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ABSTRACT

PicMe is a mobile application that provides interactive on-
screen guidance that helps the user take pictures of a com-
position that another person requires. Once the requester
captures a picture of the desired composition and delivers it
to the user (photographer), a 2.5D guidance system, called
the virtual frame, guides the user in real-time by showing a
three-dimensional composition of the target image (i.e., size
and shape). In addition, according to the matching accuracy
rate, we provide a small-sized target image in an inset win-
dow as feedback and edge visualization for further alignment
of the detail elements. We implemented PicMe to work fully
in mobile environments. We then conducted a preliminary
user study to evaluate the effectiveness of PicMe compared
to traditional 2D guidance methods. The results show that
PicMe helps users reach their target images more accurately
and quickly by giving participants more confidence in their
tasks.
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1 INTRODUCTION

People record special moments anytime and anywhere using
a mobile camera. People take pictures themselves or ask
someone to take photographs of them with companions,
the background, or in certain situations (Figure 1). When
requesting a photo to be taken, although people provide
the desired camera position and subjects to be included in
the picture to others, it is often not well reflected in the
photograph. According to the pre-user study, we determined
that even if the camera position was set in person or photos
that were previously taken were shown, it is difficult to
obtain the desired pictures. The results also showed that it
is difficult for a photographer who takes pictures on request
to follow the intended scene of the requester precisely. In
particular, we found that the composition, one of the main
elements of pictures [5], is also hard to be applied as the
requester intended. Therefore, in situations where people
ask others to take their picture, a system that can support
their communication is needed. Notably, a guide system that
enables the requester to deliver the desired photo and allows
the photographer to recognize and follow it accurately and
easily is required.

We present PicMe, which provides an interactive visual
guide to the composition that enables the user to take pic-
tures that the requester wants. PicMe introduces a 2.5D guid-
ance method that shows a three-dimensional composition of
the target image as a virtual frame in the live camera view of
the user (photographer). Once the requester takes a picture
of desired composition, a virtual frame appears on the user’s
screen. The user can control the camera position and ori-
entation to reach the exact three-dimensional target where
the virtual frame is located. Meanwhile, PicMe continuously
measures the status of the user’s camera and provides ad-
ditional contextual guidance and feedback. Specifically, we
provide a small-size target image in an inset window as feed-
back and edge visualization for further detailed alignment.
We implemented PicMe to work interactively in mobile en-
vironments.

We conducted two preliminary user studies. First, we eval-
uated the appropriate visual guidance methods for PicMe.
The results showed that the virtual frame is useful to set
overall direction and position, and the edge-based guide is
good for detail adjustment. Second, after reflecting on the
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Figure 1: Everyday situations where people ask others to
take pictures.

findings of the first user study to PicMe, we evaluated the
effectiveness of PicMe as a photography guide and the partic-
ipants’ subjective opinions regarding usability issues. Twelve
subjects experimented with the target image acquisition task
using PicMe compared with the edge overlay and virtual
frame methods. The results show that PicMe can help partic-
ipants reach the target image more accurately and quickly by
giving users more confidence in their tasks. The results of us-
ability and satisfaction also suggest that PicMe has potential
as a guide application for taking desired photographs.

Our key contributions include:

(1) Conduct a pre-user study to find issues in a context where
people ask and are asked to take photographs and specify
design requirements.

(2) Conduct the preliminary user study to evaluate appro-
priate visual guidance methods for PicMe.

(3) Design and develop PicMe, which provides a virtual
frame with co-located and 2.5D guidance as well as real-
time feedback considering the user’s context.

(4) Conduct the user study to evaluate the effectiveness and
usability of PicMe, and discuss results.

The paper is structured as follows. We begin with the
related study in section 2, and describe the purpose of a
pre-user study, findings, and design goals in section 3. In
section 4, we illustrate the whole process and results of the
preliminary user study. Then, in section 5, we describe PicMe,
mainly focusing on guidance methods of a virtual frame and
feedback. In section 6, we evaluate PicMe and discuss results.
Lastly, we present findings, limitations, and future work in
section 7, and conclusion in section 8.

