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Outline

• The importance of data
• How to build a dataset
• Tools
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Main Reasons Behind Deep Learning’s Success    

DataHardware
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Dataset used to train GPTs
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Stats

https://en.wikipedia.org/wiki/Common_Crawl
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Data in a learning system pipeline

Training 
Data

Testing 
Data

Learning
Algo

Model
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Importance of Dataset
Datasets are used as benchmarks to compare learning systems
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Importance of Dataset
Datasets are used to learn a general purpose prior

https://medium.com/owkin/transfer-learning-and-the-rise-of-collaborative-artificial-intelligence-41f9e2950657

Detection
Fine-grained Classification

Segmentation
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Importance of Dataset
New datasets inspire novel algorithms and research problems

Visual Q&A 9

https://visualqa.org/
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Importance of Dataset
New datasets inspire novel algorithms and research problems

Recommendation Systems

Music, books, videos
Online shopping
Financial
Online dating
...
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You can have a wrong model from wrong data
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Correlation vs Causation

Car allergic to vanilla ice cream?
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Formulation of learning: 

Data distribution is central:

Expected error

Sample mean

Search over 
restricted class of 
functions
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Outline

• The importance of data
• How to build a dataset
• Tools
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Existing Dataset - Vision
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Existing Dataset - Natural Language
IMDB Reviews (Sentiment Analysis)

1 Billion Word Language Model Benchmark (Language Modeling)

WordNet (Database for English ‘synsets’)

Google Books Ngrams
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http://ai.stanford.edu/~amaas/data/sentiment/
http://www.statmt.org/lm-benchmark/
https://wordnet.princeton.edu/
https://commondatastorage.googleapis.com/books/syntactic-ngrams/index.html
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Existing Dataset - Others
HealthData.gov (Health Care)

OASIS brain images

Data.gov (agriculture, climate, ecosystems, public safety…)

Kaggle Dataset
19

https://healthdata.gov/
https://www.oasis-brains.org/
https://www.data.gov/
https://www.kaggle.com/datasets
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Why Build Your Own Dataset
Variation

Existing datasets do not contain enough variety.

E.g., non-traditional lighting and poses.

Annotation

Existing datasets do not provide the information you need.

E.g., no object segmentation masks in ImageNet.
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Case I:

The construction of ImageNet.

Case II:

The construction of COCO.

Case III:

The construction of Waymo.



Case Study: 
The Construction of ImageNet
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Purpose of the dataset
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“We believe that a large-scale ontology of images is a critical resource for 
developing advanced, large-scale content-based image search and image 
understanding algorithms, as well as for providing critical training and 
benchmarking data for such algorithms.”

http://www.image-net.org/papers/imagenet_cvpr09.pdf

Before ImageNet, computer vision datasets 
have hundreds or thousands samples.

ImageNet has over 3 Million (paper version).

It is a visionary move as we now know better 
network models are obtained from more data.

http://www.image-net.org/papers/imagenet_cvpr09.pdf
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How to build a dataset to capture the visual world
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How to build a dataset to capture the visual world
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WordNet: https://wordnet.princeton.edu/

A hierarchical structure that describes concepts in the world.

https://wordnet.princeton.edu/
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ImageNet Hierarchy
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Construction
Collecting candidate images

Goal: About 500-1000 images per synet (i.e., visual concepts).

Perform keyword based image search. (10% accuracy)

Collected 10k per synet. 

Some tricks: 

Expand search queries

Multiple languages
27
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Construction
Cleaning images

Human verification by Amazon MTurk.

For each task, an image obtained by searching is presented with the 
definition of the synet.

The user is asked to see if they are consistent.
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Construction
Cleaning images

Majority vote over the categories and confidence.

More confidence score is needed for finer classes.
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Case Study: 
The Construction of COCO Dataset

30



CISC3360:	Data	Science	I

COCO Dataset Statistics
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Data Collection
Identify Object Categories

PASCAL VOC + frequently used words for objects + survey on 4-8 years old 
children = 272 candidates

Voting to get final categories: 91.
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Data Collection
Collect Images For Each Object Category

Iconic Images
33
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Data Collection
Collect Images For Each Object Category

Non-Iconic Images

328,000 images in total.
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Data Annotation
Crowdsourcing to label over 2.5 million object instances in 300K+ images.

8 Workers Per Image

~20k Worker Hours

8 Workers Per Image

~10k Worker Hours

Only 1 worker per image.

Training stage enforced. 35
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Data Verification
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Case Study: 
The Construction of Waymo Dataset
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Purpose of the dataset
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Existing self-driving dataset is limited in the scale and variation of the environments.
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Setup

1150 scenes, each is a 20-second long video.
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Labeling

Camera and vehicle poses.

3D bounding cuboids of four categories: pedestrian, car, sign, cyclist.

2D bounding boxes in images.

Identity of objects.
40
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Labeling
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Summary: things need to be considered
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Purpose and design: Do you have to build your own? What do you 
want?

Where to get data: Web-crawling? Collect in real-life?

How many data to collect: Within your resource limits, more the better.

Tools to use: Download, collect, label.

How to verify the collected data: Is your data good? Is your 
labeler good?
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Legal issues on data collection
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Outline

• The importance of data
• How to build a dataset
• Tools
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Tools
Data Source

Google/Bing Search, Flickr, Instagram, Google Map/Streetview, Satellite

Visual Annotation

VGG Image Annotator, Video Annotation Tool, Scalabel

Or Build your own (HTML+JS)

Crowdsourcing

Amazon MTurk
45

https://www.robots.ox.ac.uk/~vgg/software/via/
http://www.cs.columbia.edu/~vondrick/vatic/
https://github.com/ucbdrive/scalabel


Amazon Mechanical Turk Tutorial

On Demand

Over 500K workers, 24x7

Scalable

No minimum project size

Speed

Work is done in parallel

Qualification

Set prerequisite to workers 
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Amazon MTurk Marketplace
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MTurk Concepts
Requesters

Person creates tasks for Workers to work on.

Human Intelligence Tasks (HITs)

HIT is a single, self-contained task.

Assignment

Multiple Workers can be assigned to a single 
HIT.

A Worker can only accept a HIT once and 
submit one assignment per HIT.

Workers

Person completes assignments.

Approval and Payment

After assignment submission, if you approve the 
work, the HIT reward is draw from your MTurk 
account.

Qualification

Anyone can register as a worker. You can set 
qualification types such as approval rate to 
control the quality of submissions.
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Common Use Cases
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Common Use Cases
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Example: Data Labeling Using MTurk
1. Setup

Python and Boto3 (AWS 
SDK).

2. Accounts

AWS and MTurk (Also need 
to link the two). 

Purchasing Prepaid HITs.

No coding needed:
Tutorial 1

Command line approach:
Tutorial 2

3. Creating Tasks

Define a HIT and its reward.

4. Retrieving Results

Verify result, Add a bonus
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https://blog.mturk.com/tutorial-how-to-label-thousands-of-images-using-the-crowd-bea164ccbefc
https://blog.mturk.com/tutorial-a-beginners-guide-to-crowdsourcing-ml-training-data-with-python-and-mturk-d8df4bdf2977
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Things to keep in mind
1. Turkers are humans, not robots.

Try to make reasonable tasks, don’t expect they finish something a normal 
people won’t do.

1. It is a real-world labor market.

Turkers have their own forums and communities. They check and compare 
your rate with others. 

1. Check the quality of your labels!

You don’t want to pay money for useless labels.
52
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Data checklist

● Problem domain
● Where can you get the data?
● How many data can you get?
● Data format
● Define the learning problem
● Do you need additional annotation?
● How do you evaluate?
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