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The recent popularity of mobile devices equipped with cameras has revolutionized people’s daily life. People are more
enthusiastic than before in taking photos to share their experiences and spontaneous moments. However, it usually requires years of practice and experience to take professional
grade photos. Recently, a photography suggestion system has
been developed to assist smartphone users to take professional
grade photos by learning photography rules and through social context [1, 2]. However, the proposed system is only applicable to landscape without human in the scene. Therefore,
it is very much desired to develop a photography suggestion
system that can tell amateur users to capture high quality photos of tourist landscape with human in the scene.
To accomplish the goal of suggestion, it is necessary
to investigate computational aesthetics of photography and
photo quality assessment. Existing works have been developed aiming at automatically assessing or enhancing image
quality with computational models based on various visual
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ABSTRACT
Capturing a professional like photo is always a challenging
task, especially for novice users. This paper proposes a photography suggestion approach to assist users to take high visual quality photos with human in the scene. In this research,
we ﬁrst investigate a set of aesthetic composition rules and
visual perception principles to construct an aesthetic score
prediction model in order to measure visual quality in terms
of photo composition. Then we conduct a study on professional photos to deﬁne a proper size for the enclosure of human into the picture of a given scene. The proposed approach
is able to leverage saliency and geometric detection to represent composition features. Finally, we utilize an efﬁcient
hierarchical search to obtain the optimal enclosure for human
in the scene. Extensive experiments have been performed for
hot spot landmark locations. Through subjective evaluation,
the results show that the proposed approach can effectively
provide appealing composition recommendation to help users
take high quality photos with human in the scene.
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Fig. 1: Overview of the photography suggestion system
features. Some of them focused on low level image features,
such as linear regression of low level features to predict aesthetics rating [3], approximation of photography composition
guidelines [4], and an interactive application using spatial recomposition [5]. Others make use of high level knowledge,
such as describable image attributes that human might use to
evaluate an image [6], resolution and physical dimensions of
an image in affecting viewers’ appreciation [7], mining the
underlying knowledge of professional photographers from
massively crawled photos [8], and assessing photo quality
with geo-context and crowdsourcing [9].
However, these existing attempts predominantly focused
on how to ﬁnd a good view enclosure and are mostly restricted
to landscape photos. The proposed system is different from
previous works in that this system attempts to suggest how
to place human in the scene when taking photos of landscape
together with human. We call this type of photos landscapeportrait photos. We require the ﬁnal photo to be able to highlight both human and scene, rather than either normal portrait
photos focusing on human or landscape only photos focusing on scenery. Moreover, instead of applying simple rules
heuristically, a view speciﬁc approach is developed to recommend to the mobile device users at which location should the
human be placed in the scenic views mimicking the reasoning
of a professional photographer.
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by the constraint that human shall not block the salient object
in I, Φ is the detected ground region, which will be explained
in Section 3.1, gi is the ith sliding window’ center in Φ.
2.2. Aesthetic prediction score modeling
(a)

2.2.1. Deﬁning size based on study of professional photos

(b)

Fig. 2: Statistical results of study on professional photographs
2. AESTHETIC PRINCIPLES MODELING
The pipeline of the proposed approach is shown in Fig 1. An
aesthetic composition model is constructed ofﬂine to generate
prediction score for each enclosure. When input a landscape
photo, salient and geometric detections are adopted to select
candidate enclosures in a speciﬁc view. Finally a hierarchical
search is carried out to efﬁciently search an optimal enclosure
to guide users in taking professional like photos with human
in the scene.
2.1. Problem formulation
Given a landscape image I, the object of the proposed system
is to generate a suggestion to guide the users with suitable
size s(w, h)T and position c(x, y)T for them to place human
in the scene with following considerations:
• The suggestion should follow key aesthetic rules to make it
appealing and attractive so as to enhance the overall quality.
• Proper size should be deﬁned to be consistent with professional photographers’ visual perception.
• Visual perception principles should be applied to place human in a proper region within the photo.
• The suggested position should not be placed outside the
border of image I
• The suggested position should not block any salient objects
in order to maintain perceptual balance between scenic objects and human in the scene.
Based on the considerations, we formulate the problem of
photography suggestion to place human in the scenic view as
a search problem in a joint-state-space. We utilize a sliding
window as the enclosure ﬁnder, and its conﬁguration is described by the two-dimension coordinates of the window center c = [x, y]T , and the size of window s = [w, h]T . Given an
input scenic image I, we aim to ﬁnd an enclosure R(I; c, s)
within I, and label it according to the conﬁguration of the enclosure ﬁnder deﬁned by c and s. Thus, the problem can be
formulated as:
{c∗ , s∗ } = arg max Spre (R(I; c, s)) · 1(c = gi )
gi∈Φ
c,s

