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1 | INTRODUCTION

“Selfie” has become a common phrase as people take
photos of themselves in interesting places and share them

| Jinhyuk Jang’

| Seungjoon Yang®

Abstract

Selfies are a popular form of photography. However, due to physical con-
straints, the compositions of selfies are limited. We present algorithms for cre-
ating virtual portraits with interesting compositions from a set of selfies. The
selfies are taken at the same location while the user spins around. The scene is
analyzed using multiple selfies to determine the locations of the camera, sub-
ject, and background. Then, a view from a virtual camera is synthesized. We
present two use cases. After rearranging the distances between the camera,
subject, and background, we render a virtual view from a camera with a longer
focal length. Following that, changes in perspective and lens characteristics
caused by new compositions and focal lengths are simulated. Second, a virtual
panoramic view with a larger field of view is rendered, with the user’s image
placed in a preferred location. In our experiments, virtual portraits with a wide
range of focal lengths were obtained using a device equipped with a lens that
has only one focal length. The rendered portraits included compositions that
would be photographed with actual lenses. Our proposed algorithms can pro-
vide new use cases in which selfie compositions are not limited by a camera’s

focal length or distance from the camera.

KEYWORDS
lens simulation, scene analysis, selfie, view synthesis

on social networking sites. The devices that people use to

take selfies are usually equipped with a limited set of

lenses. Furthermore, the distance at which selfies are typi-
cally taken is limited to the length of the arm. As a result,
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selfie composition is limited to subjects in the center
with a small amount of background in the field of view of
a wide-angle lens. We present algorithms for rendering
portraits with various compositions using multiple selfies
via view synthesis. View synthesis has been studied to
obtain free-viewpoint images and videos from multiple
cameras [1-3]. In model-based synthesis techniques [4,5],
geometric models of the scene are constructed. Further-
more, information on the scene, such as depth maps,
is constructed in image-based synthesis techniques [6-9].
A view from a camera with arbitrary lenses at any
location is rendered using the constructed model or
information.

We analyze the scene from multiple selfies taken
while a user is spinning around in this study. These
selfies are used to create the scene’s depth map. Then, a
view from a camera with a longer focal length, at a dis-
tance farther from the subject, is rendered. A synthe-
sized selfie is a portrait captured with a telephoto lens.
Perspective and lens characteristics change as a result
of the longer focal length and increased distance
between the subject and camera. A view from a camera
with a shorter focal length would necessitate images
that include the upper and lower parts of the scene,
which are absent from the selfies. Instead, a panoramic
view of the scene is rendered, with a user’s image
placed at an arbitrary location. In contrast to view syn-
thesis techniques that provide free viewpoints, our pro-
posed method provides only a view from a camera
moved in a straight direction away from a subject. The
perspectives are broad enough to allow for portraits
taken with telephoto lenses. We were able to avoid
common difficulties in view synthesis, such as filling
the newly exposed area around the subjects, because
the viewpoints are limited and the selfies are captured
while the user is spinning [6-9] or reconstructing a sur-
face from skewed angles [4,5]. Our proposed algorithm
is simple enough to run on mobile devices with limited
computational power.

In our experiments, we used selfies photographed
with a 28-mm focal length lens, typically found on
mobile devices such as cellular phones. Portraits photo-
graphed with virtual lenses having focal lengths of 85
mm, 105 mm, 200 mm, and 300 mm were rendered
from three selfies. Portraits photographed with the sub-
ject and camera moved away from the background were
also rendered. The panoramic selfies were constructed
from video selfies taken with the 28-mm focal length
lens. The rendered images were compared to the images
photographed using the same focal length lenses at the
same rearranged distances to validate the performance.
Our proposed method provided images of a scene
viewed from a camera with a selected focal length for

the subjects and camera at new locations accurately.
The perspective and lens characteristic changes due to
the lens and distance changes are also rendered accu-
rately. Compared to digital zoom [10], our proposed
method provided higher resolution images. Our pro-
posed method can be used to provide portraits with a
wide range of focal lengths. The proposed algorithms
can provide new use cases wherein the composition of
selfies is not limited by the focal length of a camera or
the distance from a camera.

