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Abstract Image composition is widely used in television and film industry
to create synthetic visual effects. It requires seamless integration of different
parts of two or more images into a single image. Existing image composition
techniques only change the local contents of the resulting image while in many
cases local changes may also require some global effects as well. For example, if the image of sun from one image is transferred to another image, the
global brightness pattern should also be transferred. Unfortunately existing
techniques cannot handle global effects of local content manipulations.
This paper describes a novel image composition technique which captures
global effects associated with a specific local content from one image and incorporates in the second image. In our proposed technique, all images are
transformed to the frequency domain. The composite image is created in frequency domain by mixing different frequencies from multiple images and then
transformed back to the spatial domain. We have experimented the proposed
technique to shift the image of sun along with its global brightness pattern,
the global effects of rain and also for transferring global texture pattern from
one image to the other. In most of the cases the results produced by our algorithm appear far close to real images than state of the art existing image
composition techniques.
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1 Introduction
Photographers wish to master the art of photographing balanced, pleasant
and meaningful pictures. However, camera can only capture what is in the
viewfinder; it cannot capture what is in the mind of the photographer. In contrast, painting has been the source to satisfy the lust to represent oneself’s
mind. After much advancement in the field of computer vision, image processing and computer graphics, there are various techniques to create imaginative
photographs which combine the arts of painting and photography. In theses
techniques, different photographs, as a whole or in parts, are merged together
to create new images describing new premise, concept or theme. This process
is called image composition and also known as copy-paste [46].
Any image composition technique works in two steps. A fine segmentation
of the areas of interest from the source images and then merging the pieces
together seamlessly. Many image segmentation and composition techniques
have been proposed during the last decade while the research is still in progress
in these two important areas to achieve the optimality. The optimality in
image composition is derived by three factors; (1) automatic segmentation, (2)
seamless assembly of the segments and (3) minimal execution time. Most of the
available image composition techniques are based on the spatial representation
of the images and they join different parts of various images into a single image.
Most of the research in image composition emphasizes on seamless merge
of one or more segments into an image and this merge just adds these segments
in the source image without affecting the visual characteristics of the source
image or other segments. Sometimes, we may want to merge multiple segments
(contents)1 to an image where contents are not just added in the image, their
global visual characteristics are also incorporated in the source image. For
example, we may want to add a sun rising scene into a grassy field scene to
get a sunny grassy field. The traditional composition techniques will segment
the sun from the sunrise image and paste it in the grassy field image. Doing
this will result in a quite un-natural image, because adding sun in this way in
the grassy field image will not brighten the whole scene, in other words, the
global effect of the local content are not added into the source image. Instead,
we want an image where not just the sun has been added in the source image
but the complete sun effect must be added. No technique exists for this kind
of applications and we propose one in this paper.
The main contribution of this paper is a new image composition technique
in which an image is composed from multiple images in a way that global
visual characteristics of all the contents are incorporated in the source image.
Further, the composition step is carried out in the frequency domain rather
than in spatial domain. This gives us better control over the global visual
characteristics of the image. A composite image is actually a superimposed
image from a set of two or more images, called source images. The proposed
technique may be used to add global effects in images like light effects, rain
1

In the rest of the text term segment and content will be used interchangeably.
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(a) Clouds of fire.
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(b) Sunrise scene.

Fig. 1: Examples of composite images produced by the proposed technique.
effects, and may also be used to create textures and art images. Section ?? describes these applications in detail. Figure 1 shows two examples of composite
images produced by our technique.

