata 1DX - LBEE5KL1DX-883)

Source: https://docs.arduino.cc/hardware/nicla-vision/ 
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https://docs.arduino.cc/hardware/nicla-vision/
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Arduino Nicla Voice Microprocessor •Syntiant® NDP120 Neural Decision Processor  
(NDP):1x Syntiant Core 2  ultra-low-power deep 
neural network inference engine
•1x HiFi 3 Audio DSP
•1x Arm® Cortex® M0 core up to 48 MHz

Microcontroller •Nordic Semiconductor nRF52832:64 MHz Arm® 
Cortex M4

Sensors •High performance microphone (IM69D130)
•6-Axis IMU (BMI270)
•3-axis magnetometer (BMM150)

Memory •512KB Flash / 64KB SRAM
•16MB SPI Flash for storage
•48KB SRAM dedicated for NDP120

Power •3.7V Li-po battery with Integrated battery charger 
and fuel gauge (BQ25120AYFPR)

Connectivity •Bluetooth® Low Energy (ANNA-B112)
Source: https://docs.arduino.cc/hardware/nicla-voice/ 
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https://docs.arduino.cc/hardware/nicla-voice/


Arduino Nicla Sense ME Microcontroller 64 MHz Arm® Cortex M4 (nRF52832)

Sensors BHI260AP - Self-learning AI smart sensor with 
integrated accelerometer and gyroscope 
BMP390 - Digital pressure sensor, BMM150 - 
Geomagnetic sensor, BME688 - Digital low 
power gas, pressure, temperature & humidity 
sensor with AI

Connectivity Bluetooth® 4.2
Power Micro USB (USB-B), Pin Header, 3.7V Li-po 

battery with Integrated battery charger

Memory 512KB Flash / 64KB RAM, 2MB SPI Flash for 
storage, 2MB QSPI dedicated for BHI260AP

Source: https://docs.arduino.cc/hardware/nicla-sense-me/ 
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https://docs.arduino.cc/hardware/nicla-sense-me/


WIO Terminal
Main Chip Core Processor ARM® Cortex®-M4F running at 120MHz

Memory 4 MB External Flash, 192 KB RAM
Maximum Speed 200MHz
External Flash 4MBytes

LCD Screen
Resolution 320x240
Display Size 2.4inch
Drive IC ILI9341

Wireless Wi-Fi 802.11 a/b/g/n 1x1, Dual Band 2.4GHz & 5GHz
Bluetooth Support BLE5.0

Built-in Modules

Accelerometer LIS3DHTR
Microphone 1.0V-10V -42dB
Speaker ≥78dB @10cm 4000Hz
Light Sensor 400-1050nm
Infrared Emitter 940nm

Interface
MicroSD Card Slot Maximum 16GB
GPIO 40-PIN (Raspberry Pi Compatible)
Supported Protocol SPI, I2C, I2S, ADC, DAC, PWM, UART(Serial)

Operation 
Interface

5-Way Switch
Power/Reset Switch

Source: https://www.seeedstudio.com/Wio-Terminal-p-4509.html 

70

https://www.seeedstudio.com/Wio-Terminal-p-4509.html


Raspberry Pi Pico W

• Dual-core Arm Cortex M0+ processor, 
flexible clock running up to 133 MHz 

• 264kB of SRAM, and 2MB of on-board flash 
memory

• Wireless (802.11n), single-band (2.4 GHz)
• Bluetooth 5.2
• Ideal board for connecting external 

sensors!

Source: https://www.raspberrypi.com/documentation/microcontrollers/pico-series.html 
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https://www.raspberrypi.com/documentation/microcontrollers/pico-series.html
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• Raspberry Pi 5 Model 8GB RAM
• NPU: Hailo-8 NPU - AI HAT+ 26 TOPS

• PI Touch Display 2

• Camera Module 3



• reComputer J1010 Edge AI Device with Jetson Nano

• JetBot AI Kit 

Source: https://robu.in/product/diy-nvidia-jetsonnano-development-learning-kit-jetbot/ 
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https://robu.in/product/diy-nvidia-jetsonnano-development-learning-kit-jetbot/


• edX tinyML Specialization (Harvard University) [Link]
• CS249r: Tiny Machine Learning (Harvard University) [Link]
• ESE 3600: Tiny ML (University of Pennsylvania) [Link]
• TinyML and Efficient Deep Learning Computing (MIT) [Link]
• Embedded Deep Learning & TinyML (Carnegie Mellon University) [Link]
• IoT and Tiny Machine Learning (Marquette University) [Link]
• Machine Learning for Embedding Devices (UNIFEI, Brazil)[Link]
• Introduction to Embedded Machine Learning (Edge Impulse) [Link]
• Computer Vision with Embedded Machine Learning (Edge Impulse) [Link]
• Edge AI and Robotics (NVIDIA) [Link]
• AI on the Edge with Computer Vision (Intel) [Link]
• Machine Learning at the Edge on Arm: A Practical Introduction (Arm)[Link]
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https://www.edx.org/certificates/professional-certificate/harvardx-tiny-machine-learning
https://sites.google.com/g.harvard.edu/tinyml/
https://tinyml.seas.upenn.edu/
https://hanlab.mit.edu/courses/2024-fall-65940
https://z4ziad.github.io/mbed_dl_bak/mbed_dl/
https://www.dejazzer.com/eece4710/index.html
https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML
https://www.coursera.org/learn/introduction-to-embedded-machine-learning
https://www.coursera.org/learn/computer-vision-with-embedded-machine-learning
https://developer.nvidia.com/edge-ai-robotics-teaching-kit-syllabus
https://www.intel.com/content/www/us/en/developer/topic-technology/artificial-intelligence/training/course-ai-on-the-edge-computer-vision.html
https://www.edx.org/learn/machine-learning/arm-education-machine-learning-at-the-edge-on-arm-a-practical-introduction


1. NVIDIA Edge AI and Robotics Teaching Kit [Link]

2. Machine Learning Systems [Link]

3. AI at the Edge Book [Link]

4. TinyML Courseware [Link]

5. Edge Intelligence: Paving the Last Mile of Artificial Intelligence With Edge Computing, Zhou et al. 2019 [Link]

6. Tiny Machine Learning: Progress and Future, Lin et al. 2023 [Link]

7. TinyML and Efficient Deep Learning Computing [Link]
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https://developer.nvidia.com/edge-ai-robotics-teaching-kit-syllabus
https://mlsysbook.ai/
https://www.oreilly.com/library/view/ai-at-the/9781098120191/
https://github.com/tinyMLx/courseware
https://ieeexplore.ieee.org/document/8736011
https://ieeexplore.ieee.org/document/10284551
https://hanlab.mit.edu/courses/2024-fall-65940
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https://ieeexplore.ieee.org/document/8736011


Source: https://premioinc.com
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