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Summary

•History and status quo of image search  

• Machine learning, Deep learning  
AI, Convolutional networks, …  
started a new era of image search: 

• Automatic tagging 

• New image descriptors 

• New image exploration tools  

• New image manipulation tools &  
image synthesis



Image Search: 
Status Quo  

&  
Previous Approaches



There are too many images

• Constantly growing number of images 

• Image search is very time consuming 

• Only few images can be looked at 
simultaneously 

• No visual browsing 
schemes are available



Only few images can be looked at at once



Image search as we know it  …

Keyword search



Keyword search

• Good keywording is expensive, 
keywords often are incomplete, 
overloaded or wrongly translated 

• Exact keyword matching leads to  
finding everything or nothing

meadow blue sky apple tree 
clouds flowers family

3 results:

meadow  

826,951  
results:



Low-Level Content based Image Search

• Finds similar looking images.

• Does not understand the  
meaning of the images.

  

• Cannot find similar images  
that look different

Search for images with similar  
colors, textures or shapes



Problem of low-level visual search

Visually similar images,  
content may be different

Result:

Query:



"More like this" keyword search

Query: 
america amazon animal beak bird brazil era 
eye feather fuss parrot portrait yellow ...   
(all keywords of the query image) 

Similar image content,  
large appearance variations  

Result:



Fusing visual and keyword search

Query:

+ Visually similar images and  
+ Similar content

Result:

america 
amazon animal 
beak bird 
brazil era eye 
feather fuss 
parrot portrait 
yellow ...

+



But …



Needs for finding images more easily

1. Most images are untagged 

→ need for 
    automatic image understanding

2. There are far too many images 

→ need for  
    visual image browsing schemes



Automatic image understanding 
using 

AI, ML, Deep Learning  



XKCD September 2014

HTTP://XKCD.COM/1425/

In the 60s, Marvin Minsky assigned a 
couple of undergrads to spend the 
summer programming a computer 
to use a camera to identify objects 
in a scene.  
He figured they'd have the problem 
solved by the end of the summer. 
Half a century later, we're still 
working on it.

Today only 2.5 years later  
the problem is solved



Automatic image understanding  



3264x2448 pixels    
16,7 millions  
of colors 

16x16 pixels     16x16 pixels 
16 brightness 
levels 

Automatic image understanding  



                   16x16 pixels, 16 brightness levels 
levels 
                   The number of possible images:

Automatic image understanding  

1616x16 =



Automatic image understanding  

• Easy case: Image with 2 pixels, black&white 

• Possible questions: Are both pixels … 

black? white? different?

yes no no

no no yes

no no yes

no yes no



Neuronal Networks (NN)

• Origin in the 60s (Perceptron) 
Impossible to solve the XOR problem  

• Restart in the 80s:  
Hidden layers & Backpropagation  
Not suited for image recognition  

• Restart a few years ago:  
Today the best technology for  
solving all kind of problems for which 
humans cannot describe an algorithm



Neural Networks (NN)

x1
x2

x1
x2

Are both pixels white? Are both pixels different?

… can be trained to answer  
 these questions:

Idea: Use huge networks to make  
        image recognition possible …



Image recognition with NN  

dog 
cat 
mouse  
car 
… 

• Not enough tagged example images 

• Computers were too slow 

• Fully connected neural networks were hard to train 

Did not work for a long time! :(



Deep Learning / Image Classification 

...

Similarity
Matching

Visual descriptors
of the image archive

similar
images

with
keywords

Descriptor Keyword 
aggregation

keywords
unknown

image
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categories



Filters and Activations



Convolutional Neural Networks



Automatic Image Tagging



Typical ML-based keywording
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Use your own images & keywords
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unknown
image
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Semi-automatic Tagging akiwi.eu

•  
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http://akiwi.eu




New Image Descriptors



Image descriptors from NN

unknown
image

Neuronal
Network

Image Analysis
Descriptor

.........

.........



What are Neural Networks good at?

Recognition of 

• Objects (type, manufacturer, …) 

• Humans (sex, age, mood, posture, …) 

• Style, Artist, Composition, …  

Everything a human (expert) could recognize 
in a few seconds. 

If you have enough data to train the network 



Global vs. local analysis 
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neural 
network

                      global keywords / features

local keywords / features

neural 
network



What kind of descriptors will we have?

A combination of keywords 
describing the image? 

or  

A collection of features  
characterizing image  
content, style, mood & look? 
(language independent)

neural 
network



Automatic Image Description
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Visual Image Browsing



Searching by scrolling
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Image Projection using t-SNE

unused 
display area

overlapping 
images



Google Image Swirl

not clear how 
to navigate



Requirements for image browsing

• Image layout/projection:  
• use entire display area, no overlap 

• good mapping (similar neighbor images) 

• Image sets: 
• support for millions of (untagged) images 

• allow changes (deleted or added images) 

• Navigation: 
• easy & natural 

• purely visual (without keywords) 

• hierarchical approach



Our initial approach

based on the idea of mapping services  



Image sorting using a fast hierarchical SOM

					unsorted                                                                                    sorted      

complexity O(n log(n)), 50 times faster than 
Barnes-Hut t-SNE, similar projection quality





Hierarchical image layers



picsbuffet.com @ pixabay

http://picsbuffet.com


Evaluation of picsbuffet

+ Good visualization & easy navigation 

+ Very fast (no server calculations) 

+ Suited for very large image sets 

- Image relationships are too  
complex to be mapped to 2D 

- Bad for changing image sets 

- Sometimes poor neighbors 

image  
graphs 

improved  
image 
features 

}
}



Requirements for improved image browsing

1. High quality semantic image features  
to model image similarities well  

2. Fast construction of “good“ 
hierarchical image graphs 

3. Good graph visualization and  
easy to use navigation techniques



2. Graph requirements

A. Connected images should be similar.  
B. The number of connections per image 

should not be too high or too low.  
C. The path between any two images 

should be as short as possible.   
Very hard optimization problem! 
➡ A: ensured by  
       good image features & graph building  
➡ B: fixed to 4 connections  
➡ C: simplified by checking the connectivity



2. Building the graph

Starting from a regular mesh  
we swap edges if 
simAX + simEY  - simAE - simXY  > 0           

Finds good graphs, but convergence is slow



Better swapping, RGB color example



3. Graph display & navigation

Visualizing and navigating  
graphs is difficult.  
Layout algorithms are slow. 
Radial views are confusing. 



3. Our approach for graph navigation

•Project fractions of the 
graph to a 2D map and 
perform instant 2D sorting 

• Zooming is performed by 
blending to a graph of the 
next level



3. Graph Navigation

Moving the map retrieves new images from the graph.



Demo of Graph-based Browsing





New Image Manipulation Tools  
&  

Image Synthesis



If you do not have the image you want …

• Render it from a 3D model  

• Change an existing image 

• Synthesize it



Rendered Images (IKEA)



Style Transfer   deepart.io

Leon A. Gatys, Alexander S. Ecker, Matthias Bethge

http://deepart.io


Image Manipulation II

Jun-Yan Zhu    Taesung Park    Phillip Isola    Alexei A. Efros



Image Manipulation III



Image Synthesis I

Anh Nguyen, Jason Yosinski, Yoshua Bengio, Alexey Dosovitskiy, Jeff Clune



Text to Image

Scott Reed, Zeynep Akata, Xinchen Yan, Lajanugen Logeswaran, Bernt Schiele, Honglak Lee
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