The contributions of this work can be summarized as
follows:

(i) We presented a method for generating a portrait of a
user from selfies taken with different focal length
lenses at virtual camera locations. There is no need
for a photographer to take the user’s portrait from a
long distance away. Images with long focal length
lenses that the user’s camera does not have can be
synthesized. Long focal length lens images have no
loss of resolution, unlike widely used digital zoom

(ii) We provided a method to synthesize a panorama
from selfies. There is no need for a photographer to
scan the scene away from the user to capture a pano-
rama that includes the user. After that, the user’s
image in the panorama can be determined.

The remainder of this paper is organized as follows.
Section 3 presents the first use case of rendering a view
from a virtual camera from multiple selfies. Section 4 pre-
sents the second use case of rendering a panoramic selfie
from a video selfie. Section 5 presents the experimental
results. Finally, Section 6 provides the concluding
statements.

2 | RELATED WORKS

View synthesis has been studied to obtain free-viewpoint
images and videos from multiple cameras [1-3]. In
model-based synthesis techniques [4,5], geometric
models of the scene are constructed. Starck and Hilton
[4] set up a multiple camera studio and simultaneously
capture a moving person. Multiple images are used to
reconstruct the scene geometry model. Lin and Xiao [5]
display a novel view rendering with a 3D point cloud
derived from a reconstructed 3D scene.

For 3D scene representation, suggest a multilayered
variate-resolution sampling technique. Furthermore, in
image-based synthesis techniques [6-9], information on
the scene such as depth maps are constructed. Starck and
Hilton [6] proposes the synthesis of novel views of people
from multiple view videos. Depth-image-based rendering
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(DIBR) is the process of synthesizing virtual views of a
scene from the video. DIBR suffers from holes and arti-
facts. Liu and other [7] generate a better arbitrary view
based on DIBR for filling the holes. Cheng and others [8]
propose a new algorithm developed for recovering the
large disocclusion regions in DIBR. Chen and others [9]
present a virtual view synthesis approach based on
asymmetric bidirectional DIBR. Chen and others [9]
reduce rendering time and achieve significant hole reduc-
tion. A view from a camera with arbitrary lenses in any
location is rendered using the constructed model or
information.

Recently, view synthesis using deep learning tech-
niques is being investigated [11-13]. Using neural light-
transport field (NeLF), Chen [11] regenerates the face at
an arbitrary point by learning with multiple face images.
Freer and other [12] separate a person from a single
photo and then regenerate the background and recom-
pose with the person. Leimkiihler and Drettakis [13] use
generative adversarial networks to generate random
viewpoint images from multiple face photos (GANS).
There are mobile phone apps that simulate images from
virtual lenses. For example, the Viewfinder Preview app
[14] provides virtual focal length lenses by digital zoom-
ing. It is assumed, however, that a separate photographer
is taking a photo with the virtual lens far away from a
subject. Pitu app [15] simulates images of a telephoto lens
by blurring the background. It will work with a selfie, but
the perspective and composition will be different than
when using the actual lens.

Based on the multiple geometries, the proposed
method synthesizes a view from a virtual camera at vari-
ous locations and settings. The most significant innova-
tion is the use of selfies for the synthesis of portraits and
panoramas with the user inside. Other methods typically
assume that a separate photographer takes a portrait or a
panorama with a separate subject inside. The proposed
method assumes a scenario where a user takes selfies to
synthesize a portrait of himself/herself or a panorama
with himself/herself inside.

(A) (B) ©

FIGURE 1 User scenario with three selfies: (A) first,
(B) second, and (C) third shots are taken at the same location while
a user is spinning around
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3 | PORTRAIT FROM MULTIPLE
SELFIES

3.1 | Scene analysis

Consider the following scenario: A user takes multiple
selfies at the same location while spinning around. The user
scenario is depicted in Figure 1. We assume that the subject
is in the center of the photographs, with the background
visible on both sides (left and right). The subject’s locations
in the three photographs do not have to be identical.