2 Related work
In image processing and computer graphics, image composition refers to the
assembly of a set of images into a new image. Different objects from different
images may be cut and pasted together to form a new image. The quality of
the resultant image depends on how seamlessly the objects are blended. Other
closely related areas include image blending, fusion [19], matting, mosaics,
overlaying, lerping, metamorphosis, morphing, and stitching. These techniques
has been used in films, animations and cartoons.
An initial image composition technique was proposed by Bruce A. Wallace [39] which was meant for cartoon animations. Different chunks of artwork
were merged together to generate a single composite frame of the animation.
Individual pieces of a scene or frame were designed separately and then converted into pixels in computer and corresponding pixels were assembled and
thus a frame of animation was created. Porter and Duff described four operators to generate composite images [28] in RGBA model. Each image pixels in
this model was a quadruple represented as (r, g, b, α), where r, g and b were
the color components and α was coverage factor ranging from 0 to 1 and controlled the proportion of pixel value from the two images. This technique was
extended by James Blinn [18]. Pyramids have been successfully used in many
image fusion techniques such as [1, 38, 37, 3, 48, 14].
Goshtasby presented a fusion method [16] to fuse multiple images taken
from a single and static camera of a static scene. In each image some areas
contain maximum information where as the other areas do not. These multiple
images are composed into a single image that has maximum information at
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each pixel. The technique, first, divides the images into blocks. Each block
with maximum information is selected and then combined together to get a
single image using a monotonically decreasing blending function. An excellent
literature on image stitching may be found in [36, 17].
One of the classical methods of image composition was described in [27].
It is based on Poisson equation with Dirichlet boundary condition used with
guidance vector. Digital Photomontage framework for image composition was
proposed by Agarwala et al. [2]. It used two techniques, graph cut optimization
[9, 8] and gradient domain fusion [12, 23] to create a new image from multiple
source images. Graph cut optimization technique was used to cut the optimal
seam of the objects from source images. Gradient domain fusion was then used
to fuse the source objects in the composite image so that any visible artifacts
may be removed.
One important task in any image composition algorithms is to select the
region of interest which is done manually. Selection of the boundary of a complex region of interest may become cumbersome and time consuming. Jiaya Jia
et. al. [20] proposed a shortest closed path algorithm to select the boundary
of the region of interest extracted from source image using Graph-Cut [29].
Their proposed approach was an extension of Poisson image editing [27] with
optimized boundary condition. Jinli Suo et.al. also used Poisson image editing
technique for face fusion and gender conversion [35].
Image morphing is a special technique used in film and television industry
to transform one scene to another in a seamless manner. The proposed image
composition technique and image morphing have some similarity because in
both a superimposed image is generated but they are different because in
image morphing, given two images, a set of intermediate images are created
which show the smooth transformation of one image to the other. Whereas in
our approach, given a set of images, a single image is generated.

3 Motivation
Important current image composition techniques are discussed in section 2.
These techniques take multiple image segments and stitch them together seamlessly. Those segments may belong to same or different images, representing
different themes while the composite image may have a completely new concept. The composition is nothing but a seamless merge of multiple image pieces
and each piece has no effect on others. Some times it is required that these
pieces affect each other. These effects can be change in brightness of the other
parts or addition of a certain color component. Existing image composition
techniques do not provide such functionality.
As an example, suppose we have an image of a grassy field (Figure 2 (a))
and we want to add the dazzling sun in it (selected area in Figure 2 (b)).
A composition of these two images, shown in Figure 2 (c)), adds the sun in
the grassy field at location (100, 250) using the famous Poisson Image Editing
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(a)

(b)

(c)

Fig. 2: Image ‘a’ and ‘b’ are two source images of size 640×480 for composition.
The highlighted area in image ‘b’ is the part to be merged in image ‘a’. Image
‘c’ is the resultant image created using Poisson Image Editing approach [27].
approach [27]2 . Though, the sun has merged in grassy field but this is not
what we expected. We not only want to add sun in the grassy field, but also
want to add the global effects of sun, that is sunshine, in the grassy field. This
cannot be achieved by using the existing image composition techniques, which
is the motivation for the new proposed algorithm.
4 The Proposed Image Composition Algorithm
The proposed technique works in three steps. First it transforms the source
images (images to be merged) to the frequency domain and in the second
step, the frequencies are mixed together in a desired proportion to create a
new spectrum. In the third step, the resultant spectrum is normalized and
is converted back to the spatial domain yielding the composite image. This
whole process is shown in the Figure 3.
4.1 Frequency Domain Transformation
To generate a composite image of n source images, each image is represented in
frequency domain. There are many transforms available to represent an image
in frequency domain like Fourier transform, Sine transform, Cosine transform
and wavelets. We chose the Discrete Cosine Transform (DCT) for our proposed
approach. There are two reasons for this choice, first, due to the decorrelation
property of DCT and second, DCT is space efficient than others because in
DCT only real values are computed. DCT of an image I of size m × n is
calculated as:

