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Overview

• Approach: Use computer vision (deep learning) to convert raw 
video data to knowledge in all data before considering epochs.

• Challenges
• New algorithms

• Compute resources to train neural network models

• New annotation methods and tools…
• to build supervised learning datasets for machines

• to interpret and label highly subjective scenarios

• Large-scale distributed compute for inference

• Hot storage (a lot more read than write)

• Deep Learning + NDS
• 300 Petabytes of data processed

• 3 million hours of GPU-enabled, 16 core, 64-128gb RAM machines
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Vehicles and Automation

Tesla Autopilot Cadillac Super Cruise

Volvo Pilot Assist IIRange Rover Lane Keep Assist
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Dataset Growth
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From Pixels to Knowledge:

Driving Scene Understanding
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From Pixels to Knowledge:

Driving Scene Object Detection
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From Pixels to Knowledge:

Lanes (“Drivable Area”)
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From Pixels to Knowledge:

Driving Scene Segmentation
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From Pixels to Knowledge:

Driving Scene Segmentation
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Deep Learning: Principles of Application 
• Requirements for success (from more to less critical)

• Data: A lot of real-world data (and algorithms that learn from data)

• Semi-supervised: Human annotations of representative subsets of data

• Efficient annotation: Specialized annotation tooling

• Hardware: Large-scale distributed compute and storage

• Robustness: Algorithms that don’t need calibration (learn the calibration)

• Temporal dynamics: Algorithms that consider time

• Current importance relation for successful application of deep learning:

>

Real-World Data Good Algorithms*
* As long as they learn from data
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Deep Learning for Driver State

What:
• Glance

(CHI 2018)

• Cognitive Load
(CHI 2017)

• Drowsiness

• Emotion

• Body

• Activity

How:
• Real-world data

• Formulation of the task such 
that it can be labeled and 
trained in a supervised way.

• Deep learning
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For the full list of references visit:
https://hcai.mit.edu/references

Cognitive Load Estimation

• What is it?
Algorithm to detect how hard 
you’re “thinking” (accessing 
working memory) from camera

• Where?
Real-world (aka anywhere)

• Just driving?
No. Any activity (aka anywhere)

• Why?
Attention is more than gaze.
Lost in thought. 

• Why camera?
Cheap, data, deep learning.

https://hcai.mit.edu/references
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For the full list of references visit:
https://hcai.mit.edu/references

Cognitive Load Estimation

• 6 seconds, 15 fps, 90 images

• Two approaches: HMM and 3D-CNN

• HMM: Hidden Markov Model
• Input: Sequence of pupil positions 

(normalized by intraocular segment)

• 3D-CNN: Three Dimensional 
Convolutional Neural Network

• Input: Sequence of raw images of eye region

https://hcai.mit.edu/references
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For the full list of references visit:
https://hcai.mit.edu/references

Two-Stream 3D Convolutional Neural Networks

[191]

Inception Architecture: Inception Module:

https://hcai.mit.edu/references
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For the full list of references visit:
https://hcai.mit.edu/references

Real-Time Cognitive Load Estimation

https://hcai.mit.edu/references
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Glance Classification vs Gaze Estimation
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Glance Classification
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For the full updated list of references visit:
https://hcai.mit.edu/references 

Application-Specific Emotion Recognition:
Driver Frustration
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For the full updated list of references visit:
https://hcai.mit.edu/references 

https://vidstep.com

https://vidstep.com/
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For the full updated list of references visit:
https://hcai.mit.edu/references 

(Semi-Automated) Glance Annotator

• TensorFlow.js

• Keras.js

• WebDNN

• deeplearn.js

• convnet.js

Frame-by-Frame
Video Player

Front-End
(Javascript)

Video

Annotations
Semi-Automated 

Annotation

Your Data

DeepGlance (JS)

Input/Output
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For the full updated list of references visit:
https://hcai.mit.edu/references 

Body Pose Estimation: Cascade of Pose Regressors
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MIT-AVT Data PipelineCosts of deep learning:
• 300 Petabytes of data 

processed
• 3 million hours of GPU-

enabled, 16 core, 64-
128gb RAM machines
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https://selfdrivingcars.mit.edu
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https://hcai.mit.edu
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https://lex.mit.edu

@lexfridman
Twitter

LinkedIn

Facebook

Instagram

YouTube

Thank you