·1(Vs (R(I; c, s)) ≤ γ)

(1)

where Spre (·) is an aesthetic score prediction measure, 1(·)
is a discriminant function, whose value is 1 when the condition in side bracket is satisﬁed, otherwise it is 0. Vs (·) is the
saliency value occupied by R(I; c, s), γ is a threshold deﬁned
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To better estimate professional photographer’s insight to deﬁne the size of human in the scene, we collect a database
of professional landscape-portrait photos. This database
does not include pure portrait photos that contain no landscape scenes. The professional photos obtained via crawledsourcing are all collected carefully to contain only landscapeportrait photos. We label each photo by hand in the dataset
with bounding box over the human subject(s). Fig 2 shows
the histogram of the size of human region (Fig 2a) and heightwidth ratio (Fig 2b) obtained from the dataset of more than
1000 professional images. We can see from these histograms
that the size for human subjects is very well distributed with
clear mean values. The parameters of these distributions
shall be used to guide the determination of human size and
height-width ratio, i.e., initial size s will be 0.1% of I, and
the height-width ratio will be set as 3:2.
2.2.2. Aesthetic and visual perception representation and
modeling
Composition is an important aesthetic aspect of a photo.
There are various aesthetic rules for capturing well-composed
photos. We consider such rules to be prominent in most aesthetically appealing photos. To apply these rules computationally, we deﬁne a prediction score to evaluate the aesthetics of the suggested composition for taking landscape-portrait
photos.
Rule of Thirds
The rule of thirds is one of the most important composition
rules used by professional photographers to capture appealing aesthetic photos. It encourages placement of important
objects along the imagery thirds lines or around their intersections. The rule of thirds prediction score SRT is calculated
as:
DRT 2
) /2σ]
(2)
SRT =ωvi 100 × [exp(−
diag
where DRT (Ri ) =

min

j=1,2,3,4

d(ci , cj ) is the minimal distance

from ith human enclosure center ci to the four third-points
cj . Ri is ith candidate enclosure, diag is the length of diagonal line of image I, that is utilized to normalize the distance.
ωvi is the visual weight of Ri , and is deﬁned by the study on
visual perception which will be presented in the next.
Visual Balance
Visual balance is another key aesthetic principle which will
be achieved when the gravity center of all objects is located
at the center of the image. That means, the gravity center
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Fig. 3: Eye tracking results followed by [10]. Left: average
scan path. Right: ﬁxation map
Fig. 5: Results of subjects evaluation. red: quite satisfactory;
blue: satisfactory; yellow: relative satisfactory; dark blue: not
too bad; green:unsatisfactory
where SoRT and SoV B are salient objects’ rule of thirds score
and visual balance score, respectively. They can be computed
the same way by Eq.2 and Eq.5. The salient regions are obtained by graph-based method [11].
Fig. 4: Comparison of predicted score (green line) and average of subjective ratings (red line)
of ith candidate enclosure should be located at its expected
coordinate ĉi , so that
N o
No
ωsj coj + ωsi ĉi )/(
ωsj + ωsi ) = CI (3)
(
j=1

j=1

where No is the number of all salient objects in image I, coj
is gravity center of jth salient object, ĉi is the expected gravity center of ith candidate enclosure, ωsj and ωsi are saliency
values computed from jth object and ith candidate enclosure,
respectively, and CI is the center of image I. Thus, the expected enclosure center ĉi can be calculated by:
N o
No
ωsj + ωsi ) −
ωsj coj ]/ωsi (4)
ĉi = [CI × (
j=1

j=1

Then the prediction score SV B is deﬁned as:
DV B 2
SV B = ωvi 100 × [exp(−
) /2σ]
diag

(5)

where DV B (Ri ) is the distance between the ith candidate
enclosure center and ith expected center ĉi .
To utilize attention distribution, we make use of the results from the eye tracking study reported in [10]. The ﬁxation order and ﬁxation map that depict attention distribution
are shown in Fig 3. Depending on which part of the ﬁxation
map the candidate enclosure ci (x, y) belongs to, the visual
weights can be deﬁned. Att(x, y) is an attractiveness value.
Therefore, the visual weights for Ri (ci , s) can be calculated
as ωvi = Att(x, y), which aims to place people onto a more
attractive region.
Aesthetic score prediction
Finally, we shall combine all parameters deﬁned above to obtain the aesthetic score prediction function as:
2