D(u, v) = αu βv

m−1
X n−1
X
i=0




1
π
1
π
(i + )u) cos
(j + )v)
I(i, j)cos
m
2
n
2
j=0


(1)

2 Source code is taken from author’s website: http://www.umiacs.umd.edu/ aagrawal/ICCV2007Course/index.html
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Image 1

Image 2

Compute DCT

Compute DCT

Gaussian Lowpass
Filter with cut-off r1

Gaussian Lowpass
Filter with cut-off r2

Sum the respective color channels

Normalize the sum

Compute inverse DCT

Resultant
composite image

Fig. 3: Flowchart of the proposed technique.

where
(
αu =

√1

qm
2
m

if u = 0
if 0 < u < m

and
(
βv =

√1

qn
2
n

if v = 0
if 0 < v < n

When an image is represented as DCT coefficients, the DC component lies at
the top-left corner of the transform and represents average of all the values in
the source image. Low frequencies lie around the DC and as we move away from
DC, higher frequencies are found. Low frequencies in a transform represent the
structure of the image while the high frequencies represent the fine details in
the image.

4.2 Separating Required Frequencies
After transforming the source images into the frequency domain, in the next
step the frequencies are mixed in different proportions. Low frequencies correspond to the structural details in the image and high frequencies represent the
fine details in the image. Low frequencies of the source images are extracted
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using low-pass filter with different cut-off frequencies. The low-pass filtered
images are then combined to compose a new image. The image whose global
effect is to be added in the other images is low-pass filtered with a large cut-off
so that its effect prevails in the resultant image. To extract a portion of the
frequency spectrum of an image one or more of low pass, high pass, band pass
and band reject filters may be used. Since we want to extract the low frequencies we use low-pass filter. There are three basic low-pass filters: ideal low-pass
filter, Butter Worth low-pass filter and Gaussian low-pass filer. Ideal low-pass
filter (ILF) is the simplest filter in frequency domain but it suffers with the
ringing effect. Butterworth low-pass filter does not exhibits the ringing effect
and it is smoother than ILF but for very large degree value, BLF behaves like
ILF. The Gaussian low-pass Filter (GLF) is defined as:
H(u, v) = e

−

D(u,v)2
D0 2

(2)

where D0 is cut-off frequency and D(u,v) is the distance of the point (u,v) from
the center of the frequency and is given by equation 3. Like BLF, Gaussian
low-pass filter does not exhibits the ringing effect and it is smoother than
ILF and BLF. We use Gaussian low-pass filter in our approach to extract low
frequencies in images due to its better performance in terms of ringing effect.
r
D(u, v) =

(u −

M 2
N
) + (v − )2
2
2

(3)

4.3 Generating Composite Images
There are three steps to generate a composite image in our algorithm. (1) The
source images are converted into frequency domain. (2) Each image is lowpass
filtered using Gaussian lowpass filter and finally (3) The lowpass filtered images
are added up and normalized to get the resultant composite image.
Let I1 (x, y), I2 (x, y), I3 (x, y), · · · In (x, y) be n source images, each with dimension M × N . Let I1 (u, v), I2 (u, v), I3 (u, v), · · · In (u, v) be the Discrete Cosine Transform of these n source images. That is:
Ii (u, v) = DCT (Ii (x, y))

(4)

where 0 ≤ u ≤ M and 0 ≤ v ≤ N .
To extract frequencies in a radius r, we use Gaussian low pass filter G(u, v).
−

G(u, v) = e

D 2 (u,v)
2D 2
0

(5)

where D(u, v) is the distance of (u, v) from the origin of the transform. D0
is known as radius of the filter or cut-off frequency. Figure 4 shows an image
and its low pass filtered version generated with Gaussian low pass filter with
different cut-off frequencies. The image labeled 4a is the source image and the
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(a)

(b)

(c)

(d)

Fig. 4: Image ‘a’ is a source image and images ‘b’, ‘c’ and ‘d’ are its three
lowpass filtered versions with decreasing radii.
remaining three images are its Gaussian lowpass filtered images with different
cut-off frequency D0 . The limit on D0 is:
r
M2 + N2
0 < D0 ≤
(6)
2
where M and N are dimensions of the images.
Let I10 (u, v), I20 (u, v), I30 (u, v), · · · In0 (u, v) be the n Gaussian lowpass filtered
images with radii r1 , r2 , r3 , · · · rn . That is
Ii0 (u, v) = Ii (u, v) ∗ Gri (u, v)