2 RELATED WORK
Computer-aided Task Guidance

Providing task guidance through computer-aided instruction
has been studied for decades. Computer-based instructions,
such as textual and graphical visual hints, can provide imme-
diate benefits for task performance [27, 30]. While these hints
are statically placed on separate screens, several researchers
have also studied them using co-located and real-time guid-
ance to offer on-demand support [14, 15]. Such systems lead
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users to focus their attention and get direct feedback rather
than divide their attention between the instruction and task.
For example, several researchers presented interactive draw-
ing tools that assist people in creating high-quality works of
art by providing guidance and corrective feedback using tra-
ditional drawing techniques [17, 19]. In a similar approach,
Blackwell et al. and Fichtinger et al. explored guidance meth-
ods that enhance a surgeon’s ability to perform a compli-
cated procedure by overlaying medical images, such as CT
reconstructions, in the patient’s anatomy [9, 12]. In addition,
several researchers projected hints using a variety of graphi-
cal representations directly on a user’s body to guide a user
to complete the desired movement and gesture [7, 34]. More-
over, commercial products such as Google’s PhotoSphere,
iPhone’s Panorama, and Microsoft’s Photosynth have as-
sisted users in framing a camera shot using the image overlay
approach [3, 24, 25]. With the help of visual guidance (e.g.,
arrows, dots, and rectangular), users can efficiently capture
images to create 360-degree panoramic photos (street view)
and three-dimensional models of the photos. In addition,
Lucero et al. presented a service that provides users with
guidance on where the next photograph could be taken by
displaying virtual rectangles on the 3D map. This approach
is similar to the virtual frame in PicMe [20]. Recently, Roy
opted for a leader-follower approach, where a leader creates
a path by walking through a route once and sends it to fol-
lowers to help them reach the destination [33]. They found
that the guide format reflecting the leader’s intentions and
important checkpoints helped followers find their way more
quickly and easily.

We will refer to previous studies and explore whether
co-located and real-time guidance can help people with pho-
tography tasks. In particular, after allowing the requester to
generate a guide image that he/she wants, we will focus on
exploring how to lead the photographer to reach the target
image effectively.

Guide-assisted Methods for Quality Photos

In photography, there have been many types of research that
guide users to take high-quality photos. Most of them have
focused on issues of how to take pictures with a good com-
position and how to guide users to do so [6, 23]. Accordingly,
many photography applications have provided framing sug-
gestions based on structure objectives for balance, placement,
and emphasis to users after a photo is taken. For example,
Bhattacharya et al. and Yao et al. presented mobile applica-
tions that provide on-site composition feedback to the user,
recommending photos that have a similar composition [8, 38].
In addition, Mitarai proposed a photo-shooting guide that
suggests many types of configurations, such as triangular or
rule of thirds compositions [26]. Recently, several researchers
have developed real-time guidance systems to assist users
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to reach the desired viewpoint when capturing a photo [21].
For example, Rawat et al. developed a real-time viewpoint
recommendation system to improve a user’s scene compo-
sition by using publicly available images along with social
media cues [28, 29]. Xu et al. also presented a photo-taking
interface that provides real-time animated arrow feedback on
how to position the subject according to the rule of thirds in
photography [37]. In a similar approach, Bae et al. presented
a guidance system to recapture an existing photograph from
the same viewpoint [4]. They provided three types of vi-
sual guidance (two 2D arrows and an edge visualization) at
the same time for professional re-photography utilizing a
DSLR camera with a tripod and laptop. However, it would be
difficult for a user to interpret those visual guidance in the
casual mobile shooting environment that we targeted. Also,
Bae’s 2D arrows could not describe the desired 3D orienta-
tion. In addition, a commercial application called Camera51
suggested the optimal composition to users after identifying
and analyzing people, scenes, and lines that appear on the
screen [1].

Meanwhile, we think our study is similar to target acqui-
sition in AR in the sense that we lead the user to the target
picture. However, there are differences in the target image
approach task in our mobile environment; we guide the user
not only in pointing and selecting objects but also in reach-
ing specific 3D locations and angles as precisely as possible.
For example, while Fitts and Rohs et al. mainly dealt with
quantitative rules among the elements of target acquisition,
we focused on proposing and experimenting with various
visual guides and then connecting them sequentially by con-
sidering the accuracy and speed of each guide [13, 31, 32].
Although our purpose differs from that of Rohs’ research,
there is a similar point; both attempt to improve the accu-
racy of the predictive model by dividing the interaction into
multiple parts.

Unlike the previous studies that guide users according to
the established rules, our system aims to take a photograph of
the composition that the requester wants. In addition, previ-
ous researchers have provided 2D guidance methods to allow
a user to take photographs in accordance with the guideline.
Furthermore, our approach is to provide real-time 2.5D guid-
ance to enable the user to locate the camera at the desired
three-dimensional position and orientation accurately.

3 DESIGN CONSIDERATIONS FOR GUIDING
PHOTO SHOOTS

In order to understand the overall context where people
ask and are asked to take photographs and specify design
considerations, we conducted a pre-user study.
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Pre-User Study Design

Task and Procedure: The pre-user study was an online ques-
tionnaire and participants freely filled in their opinion. We
used an online survey so as to enable participation from more
people to discover the difficulties and needs in everyday sit-
uations where people ask and are asked to take photographs.
We composed the questionnaire contents concretely to define
specific problems. The questionnaire consisted of two parts,
and all participants completed both surveys. The first part
is a questionnaire where the participants are the requesters
of a photo shoot. In the second part, the participants are the
photographers who take pictures on request. First, for the
case where participants are the requesters, we surveyed peo-
ple to discover the frequency, context, and reasons that they
ask someone to take pictures. In addition, we investigated
the resulting satisfaction level with the photographs and
limitations of the pictures taken by others. Second, for the
case where participants are the photographers, we surveyed
which elements they consider the most important when tak-
ing pictures of others. We also asked about the degree of
mental burden, such as, "Do you feel that you are adequately
providing what was asked of you?" and "Do you think the
requester is satisfied with the results of the photograph?”
Moreover, we were interested in understanding the level of
physical burden the participants endured, such as the time
required to take pictures and frequency of being asked to
retake pictures. Online surveys were posted in schools and
local communities for two weeks.