Spre =

2

SoRT
SoV B
exp(− 2S
2 )SRT + exp(− 2S
2 )SV B
oV B
oRT
2

2

SoRT
SoV B
exp(− 2S
2 )+ exp(− 2S
2)
oV B
oRT

(6)

3. PHOTOGRAPHY SUGGESTION
Based on the aesthetic score prediction model, the ratings of
each enclosure at different positions in various scales from
the input image I can be predicted. The optimal one can be
found by exhaustively searching through all possible enclosures with different positions and sizes. However, we have
designed a hierarchical search scheme to obtain the optimal
location of the enclosure efﬁciently.
3.1. View speciﬁc candidate enclosures generation
To start with, the enclosures that do not comply with speciﬁc
view constraints will be discarded. We assume the input image I with size 640 × 426 or 426 × 640, which indeed is
common for most mobile phones. We then slide a 196 × 128
window with step size as 32 over the given image. To obtain
candidate enclosures, we adopt graph-based manifold ranking method [11] to obtain the salient region distribution so
that these enclosures shall not overlaid on the salient object.
In addition, according to the constraint to keep the enclosure
inside the image, enclosures that across the image border will
also be discarded. We also adopt the scheme in [12] to detect
ground and sky regions Φ. This is intended to avoid selecting
inappropriate regions that cannot be used to place a person.
3.2. Position and size optimization
3.2.1. Position ﬁnding
An enclosure’s position c(x, y)T is dependent on the visual
weights ωv , size s and saliency value ωs as deﬁned above.
Therefore, the positions can be solved ﬁrst.
We carry out an iteration process to optimize the position. The initial point is the center c(x, y)T of top enclosure searched by the last stage. We update the position by
ct (x, y)T ← ct−1 + μ
 , where μ
 is obtained by:
μ
∗ =

arg max
μ
  ∈{
μ(n) }∪{0}
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Spre (R(I; c̃t−1 +
μ , st−1 ))

(7)
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Fig. 6: Comparisons of hand labeled professional photos and suggested landscape photos with similar composition and background content
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Fig. 7: Top 5 (ﬁst line) and bottom 5 (second line) suggested photos rated by users
{
μ(n) }N
n=1 is N (N = 10) randomly generated vectors from
a two-dimensional Gaussian distribution.
3.2.2. Size update
Once the position is conﬁrmed, the size of enclosure can be
obtained under the constraint that no blocking of any salient
object shall occur. We iteratively re-scale the size of enclosure
by ±5%, until all constraints are satisﬁed.
4. EXPERIMENTS AND DISCUSSION
To validate the proposed system, we performed simulations
on considerable amount of landscape photos from several hot
spot landmarks and conducted subjective evaluations using
116 suggested images. 25 subjects including 9 females and
16 males with age ranging from 20 to over 30 are asked to rate
the recommendation results. Among them, 2 subjects are professional photographers, 7 subjects have more than ﬁve years
of photography experiences with single lens reﬂex cameras.
We compared the predicted score with subjective ratings
to evaluate our aesthetic score prediction model. The comparison (Fig 4) shows that the predicted score by the proposed scheme is quite consistent with the subjective assessment. As shown in Fig 5, the satisfaction rate (score≥3)
reaches 87.11%, while the unsatisfactory rate (score≤2) is
at only 5.3%. Furthermore, we compared some professional
photos with hand labelled bounding box with the suggested
photos that have similar composition and background content,
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as shown in Fig 6. As can be seen from Fig 6, under similar circumstances, the recommendations from the proposed
scheme are highly correlated to the composition of the professional photographers. We have also shown in Fig 7 top ﬁve
and bottom ﬁve suggested photos rated by subjective evaluations. For these unsatisfactory suggestions as shown in Fig
7f, 7g, 7h, users consider that it is difﬁcult to place human in
these positions. In Fig 7i, 7j, the enclosures are blocking part
of the salient objects due to inaccurate salient region detection. In summary, the proposed scheme is indeed able to ﬁnd
satisfactory enclosure for most scenery pictures to place a person in the scene and can be useful for novice photographers.
5. CONCLUSION
In this paper, we proposed a photography suggestion scheme
to assist mobile users to compose high visual quality photos
with human in the scene. An aesthetic score prediction model
has been constructed to measure the visual quality. A study
on professional photos is also conducted to deﬁne a proper
size for enclosure. To provide a view speciﬁc solution, the
proposed scheme leverages saliency and geometric detection
results to represent composition features. Finally, an efﬁcient
hierarchical search has been developed to obtain an optimal
enclosure effectively. Extensive experiments have been performed and the results have shown that the proposed photography suggestion system is promising in guiding novice photographers to take professional like appealing photos.
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