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요약

스마트폰의 전면 및 후면 카메라를 이용하여 동시에 획득한 전경 이미지와 배경 이미지에서, 전경 이미지의 일부분인 전경
물체를 추출하여 배경 이미지에 합성하는 방법을 제시한다. 최근의 고사양 스마트폰은 대개 두 개의 카메라를 가지고 있고,
사진을 촬영하는 과정에서 미리보기 화면을 제공한다. 전면 카메라로부터 전경 이미지를 획득하는 과정에서 미리보기 화
면의 비디오에 대한 옵티컬 플로우를 이용하여 전경 물체를 추출한다. 추출된 전경 물체와 배경 화면을 단순히 합성한 후,
전경물체와배경화면의경계에서가중치경계블렌딩을이용하여시각적으로부드러운경계를갖는합성을수행한다.화소
수준의 조밀한 옵티컬 플로우의 계산은 고사양의 스마트폰에서도 상당히 느리기 때문에, 전경 물체 추출을 위한 마스크의
계산을저해상도에서수행하여계산시간을크게절약할수있다.실험적결과에의하면제안하는방법은더적은계산시간을
사용하며, 널리 사용되는 Poisson 이미지 합성 방법에 비하여 시각적으로 더 우수한 결과를 얻을 수 있다. 제안하는 방법은
Poisson이미지합성방법에서자주관찰되는색번짐결점을가중치경계블렌딩을이용하여제한적인수준에서극복할수
있다.

Abstract

We propose a method to compose a foreground object into a background image, where the foreground object is a part (or a
region) of an image taken by a front-facing camera and the background image is a whole image taken by a back-facing camera
in a smart phone at the same time. Recent high-end cell-phones have two cameras and provide users with preview video before
taking photos. We extract the foreground object that is moving along with the front-facing camera using the optical flow during
the preview. We compose the extracted foreground object into a background image using a simple image composition technique.
For better-looking result in the composed image, we apply a border smoothing technique using a weighted-border mask to blend
transparency from background to foreground. Since constructing and grouping pixel-level dense optical flow are quite slow
even in high-end cell-phones, we compute a mask to extract the foreground object in low-resolution image, which reduces the
computational cost greatly. Experimental result shows the effectiveness of our extraction and composition techniques, with much
less computational time in extracting the foreground object and better composition quality compared with Poisson image editing
technique which is widely used in image composition. The proposed method can improve limitedly the color bleeding artifacts
observed in Poisson image editing using weighted-border blending.

키워드: 옵티컬플로우,이미지합성,전경추출,스마트폰카메라
Keywords: Optical flow, Image composition, Foreground extraction, Smartphone camera
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1. Introduction

Image composition has been widely used in producing a new im-
ages by copying an object or a region within a source image and
then by pasting it to a target image. In order to compose a fore-
ground object from a sequence of frames, algorithms are required
to detect and extract foreground objects without noise as much as
possible. The effectiveness of those algorithms usually depends on
the change of background, whether the background changes fre-
quently or not. When background changes unpredictably and fre-
quently, it makes the detection and extraction of a foreground ob-
ject more difficult and hence, more noise will appear in the fore-
ground object.

In this paper, we propose a method to extract a foreground ob-
ject from a sequence of images using optical flow and then com-
pose the extracted foreground object into another background im-
age. Since it demands high computational cost to obtain pixel-level
high-density optical flow, we reduce the resolution of images in
order to efficiently compute optical flow. The foreground object
that is extracted using optical flow in the reduced resolution may
contains non-foreground region or noise unnecessarily. This will
result in visual artifacts on the composed image around the bor-
der of the extracted foreground object. We propose an additional
smoothing step around the border to obtain smooth transition from
background to foreground for a much better-looking result.

The modern high-end cell phones have two cameras, provide
users with preview video capability during photo taking, and have
high- but limited-computing capability. Therefore, the proposed
method in this paper is effectively applicable to compose two im-
ages taken by two cameras of high-end cell phones. We show our
experimental result in modern cell-phone environment as well as
usual PC environment.