The selfie scene is analyzed with multiview geometry
[2]. Specifically, the camera, subject, and background
locations in three-dimensional (3D) space are estimated
using two-view geometry. The three images obtained are
denoted as I, I, and I3, respectively, where I, is the cen-
ter of the three views. For the scene analysis, two-view
images are used. The steps below are illustrated with
images I1 and I; and I,; however, images I and I5 can
be used to achieve the same results.

Let plz[ul,vl,l}T and pzz[uz,vz,I]T be the homoge-
neous two-dimensional (2D) coordinates of the matching
points in images I; and I,. Then, points p, and p, satisfy

plTFPZ =0, (1)

where F € R**3 denotes the fundamental matrix [2]. The
fundamental matrix F can be determined from a set of
matching points. The feature points are obtained using
the scale-invariant features transform (SIFT) [16], and
the RANSAC algorithm [17] is used to obtain matrix F.

The essential matrix is computed from the fundamen-
tal matrix by

E=KFK', (2)

where K€ R**® is the matrix with intrinsic camera
parameters such as pixel sizes and the center coordinate
[2]. Matrix K is prepared through camera calibration.
The essential matrix can be used to obtain the extrinsic
camera parameters. The relative rotation R € R**3 and
translation ¢€ R® between the two cameras are found
using the procedures in Hartley and Zisserman [2]. The
camera matrixes P;, P, € B3 of the two cameras used
to photograph image I; and I, are written as

P, = L]i]K P,= [OIT}K, (3)

where 1€ R*3 is the identity matrix. The camera for
image I, is in the center, and the camera matrixes express
the relative rotation and translation of the camera for image
I,. The camera matrix is a projective transform from
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point [x, y, 2, 1]T in a 3D space to point [u, v, 1]T in a 2D
space by the camera. As the same point in the 3D space is
projected to the matching points p; and p, in image I; and
I, by the camera matrix P; and P,, respectively, we have

andp, =P, 4)

X X
y y
pi=P1
z Z
1 1

The locations of the points in the 3D space,
[x, , 2z, 1]T, can be calculated from the corresponding
pairs of matching points, p; = [u1,v,,1] and p, = [u,,v,,1].
The matching points within the subject and background
provide the subject and background’s locations in 3D
space relative to the cameras.

3.2 | Matting
Matting refers to the process of extracting a foreground
object from an image. A given image I is modeled by

I=alt+(1—a)l, (5)

where It and I}, are the images of a foreground object and
background, respectively, and the multiplications are
element-wise. The alpha matte o denotes the foreground
opacity, which is the linear combination’s pixel-wise
weights. We use matting to separate the foreground sub-
ject and background in the three selfies. The alpha matte
can be obtained by

min a'La  st. Dya=a;, (6)
where L is the matting Laplacian matrix, g is the alpha
matte for the known foreground and background, and D;
is a diagonal matrix that shows the pixels with the known
alpha matte [18]. The matting Laplacian matrix L can be
supplemented with two additional rows and columns
containing the estimated relative probabilities of pixels
belonging to the foreground and background [19].

The known alpha matte a5 is usually provided from a
scribble by a user. In our problem, we have more than
one image available. We can generate a; from the three
images, which are photographed while the user is rotat-
ing. The images of the user in the center have less dis-
placement than the background image, which has shifted
due to the user’s rotation. As a result, pixel displacements
provide information about the subject and background
locations in an image. We estimate displacement d
between the two image, I; and I,, using optical flow [20].
Subsequently, the scribble is obtained by

1, ifd(u,v) <6y,
ifd(u,v) > 6o, (7)
0.5, otherwise,

as(u,v) =< 0,

with threshold 0; < 6,. The color of pixels sampled in the
regions

Se ={I(u,v)|d(u,v) <6},

Se ={I(u,v)|d(u,v)> 6}, (8)

are used to provide the relative probabilities used in the
augmentation of the matting Laplacian.