Participants: A total of 201 people (120 females) participated
in the survey. The average age was 28.43, ranging from 18 to
59 years old, and most of them usually enjoy taking pictures.
The entire survey lasted about 20 minutes, and we provided
30 free coffee coupons to participants through a lottery.

Findings

Survey results showed that all participants experienced be-
ing asked to take pictures as a photographer. Alternately, as
a requester, people ask others to take pictures often (17%),
occasionally (73.5%), or not at all (9.5%). Most participants
mentioned that they ask other people when they want to
take pictures with companions as well as the background
and landscape through a wide angle of view. However, the
main reasons they do not ask others are because they usually
were unsatisfied with the results, do not trust their shooting
abilities, and asking was cumbersome. Notably, although it
depends on the situation, a large number of people were
generally dissatisfied or neutral with the photographs taken
by others (unsatisfied: 19.4%, neutral: 65.2%, and satisfied:
15.4%). Similarly, most participants serving as the photogra-
pher commented that it was not always easy to determine
what picture a requester wanted, and they could not ensure
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that a requester received a satisfactory one (78%). The fol-
lowing two issues are our main findings.

1) Lack of communication methods between people: Many
participants mentioned that as a requester, although they
deliver the desired camera position and subjects they want to
include in the picture, it is rarely reflected in the photograph.
Some participants said that it is difficult to get pictures that
they want, even if they personally set the camera position or
show pictures that were previously taken to others. Accord-
ingly, it is common to ask people to take another photo, but
there is no significant improvement. Participants emphasized
that the lack of such communication methods between re-
questers and photographers resulted in low satisfaction with
the results of the photograph. Moreover, many participants
mentioned that as a photographer, they were not sure if he
or she was doing well as requested when shooting others.
134 participants commented that it is difficult to accurately
follow a requester’s specific requirements such as location,
composition, directions, and many others. Some of them
commented that these problems could be a mental burden
when taking photographs of others (Mental demand: very
high (6.5%), high (28.4%), moderate (34.8%), low (22.3%), and
very low (8%)). Most participants mentioned that to solve
these problems, they usually take several pictures of oth-
ers from different compositions and locations, or ask the
requester if he/she wants any photo retaken. Nonetheless,
most participants said they do not want to spend much time
taking photos of others. Specifically, 84.6% of the respon-
dents answered that they do not want to spend more than
one minute taking pictures of others. They noted the need
for communication methods to identify and implement the
requestor’s intentions easily and quickly.

2) The importance of composition in photography: When par-
ticipants take photographs, they ranked the importance of
photography elements in order of composition (66.7%), shoot-
ing location (15.9%), focus (10%), and other (e.g., lighting
direction, exposure, or tone) (7.4%). Most participants men-
tioned that they hope others will take pictures where all
the graphic elements in the image are well organized and
balanced. In addition, when they request their photo to be
taken, they consider the composition to be the most impor-
tant factor (76.6%).

Design Requirements

Our research focused on developing a guiding system that
helps requester get pictures of the desired composition, rather
than attaining quality photos. According to the results of the
online survey, the lack of communication methods between
people resulted in low satisfaction and uncertainty with the
picture, hesitation of asking, among others. In particular,
the fact that although requesters inform the photographer
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about the desired camera position and subjects they want to
include in the picture, it is rarely reflected in the photograph,
making our case more powerful. Inspired by these findings
and recommendations, we set the following design goals for
PicMe.

o For the requester: They should be able to deliver desired
photo composition accurately and get a high-quality and
satisfying picture.

o For the photographer (user): They should be able to
take the requested picture efficiently and easily.

e A method to deliver the requester’s desired photo:
The requester can specify a photo composition that he/she
wants to the photographer. Instead of conveying the de-
sired photographs verbally or showing an example to the
photographer, a method that enables the photographer
to consistently recognize the desired photo during the
photographing process is necessary.

e A method to precisely and efficiently take requested

pictures:
1) Guidance and feedback for the photographer - The pho-
tographer needs to understand the requester’s vision and
carry it out accurately and efficiently. In addition, the pho-
tographer needs to know if he/she is doing well. Therefore,
it is necessary to provide guidance to help the photogra-
pher accurately reach the target image. It is also necessary
to provide real-time feedback so that the photographer can
confirm photographing state and make a correct judgment.
2) Contextual guidance for the photographer - It is neces-
sary to provide appropriate types of guidance according
to the photographer’s task performance (e.g., a difference
between the target image and the photographer’s camera
view).

