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What Is Image Colorization?

Image Colorization

e “Colorization": an intuitive action/process to add color on a
pencil sketch or grayscale painting.
— Generalization, as a term in digital image processing: to
convert a grayscale image to a color one (intensity-only to
RGB space).

e Goal and benchmark:
“perceptually meaningful” and “visually appealing”.

e Challenge: somewhat depens on the selection of reference
image(s); the problem has no “visually correct” answer.
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(o] lelele]e]e]

What Is Image Colorization?

Examples

Albert Einstein

Quoted from “15 Famous Photos in History Colorized'
(http://twistedsifter.com/2012/01/famous-photos-in-history-colorized/)
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What Is Image Colorization?

Examples

Joan Blondell
(August 30, 1906 — December 25, 1979)
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What Is Image Colorization?

Examples

Sophia Loren, Italian-French film star.
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What Is Image Colorization?

Examples

Mushroom-shaped cloud and water column from the underwater
Baker nuclear explosion of July 25, 1946 (“Operation Crossroads”).
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What Is Image Colorization?

Examples

Abandoned Boy After London Bombing WWII, by Toni Frissell.

Feature Matching Based Colorization Page 8 Stephen Huang and Dachao Sun



Motivation
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What Is Image Colorization?

Potential Application

Could be used for efficient image storage of color image:

Store only the intensity (single channel) value of color images,
with proper categorization and corresponding reference images.
Retrieve them back later to color images — kind of compression.

(can be concluded as part of the experiments of this project.)
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Motivation

Techniques: Interactive Versus Automatic

Interactive v.s. Automatic

Two categories of colorization methods:

@ Interactive: color is inserted manually by users into a
grayscale image, as a drawing process.

® Automatic: color is taken from a reference image and
transfered to the target image. Much more convenient but
adjustments of parameters are often needed.
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The Paper: Example/Segmentation/Matching-based Pipeline

The Paper

The proposed by scholars Raj Kumar Gupta etc. in “Image
Colorization Using Similar Images’ in 2012 is an automatic
approach, which includes four phases:

@® Do segmentation on both the reference and target images,
using a method called “Turbopixels’.

® For each image segment, compute a 172-D feature that
concludes: intensity (2), standard deviation (2), Gabor (40)
and SURF (128).

©® Colorize each superpixel (segment) of the target image, by
finding the “most similar” superpixel in the reference image.

O Refinement: reassign the colors using a voting scheme.
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Phase 1: Identify Superpixels

Phase 1: Identify Superpixels

A preparation step, spliting both target and reference images into many

“sub-images”, which are colorized separately later.

sp000001
1 1
1 2
+ + 1 3
boundary boundary H :
information information - ¢
4 8 1
Identify identity || 2 000002
connected connected = |-
components components l

Target.txt Reference. txt
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Phase 1: Identify Superpixels

“Turbopixels”: A Fast Segmentation Approach

Proposed in 2009 by Alex Levinshtein, a PhD student at UofT, Canada.
“a geometric-flow based algorithm for computing a dense over-segmentation

of an image, often referred to as superpixels.’

TurboPixels: Fast Superpixels Using Geometric
Flows

Alex Levinshtein, Adrian Stere. Kiriakos N. Kutulakos. David J. Fleet, Sven J. Dickinson
University of Toronto
Toronto, Canada

babalex adrianst kyros fleet sven@es.toronto.edu

Kaleem Siddigi
McGill University
Montreal, Canada
siddiqi @cim.megill ca

Abstract—We describe a geometric-flow based algorithm for small, compact, quasi-uniform regions. Graph cut segmentation
computing a dense over-segmentation of an image, often referred  algorithms operate on graphs whose nedes are pixel values and
to as superpixels. It produces segments that on one hand  poge edges represent affinities between pixel pairs. They seek
respect local image boundaries, while on the other hand limit " (" % § - )
through a constraint. I s very a set of recursive bi-partitions that globally minimize a cost

fast, with complexity that is approximately function based on the nodes in a segment and/or the edges
i ed i between segments. Wu and Leahy [26] were the first to segment

size, and can be applied to megapixel s
superpixel densi 5 matter of minut s using graph c nimizing the sum of the edge weights
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Phase 1: Identify Superpixels

