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ABSTRACT

This paper studies the composition of portrait paintings and
develops an algorithm to improve the composition of portrait
photographs. The study of portrait paintings shows that place-
ment of the face and the figure in portrait paintings is pose-
related. Based on this observation, this paper develops an al-
gorithm to improve the composition of a portrait photograph
by learning the placement of the face and the figure from an
example portrait painting. The example portrait painting is
selected based on the similarity of its figure pose to that of
the input photograph. This similarity measure is modeled as
a graph matching problem. Finally, space cropping is per-
formed using an optimization function. Experimental results
and a user study demonstrate that the proposed pose-based
improvement is preferred more than rule-based methods.

Index Terms— Composition; Pose; Portrait

1. INTRODUCTION

Composition being one of the important aesthetic aspects, re-
quires attention to be improved in photographs. In this paper,
we address a specific genre of photographs: portraits, which
are photos focusing on the depiction of a person. In portrait
paintings, the size and the positions of the figure and the face
are specially organized by artists to draw all the attention onto
the subject. In contrast, in snap-shot style photographs by
amateurs, those are often not well organized. When selecting
personal photos for sharing in social networks or for printing
for home display and photo album, we often discard photos
in which the face is too small or where the subject occupies
or intersects the corners or edges of the image. In this situa-
tion, the composition can be improved first before sharing or
printing. Motivated by this, we propose to improve the com-
position of portrait photographs by optimizing the size and
position of the figure in the image.

Currently, rule-based methods have been developed to im-
prove the composition of portrait photographs [1, 2, 3]. They
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optimize the composition based on rule constraints (e.g. rule
of thirds, one of fifth or center, etc.). The main feature they
considered is the location of the face. These rules can pro-
duce photographs more likely to be pleasing than placing the
face in an arbitrary location. However, no absolute rule can
ensure good composition in images. In portrait paintings,
artists convey the personality of the subject through attention
to their facial expression and the bodily pose [4]. When plan-
ning a portrait, the artist first carefully finds a natural pose
for the subject [5]. Then, the artist studies the subject for a
facial expression that conveys his understanding of the sub-
ject’s significance. Finally, the artist will compose the por-
trait by selecting the best view [5]. Hence, we can say that
the composition in a portrait is pose-related, not simply rule-
based. Inspired by this, this paper proposes to improve the
composition of a portrait photograph according to the pose
of the figure. An example portrait painting in which the fig-
ure has similar pose with that in the photograph is selected
to guide the improvement of the photograph. Based on our
knowledge, this is the first work that improves composition
of portrait based on pose and uses example paintings to guide
the composition improvement.

2. RELATED WORK

Composition improvement for portrait. Composition im-
provement is a popular topic for researchers. However, the
composition improvement for portrait is seldom discussed.
The existing methods are generally all rule-based. Zhang
et al. [1] presented an automatic photo-cropping algorithm
based on constraints on the face location, the center of the
region of interest (ROI), and the areas of the face and ROL.
The rule of thirds, diagonal dominance, visual balance, and
salient-region size were used in [2] to formulate an optimiza-
tion function for composition improvement. Li et al. used the
method in [2] to enhance the aesthetics of photographs with a
face [3]. Although learning-based methods [6, 7] were effec-
tive to learn composition rules, they did not focus on portrait
photographs. Based on our study on paintings, the composi-
tion of portrait is not simply rule-based, and it is pose-related.
Different from the methods above, our method improves the
composition of a portrait photograph based on the pose.
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Fig. 1. (a)-(c) Paintings; The dark lines are the one-of-third
lines and the white lines are the vertical and horizontal central
lines; (d) Locations of figures in 120 full-body paintings.
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Human pose retrieval. Ferrari et al. originally proposed
a human pose retrieval method based on pose estimation [8].
The full version was further published in [9]. Human pose
estimators were used for the pose estimation. It was capable
of estimating upper and full body poses. In order to improve
the estimation performance, body part detectors were used
for the pose estimation and further applied for pose retrieval
[10]. Although it was effective, only upper body pose was es-
timated. In our work, the full body pose needs to be estimated
too. Therefore, we extract the pose based on the work in [8].
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Fig. 2. The framework of the proposed method.

3. COMPOSITION IN PORTRAIT PAINTINGS

Portrait paintings collected for this study are chosen from
artists in the 17-18 centuries. They painted a lot of por-
traits with outdoor background and they usually maintain a
high dynamic range which is broadly similar to that of pho-
tographs. In total, 300 portrait paintings are collected to form
the database. 180 of them are half-body portraits and 120
are full-body portraits. The half-body portrait paintings are
classified to small face (118 paintings, face/image height ratio
< 0.2) and big face (62 paintings) half-body portraits.