We investigated various guide-assisted methods (e.g., vi-
sual, auditory, and tactile), and we applied visual guidance
in the preliminary attempt. As shown in previous studies,
visual advice and feedback are intuitive methods used in
various studies to capture quality photos [4, 28, 29, 37].

4 INVESTIGATION OF APPROPRIATE VISUAL
GUIDANCE FOR PICME

Before we present PicMe, we experimented with visualiza-
tion methods appropriate for it. We conducted a user evalua-
tion to compare the performance of four visual guide systems:
three modes that have been employed for general visual guid-
ance [15], and a virtual frame, which we propose for PicMe
(Figure 2). The three methods (picture-in-picture, image over-
lay, and edge overlay) used in this study have been used in
various others, such as photo-shooting [1], drawing [17-19],
medical [9, 12], and many others recognized as useful and
intuitive guidance among various visual effects.
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(c) Edge overlay

Figure 2: Four types of guides to find an appropriate visual-
ization to apply to PicMe.

e Picture-in-picture: Displaying a small-size target image
in an inset window in the upper left corner of the user’s
camera view.

e Image overlay: Overlaying a transparent target image on
the user’s camera view.

e Edge overlay: Overlaying a contour of the target image
on the user’s camera view.

e Virtual frame: Displaying a virtual frame that illustrates
the three-dimensional composition of the target image on
the user’s camera in the form of 2.5D.

User Study Design

Participants: Ten participants (4 females) between the ages
of 21 and 33 were recruited to participate in the study. All
participants enjoy taking photographs, and all have normal
vision. Each participant received a compensation of USD 10.

Task: To evaluate the performance of each visual guidance,
we conducted a target image approach task. The participant
performed the task of positioning the camera view towards
the target image using the four guiding methods. For each
task, we randomly provided target pictures of various com-
positions taken in advance. Once the participants reached
the target image and pressed the shooting button, we mea-
sured the accuracy and task completion time. All different
target images were offered to the participants. However, the
distance and degree of angles between the target composi-
tion and participant’s initial camera composition were kept
as constant as possible. In addition, to measure the partic-
ipants’ task performance more precisely, the experiment
was repeated five times for each mode. Accordingly, each
participant performed 20 tasks (5 tasks per guide modes X
4 guide modes), and the order of all tasks and modes was
counterbalanced to control the learning effect.
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Procedure: We used a within-subject design with one in-
dependent variable (four guide modes) and one dependent
variable (accuracy). For accuracy, we measured 1) the mean
feature error: the average distance between the matched cor-
responding points that are detected from both the target im-
age and the image taken by the user, and 2) the image error:
the RMSE (root mean squared error) between the target im-
age and the user’s image. We also recorded task completion
time, and all participants had a training time to familiarize
themselves with each mode before the experiment. While
more focus was placed on accuracy, the amount of time spent
on others was also an important issue to consider (Section 3).
Therefore, participants were asked to perform the task as
accurately and quickly as possible. The entire experiment
lasted about 50 minutes, and participants were observed at
all times as the tasks were performed.

Results and Discussions

Figure 3 shows the mean feature error (left) and RMSE (mid-
dle) across all four modes. A repeated measures ANOVA
statistic demonstrated a significant difference between the
four guide modes (mean feature error: Fs 3, = 11.020, p <
0.01, RMSE: F3 3¢ = 13.366, p < 0.01). Regarding the mean
feature error, the PIP mode achieved the highest value of
17.43px, followed by Image with 9.25px, VF with 8.01px, and
finally Edge with 6.89px. Post-hoc pairwise comparisons
(Bonferroni corrected) showed that there was a significant
difference between PIP and the other three modes (p < 0.05),
but there were no significant differences between the three
guide modes. In addition, the RMSE for the PIP mode was
highest, at 42.03, followed by Image with 34.63, VF with
32.55, and finally Edge with 31.05. Edge had the highest im-
age matching rate, but there was no significant difference
between the modes except for PIP. Regarding the task com-
pletion time, statistical differences were observed between
the guide types (F5 36 = 12.515, p < 0.01) (Figure 3, right).
PIP mode was the fastest, at 38.29s, followed by VF with
64.82s, Edge with 86.81s, and finally Image with 98.70s. Post-
hoc pairwise comparisons showed a significant difference
between all modes (p < 0.05).