2. Related Work

The existing foreground object detection algorithms can be catego-
rized into three categories: background subtraction, frame differ-
ence, and optical flow. Background subtraction [1] extracts a fore-
ground object by subtracting every frame from static background
which was captured during an initialization stage. This method
is simple to implement and does not demand high computational
cost. However, it does not accommodate any change in background
throughout the sequence of frames and therefore it considers all
the changes or noise in the background as a foreground object.
Frame difference [2] subtracts two consecutive frames in the se-
quence and considers the difference as a foreground object. This
method cannot distinguish a whole or a part of a foreground ob-

ject from background when the foreground object stops or moves
slowly during several frames. Optical flow [3] is the velocity field
which warps one image into another (usually very similar) images.
Every pixel has the information of its relevant motion in optical
flow and hence, collecting pixels of similar motion can form an
object with the motion. By estimating optical flow between two
frames, we can predict the velocity of moving objects. In general,
an object close to a camera have higher velocity than a distant one
even if they are moving at the same speed. Optical flow estimation
is used in computer vision to characterize and quantify the motion
of objects, often for motion-based object detection and tracking
systems.

There have been many researches in image composition. Mul-
tiresolution image blending [4] is to use the Laplacian pyramid of
selected area of an images. The selected area of a source image
is combined, within each resolution group separately, with its new
neighboring area in a destination image. The final composed im-
age is then retrieved by combining up the different levels of the
new merged Laplacian pyramid thus obtained. By combining mul-
tiresolution, the finest details are averaged very locally around the
border of the region, whereas lower frequencies are combined over
much large distance around the border. This method achieves an
estimated putting the source Laplacian in the destination region on
the first level of the Laplacian pyramid.

Poisson image editing [5] is a technique for seamlessly blending
two images together fully automatically. Many enhancements have
been done in order to make Poisson image editing more practical.
Several speeding up techniques have been suggested [6, 7, 8, 9].
They work very well based on the assumption that the border is
in the proper edge and the inner side is smooth and noise free.
A lot of studies have also been carried out in the area of bound-
ary conditions; for e.g., Drag-and-Drop pasting [10] allows users
to select the region of interest by reducing the conflict between
the salient structures in the source and target images automatically
along the border and Poisson matting [11] attempts to efficiently
handle blurry objects. However, all of them were not able to re-
solve the color bleeding artifact along the boundary in Poisson
image editing. Our proposed method can efficiently preserve the
appearance of both foreground and background at the same time
and achieve a smooth transition from background to foreground
compared with Poisson image editing.

There have a few commercially available method for cloning one
image to another; for e.g., a healing brush [12] designed for seam-
less cloning in Adobe Photoshop. Recent high-end cell phones
have two high-quality cameras that can take two photos simulta-
neously. Dual shot [13] in Samsung Galaxy S4 and later can take
two photos at the same time and merges them into a single picture.
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The dual shot system implements only Picture-In-Picture effect,
but cannot merge an extracted foreground object (human face or
a part of human body usually) captured by a front-facing camera
into a target image captured by a back-facing camera. The pro-
posed system can provides users with a better-looking and visually
pleasing composition result with selfie photo capturing.

3. Proposed Image Composition

For given two images to compose, I1 and I2, we assume that there
is a short sequence of frames, V1(t), 1 ≤ t ≤ n, corresponding
to the image I1, from which we try to extract a foreground object.
Note that the V1(t) can be obtained from the preview during the
photo taking. The current development platform for mobile sys-
tems such as Android and iOS does not provides developers with
API capability to capture images or videos from two cameras at
the same time on the preview. Therefore, we apply our proposed
method to a Dual-shot video that is pre-captured explicitly for our
development and experiment.