The alpha mattes obtained for each image are used to
separate the foreground and background images from the
three images. The pixels in the foreground and back-
ground images in the 3D scene are located at the distances
of the subject and background found in Section 3.1.

3.3 | View synthesis

A view from a virtual camera with a different lens at a
new location can be synthesized from the scene analysis
data. Our goal is to render an image with a longer focal
length to simulate a portrait captured with a telephoto
lens. Figure 2 shows an image captured by a camera with
shorter and longer focal lengths with field of views 6
and 6, respectively. If we change the lens with a wider
field of view to a lens with a narrower field of view, the
foreground subject becomes large. To maintain the same
size of the foreground subject in a new image, the camera
has to be moved away from the subject. Figure 3A shows
how to position a virtual camera to provide a subject of
the same size. Trigonometry is used to obtain the location
of the virtual camera x as follows:

_ drtan O
" tan O1¢ '

©)

Background
Foreground

FIGURE 2 Sizes of the foreground subject for two lenses with
different focal lengths
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where 61, and 63, denote the halves of the field of view
of the lenses. As the size of foreground is maintained to

hy _hy tan 6 tan Oy
Ny _Ns " tan Op " tan gs,b.

(12)

Ratio Ng/Nj can be obtained from (12).
When the virtual camera’s telephoto lens is focused
on the foreground subject, out-of-focus blur blurs the

LEE ET AL.

Background

Foreground

be the same, we have
I
CAM2
X
db
(A)

Background

Foreground

cam2!

(B)

FIGURE 3 View captured by a virtual camera with a
telephoto lens at a new location, considering the (A) foreground
subject and (B) background

In Figure 3A, h and hg are the regions obscured by
the foreground subject when viewed with the cameras
with longer and shorter lenses, respectively, at two differ-
ent locations. Region hg is larger than region h;. When
the scene is viewed by the virtual camera with a longer
focal length lens at a new location, parts of the regions
that were previously hidden by the foreground subject
are revealed. When a scene is rendered using a virtual
camera with a longer focal length lens, pixel data in the
uncovered region are not available. Because the selfies
are taken while the user is rotating, the uncovered region
that is not visible in one image is visible in the others. By
constructing a panoramic background from the back-
grounds of the three selfies, we solve the problem of una-
vailable pixel data in the uncovered background.

Figure 3B shows how much of the background is
included in the two views. N} and Ny are the regions of
background included in the scene of the cameras with
longer and shorter focal length lenses at the two different
locations, respectively. Region Nj is smaller than Ng. The
smaller region fills the sensor with the same pixel counts
as the larger region. As a result, the portion of the pano-
ramic background image must be enlarged by the ratio
N;/Nj. In trigonometric terms, this is as follows:

N =2dytan by, (10)

Ny =2(x—d; +dy)tan Oy, (11)

background. The diameter of the blur kernel for the out-
of-focus blur is given by

F<ds - db)

db(ds_F) ’ (13)

CoC= ‘A

where A denotes the aperture, F is the focal length, d; is
the distance to the subject in focus, and dy, is the distance
to the blurry background [21,22]. The panoramic back-
ground is blurred by the circular blur kernel with the
radius given in (13) to simulate the out-of-focus blur.
Because selfies are typically taken with a short focal
length lens, the foreground image has barrel distortion.
Images captured with a telephoto lens typically exhibit
pincushion distortion. Because of the geometric distor-
tion caused by perspective changes, facial images cap-
tured with different focal length lenses show different

Background
Foreground

dy +x—d;

(A)

Background
Foreground

— N,

dy+x—dit+d,

(B)

FIGURE 4 View captured by a virtual camera with a
telephoto lens according to the distance of background: (A) original
and (B) longer distances
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facial features [23]. The foreground facial images can be
processed by a perspective-aware manipulation method
such as in Fried and others [24] for correction. We add
pincushion distortion on purpose to simulate the pin-
cushion of a telephoto lens [25].