We focused more on the accuracy than the task comple-
tion time for people taking requested pictures. Overall, the
participants performed fastest with PIP, but the accuracy
was the lowest in this case. No statistical differences were
observed between the accuracies of the other three guides,
but people spent the longest time when using the image
overlay mode. In particular, several participants mentioned
that the image overlay guide was familiar, because it was
visually similar to the target image. However, P4 said that
sometimes it was difficult to distinguish the reference (target)
image, and when the camera view became close to the target
image, they were disturbed, as if seeing stereoscopic images.
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Figure 3: The results of the mean feature error (left), RMSE
(middle) and task completion time (right) across picture in
picture (PIP), image overlay (Image), edge overlay (Edge),
and virtual frame (VF).

In contrast, participants performed the task most accurately
using Edge, but spent a long time. Some participants said
that they spent the most time looking for the direction and
position where the target image was located. However, they
mentioned that once they determined the approximate loca-
tion of the target image, they were able to fit more detail into
the target image. In addition, it was easy to understand the
guide image by visually distinguishing it from the camera
view. With VF, the participants were able to access the target
image relatively quickly and accurately. Some participants
said that they were intuitively able to determine in which
direction and location the target image was located. How-
ever, most of them mentioned that they were uncertain of
the details, because the information about the target image
only appears in frames. Eight participants chose VF, and two
participants chose Edge as their preferred guide mode, and
none selected PIP or image overlay.

Through this experiment, we were able to identify the
characteristics of each guiding method, and obtained insight
that could be advantageous in certain situations. We con-
cluded that the following three approaches could be appro-
priate for PicMe. We can use PIP to roughly grasp the target
image quickly, and VF to help the user approach the three-
dimensional position and orientation of the target image.
Furthermore, we can use Edge to allow the user access to
the precise position and orientation of the target image.

5 PICME GUIDANCE DESIGN

We present PicMe, which provides an interactive visual guide
that allows the user (photographer) to take a requested photo
composition (Figure 4). To design PicMe, we referred to the
general photo-taking process that can be divided into two
stages: 1) identifying and moving to a potential photograph
location and 2) framing a detailed shot from the current lo-
cation [11]. The key design concept is to allow the user to
accurately and efficiently take pictures of others. Based on
the previously identified features of each guide (accuracy,
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speed, users’ comments), we divided the PicMe guide into
three steps, each connected sequentially. PicMe provides the
three guides in phases, depending on the similarity between
the current camera image and the target image, without mak-
ing the user select each guide separately. Accordingly, we
designed PicMe using PIP for identifying desired composi-
tion, VF for rapid framing and edge-based visualization for
precise adjustment. The characteristics and roles of each type
are as follows, and we utilize them in a hybrid way while
PicMe is running. We implemented PicMe to work fully in
mobile environments.

e Picture-in-picture: Picture-in-picture mode provides the
location information of the target at a high level to allow
the user to scan the scene and move to a potential pho-
tograph location. In the visualization, a small-size target
image in an inset window is displayed in the upper left
corner of the user’s camera view. PIP appears when the
user first receives a guide for taking a picture and when
the user loses the target image on screen (i.e., the differ-
ence between the target image and the user’s camera view
is large) during the PicMe operation. Conversely, when
the user’s camera position approaches the target image,
the PIP disappears from the screen. Therefore, the user
can have a sense of where to move the camera eye while
referring the PIP according to their sutuation.

e 2.5D virtual frame: This provides 2.5D guidance that
allows the user to grasp and frame a shot of the exact three-
dimensional position and orientation of the target image.
When the user’s camera screen and target composition
begin to overlap with each other through the PIP process,
a virtual frame representing the 3D composition of the
target image (green-colored frame of VF in Figure 4) and a
current view frame (grey-colored frame) representing the
user’s live view are simultaneously displayed on the screen.
To reach the target image, the user can adjust the camera’s
position and orientation until their current camera frame
is correctly aligned with the virtual frame. At this time,
the user can determine how to frame the shot by getting
feedback on the virtual frame that changes its shape and
size according to the user’s control.

o Edge-based visualization: This provides guides at a low
level to allow the user to focus on further alignment of
the detail elements from the current location. When the
matching error between the target image and the current
user’s camera view becomes smaller through virtual frame
guidance, the edge of the target image appears superim-
posed on the camera screen. The user can match the details,
such as the range and position of the subject, to the back-
ground to be included in the photograph more precisely
while comparing the edge image with the camera view of
the user. In particular, our experimental results showed
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moves to a
potential photograph location

PicMe
helps the user...

Step 2:

frames a shot of the
3D position and orientation.
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Step 3:

aligns detail elements
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7 User's current PN
s camera view P
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N
N

current

— camera view

PicMe leads the user to reach to
| the desired 3D photo composition

Figure 4: Three steps to help the user locate the camera at the desired composition in real-time, 1) Picture-in-picture, 2) Virtual

Frame, and 3) Edge overlay.

that the edge-based guideline enables the user to reach
the target position easily by visually separating the target
image from the current camera view.

