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Abstract

Cameras are becoming increasingly aware of the
picture-taking context, collecting extra information around
the act of photographing. This contextual information en-
ables the computational generation of a wide range of
enhanced photographic outputs, effectively expanding the
imaging experience provided by consumer cameras. Com-
puter vision and computational photography techniques can
be applied to provide image composites, such as panora-
mas, high dynamic range images, and stroboscopic images,
as well as automatically selecting individual alternative
frames. Our technology can be integrated into point-and-
shoot cameras, and it effectively expands the photographic
possibilities for casual and amateur users, who often rely
on automatic camera modes.

1. Introduction

Taking compelling pictures is a complex task. Effec-
tively communicating the intended message through im-
agery requires selecting adequate camera parameters, as
well as properly framing the shot using an interesting com-
position. This is typically accomplished by looking at the
camera’s viewfinder while pointing at the scene and adjust-
ing parameters such as point of view, zoom, aperture, and
focus.

Digital cameras have features for automatically esti-
mating optimal parameters, such as autofocus and auto-
exposure. These functionalities reduce the photographic
process to pointing the camera at the scene of interest, ad-
justing the point of view to capture the desired composition,
and shooting a photograph. While professional photogra-
phers still tend to favor a manual or semi-automatic selec-
tion of parameters, point-and-shoot cameras are very pop-
ular and have made photography accessible to the general
public.

The adjustment of capture parameters and framing, to-
gether with the dynamism brought in by the photo sub-
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Figure 1. While framing a picture of a flower, a butterfly briefly
lands on the flower, but immediately flies away. The photographer
quickly triggers the shutter to capture the butterfly, but the final
picture misses it (a). By considering frames captured before the
shutter was triggered (b-d), a better view of the intended scene is
found (c).

ject, which can be constantly changing, show that the mo-
ment being experienced is broader than the single instant
of time captured by a photograph. If additional informa-
tion could be gathered by a camera before or after the pho-
tographer captures an image, this information could be ex-
plored to enhance the imaging experience, and the photo-
graph then ceases to be a mere representation of a single
time instant [7]. New image capture options could be pro-
vided, such as going back and forth in time to choose the
desired moment (Figure 1), or compositing multiple images
to create panoramas or photomontages.

While current camera architectures still have limitations,
such as memory and bandwidth constraints, that prevent de-
velopers from fully capturing and exploring visual infor-
mation before and after a picture is taken, some informa-
tion can now be gathered and used in interesting ways. In
this paper, we summarize our experience developing a real



camera prototype and exploring the ideas of silently captur-
ing visual information while the photographer is framing a
picture, and using this information to extend the range of
photographic possibilities. Our promising results motivate
a research agenda that we call composition context photog-
raphy.

2. Related Work

There has been increasing interest in using contextual in-
formation in photography, by collecting extra information
before and after a picture is taken. Different types of infor-
mation can be useful, such as audio; additional sensors such
as accelerometers, gyroscopes, compasses, light sensors,
and thermometers; location data, typically obtained from a
Global Positioning System (GPS) sensor; image databases
from the Internet; and viewfinder images. While not every
camera is able to acquire such information, modern mobile
devices often provide means to access several of these data
sources.

A major motivation for using contextual information is
to increase the chances of capturing the ideal moment in
scenes with motion. Professional photographers often use
the built-in burst functionality in current cameras and later
select the best picture from the set [19]. When the goal is
to minimize blur due to handshake, the “lucky imaging” ap-
plication [1] uses inertial sensor data to pick the least blurry
shot from a sequence of images. In portrait photography,
machine learning has been used to select candid portraits in
a sequence of frames [11].

A few commercial photography applications that include
contextual information have been recently released. A gen-
eral pattern is to capture a short sequence or burst of im-
ages and use its information to achieve interesting effects.
Examples include taking pictures on smile, editing faces in
a group picture, choosing the best moment from an image
burst, creating stroboscopic images, adding artificial blur to
motion areas, removing undesired moving subjects, creat-
ing cinemagraphs by “freezing” parts of the image while
keeping other regions moving, capturing self-portraits once
the user’s face is framed, and automatically metering for
high dynamic range. We provide a unified framework for
incorporating contextual information in photography, and
these applications deal with use cases that are encompassed
by our framework.

There have also been other works based on sensors.
Holleis et al. [14] presented a preliminary study suggest-
ing that inertial sensor data obtained during framing could
be applied to enhance the photographic experience, since it
carries information on how the photographer handles the
camera. Håkansson et al. [13] presented a camera that
applies graphics effects, such as pixelation, shadows, and
waves, to its photographs based on contextual audio and
motion. More recently, Bourke et al. [4] and Yin et al. [25]

used GPS, compass, auto-exposure parameters, and Internet
image collections to recommend alternative photographs or
propose scene compositions.

Finally, viewfinder images are a very important ele-
ment of context, since they capture whatever the camera
“sees” while the photographer is framing a picture. The
automatic mode of several cameras relies on so-called 3A
(auto-exposure, autofocus, and auto-whitebalance) algo-
rithms that analyze viewfinder images to automatically find
an optimal set of capture parameters that provide a prop-
erly exposed image. However, those frames are usually
discarded after this process. In contrast, we utilize those
frames to generate variations of the captured image that may
be more compelling than the captured image itself.