3.1 Computing optical flow in reduced-resolution

In order to extract a foreground object from I1 as clearly as possi-
ble, it is required to compute the pixel-level dense optical flow of
V1. Precisely, we are required to compute the optical flow of two
consecutive frames, V1(t) corresponding to I1 and its immediate
preceding V1(t − 1). However, the processing cost for calculating
the pixel-level dense optical flow is directly affected by the res-
olution of the frame, which is computationally expensive. To de-
crease the computing cost, instead of computing the dense optical
flow in the original resolution of V1, we scale down the resolution
to the 1/4-th along each direction, for e.g., from 1280 × 1024 to
360 × 240. Note that the resolution of the original frames is not
altered by this scaling operation, but the copy of the input is. This
reduced-resolution copy of the input is only for computing optical
flow in order to obtain the reduced-resolution mask of a foreground
object. Then, we calculate the dense optical flow in the reduce-
resolution. We adopt the DualTVL1 [14] method to calculate the
pixel-level dense optical flow. The dense optical flow obtained is
represented by a matrix T , each element of which represents the
2D velocity vector of every pixel along x and y directions in the
reduced-resolution. Figure 1 shows the flow of computing optical
flow in reduced-resolution for two consecutive frames.

그림 1: Computing optical flow in reduced-resolution

3.2 Foreground object extraction

Once the optical flow matrix T in reduced-resolution is obtained,
we generate a mask that can be used to determine which pixel of
either I1 or I2 becomes a pixel in a composed image. A foreground
object in I1 is usually closer to a front-facing camera and is moving
along with the camera during preview frames. Therefore, the mag-
nitude of the pixel at position (x, y), ‖T (x, y)‖, corresponding to
the foreground object is relatively quite smaller than that corre-
sponding to background. Given a predetermined small threshold
value δ > 0, the mask value at position (x, y) for a foreground
object is defined by 1 (white) whenever the ‖T (x, y)‖ < δ and
defined by 0 (black) otherwise.

Since the resolution of the mask is equal to the scaled-down im-
age, we scale up the mask to the resolution of the original input
image I1 so that it can be used to extract the foreground object
from I1. While scaling up, we repeatedly copy one mask value in
low-resolution into mask values in high-resolution. The mask in
high-resolution may contain noise and/or unnecessary background
region. In order to remove this noise, we apply an image dilution
method [15] to the mask before we use the mask for extracting the
foreground region. Figure 2 shows the process to extract a fore-
ground object within an input image using optical flow.

3.3 Composition using weighted border blending

Given two images I1 and I2 to compose and a mask M for ex-
tracting a foreground object from I1, a simple image composition
method can generate a composed image F = I1 ⊗M + I2 ⊗ (1−
M), where⊗ stands for the component-wise multiplication of ma-
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그림 2: Foreground object extraction using a mask

trices. However, this results in poor composition quality around the
border of the foreground object, because the masked image I1⊗M

may contains a part of non-foreground region around the border
when computing optical flow in reduced-resolution and scaling up
a mask to the resolution of I1.

After applying a primary simple composition, we apply a sec-
ondary weighted-border blending to smoothen the visual transition
from background to foreground region at the same time by trans-
parency control of I1 and I2 selectively.

Given a binary mask M , we apply a dilation operation l-times
with the disk of k-pixel-width to M , which generates a binary mask
Ml. Let i-th outter border mask be defined by Bi = Mi −Mi−1

for i = 1, 2, . . . , l assuming that M0 = M . Similarly, applying
an erosion operation repeatedly generates i-th inner border mask
be defined by Bi = Mi − Mi+1 for i = −1,−2, . . . ,−l. With
various l and k, we can generate a different set of border masks,
B = {Bi|i = l, l − 1, . . . , 1,−1,−2, . . . ,−l}, each of which runs
between background and foreground; for e.g., l = 4 and k = 1

makes a set of 8 border masks, each of which is 1-pixel wide. From
the outermost border mask Bl to the innermost B−l, the value of
border masks is assigned by from 0 to 1 smoothly (See Figure 3).
Using the value of each border mask as transparent weight for I1,
the finally composed image with the weighted-border blending has
visually smoother transition from background to foreground and
vice versa than that without the weighted-border blending.