Once a requester captures a photo composition and deliv-
ers it to the user, PicMe provides three visualization guides
depending on the process in which people take pictures and
its context (Figure 5). In addition, when the user closely
matches the camera screen to the position of the target im-
age, PicMe provides feedback to let the user take a picture.
When the color of the camera button changes to pink, the
user is then ready to take a photo similar to the requested
image.

Software Implementation

We implemented our guidance system on the Android plat-
form using well-established computer vision techniques. The
first step is to determine how well the current camera view
matches with the target view. To implement this, we detected
the feature points of both target image and the current cam-
eraimage respectively by using AKAZE detector [2]. We then
matched each feature points with the brute-force search. At
this time, the fundamental matrix is estimated using the
RANSAC algorithm from the corresponding feature points
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in order to filter out outliers [16]. In addition, we utilized
inlier ratio and the average distance between inlier matches
as the evaluation metrics for switching guidance types. If in-
lier ratio is less than 0.5, we activate PIP mode, or the virtual
frame is provided to the user. To generate the virtual frame,
we first estimated homography transformation between the
inlier matches using RANSAC. Then, the homography trans-
formation is applied to four corners of the camera frame
to reproduce a perspective view of the target image. We
used a cropped frame to visualize the frame boundary effec-
tively. In addition, we applied temporal box filtering to each
transformed corner position in order to remove the temporal
jittering which is caused by instability of the feature match-
ing results. If the average distance is smaller than 15 pixels,
PicMe changes the guide type to edge-based visualization.
At this time, we used Canny’s edge detector [10] to produce
the detailed edges of the target image. Finally, if the average
distance is under 5 pixels, PicMe changes the color of the
camera button to pink to let the user know the user know
he/she is ready to take a picture.

In this paper, we used the results of feature point match-
ing instead of direct pixel discrimination to switch the guide
mode reliably. (e.g., when calculating the inlier ratio of fea-
ture point matching to trigger VF, the requester’s region in
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Figure 5: Real user scenario of PicMe. A requester captures
a photo composition and delivers it to the photographer
(user), the user grasps the target image roughly (PIP), aligns
the current camera frame and a virtual frame (VF), and ad-
justs the detail elements (Edge).

the image has little effect on the result because there are few
matching feature points). A feature point matching method
is a widely used and reliable method for detecting and track-
ing objects in the computer vision field. We confirmed that
it works reliably in our system because, in most cases, when
someone requests a photograph to be taken, the requester
(foreground) does not cover the target image (background)
entirely as in wide-angle or full-body shots.

6 USER STUDY OF PICME

We conducted the user study to evaluate the effectiveness
of PicMe as a photography guidance method. We wanted to
evaluate the performance and subjective level of usability
of PicMe compared with the Edge and VF methods, where
the latter was designed in a previous study to have similar
functionality. Especially in the aspect of the performance,
our goal was to enable the photographer to take a photo with
a designated composition as accurately as possible. In this
context, when the matching rate between a target picture
and one taken by the photographer was higher, then the
quality and level of satisfaction with the picture were also
higher. Therefore, in this study, we focused on measuring
the user’s performance of a target image approach task.

User Study Design

Participants: Twelve participants (5 females, average age:
26.5) between the ages of 20 and 35 were recruited to partici-
pate in the study. All have normal vision, and most of them
usually enjoy taking pictures. They received a compensation
of USD 10 each.

Task: As in the previous experiment, we conducted a target
image approach task. Each participant performed 15 tasks (5
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Figure 6: Participants using PicMe for evaluating the effec-
tiveness and usability as a photography guide.

tasks per guide mode X 3 guide modes). For each task, we
provided target pictures of various compositions randomly
and measured two types of accuracy (the mean feature error,
RMSE) and task completion time. At this time, to evaluate the
accuracy precisely, the shooting location and initial position
of participants were kept as constant as possible by providing
target pictures. In addition, we excluded a feedback function
that tells the user to take a picture from PicMe. Furthermore,
a questionnaire was conducted regarding the participants’
feelings on the usefulness of the guided methods and their
understanding of how to take a guided picture [22].

Procedure: We used a within-subject design with one inde-
pendent variable (three guide modes) and one dependent
variable (accuracy). We also recorded task completion time
and obtained several subjective user ratings via question-
naires. The order of the guide conditions was counterbal-
anced with each of the 6 possible orderings. Participants
conducted a training phase, and they were asked to perform
the task as accurately and quickly as possible. Also, they filled
out a questionnaire upon completing five tasks of each mode.
Each of the four issues had one question, and each question
was rated on a 7-point Likert scale. (Q1: Through the visual
guide, I was able to take the requested picture accurately.
Q2: The visual guide helped me understand how to access
the requested picture. Q3: I thought the visual guide was
easy to use. Q4: I felt very confident using the visual guide
and I would like to use this system frequently.) The entire
experiment lasted about 45 minutes, and participants were
observed at all times as the tasks were conducted (Figure 6).