In portrait paintings, the pose of the figure and the place-
ment of the face are commonly considered together [11, 12].
Three example paintings with figures in different poses are
shown in Fig. 1. The placements of the faces and figure bod-
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ies in the three paintings are clearly different as the figures
are in different poses. The centers of faces and centers of the
bodies of 120 full-body paintings are drawn in Fig. 1(d). It
shows that the location of the face is not limited to the rule
of thirds and the placements of the face and body have large
variances. The various placements of faces and figure bodies
in paintings indicate that the aesthetics of the portrait is not
simply rule-based and is pose-related.

4. COMPOSITION IMPROVEMENT METHOD

The framework of the proposed method is in Fig. 2. An ex-
ample painting with figure in the pose similar to that of the
figure in the photograph is selected as the reference to guide
the composition improvement of the photograph. Here, pose
represents the body pose together with the face tilt direction
and is extracted using the method in [8]. The face rotation an-
gle is extracted separately as the face direction by the method
proposed in [13]. The location of the figure is also considered
in the example painting selection to make sure that the photo-
graph can be cropped to have a similar location arrangement
as the selected example painting.

Because the pose and location of the figure can be de-
scribed as the relative relationships of body parts and body
parts with the boundaries of the image, therefore, a graph
G = (V, E) is used to model the relative relationships, where
V' is the node of the graph and E is the edge that links the
connected nodes. Two example graphs are shown in Fig. 3.
There are 10 body nodes for full-body portrait and 6 for half-
body portrait.

Fig. 3. Graphs (b) and (d) for a photograph (a) and a painting
(c); The nodes in dark blue are the body part nodes. The
nodes in cyan are the boundary nodes. The red lines are the
body skeleton. The yellow lines link the body nodes and the
green lines link the head, lower arm and lower leg nodes with
the boundary nodes.

After constructing the graph, the example painting is se-
lected by conducting graph matching. Then, space cropping
is performed by using an optimizing function.

4.1. Graph matching

After constructing the graph to describe the pose and location
of the figure, the example painting selection can be achieved



by a graph matching based on a similarity measure. Given
the input graph G and the graph of the k-th painting G, in a
database, the graph matching is formulated as

m]?XS(GI,G;C) (1)

While the correspondences of nodes and edges of two graphs
are fixed, the similarity of two graphs can be defined as:

S(Gr,Gr) =Y _SP(Gr,Gr) +>_S5(Gr,Gr)  (2)
i J

where, © = 1,..., N, N is the number of nodes, and j =
1,..., M, M is the number of edges. S is the similarity of
nodes and 5S¢ is the similarity of edges. The definition of
similarities of edges and nodes is based on their descriptors.
The descriptors of a body node v® are the location and
orientation of the corresponding body part. The descriptors
of the edge e” linking the body nodes is the relative location
and orientation of the two corresponding body parts. In the
pose estimation by [8], the posterior marginal distribution of
the position (including location and orientation) of each body
part is estimated. Based on it, the location and orientation
descriptors of a body node and the relative location and ori-
entation between body nodes are calculated. Details of the
calculation of these descriptors can be found in [8].
Specifically, the face node is described by the face direc-
tion. It is described by 13 quantized degrees from 90° to -90°
[13]. The descriptor of the boundary node v¢ is the boundary
center. The descriptor of the edge e? that links the body node
with the boundary is its distance in the x or y dimension.
The combined Bhattacharyya similarity is used to calcu-
late descriptor similarities of body nodes v® and edges e’ [8].
The similarity of two face directions 6; and 65 is measured as

01-632
=)

SF(61,92) :e_( (3)

o controls the sensitivity to the difference of face directions.

The constraint on the distance of the body node with the
boundary node is to make sure that there is enough space in
the photograph for cropping to achieve the composition of
the example painting. While the distance in the photograph
is bigger than that in the painting, the similarity should be
the maximum value, otherwise the similarity is decreasing in
proportion with the increase of their difference. Based on this
definition, given a standard variance o4, the similarity of an
e edge from the input graph with the corresponding e? edge
from a painting graph with descriptors d; and dy, is

a 1 ifdr —dg >0
Se = C(=dkye 4)
e od ifd; —dr <0

4.2. Space cropping

Space cropping is used to assign a similar location for each
body part of the photograph with that of the example painting
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by finding a cropping window. Because sizes and aspect ratios
of the figures are different in the photograph and the example
painting, we cannot directly crop the photograph by giving
the same space around the figure as in the example painting.
Hence, the space cropping is formulated as an optimization
problem. The energy function is defined as
1 Nh
EZO‘WZHUI_UZH +(1_a)||vfaC(f _U;aceH (5)

The first term is the pose constraint. v; is the target location
for the body part ¢ and v] is the reference location from the
example painting. N? is the number of body parts.

Due to the importance of the face in a portrait, a face con-
straint is added to the energy function as the second term to
prevent the face from shifting too much from the location in
the painting. vyqce is the target location of the face and v}, .,
is the reference location. The pose and face constraints are
linearly combined by a constant scale c.