“Turbopixels”: A Fast Segmentation Approach

Step 1: (Section III-B)
Place K seeds

Step 2: (Section III-C) Step 3: (Section III-D) Step 4a: (Section III-E)  Step 4b: (Section III-F)
Evolve T' time-steps Update skeleton Update velocities Extend velocities

"N

Original paper and reference code available on Dr. Levinshtein's website
http://www.cs.toronto.edu/~babalex/research.html

Repeat until no evolution possible (Section 3.7)

[phi,boundary ,disp_img] = superpixels (img,
(num_pixels/40)/1.5,
0,
[0,0,11);

A WN
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Approach
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Phase 1: Identify Superpixels

“Turbopixels”: A Fast Segmentation Approach

~ 40 pixels per superpixel
boundaries and contours are well detected.
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Approach
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Phase 2: Feature Extraction

Phase 2: Feature Extraction

Target.txt Reference.txt
Feature extraction Feature extraction I
(for each superpixel) (for each superpixel)
Target.mat Reference.mat

e
-~

Phase 3:
Cascading feature matching

l

Phase 4: Post-refinement
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Approach
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Phase 2: Feature Extraction

.mat for each image (target and reference)

EMAT file
sp_ref00mat
sp_ref0Lmat
sp_tef02mat

sp_refO6mat
sp_tef07.mat
sp_refOBmat

CMERT Command Window H0Oax

sp_tefl0mat

] rer1 1, prig splrefllmat
il ret 12 1.png sp_ref12_Lmat >> load('sp ref00.mat")
[l rerz 2.png sp_ref12.2mat o

r00.png sprardO mat *

4101,y spar0Lmat

tar02mat

a
sp_tar04mat
sp_tai0Smat

E m @ Eﬁ EE) ‘ Stack: ‘ @Seleu data to plot -

0
sets e Name £ |Va\ue |M'” ‘
5o arl0ma

spalLmat £l sp <1x4482 struct> ‘

Hooboboobobobo—bobHoob-bobo

il tar12.png.

sp_tari2mat

1 | >> sp(1000)
2 ans =
3 coordinates: [1x71 struct] 7% with fields f‘row’ and ‘col’
4 row_min: 96
5 row_max: 108
6 col_min: 435
7 col_max: 445
8 neighbors: [863 878 901 964 982 999 1059 1067 1109 1132 1133]
9 feature: [1x172 double]
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Phase 2: Feature Extraction

Intensity  Std Gabor SURF
2] 40 128

e Intensity (2)

. 1
A =" 3 Ixy)
(x,¥)€S;
1

)=+ 3 AG)
JE€ Neighboring
SuperpixelsofS;

e Standard deviation (2)
. 1
&)=~ D" Std (x,y)
(x.y)€ES;
1

ei)=5 > &al)

J € Neighboring
SuperpixelsofS;
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Phase 2: Feature Extraction

e Gabor (40 = 5x38)
8 “orientation”s, 6 = %T (n=0.7);
5 “exponential scale’s, e™ (i =0..4).

Each pair of the above defines a 5x5 square Gabor filter, which
is applied to the whole image to get a “Gabor value” of each pixel.

. . new pixel color = 27/16
neighborhood N; of i P
V.
pd N

1]2]1 V4
1/16 [2]4]2 TIEiE
1]2[1 1 B
3]1]2

kernel H >

original image G filtered image G*H

(Quoted from Dr. Levine's CPSC 604 slides)
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Approach
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Phase 2: Feature Extraction

e Gabor: Def. of filter kernel weights #1

)A(Z +)A/2 s
g(x,y; 0,0,T)=e 202 COS(%)
where
X =xcosf+ ysinf
and

y = —xsin0 + ycos@

(x,y) are distances measured from the kernel center, 6 is an angular orientation,
o is the standard deviation of the Gaussian curve, and T is the period of the cosine.