(7)

where Gri (u, v) is Gaussian lowpass filter with radius ri . The composite image
F (u, v) of these n images is obtained as:
I10 (u, v) + I20 (u, v) + · · · + In0 (u, v)
R
where R is the normalizing factor and is given by:
F (u, v) =

R=

r1 + r2 + r3 + · · · + rn
q

(8)

(9)

M 2 +N 2
2

To get the resultant image in spatial domain, we take inverse discrete cosine
transform of F (u, v).
f (x, y) = iDCT (F (u, v))
(10)
A gray scale image is directly transformed into frequency domain using Discrete Cosine Transform (DCT), but in case of color images, the image has
more than one channels and DCT should not be applied directly on the whole
image. In our approach the source images are in RGB color model and hence,
there are three color channels.
A number of other color models are also available, for example, RGB,
CMYK, Y Cb Cr , and YUV. Each color model has its own applications and
characteristics. CYMK is best for printing and YUV is used for TV broadcasting. The RGB color model is considered to be the best for image representation because it covers the maximum of visible spectrum. In our algorithm,
we have used RGB color model.

Image Composition

9

Algorithm 1 Generating A Composite Image
Require: n input images Ii=1···n
Ensure: Ires : A composite image
1: for i = 1 to n do
2:
Ii0 (u, v) ← DCT (Ii )
3:
Ii00 (u, v) ← Ii0 (u, v) ∗ Gri (u,v)
{Gri (u,v) is Gaussian Low pass filter with radius ri }
4: end for
n
X
1
5: If (u, v) ← R
Ii00 (u, v)
i=1

{Where R is normalizing factor given by equation 9}
6: Ires ← iDCT (If (u, v)) {iDCT is inverse of DCT}
7: return Ires

The DCT is computed for each color channel red, green and blue separately. Similarly, in the second step the low-pass filters are applied on each
color channel. In the final step, each filtered color channel of the source images
are added up and normalized resulting in a composite image. The resultant
channels are then transformed back to spatial domain using inverse DCT operation resulting in an RBG image again.
Cut-off frequency is a crucial parameter in generating a composite image
because it decides which contents of the source images will prevail the resultant
image and what proportion of each source image contributes in the composite
image. Each source image may have a different cut-off frequency depending
on how much of its contents are desired in the resultant image. Suppose we
have two images of same size, image A and image B. Both A and B are lowpass filtered with cut-off frequencies r1 and r2 respectively. Larger the cut-off
frequency means more contents of that image will be visible in the resultant
image. Now, if we want to add the global effect of image A into image B, we
set r1 to a larger value as compared to r2 which will be a small value. On the
other hand, if global effects of B are desired in A, r2 must be greater than
r1 . So, the cut-off frequency for each source image is decided on the basis of
its contribution desired in the resultant image. A number of experiments are
carried out to demonstrate this technique in the next section.
5 Experiments and Results
The proposed technique is implemented in Matlab and large number of experiments are performed for demonstration. In each experiment the execution
time is also computed and reported in table 1, based on Intel Core 2 DUO
CPU @ 2.2 GHz with 1 GB of RAM.
Figure 5 shows the first experiment where two images of size 640 × 480 are
used as source images to our approach. The first image is a scene of a grassy
field (Fig. 5a) and second image is a dazzling view of the sun (Fig. 5b). The
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(a)

(b)

(c)

Fig. 5: Sunrise in Grassy Field: Image ‘a’ is a photo of a field and ‘b’ is a
sunrise scene. These two images are composed using by using our approach
resulting in a new scene where sun is rising behind the fields.