Results and Discussions

Figure 7 shows the mean feature error (left), RMSE (middle),
and task completion time (right) between all guide modes.
A repeated measures ANOVA statistic demonstrated a sig-
nificant difference between the three guide modes (mean
feature error: F; 33 = 5.346, p < 0.01, RMSE: F; 33 = 9.212,
p < 0.001). Regarding RMSE, the PicMe mode achieved the
lowest value of 31.90px, followed by Edge with 35.56px, and
VF with 42.40px. In terms of the mean feature error for each
mode is as follows: PicMe 6.01px, Edge 7.21px, VF 8.81px.

Page 8



CHI 2019 Paper

(px) Feature error RMSE (s) TCT
12 50 120
10 40 100
B 30 I 50 L
6 1 60
20
4 40
2 10 20
0 0 0

Edge VF PicMe Edge VF PicMe Edge VF PicMe

Figure 7: The results of the mean feature error (left), RMSE
(middle) and task completion time (right) across edge over-
lay (Edge), virtual frame (VF), and PicMe.

Both Edge and PicMe completed the task using a stroke over-
lay guide, so there were no significant differences in perfor-
mance (RMSE: p > 0.581, mean feature error: p > 0.62). How-
ever, PicMe required considerably less time (Fz 33 = 5.777,
p < 0.007), and the Post-hoc pairwise comparisons exhibited
meaningful differences between Edge and PicMe (p < 0.041).
For this reason, participants said that they could first get a
hint regarding the 3D composition through a virtual frame,
and then fit the camera view in detail.

In addition, participants also reached the target image
more accurately through PicMe than with VF (mean feature
error: p < 0.05, RMSE: p < 0.05). P2 and P5 stated that PicMe
helped them to feel confident that they were approaching the
target image effectively by providing specific guidance from
the overlaid contour image. However, in terms of the task
completion time, there was no significant difference between
VF and PicMe (p > 0.05). Several participants said that even
though PicMe has the advantage of providing two guides
according to the context, sometimes they felt confused, es-
pecially when the guide went over from Edge to VF again.
Especially, P6 stated that it would be better to impose a set-
ting not to return to VF once the user has finished framing
a shot. Similarly, P11 mentioned that he felt the alignment
changed slightly as the guide type changed. He said it would
be necessary to provide additional guides to bring the user’s
camera view to a more accurate position before making the
user move to the Edge guide.

Figure 8 shows the average subject responses from the par-
ticipants for the three types of a guide. The participants’ sub-
jective ratings indicate that most participants found PicMe
more helpful (Q1) in performing the tasks rather than a guide
with only VF and Edge (F;33 = 5.714, p < 0.007). P7 and
P9 mentioned that providing a contextual guide from the
global to local level allowed them to conduct the task more
efficiently. In Q2 (Understanding how to take pictures), there
was a significant difference among all guides (F, 33 = 5.267,
p < 0.01), especially between VF and PicMe (p < 0.01). Sev-
eral participants emphasized that providing a certain level
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Figure 8: Average subjective responses from the participants
on 7-point Likert scale. 1=Strongly disagree and 7 = Strongly
agree.

of detailed guidance had a positive effect on their work. The
responses on Q3 (Ease of use) showed the highest preference
for PicMe, but there was no significant difference between
VF and PicMe (p > 0.05). For that reason, P4 and P6 said
that they could access to the target image to some degree
by using only a simple VF mode rather than PicMe that pro-
vides two types of guides. Finally, nine participants chose
PicMe, two chose VF, and one selected Edge as their highly
satisfied guide mode (Q4). As a matter of visual confusion
when switching guide modes, two participants preferred to
use only one guidance mode, either Edge or VF.

In terms of ecological validity of our user study, similar to
the process followed in previous studies [17, 36], participants
first underwent a training phase for the same time period
for each guidance mode. However, according to the result
regarding the subjective level of usability (Figure 8), the av-
erage scores of the usefulness and ease of use of PicMe were
observed to be higher than those of Edge, which is a general
visual guide, and there were meaningful differences between
two modes. Furthermore, most participants expressed high
satisfaction because PicMe helped them feel confident when
they took requested photos. In this context, we can expect
PicMe to be practically feasible.

7 DISCUSSIONS AND LIMITATIONS

The results of this study support our approach to guiding
a user’s camera view. With our system, users can perform
requested photo composition more accurately than in the
conventional way. However, there are remaining issues to
consider for further development of our system.

