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Abstract

A Seam is defined as a connected curve of optimal pixels on an image.
What is an optimal pixel?. For answer this we observe that content-aware
resizing implies inserting on or removing pixels of the source image, in
such a way that when we look at the output image we perceive that the
features we want to keep are perceptually the same. This can be achieved
if we have in mind some characteristics like aspect-ratio, average energy
preservation, or shape and visual coherence. Thus for energy preservation
we define optimality in terms of a energy function on the source image,
and a Seam will be a path of pixels with low energy, so when we insert on
or remove a Seam of the image the change in the energy is unnoticeable.
The opertations (inserting/removing) can be performed in both ways -
vertical and horizontal- for retargeting an image to a new size, and the
selection and order of the operations protect the content we want to. The
optimals Seam and Seam-Order are computed with dynamic programming
backtracking recursively. Also when we dont know the final size we want
for an input image, the Seam-Order can be stored using index maps for
both directions, horizontal and vertical, and use this to allow retargeting
in real-time.

1 Introduction

In this document you will find an explanation of the solution in MATLAB for
the method Seam Carving for content-aware image resizing presented this year
at the SIGGRAPH by Shai Avidan, Ariel. Shamir1 I recommend you to read the
paper first for a better understanding of this document. This implementation
don’t include object removal, and Multi-Size Images.

2 Description of the Solution

I will begin with some basic definitions and preeliminares. For the rest of this
document, I will mean an image of size n×m.

∗rdcastan@impa.br
1http://www.faculty.idc.ac.il/arik/
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2.1 Basic Concepts

The esence of seam carving is the definition of an optimal seam. A vertical
seam is defined as a set of pixels (ordened pairs) of the form {(i, S(i))}n

i=1 such
that |S(i) − S(i − 1)| ≤ 1 , for all i > 1.2 This is words means that for each
row we’re choosing one pixel, and the constraint mean that the path of pixels
is connected. One can make the seams a path disconnected changing the right
side of the inequality by a number 1 ≤ k < min(n, m). I worked with k = 1.
Similary a A horizontal seam is defined as the set {(S(j), j)}m

j=1 such that
|S(j) − S(j − 1)| ≤ 1, for all j > 1. Again we’re taking from each column one
pixel, and the result path is connected. For the rest of the document, we will
be talking about vertical seams, for no being redundant, because the work with
horizontal seams is similar.

The mapping S has to be determined in some way we can use it, for remove
seams and preserving contents. Particulary if one want to preserve the average
energy of I, one can search for seams with minimal energy. The basic energy
function for I is defined as the sum norm of the gradient image:

e1(I) = |∂I

∂x
|+ |∂I

∂y
| = E.

One can choose differents types of energy functions and achieve others re-
sults, like entropy energy or using other norms for the gradient image. I will
use e1 here. We denote the energy by E3, i.e, E denotes an image of the same
size of I, which in each pixel give us the variations of the intensity values. We
search for small variations of intensity of I in E. The cost of a single pixel (i, j)
in I is its value in E, i.e, if p = (i, j) then cost(p) = E(p). The cost of a set of
pixels is then the sum of the single cost by pixel. So the cost of a seam will be
cost(S) = Σn

i=1cost((i, S(i))).. This leads to the main definition. An optimal
seam S∗, is one that minimize the cost:

S∗ = minS{cost(S)}.

Once one found optimal seams, one can do a lot of things. For example,
if we were to decrease the size of an image, we just search optimal seams and
remove them from the image, resulting in an interesting content-aware resizing.
Also if one wants to enlarge the image, one search the optimal seam to remove
and insert it. In this case, if we want to increase the size by c colums, we
need to find the first c optimal seams to remove and insert them. Finally
for content amplification we can use scaling for an increasing in size and then
with seam-carving, process the image until it has the original dimensions. So
what rest here is how to find the optimal seams, and how to do the process of
removing/inserting and the order of the operations computationally.

2.2 Finding Optimal Seams

This is done with dynamic programming. Given E and a direction (horizontal-
vertical) we define the cumulative minimum energy M like the array which

2This definition differs from the original. I changed it for the natural way of indexing a
matrix, instead of the function form that leads to confusion when one is reading.

3Again in the original paper E denotes the cost function.
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the component (i, j) give us the minimum cost of go from the top (for vertical)
or the left (for horizontal) to the pixel (i, j) in E. Thus in the last row of M the
minimum entry (or the minimums) tell us the final of the seam we’re searching.
A simply backtrack will lead us to the whole optimal seam. For computing M
from E in the vertical direction, we do:

1. First row of M equals to first row of E

2. for i > 1 and j > 1 do

M(i, j) = E(i, j) + min{M(i− 1, j − 1),M(i− 1, j),M(i− 1, j + 1)}

In this implementation I made a function for this and for computing the
enregy. The definitions are:

MEA(E, alpha), energy(img)

Alpha is a parameter that tell the direction, 0 for horizontal 1 for vertical.
The energy function makes use of the natural masks [1, 0,−1] , [1, 0,−1]T for
computing the partial derivates. In MATLAB a seam is just a vector of a
matching size (n for vertical, m for horizontal). Given M I made a function to
backtrack the optimal seam:

S = seam(M,alpha)

where again alpha indicates the direction of the seam. Here M has to be the
cumulative minimum energy in the same direction of the output seam.

I won’t put here the pseudocode for these function because they are straight-
forward from the definition.