The virtual view is synthesized by

L=l +(1—a)l,, (14)

where a5 is the alpha matte for image I, I,y is the pin-
cushion introduced foreground of image I,, and I, is the
blurred scaled-up panoramic background.

With the camera, subject, and background positions
identified by the scene analysis, a new composition can
be synthesized. For example, we can shift the camera and
subject positions away from the background to increase
the out-of-focus blur effect. Figure 4 illustrates the virtual
composition with the camera and subject located away
from the background. The new virtual composition
includes a larger region of the background in its view.
There is enough panoramic background in a new view of
the virtual composition because the panoramic back-
ground is prepared from rotating selfies.

4 | PANORAMIC SELFIE
SYNTHESIS FROM A SELFIE VIDEO
41 | Scene analysis
We consider a scenario wherein a user takes a video selfie
at the same location while spinning around. The user sce-
nario is depicted in Figure 5. In comparison with the pre-
vious section’s first user scenario, the rotation covers a
wider view angle, and the images include a panoramic
view of the background behind the user. The video selfies
are used in such a way that the video frames contain
images with smaller geometric differences. If three images
are used, as in the previous scenario, the structures that
appear in the three images may differ significantly.

The user appears in the center of the image while tak-
ing a selfie, with the background appearing on the left
and right sides of the user. We use the left and right

(@ L )
\e /
VY 5 e
: < ;
o' Ly <t v k

FIGURE 5 User scenario with a video selfie. Video is captured
at the same location while the user is spinning around

backgrounds to construct two background images. Let
I(u, v, k) be the image of the kth frame of the acquired
video. The left and right parts of the image are denoted
as I, and I. We obtain displacement (d,, d,) between
the adjacent frames by

maxg, 4,¢(ILs(u,v,k—1),IL(u+d,,v+d,,k)), (15)

where I1g(u, v, k—1) is the left-side background con-
structed using up to the k—Ith frame, Iy (u, v, k) is the
left-side background image of the kth frame, and function
¢ measures the similarity between the two images. The
left-side  background image is initialized with
Iig(u, v, 0) =Iy(u, v, 1).

The background image is updated using the two
images: background image I g(u, v, k—1) and displaced
image Iy (u-+dy, v+d,, k). For the pixels wherein the
two images overlap, we use a smooth transition as
follows:

Iig(u,v,k) =1 —wW)Ip(u, v, k—1)

N . (16)
+wW)I(u+dy, v+d, k),

where w(v) increases linearly from zero to one in the
overlapped region. The left background image after all
the frames in the video is denoted as I1g(u, v). The right-

Background
Foregrousid
(A)
1 1 Iz I 3 ) 4 . 5
1LB ] RB

B)

FIGURE 6 Construction of the background image from the
frames of a video: (A) frames of images acquired in a video and
(B) panoramic background images from the left and right sides of
the images
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side background image Irg(u, v) is constructed using the
same method.

Figure 6 illustrates the construction of the left and
right background images. For example, five video frames
are acquired as shown in Figure 6A. The images on the
left and right sides of the subject are depicted in the red
and yellow regions in Figure 6B, respectively. The left-side
background image I1p(u, v) is stitched from the displaced
red regions, and the right-side background image
Irg(u, v) is stitched from the displaced yellow regions.

4.2 | View synthesis

A virtual panoramic selfie is created from a selfie
video in which the location of a subject is chosen post
hoc. We use three images—the constructed left and right
background images (I 5(u, v) and Irg(u, v), respectively)
and the image that contains the subject at a particular
location I(u, v, ¢). Displacement (d, d~) between the
left background and center images is obtained by

maxg, 4,(I(u, v, ¢), Iig(u+dy,, v+d,)) (17)

and displacement (dX, d¥) between the right background
and center images are obtained by

maxg, 4,¢(I(u, v, ¢), Igg(U+dy, v+d,)). (18)

Subsequently, the panoramic selfie is constructed
using the center image I(u, v, ¢) and the displaced
. ~L ~L ~R ~R
images I;g(u+d,, v+d,) and Igg(u+d,, v+d,). For
the overlapped regions, linear blending similar to (16) is
used.