Balance between level of guidance and clarity

At several modes of guidance, we made the choice to avoid
visual clutter by focusing on displaying the main visual direc-
tion on the screen. However, according to our experimental
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results and the user’s needs, it could be necessary to provide
additional guidance and feedback on the screen, to guide
the user more efficiently. For example, when the users tried
to align a camera view to a virtual frame, they quickly and
accurately recognized the demand for moving to the left,
right, bottom, and top. However, when there was a need to
move forward or backward, the users showed a tendency to
realize where to place the camera view after several attempts.
Previous studies on providing guidance on drawing, photo
shooting, and manufacturing faced similar limitations and
attempted to give additional visual hints to lead the user
better. With a similar approach, our system may provide
arrows to give the users directional hints more intuitively.
At this time, we need to consider the balance between the
visual complexity and level of guidance. Alternatively, we
could apply multi-sensory feedback such as auditory (e.g.,
speech, tone, and silent) or vibration using other sensors
in the mobile phone to help users set their camera to the
appropriate direction and position [18, 35].

Whole scene guide vs. representative subject guide

Our system uses well-known visualization techniques such
as picture-in-picture, edge, and image overlay from previous
studies, and suggests a virtual frame to guide the users in
a three-dimensional composition. Through our experiment
regarding the virtual frame, we found that the participants
use the whole visualization of the virtual frame to match
the overall composition of the target image, as we intended.
However, as for the edge guide, according to the partici-
pant’s observation during the experiment, the participants
tended to align the current camera view and the visual guide
image by fitting the edge of representative subjects (e.g., a
monument/ building outline in our experiment) in the target
image, rather than trying to fit the edge of the whole scene.
This behavior is similar to thinking about where to position
the desired subject on the camera screen when people take
a picture. Accordingly, we could further develop our system
by finding the main subject in the target image and then
providing a visual guide only relating to it.

Additional considerations for designing PicMe

In the current stage, PicMe provides a user with three visual
guides, where each guide mode switches according to the
user’s photo-shooting performance. However, the pre-user
study results showed that participants were visually con-
fused when modes changed automatically, especially, when
they were at the boundaries of each mode (e.g., PicMe offers
VF — Edge — again VF). This made them want to choose a
specific mode in certain situations. Accordingly, on-demand
assistance must be provided. For example, each guidance ap-
pears when the users holds or touches the screen with their
thumb. In addition, apart from offering visual guide modes,
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exploring the meaningful interaction between the system
and the users is also critical. In the future, after completely
understanding the needs and preferences of both requesters
and photographers, it will be possible to try various func-
tions (e.g., functions that enable requesters to create a guide
picture including themselves, using photographs taken by
an expert at specific location as guide images, or allowing
photographers to select whether they want to use the guide).

Improvement of software system

While our study has used simple and robust computer vi-
sion algorithms to extract visual guides, these algorithms
may fail to detect the desired features in some scenes or
places. Consequently, our system can sometimes miss visual
guides or feedback that could help users reach the requested
composition. For a similar reason, some participants said
they were disturbed while taking pictures when an unstable
virtual frame was displayed during the experiment. There
are still limits to the operation of real-time feature tracking
and displaying visualization on a mobile device; thus, many
researchers used additional equipment or high-end mobile
devices to solve these problems. Displaying our virtual guide
over the live view of a real-world environment is similar to
the visualization in augmented reality. In our system, com-
bining object recognition and tracking technology, which
have been studied in terms of augmented reality for a long
time, can be one approach to drive our system more stably
and precisely.

Exploration of the requester and photographer

This paper focused on evaluating visual guidance for guid-
ing photography by the photographer who takes pictures
on request. Therefore, we focused on evaluating the pho-
tographer’s performance and measuring subjective opinions
regarding usability issues. We also measured the participants’
subjective opinions as a photographer regarding usability
issues. Furthermore, in the future, it is necessary to evaluate
both the requester and photographer in the context of using
PicMe, wherein the two interact with each other. Additional
user studies will enable us to explore more specific research
issues from the perspective of both users, such as additional
functions and necessary design considerations when interac-
tion occurs. It is also necessary to investigate the requesters’
satisfaction and expected level of accuracy.

8 CONCLUSION

We present PicMe, a mobile application that provides an in-
teractive visual guide that allows the user (photographer)
take a requested photo composition. PicMe provides three
visualization guides depending on the process in which peo-
ple take pictures and its context. We summarize our con-
tributions as follows. First, we conducted a pre-user study
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to understand the context where people ask and are asked
to take photographs and specify design requirements. Sec-
ond, we designed and implemented PicMe, which provides
an interactive visual guide that allows the user to take a re-
quested photo composition in real-time. Third, we conducted
two user studies to evaluate appropriate visual guidance for
PicMe, and the effectiveness and usability of PicMe as a pho-
tography guide. Our results highlight that PicMe not only
allows participants reach the desired three-dimensional com-
position of a requested photo accurately and efficiently but
also gives them more confident in their tasks. We believe our
study illuminates the potential of an interactive visual guide
to enable people to take and get desired photographs each
other.
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