Algorithm 1 Weighted-border blending

Input I1, I2: images to compose, M : a mask for a foreground ob-
ject from I1, B: a set of weighted-border masks

Output F: a composed image
for each pixel in I1, I2, and M do

F ← I1 ⊗M + I2 ⊗ (1−M)
end for
for each weighted-border mask Bi do

for each pixels in Bi do
if Bi �= 0 then

F ← I1 ×Bi ⊕ I2 × (1−Bi)
// ⊕ stands for an alpha blending operator.

end if
end for

end for

표 1: Processing time vs. scaling operations on a PC (unit:sec)

Resolution ×1 scaling ×1/2 scaling ×1/4 scaling
320× 240 6.31 1.17 0.45
640× 360 20.24 2.86 1.24
640× 480 23.45 3.19 1.55
720× 480 26.56 3.73 1.76

4. Experimental Results

We implemented the proposed system both on a PC with Intel Pen-
tium 4, 2.8 GHz Dual-core, 2GB main memory and on a smart
phone with Android 4.3, Quad-core 1.9 GHz, 32GB memory. We
use OpenCV 4.48 on a PC and JavaCV 0.7 with JNI (Java Native
Interface) on a smart phone.

As easily seen in the Algorithm 1, the overall performance
would be influenced by scaling operations involved in the fore-
ground object mask M and the number and width of weighted-
border masks. We compare the image composition result of our
proposed system with that of the Poisson image editing technique.

4.1 Computational time

Table 1 and 2 show the processing time to obtain the foreground
object mask using optical flow with respect to scaling operations
with different scale factors. As mentioned earlier in Section 3, ex-
periments on smart phones are quite limited due to lack of API
support. In our experiments, we can access two cameras indirectly
by Dual Shot of Samsung Galaxy S4, where the a pair of 640×360

video clips are only available to access.

As trivially seen in Table 1 and 2, the processing time can be
greatly reduced to obtain a foreground mask using optical flow
rather in reduced-resolution than in the input resolution.

The computation time is also influenced by the number of
weighted-border masks during the quality composition of a fore-
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그림 3: Composition of two images using primary simple merge with a foreground object mask and then using secondary weighted-
border masking.

표 2: Processing time vs. scaling operations on a smart phone
(unit:sec)

Resolution ×1 scaling ×1/2 scaling ×1/4 scaling
640× 360 6.48 2.40 1.03

표 3: Processing time vs. weighted-border masks (unit:sec)

# masks mask widths PC Smart phone
8 1 0.570 0.639
4 2 0.340 0.156
2 4 0.148 0.096

ground object and background. Table 3 shows the computation
time to apply our weighted-border masking for better visual result
with different number of masks and their widths. To compare the
impact of our weighted-border masks, we use 640 × 360 images;
and furthermore, to compare the impacts between the number of
borders and the width of borders, we set the number of pixels equal
to each other during weighted-border masking. As shown in the ta-
ble, the number of masks affects primarily to the performance in
both a PC and a smart phone.

We compare the processing time of our proposed method with
that of Poisson image editing, in which we change the number of
iterations to compose (See Table 4). The processing times are com-
parable between our weighted-border masking with 1-pixel-width
8 borders and Poisson image editing with 200 iterations.

표 4: Processing time of Poisson image editing on PC (unit:sec)

# iterations Time
10 0.0850
50 0.2316

100 0.4105
200 0.7937
300 1.1554

4.2 Visual quality

Given two images to compose in Figure 4 taken by front- and rear-
facing cameras at the same time, Figures 5 shows the composition
result applying a primary simple composition and then applying
our weighted-border masking with different width of eight bor-
ders. In the enlarged part of the Figures 5, it is easily seen that
smoother transition is observed around borders between composed
foreground and background when the weighted-border masks with
smaller width is applied.