. &
Iis 1]2(3]|4]5 Iy 1|2(3[4]5
+ e &
A 3 1, 4
1 1
3 4
Output Output
*) (B)

FIGURE 7 The panoramic selfie is a synthesis in which the
subject can be placed anywhere in the background post hoc.

(A) when using image #3 as the center image and (B) when using
image #4 as the center image

ETRI Journal—=W]I LEYJ—7

Figure 7 illustrates the synthesis of the panoramic
selfie. The frame numbers follow the numbering in
Figure 6. In Figure 7A, the third image, I(u, v, 3), is

FIGURE 8 Examples of the three selfies photographed under
the user scenario. Images of the (A) first, (B) second, and (C) third
shots are shown

FIGURE 9 Matching points found in two of the three images:
(A) I and (B) I,

(=}

15 -5
z-axis 5 710  x-axis

0
(A)

y-axis

(B)

FIGURE 10 Result of scene analysis. (A) In 3D space, the
camera positions and matching points from the subject and
background are shown. (B) Moving the camera to a different
location to render a view with a longer focal length lens
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chosen as the center image; in Figure 7B, the fourth
image, I(u, v, 4) is chosen as the center image. After the
selfie video is captured, the user can select the center
image. Following that, the virtual selfie with the user’s
image at the selected location is synthesized.

5 | EXPERIMENTS AND
DISCUSSIONS

5.1 | Portrait from multiple selfies

51.1 | Scene analysis

The examples of the three selfies are shown in Figure 8.
Each step of the proposed algorithm is shown with the
three photographs depicted in Figure 8. Figure 9 shows

(A)

Vector plot

A
LIS Y
/I 77477477

-800[=

~1000 f-

0 200 400 600 800 1000 1200 1400 1600 1800 2000

B)

FIGURE 11 Optical flow results, shown using Middlebury
(A) color coding and (B) vector field

(A) (B)

© D)

FIGURE 12 Result of matting: (A) image I,, (B) trimap, (C)
foreground, and (D) background

the matching points observed using the SIFT features in
images I; and I,. The matching points are used to obtain
the fundamental matrix F, essential matrix E, and cam-
era matrixes P; and P,.

The locations of the matching points in the 3D space
are obtained using the P; and P, matrixes. The locations
are displayed in Figure 10A. The camera location for
image 12 is shown in red, as is the origin of the 3D space.
Figure 10A shows how the matching points from the sub-
ject and background are separated in 3D space. Our aim
is to move the red camera to another location and use a
telephoto lens to synthesize a view for a portrait, as
depicted in Figure 10B.

51.2 | Matting

Figure 11 shows the result of the optical flow estimated
between I; and I, using Middlebury color coding and the
vector field. The estimated distances for the foreground
subject are less than those for the background. For the
matting algorithm, the distance is thresholded to form a
scribble and color sampling.

The result of the matting is shown in Figure 12. The input
image I, is shown in Figure 12. Scribble a; built from the
distance shown in Figure 11 is presented in Figure 12B.
The foreground and background are extracted using the
alpha matte, as shown in Figure 12C,D, respectively.

FIGURE 13 The panorama background was created by
combining the backgrounds of the three images

FIGURE 14 Example of pincushion distortion simulation.
(A) The foreground image was captured using a short focal length
lens with barrel distortion. (B) Pincushion distortion was added to
the foreground image to simulate the effect of a telephoto lens
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5.1.3 | View synthesis

Figure 13 is the background constructed from the back-
ground of images I, I;, and I5. The panoramic back-
ground stitched up the background region behind the
subject, black region in Figure 12D. The unfilled region,
such as the lower parts of the vending machine, will be
obscured by the foreground subject in the final view.

