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Recitation
K-means Crash Course & Large Scale Recognition
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Today’s agenda
- K-means clustering for A3
- Large Scale Recognition
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So far: Segmentation and clustering
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● Goal: identify groups of pixels that go together
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Image Segmentation: Binary image Example

● These pixel values show that there are three things in the image.
● We could label every pixel in the image according to which of these 

primary intensities it is.
○ i.e., segment the image based on the intensity feature.

● What if the image isn’t quite so simple?
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● How do we determine the three main intensities that define our groups?
● Assumption: each cluster has a cluster center

○ A mean cluster value.
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● Goal: choose three “centers” as the representative intensities and label 
every pixel according to which of these centers it is nearest to.

● Best cluster centers are those that minimize Sum of Square Distance 
(SSD) between all points and their nearest cluster center ci:

0 190 255
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Clustering

● With this difficult objective,
○ If we knew the cluster centers, we could allocate points to groups by 

assigning each to its closest center.

○ If we knew the group memberships, we could get the centers by 
computing the mean per group.
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Given, a set of points, randomly select k=3 of them to be 
the cluster centers

9

Voronoi 
diagram
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Categorize each point into a cluster defined by its closest center.

Next, move the cluster centers to the mean location amongst its cluster
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Repeat with new cluster center locations
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Categorize into new clusters.
Move center to the mean
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Repeat with new cluster centers
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Large Scale Recognition
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California Roll
Ingredients: Rice, Seaweed, 
Crab, Cucumber, Avocado
Calories: 40
Fat: 7g
Carb: 40g
Protein: 5g
Gluten Free
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Amanita phalloides 
http://en.wikipedia.org/wiki
/Amanita_phalloides

TOXIC. DO NOT EAT
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Mountain Lion
DO NOT RUN
Raise arms to appear larger. 
Show your teeth
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IKEA POANG Chair

ON SALE
$29.00 at ikea.com
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Mornonga 
(Japanese flying squirrel) 
Inhabits sub-alpine forests in Japan. 
Nocturnal. Eats seeds, fruit, tree leaves 
(Wikipedia)
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I wish my computer could recognize 
EVERYTHING
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Recognition 
Engine

Surveillance Robotics Assistive tools

Wearable devices Driverless cars

Mining social mediaImage searchSmart photo album
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What can computers already recognize?
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What’s the next to work on?

Coffee Mugs!
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PASCAL VOC [Everingham et al. 2006-2012]

Airplane
Bird
Boat
Bike
Bottle
Bus
Car
Cat
Chair
Cow

Dining table
Dog
Horse
Motorbike
Person
Potted plant
Sheep
Sofa
Train
TV monitor

No Coffee Mugs!
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The rest of the talk will be about Coffee Mugs!
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The rest of the talk will be about Coffee Mugs

And Solar arrays
       Radio
       First aid kit
       Spacesuit
       Oxygen Cylinder 

   
       
       
       
       

What do they have in common?
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Let’s work on recognizing EVERYTHING
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How many things are there?

3.5M+
unique tags 
[Sigurbjörnsson & 
Zwol ’08]

WordNet

80K+ 
English nouns 
[Miller ’95; Fellbaum 
’98]

60K+ 
product 
categories

4.1M+
articles

  10K+ 
[Biederman ’87]
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PASCAL VOC [Everingham et al. 2006-2012]

From 20 classes to Millions?
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Big Data from the Internet 
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21 EB

63 EB

48 EB

38 EB

30 EB

Source: Cisco 

Global Consumer Internet Traffic Per Month

2011 2012 2013 2014 2015 2016

83 EB

201 EB

121 EB

156 EB

2017 2018 201937
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83 EB

2016

Source: Cisco 

Visual
86%

72 hours of videos / min

300 million images / day
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Big Data from the Internet 

🡪 The Internet can teach EVERYTHING
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http://www.worth1000.com/contests/12705/contest
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What kind of credit card is President Obama 
using in this video of him donating to his campaign?
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Big Data

The Internet: Machines + Crowd

Teach machines to recognize EVERYTHING
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Goal: Build a recognition engine on EVERYTHING
10K classes 

  10K+ 
[Biederman ’87]

PASCAL VOC

20
[Everingham et al.’06-’12]
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22K categories and 14M images

www.image-net.org[Deng et al. 2009]

• Animals
• Bird
• Fish
• Mammal
• Invertebrate

• Plants
• Tree
• Flower

• Food
• Materials

• Structures
• Artifact

• Tools
• Appliances
• Structures

• Person
• Scenes

• Indoor
• Geological Formations

• Sport Activities
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ImageNet, 14M 
[Deng et al. ’09]

Caltech101, 9K 
[Fei-Fei, Fergus, Perona, ‘03]

PASCAL VOC, 30K
[Everingham et al. ’06-’12]

LabelMe, 37K 
[Russell et al. ’07]

Number of 
Labeled 
Images

SUN, 131K 
[Xiao et al. ‘10]

Recitation 7 May 10, 2024
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Learn to Classify 10K Classes
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Still not everything!
● ImageNet still doesn’t contain everything!

○ Designed in 2009
■ Wouldn’t be able to identify modern concepts!

● Airpod
● OpenAI

○ Lacks flexibility – real-word categories are constantly evolving, the 
dataset doesn’t
■ costly to classify more images

○ Biases
■ Data comes mainly from Western-centric sources
■ Images are high-quality images and doesn’t reflect real-world 

conditions (weather, certain contexts, etc).
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Transfer Learning
● What is Transfer learning?

○ Leverage a model pre-trained on a larger dataset (ImageNet) to solve 
a different, but related task

○ Utilizes learned features (e.g. edges, textures) that are generic across 
vision tasks

● Why use ImageNet pre-trained models?
○ Efficient data usage
○ Robust feature extraction
○ Reduced training time
○ Improved performance
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Transfer Learning
● Approaches to transfer learning

○ Feature Extraction
■ Freeze the early layers (generic features) to use as the backbone 

for the new model
■ Train a classifier head to use the backbone in the specific task

○ Fine Tuning
■ Start with pretrained weights
■ Freeze the weights of the big model and just train a few layers to 

“fine tune” to the new dataset
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Let’s test it out!
We now have big VLM’s like ChatGPT!
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Moringa (Japanese flying squirrel)
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Amanita phalloides
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Geoguessr

53



Joshua Jung May 16, 2025Recitation 7-

Geoguessr
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Geoguessr
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Geoguessr
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Geoguessr

57



Joshua Jung May 16, 2025Recitation 7-

Geoguessr

58