We compare the visual quality of our proposed system with that
of Poisson image editing. Figure 6 show the composition result
using Poisson image editing method with 200 iterations, where
one can see the color bleeding artifacts all around the composed
foreground object compared with Figure 5. Furthermore, this arti-
facts cannot completely be removed even though the number of
iterations increases. In fact, our proposed method cannot com-
pletely avoid color bleeding artifacts during applying weighted-
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그림 4: Front- and rear-facing camera images

border mask; however, we can restrict the region of color bleeding
artifacts by means of the number and width of our weighted-border
masks (See also Figure 5).

5. Conclusion and Future Work

The major contribution of this paper can be summarized that we
presented a method to extract a foreground object using optical
flow in reduced-resolution and to compose the extracted fore-
ground object to a background image using a combination of sim-
ple composition and weighted-border blending for better visual
quality around the border between the foreground object and back-
ground image. Computing optical flow in reduced-resolution can
greatly reduce the overall computation time for extracting a fore-
ground object, and applying our weighted-border masks can im-
prove visual quality around the border between the foreground ob-
ject and background. Compared with Poisson image editing for
image composition, we can effectively but limitedly avoid color
bleeding artifacts around borders by means of the number and
width of weighted-border masks.

According to our experimental result, our method is applicable
to high-end cell phones with two camera in the sense of perfor-
mance and quality. Even though the high-end cell-phones of the
day have two cameras, development platforms for mobile systems

그림 5: Composition result with different weighted-border masks:
4-pixel-width 2 borders, 2-pixel-width 4 borders, and 1-pixel-
width 8 borders (from top to bottom)

그림 6: Composition result using Poisson image editing with 200
iterations
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such as Android development environment do not allow develop-
ers to capture images and/or videos from two cameras at the same
time. Due to this reason, we experimented our method indirectly
from the Dual Shot video, which is a sequence of a pair of frames
captured by front- and rear-facing camera at the same time.

The major limitation of our method comes from the computa-
tion of optical flow. It fails to generate a proper foreground object
mask from an image when the background in the image does not
have enough color difference to differentiate the movement of pix-
els in the sequence of frames. Future work could include solving
this limitation by comparing two optical flows from two cameras.

In this paper, we do not consider any environment variable dur-
ing image composition. One of the environment effects occurs
when two images are taken under a shiny directional light source
such as a sun. If shadow casts onto a foreground object itself, the
composed image with background shows an odd result due to the
difference of shadow casting directions. Considering environment
effects could be a part of future work in this area.

Acknowledgment

이 논문은 정부의 재원으로 한국연구재단의 일반연구자지원사

업(2012R1A1A2007264)과 중소기업청의 2013년 산학연협력기
술개발사업 (No. C0114421)의지원으로수행된연구결과입니다.

참고문헌

[1] M. Piccardi, “Background subtraction techniques: a review,”
in IEEE International Conference on Systems, Man and Cy-

bernetics, vol. 4, Oct 2004, pp. 3099–3104 vol.4.

[2] I. Kartika and S. Mohamed, “Frame differencing with post-
processing techniques for moving object detection in outdoor
environment,” in IEEE 7th International Colloquium on Sig-

nal Processing and its Applications (CSPA), March 2011, pp.
172–176.

[3] J. Weber and J. Malik, “Robust computation of optical flow in
a multi-scale differential framework,” in Fourth International

Conference on Computer Vision, May 1993, pp. 12–20.

[4] M. Grundland, R. Vohra, G. P. Williams, and N. A.
Dodgson, “Nonlinear multiresolution image blending,”
International Journal of Machine Graphics & Vision,
vol. 15, no. 3, pp. 381–390, Jan. 2006. [Online]. Available:
http://dl.acm.org/citation.cfm?id=1375858.1375874
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