task is to create a new image in which the sun is shining behind a grassy field.
The two source images are combined together using the proposed technique
with cut-off frequencies r1 = 600 and r2 = 280 respectively giving the desired
image (Fig. 5c). In the resultant image, the sun is added in the grassy filed
and also the sunshine effect which is changing as we move to the bottom of the
image. This kind of effect may not be produced by existing image composition
techniques as shown in Figure 2 that was generated by using Poisson Image
Editing approach [27].
It is very important that what cut-off frequencies are chosen for the source
images while applying the Gaussian low-pass filter. Varying the cut-off frequencies of source images will vary the output composite image. For example,
if you swap the source images (5a and 5b) in the first experiment shown in
Figure 5 without swapping their cut-offs, the resultant composite image will
be different. This is because in this experiment r1 = 600 and r2 = 280 which
means ‘Sunrise’ image is filtered with a low-pass filter of cut-off 600 and ‘Grassy
Field’ image is filtered with cut-off 200. This means, the composite image will
have more contents of first image as compared to the second image and hence,
the global contents of sunrise prevail the resultant image.
In second experiment, we want to create an imaginary image of white
clouds full of fire. Many images of clouds are available on Internet or can be
captured easily using a hand held camera. Figure 6a shows such a simple image
of clouds captured on a sunny day. Figure 6b shows an other image of clouds
that was captured in the evening while sun was setting. By combining these
two images using the proposed technique with cut-off frequency r1 = 450 for
first source image (6a) and r2 = 500 for second source image (6b), we get the
resultant image shown in Figure 6c.
Figure 7 shows the third experiment where a composite image with daffodils in rain is generated. The two source images are of size 250 × 250. Figure 7a is a scene of rain fall and Figure 7b shows daffodils. The images are
combined using cut-off frequency of 150 for first source image, and 350 for
the second source image. In fourth experiment, a scene of clouds (Fig. 17) is
merged with a scene of sunset behind the ocean (Fig. 8b). Figure 8c shows the
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(b)

(c)

Fig. 6: Clouds of Fire: Image ‘a’ and ‘b’ are two source images of clouds of size
320 × 320. Image ‘c’ is the resultant image created using proposed algorithm.

(a)

(b)

(c)

Fig. 7: Daffodils in Rain: ‘a’ is daffodils image composed with ’b’, a rain scene
resulting in image ‘c’.

(a)

(b)

(c)

Fig. 8: A cloud image merged with a sunset scene giving a new theme where
sun is rising behind the clouds. The rays of the sun are passing through the
clouds giving it a natural look.

resultant composite image generated with cut-off frequencies are 650 and 980
respectively. In experiment 5, light rays effect is added in a scene of strawberry
picking. The composite image generated as a result of mixing frequencies of
the two images, that lie within the radius of 500 for image ’a’ and 200 for
image ’b’, is shown in Figure 9c. Figure 10 shows another example where a
rainbow is added in a flying bird image.
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(a)

(b)

(c)

Fig. 9: A strawberry in hand scene composed with the sun rays.

(a)

(b)

(c)

Fig. 10: Image ‘a’ and ‘b’ are two source images of size 670 × 450 for composition. Image ‘c’ is the resultant image created using proposed approach.
Table 1: Execution time for the given ten experiments. NOI is the number of
source images, Size is the dimensions of the source images, r1 , r2 are cut-off
frequencies used in corresponding images and Execution Time is in seconds.
Exp No.
1
2
3
4
5
6

Experiment
Sunrise in Grassy Field
Clouds of Fire
Daffodils in Rain
Sunrise
Strawberry
Rainbow

NOI
2
2
2
2
2
2

Size
640 × 480
320 × 320
250 × 250
800 × 495
506 × 338
670 × 450

r1
600
450
150
650
500
250

r2
280
250
350
680
200
400

Time
0.844
0.282
0.188
1.406
0.594
1.187

5.1 Adding Light Effects
Many times we want to add shining of some other light source to an image.
Using traditional composition techniques, one can cut the light source from
one image and paste it in the second. But doing so will not produce a pleasant
and natural image because just adding the sun in the image would not effect
the other part of the image. The proposed technique not only adds the light
source in the image, but also adds the light effect in the whole image, creating
a more natural look. Figure 11 shows an example of adding a sun setting image
to a mountain image, giving a sun-rise scene (Figure 11c) where all parts in
the image are proportionally illuminated. Figures 12 and 13 show some more
examples of adding light effect.
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(b)

(c)

Fig. 11: Image ‘a’ is a sunset scene that is merged in a valley scene. The
resultant image ‘c’ shows the sun setting behind the mountains of the valley.

(a)

(b)

(c)

Fig. 12: A composite image of forest with added light effects.