Figure 14 shows the simulation of pincushion distor-
tion by a telephoto lens. The foreground image in
Figure 14A is obtained from the three selfies captured
with a short focal length lens. The illustration depicts
barrel distortion. The image in Figure 14B results from
the added pincushion distortion.

The final views of cameras with telephoto lenses of
the 85-mm, 105-mm, 200-mm, and 300-mm focal lengths
from farther distances are shown in Figure 15. The final
results show that our proposed method renders portraits
with the correct depth of field and field of view when
using telephoto lenses. As the focal length of the simu-
lated lens increases, so does the out-of-focus blur of the
background. As the focal length of the simulated lens
increases, so does the background inside the field of view.
The background is shown in the simulated images of the
lenses with a longer focal length, which is behind the
subject in the original image from the 28-mm lens (the
first images from the left in the figure). Because our pro-
posed method renders a view from the rotating selfies,
the regions in one of the original images that are
occluded by the subject can be rendered accurately.

ETRI Journal—=W]I LEYJ—9

Region filling techniques [26-29] to hide newly exposed
occluded areas were not necessary. Through simulated
lenses, our proposed method provides an accurate view
of the scene. A view from any focal length lens can be
synthesized using the proposed method. The figure
includes, for example, the views of the 85- and 300-mm
focal length lenses, which we do not currently own.
Table 1 shows the distance between the subject and
virtual camera for the images in Figure 15. The distance
for the 28-mm focal length lens is the actual distance
between the subject and camera. When using the longer
focal length lenses, the virtual camera is moved back and
away from the subject. The distances become more than
6 m for the longest 300-mm focal length lens. This is the
actual distance that photographers would place between
them and a subject when taking a head and shoulder por-
trait of the subject. It is impossible for users to extend the
distance between them and the camera when taking a
selfie even with a selfie stick. By taking multiple selfies

TABLE 1 Distance between subject and virtual camera

Focal length Distance
28 mm 0.60 m
85 mm 1.84 m
105 mm 2.24m
200 mm 4.28 m
300 mm 6.74 m

28mm (I,) 85mm 105mm

200mm 300mm

FIGURE 15 Examples of virtual view synthesis of the telephoto lenses, for the pairs of images. Top: images photographed using the
specified lenses, bottom: images synthesized from the three rotating selfies
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and synthesizing a virtual view, we were able to render a
portrait with a long focal length lens from a camera at a
far-away distance.

Figure 16 shows the comparison to digital zoom [10].
A photograph is taken at a greater distance with a 28-mm
focal length lens, and a portion of the image correspond-
ing to the field of view of a 200-mm focal length lens is
cropped and enlarged. The loss of resolution is apparent
in digital zoom images. Furthermore, the image shows

©

FIGURE 16 Comparison to digital zoom. (A) Image taken
with a 28-mm lens in the same location as the image taken with a
200-mm lens; (B) digital zoom to simulate a 200-mm lens; (C) part
of image obtained by digital zoom; and (D) part of image obtained
by our proposed method

©

FIGURE 17 Comparison to currently available methods:

(A) three selfie images taken with a 28-mm lens; (B) left: 85-mm
f5.6 image synthesis from selfies; right: 85-mm image captured with
Viewfinder Preview app; and (C) left: 300-mm f2.8 image synthesis
from selfies; right: 300-mm image simulated by Pitu app

the depth of field of a 28-mm lens, and there is no out-of-
focus blur in the background. In comparison, our pro-
posed method renders the foreground subject with the
same resolution as the original selfie, while the back-
ground has out-of-focus blur due to the shallow depth of
field of a 200-mm lens.