2.3 Optimal-Order Operations

It’s not the same removing seams first in vertical and then in horizontal direc-
tions, because the energy function varies with a single seam removal and so the
cost function. The optimal-order can be found again with dynamic program-
ming. For explain the solution, suposse that we want to remove from I, r rows
and c columns. For a better understanding, suposse that MATLAB can handle
0 index. Thus I create an array T of (r + 1) × (c + 1)4, that tell us in the
component (i, j) the minimum cost of go from the source image to an image
after removing i rows and j columns from the source. Note that T (0, 0) = 0.
Our objetive here is to find T (r, c). For this I create three arrays X, Y , and
BITMAP with the same dimension of T . X tell us in the component (i, j) the
cost of remove a row5 of the source image with dimension (n − i) × (m − j).
For example X(0, j) is the cost of remove a row from the source image with
dimension n × (m − j). Similary Y tell us in the component (i, j) the cost of
remove a column from the source image with size (n − i) × (m − j). Finally
BITMAP is made of zeros and ones, that can be used for backtrack the optimal
order of the operations. So if BITMAP (r, c) = 1 we will know that the last

4Observe that the last component is (r, c) if we are beggining in (0, 0).
5This mean an optimal seam in the horizontal direction. From now we will be using this

notation.
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optimal operation was a vertical one, if is zero then the last operation was a
horizontal one. Note that the whole first row of BITMAP are ones, because
the optimal order here is removing just columns. Also the whole first column is
made of zeros, for a similar reason. If you understand the definitions I’ve made,
the following computation of T is natural:

1. T (0, 0) = 0

2. T (r, c) = min{T (r − 1, c) + X(r − 1, c), T (r, c− 1) + Y (r, c− 1)}.

I made a function costo(M,alpha) that returns the cost of removing a seam in
the direction specified by alpha from an image with cumulative minimum energy
M . This is simply the minimum entry in the last row/column or M . For that
reason I won’t put the pesudocode. Also the function s removal(img, S, alpha)
returns an image after removing the seam S from img in the direction specified
by alpha. Its code is also simply. So for compute the first row of X we proceed
like this:

1. E = energy(I); and copy = I;

2. for 0 ≤ k ≤ c do:

(a) find M : M = MEA(E, 1), 1 because we are moving to the next
image removing colums.

(b) T (1, k) = costo(M, 1) + T (1, k − 1);

(c) Sv = seam(M, 1);

(d) copia = sremoval(copia, Sv, 1), we’re removing seams from the copy!!.

(e) E = energy(copia);

(f) X(1, k) = costo(MEA(E, 0), 0);, 0 because of the definition of X.

You can understand this thinking in this way: in each iteration we remove
one column, this define an ”state” of the image. In each state we’re computing
the cost of removing rows X.

Similary you can do the same for the first column of Y . BITMAP is ini-
tialized as zeros everywhere and ones in the first row. Once you have done that,
you can compute T doing this for 1 ≤ i ≤ r and 1 ≤ j ≤ c:

1. AUX = [(T (i− 1, j) + X(i− 1, j)), (T (i, j − 1) + Y (i, j − 1))];

2. [T (i, j), Idx] = min(AUX), here Idx has the index of the minimum, is
this case 1 or 2, because AUX has just 2 components. The function min
is for default in MATLAB.

3. if Idx = 2 then , BITMAP (i, j) = 1, i.e, the optimal operation is to
remove a column.

4. [copia, P ] = ImgOpt(img, BITMAP, i, j). See below for the definition of
ImgOpt.

5. X(i, j) = costo(MEA(M, 0), 0)

6. Y (i, j) = costo(MEA(M, 1), 1);
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The function [Opt, P ] = ImgOpt(I, bitmap, r, c) returns an image Opt from
the source I and with the optimal-Order of Operations, i.e, after removing i
rows and j columns, with the help of the BITMAP . The output P is a vector
of size r + c = #operations, of zeros and ones. P (k) = 1 indicates that in
the step k the optimal operation is to remove a column, P (k) = 0 will mean
removing a row. The pseudocode is like this:

1. Backtrack in the BITMAP the optimal order. This give us the vector P .

2. for 0 ≤ k ≤ r + c do:

(a) Opt = img; M = MEA(E,P (i));

(b) S = seam(M,P (i)); [Opt] = s removal(Opt, S, P (i));

(c) E = energy(Opt);

3 Functions

There are 3 functions:

• Shrink(img, u,v)

• Enlarge(img, u, v)

• Amplification(img,parameter)

Shrink and Enlarge, returns images of size u× v. Enlarge finds the optimal
seams to remove and insert them in the image at the right/down side of the seam
found with the function [IE] = s insert(img, S, alpha). It is the counterpart
of the function s removal that we have seen before. The insertion is made
averaging the values of the neighbors of the optimal seams components like
this:

1. for 1 ≤ k ≤ n do:

(a) output(k, S(k) + 1) = [img(k, max(S(k)− 1, 1) + img(k, min(S(k) +
1,m)]/2;

Enlarge uses the function imresize(img, parameter,′ bilinear′); that MAT-
LAB has by default and then call Shrink to returns to the original dimensions.
The function imresize Scales the image input by a paramenter porcent and
with interpolation bilinear. One can choose ′bicubic′ also, for a more detailed
image. The parameter is constrained to be in the interval [1, 1.5], for better
results.

4 What’s Next?

Until here we were studying the basics of image resizing with seam carving. Next
you can continue studying deeper the techic, trying differents energy functions,
doing seam carving in the gradient domain and reconstructing the image with
the poisson solver function, implementing multi-size images and object removal,
or mixing other strategies with seam carving. But also there’s another way of use
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seam carving, and this is what I choose for the second part my implementation.It
is a way of removing Seam Frames from a secuence of images, and then reducing
the time of the animation ”preserving” the movements in the secuence!. If you
like the idea you shouldn’t miss the part 2: Seam Carving in the Timeline.
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