The cropped rectangle is represented by the left top corner
coordinates ([, t), width (w) and height (h). Given a specified
aspect ratio a, the height can be calculated as h = a X w.
Therefore, the optimization of the energy function can be re-
formulated as finding a vector of (I, ¢, w). The particle swarm
optimization (PSO) [14] method is used to seek the optimal
solution by globally searching the minimum candidate of (5).

5. EXPERIMENTS

The algorithm was implemented using MATLAB on a PC
with an Intel 2.67GHz processor and 8GB RAM. For a photo-
graph in dimension of 1000x 750, it took around 0.95 seconds
to obtain the optimization result using PSO. The parameters
used in our implementation were determined empirically as
o =45,04 = 0.3, and a = 0.4. Based on the study of aspect
ratios of portrait paintings, the aspect ratios for full-body and
small face half-body portraits were defined as a = 1.5, and
for big face half-body portraits, it was a = %. The test por-
trait photographs were collected from the MIT-Adobe FiveK
Dataset [15] and our personal collections.

Fig. 4 shows the cropping results of photographs with fig-
ures in different poses. The poses of the figure in the selected
example paintings are similar to those of the corresponding
input photographs. In composition improvement results in
Fig. 4, the locations of the figures are similar to those in
the corresponding example paintings. These figure locations
serve the requirement of their poses.

5.1. Comparison with rule-based methods

To evaluate the effectiveness of our pose-based composition
improvement method, it is compared to two rule-based meth-
ods designed for photographs with a face. One method is
the ACDP method proposed in [1]. The other method is the
ABPE method developed in [3]. Composition improvement



Fig. 4. Photographs (top) and selected example paintings
(middle) with extracted poses; Bottom: cropping results.

results for a photograph are shown in Fig. 5. The resultin Fig.
5(h) is produced by the ACDP method using a small face tem-
plate. The template is selected based on the face size of the
original photograph. In the ACDP method, the ROI is used
to constrain the cropping. The ROI is detected by saliency
detection. The detected ROI may lose some important body
parts. In Fig. 5(h), the feet are cropped out which leaves the
figure unbalanced in the image. The ABPE method [3] only
considers the face region as important information, hence in
the result Fig. 5(i) only the face and shoulder are visible.
Additionally, the face is placed at the bottom one third point
while leaving half of the space on the top for background. It is
not reasonable considering the visual appearance of the whole
image. For a full-body portrait photograph, our method can
crop it to a full-body portrait (Fig. 5(e)), a half-body portrait
with small face (Fig. 5(f)), or a half-body portrait with big
face (Fig. 5(g)). The results by our method are more encour-
aging than those by rule-based methods.

5.2. User study

In order to significantly evaluate the advantage of our method,
a user study was conducted to compare composition improve-
ments by our method with those by ACDP [1] and ABPE [3]
methods. 20 test photographs were randomly selected for this
user study. The participants connected to the user study web-
page designed by Google Form using their own computers.
The results obtained by our method and one of other meth-
ods were shown as a pair side by side in randomly gener-
ated order. The participants were asked to answer a ques-
tion “Which is better composed and more suitable for print-
ing for home display or making a photo album?”. They could
choose “Left”, “Right”, or “They look the same” as a re-
sponse. There were a total of 18 participants aged from 20
to 35. 11 were male and 7 were female. For the compar-
ison with each method, 360 responses were collected. The
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Fig. 5. (a)-(c) Example paintings and (d) input photograph
with extracted poses; (e)-(g) Results by our method based on
(a)-(¢); (h) ACDP method result; (i) ABPE method result.

user study result is summarized in Table 1. It shows that our
results are preferred by a significantly higher percentage of
responses than those by other methods. It is not surprising
that our results are preferred more in comparison with those
achieved using ACDP method, because ACDP method is eas-
ily disturbed by background objects. The positive responses
to our results are 4 times greater than those to ABPE method.
The fewer responses to ABPE method is due to that it forces
the face to a one third point without considering other body
parts. The face sometimes is placed on the bottom one third
point (see Fig. 5(i)) and results in leaving large space for the
background. This demonstrates the importance to consider
the face and the body together in composition improvement.

Table 1. User study result for the comparison.

Our | ACDP | Same
Our vs ACDP 683% | 22.2% 1 95%
Our | ABPE | Same
Our vs ABPE 814% | 164% | 22%

6. CONCLUSION AND DISCUSSION

This paper proposes to improve the composition of a portrait
photograph based on an example portrait painting. The ex-
ample painting is selected based on figure and face poses,
and the location of the figure, which are modeled as a graph.
Space cropping is formulated as an optimization problem to
improve the composition. Experimental results and a user
study show that our method performs better than rule-based
methods. However, our method relies on the accuracy of
the pose estimation. In the future work, we will develop an
interactive method to correct wrongly estimated body parts.
Meanwhile, in the example painting selection, the context in-
formation of the background will be considered and we will
extend the proposed method to use professional photographs
as examples to guide the composition improvement.
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