(a)

(b)

(c)

Fig. 13: A composite image of aeroplane flying over the ocean and the sun
setting in the background
5.2 Creating New Textures
The proposed technique may also be used to create different types of texture
images by using two or more existing images. Figure 14c shows such a texture
created by composing a wall image (Figure 14a) and the daffodils image (Figure 14b) with cut-off frequencies 440 and 180 respectively. Figure 15 shows
another example of creating a textured wall, where frequencies of stone wall
are combined with a flower image with cut-offs 1400 and 700 respectively. The
resultant image (Figure 15c) is shown at zoom 2.1 to make the texture more
visible.
5.3 Adding Rain Effects
Adding rain effect to an image is desirable in many situations to create a new
visual effect or to enhance the beauty of an image. The proposed technique can
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(a)

(b)

(c)

Fig. 14: Images ‘a’ and ‘b’ are the two source texture images and image ‘c’ is
the resultant texture image.

(a)

(b)

(c)

Fig. 15: A texture on the wall is created using the proposed technique. Image
‘a’ and ‘b’ are two source texture images and image ‘c’ is the resultant texture
image.

(a)

(b)

(c)

Fig. 16: Rain effects added to a flower image.

also be used to add such effect in images. Figure 16 shows such an image where
rain effect to a flower image is added. In Figure 17, rain image is combined
with Lena image, and resultant image 17c is Lenna’s photo taken behind the
window in rain. Figure 18 shows another example.
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(b)

(c)

Fig. 17: Rain effects added to the Lenna’s image.

(a)

(b)

(c)

Fig. 18: Rain effects added to a girl’s image.

(a)

(b)

(c)

Fig. 19: A bare trees image and water splashes image with green background
are composed using proposed approach with cut-off frequencies 100 and 150
respectively.
5.4 Creating Art Images
The proposed technique can be effectively used to generate abstract art images.
In Figure 19, a water drops with green background is added to trees image and
resultant image is a more attractive image with a new theme. In next example
(Figure 20), a pigeons image is added to carpet fabric image. The resultant
looks like pigeons are embroidered in the fabric.
5.5 Adding More Visual Effects
There are some other applications of the proposed technique as well. It can
be used to compose a new image according to one’s theme in mind from two
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(a)

(b)

(c)

Fig. 20: A pigeons image composed with a fabric image. The resultant image
‘c’ looks like pigeons are engraved in the fabric.

(a)

(b)

(c)

Fig. 21: A rainbow added to a farm image
Table 2: Execution time for the experiments described in this section by category. NOI is the number of source images, Size is the dimensions of the source
images, r1 , r2 are cut-off frequencies used in corresponding images and Execution Time is in seconds.
Application
Light Effect
Texture
Rain Effect
Art
More Visual Effect

Experiment
Valley
Far Away
Aeroplane
Texture - 1
Texture - 2
Daffodils
Lenna
Girl
Autumn
Engraving
Rainbow

NOI
2
2
2
2
2
2
2
2
2
2
2

Size
500 × 316
522 × 393
500 × 350
400 × 550
1600 × 1200
250 × 250
512 × 512
500 × 381
250 × 177
2048 × 1613
599 × 450

r1
180
500
200
550
1000
150
650
450
100
800
250

r2
450
300
450
160
700
350
300
200
150
1800
700

Time
0.875
1.640
1.234
1.093
10.015
0.188
1.750
1.422
0.422
68.717
3.156

or more images. Figure 21 shows another example where a rainbow is added
in the image of a farm. Table 2 shows the statistics of all the experiments
described in this section.
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6 Conclusion
Different Image composition techniques have been proposed to generate a new
image by seamlessly combining multiple pieces or objects from multiple images.
The existing image composition techniques merge different pieces together
seamlessly but the characteristics of one piece, like brightness, rain effect or
light effect, do not affect the other piece in the composite image. Some times
it required that the visual characteristics of one piece affect the other pieces.
This paper presented such a technique that works in frequency domain and
generates a new image from multiple images by mixing the frequencies of the
source images in different proportions. There are three steps in the proposed
algorithm; first, the source images are converted in frequency domain using
Discrete Cosine Transform. In the second step, the resultant images are lowpass filtered with different cut-off frequencies. In the third step, the resultant
images are added up and normalized and then the resultant image is converted
back to the spatial domain. The efficacy of the proposed technique is demonstrated by carrying out a number of experiments and different applications.
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