Figure 17 shows comparisons to currently available
apps: Viewfinder Preview [14] and Pitu [15]. Figure 17A
is the three selfie images taken while rotating using
Viewfinder Preview app with a 28-mm lens. In
Figure 17B, an 85-mm image synthesized from the three
selfies is shown on the left, and an image captured
using an 85-mm lens in the Viewfinder Preview app is
shown on the right. While using the 85-mm lens, the
Viewfinder Preview app requires the photographer to
move away from the subject. As a result, the image on
the right is a portrait taken by a separate photographer
a long distance away from the subject, rather than a
selfie. The zoomed images show that the proposed
method provided more resolution than Viewfinder Pre-
view software. In Figure 17C, a 300-mm image synthe-
sized from the three selfies is shown on the left. The
Viewfinder Preview app’s lens focal length is limited to
180 mm, and a 300-mm image could not be captured.
To simulate a 300-mm image, we used the Pitu app.
Pitu app simply blurs the background of a 28-mm
image, and the perspective between the camera, subject,
and background differs from that of a 300-mm image.
There is currently no app that allows a user to create a
portrait of themselves from selfies taken with various
focal length lenses.

Figure 18 shows an example of virtual composition.
We increase the distance between the camera and the
background while keeping the distance between the cam-
era and the subject constant. The simulated images show
that as the distance between the subject and the back-
ground increases, so does the out-of-focus blur of the
background. The background included in the field of
view increases as we virtually move the subject and cam-
era away from the background. Because more back-
ground information is available from the rotating selfies,
our proposed method added more background than the
original image (the first images from the left in the fig-
ure). Through virtual composition, we propose a proper
view of the scene.

5.2 | Panoramic selfie from a selfie video

5.2.1 | Scene analysis

Figure 19 displays images from a video captured while
the user is rotating. The subject (user) is in the center of
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original distance at2m at 4m

FIGURE 18
at different distances between the camera and background are shown

FIGURE 19
while a user is rotating; four frames are shown as an example

Examples of frames in a selfie video captured

at 6m at 8m

Examples of virtual composition at different distances between the camera and the background and the images captured

the images, and the left and right sides contain different
parts of the scene behind the subject.

The panoramic background images are constructed
by stitching the parts of the images on the left side of the
subject and those on the right side of the subject. The two
background images, Irg(u,v) and Igp(u,v), constructed
using the video are shown in Figure 20. There are lumi-
nance mismatches in the background images due to
exposure differences between video frames. Because of
the use of three different center images, the stitching
locations between the center and background images dif-
fer. The difference in lightness disappears as the center
images move to the right sides, indicating different stitch-
ing locations. The difference in exposure can be compen-
sated for by adjusting the color and luminance between
the frames [30].

FIGURE 20
(A) background constructed from parts of the images on the left

Left and right panoramic background images:

side of a subject; (B) background constructed from parts of the
images on the right side of a subject

FIGURE 21 Virtual panoramic selfie, where the subject can
be placed in any locations, and three examples with three different
subject locations are shown
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5.2.2 | View synthesis

With any frame of the video as the center image I(u,v,c),
a virtual panoramic selfie can be synthesized. Because
the frames in the video are captured from different parts
of the scene, using a different frame as the center image
moves the subject in the panoramic selfie to a different
location. After the video has been captured, the location
can be selected. Figure 21 shows examples of the synthe-
sized panoramic selfies, where three different parts of the
scene are selected as the subject locations. The proposed
method assumes that a user is taking a panorama while
pointing the camera at himself/herself. There is currently
no app that assumes this scenario.

6 | CONCLUSION

In this study, a scene is constructed from multiple selfies
taken at the same location while the user rotates. Follow-
ing that, virtual selfies are obtained by moving the cam-
era closer to the subject and changing the focal length of
the lens. Furthermore, the change in perspective and lens
characteristics is simulated. We were able to obtain por-
traits with the same composition as the portraits with the
selected lenses at the new locations in our experiments.
We were also able to obtain a virtual panorama, in which
the subject’s image is placed in a preferred location. Our
proposed algorithms can provide new use cases, wherein
the composition of selfies is not limited by the focal
length of a camera or the distance from a camera. We are
currently investigating how, with the help of computa-
tions, using multiple images of a scene can open up new
and exciting use cases.
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