(0,50, 50) (0,50, 100) (30, 50,100) (90, 50,100)
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Approach
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Phase 2: Feature Extraction

e Gabor: Def. of filter kernel weights #2

12 —($i2+ﬁr92)
P(x,ysp, f) = ——¢ e
Yz, y:0, f) P
x| _ [cosp —sing| |z
y|~ |sing cose ||9]°
f: frequency of the sinusoidal plane wave; ¢: counterclockwise rotation angle;

~: width of filter, parallel with the plane wave; n: width of filter, perpendicular to the
plane wave.
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Phase 2: Feature Extraction

e Extended SURF (128)

Speeded Up Robust Features is a robust local feature detector, first presented by
Herbert Bay et al. in May 2006. The standard version of SURF runs severl times
faster than SIFT, another famous local feature detection algorithm.

Image registration, camera calibration, object recognition, image retrieval...

Speeded-Up Robust Feature
Herbert Bay*, Andre
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Approach

Phase 3: Cascade Feature Matching (pruning for similarity)

Phase 3: Cascade Feature Matching (pruning for similarity)

(3+ slides to be added here...)
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Approach

Phase 4: Reassigning Colors: Image Sapce Voting

Phase 4: Reassigning Colors: Image Sapce Voting

(1 slide to be added here...)
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How “real” /“natural” is the result?

Evaluation: how “real” /“natural” is the result?

Naturalness: how well the artificial colorized image “mimics”
the color of similar content in the real-world scene.

Such intuition may come to two ways of evaluation: ground-
truth error comparison and user study.

Considering from an aesthetic perspective (not to be contrained
by “conrrect answers”), we will only do the latter.
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Evaluation: User Study

User Study

User Study

e One of a dozen of invited users is ready;

e A group of 4-6 color images are shown on the screen, half
(but not always) of which are artificially-colorized by the
approach in this project, while others are original color images.

e Let the user point out which one(s) of them is/are artificial.

# of correct selections

# of images in the group
of this group of color images.

denotes the naturalness

hd AVg users

An example: one out of the four is artificially colorized.
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Further Experiments

Further Experiments

® Would the order of cascading (Gabor—SURF—etc.) affect
the result significantly?

® Which of the four features dominates? Any other better
option(s) for the features (performance vs. computational
complexity)?

© Color image compression pipeline, based on the colorization
approach.
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“Milestone”: Time Management

Milestone |. Jan. 29 complete the proposal (concepts, tools, test data, etc.).
Feb. 15 identify superpixels (phase 1), saved in .txt format
Mar. 12 code feature extraction (phase 2), done with .mat format.
Milestone Il.  Mar. 24 start with feature matching (phase 3).
Mar. 31 half-way presentation.
April 10 get preliminary results, fix problem(s).
April 15 refinement and experiment.

Milestone Ill. by April 20 finish writing the report (20—40 pages)

and presentation slides.
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“Milestone”: Time Management

“Milestone”: Time Management

Milestone 1. Jan. 29 complete the proposal (concepts, tools, test data, etc.).
Feb. 15 identify superpixels (phase 1), saved in .txt format
Mar. 12 code feature extraction (phase 2), done with .mat format.
Milestone Il.  Mar. 24 start with feature matching (phase 3).
Mar. 31 half-way presentation.
April 10 get preliminary results, fix problem(s).
April 15 refinement and experiment.

Milestone Ill. by April 20 finish writing the report (20—40 pages)

and presentation slides.
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“Milestone”: Time Management

“Milestone”: Time Management

Milestone 1. Jan. 29
Feb. 15
Mar. 12

complete the proposal (concepts, tools, test data, etc.).
identify superpixels (phase 1), saved in .txt format

code feature extraction (phase 2), done with .mat format.

Milestone Il.  Mar. 24
Mar. 31
April 10
April 15

start with feature matching (phase 3).
half-way presentation.
get preliminary results, fix problem(s).

refinement and experiment.

Milestone Ill. by April 20

finish writing the report (20—40 pages)

and presentation slides.
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