3. Composition Context Photography

We explored the idea of using contextual information
from a standard point-and-shoot camera, collected while the
user is framing a picture, to provide additional image re-
sults. The contextual information includes the viewfinder
frames; metadata consisting of capture parameters (expo-
sure time, sensor gain, white balance, focus, zoom level) for
every viewfinder frame; and camera motion data obtained
from accelerometers and gyroscopes. We recorded this data
for a period of time before the user triggers the shutter to
capture an image1. We refer to this type of contextual data
as the “composition context” of the picture, since the col-
lected data typically corresponds to the period while the
photographer is adjusting the photo composition and fram-
ing.

To generate the photo suggestions, we either pick indi-
vidual frames from the composition context, targeting the
problem of missing a desired moment (Figure 1), or we cre-
ate image composites by exploring variations in capture pa-
rameters (Figure 2), such as field of view, exposure time,
and focus, that naturally happen in the framing procedure
either because of the user’s actions or induced by the 3A
algorithms. Some composites also explore the presence of
moving objects. To generate the results, we employ com-
puter vision and computational photography algorithms.

3.1. Exploratory Study

In order to obtain initial hands-on experience and better
understand the composition context in photography, we de-
veloped a prototype camera and performed an exploratory
study with users to gather composition context data in real-
world scenarios. The goal was to acquire knowledge about
the actions performed by users of point-and-shoot cameras
in “automatic” mode in preparation for taking a photograph.

To enable silent background recording of viewfinder
frames, their capture parameters, and inertial sensor data,

1It is also useful to gather data after the shutter is triggered; we focused
on pre-shutter data due to constraints of our implementation platform.
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Figure 2. Using the composition context to extend the range of
photographic possibilities. The user frames and takes a picture as
with a point-and-shoot camera, but a collection of photo variations,
computed using information from the composition context, may be
obtained in addition to the actual photograph.

we created a capture application based on the Nokia N900
Frankencamera [1], modified to support digital zoom. We
attached an experimental sensor box with accelerometers
and gyroscopes (Figure 3(a)). At the time of data collec-
tion for our study, the N900 Frankencamera was the only
device that allowed fine-grained control over capture pa-
rameters on a per-frame basis. Later on, the Nokia N9 and
the NVIDIA Tegra Development Tablet also included the
FCam API. As of now (November 2014), the Android 5.0
(“Lollipop”) API has just been released, and it introduces
a new camera API to facilitate fine-grain photo capture and
image processing [12].

Our camera application (Figure 3) continuously captures
and displays images (320x240, 25 fps) on the viewfinder.
Every frame is added to a circular buffer before being dis-
played. The buffer holds the viewfinder frames and their
capture parameters for the most recent 18 seconds, limited
by the memory capacity of the N900. Autofocus is triggered
by pressing the shutter button halfway. Once the shutter but-
ton is fully pressed, a 5 MP photograph2 is captured with
automatic settings (exposure time, gain, focus, and flash),

2From now on, we refer to this photograph as the final picture or final
image, as it is the final output of the point-and-shoot photography process.

and the buffer of viewfinder frames is saved.
We recruited 45 student volunteers from various disci-

plines, 24 male and 21 female, with ages ranging from 18
to 30 years old, to participate in our study. On average, the
participants have used digital cameras for 5.75 years. We
conducted study sessions at different times of the day and
weather conditions, with a single participant at a time. Each
session lasted about 45 minutes, and each user received $5
for their participation. The participants were provided with
our prototype camera and requested to take pictures at a uni-
versity campus. They were instructed to try their best to
capture compelling images, relying on their own sense of
what makes a good picture. We did not tell them that the
camera was recording composition context information.

We requested three different photographs for each of
seven categories, selected to represent common photogra-
phy scenarios: an office environment, a close-up scene, a
building, a sign, an open area, a posing person or group of
people, and a moving subject. The participants were free
to choose the scenes to be photographed, as long as they
fit within these categories. Once the 21 pictures had been
taken, the users were then asked to take at least five addi-
tional pictures of scenes chosen at their discretion.

Users rated their level of experience as a photographer;
the average self-assigned experience level was 4 on a 1-7
scale. Users were also asked to rate the similarity of the
interface of our camera to digital point-and-shoot, camer-
aphone, and digital SLR cameras. On a 1-7 scale, the av-
erage ratings were 5.37, 5.57, and 2.94, respectively; these
are good indication that our capture prototype successfully
mimics the user interface of point-and-shoot cameras and
cameraphones.

3.2. Dataset Statistics and Analysis

The data collection sessions resulted in a database of
1213 pictures with associated composition context data. For
each set of framing images, we manually annotated the time
intervals where the user was framing the photograph. This
is hard to define since we do not have access to information
about the user’s intentions, but for this purpose we consid-
ered the frames for which the user seemed to be deliberately
pointing the camera at a scene. We also annotated the time
intervals whose views overlap with the one in the final pic-
ture.

We then computed statistics on the duration of the fram-
ing procedure. Figure 4(a) shows a distribution of framing
times for the pictures in the dataset, beginning at the first
frame for which the user seemed to be framing, and ending
when the final picture was taken. Due to the memory lim-
itations of the implementation platform, durations longer
than 18 seconds were recorded as 18 seconds. The median
framing duration was of 8.92 seconds, and 16 seconds were
enough to record the entire framing procedure in 80% of the
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Figure 3. Our composition context capture prototype. (a) Nokia N900 with attached sensor box; (b) Point-and-shoot camera application,
including a viewfinder; (c) Camera buttons used for digital zoom and autofocus / shutter trigger.

cases. We also analyzed the amount of framing time during
which the viewfinder image overlapped with the final im-
age (Figure 4(b)). The median framing duration while the
camera displayed viewfinder frames that overlapped with
the final picture was of 8.04 seconds.

For the viewfinder frames that overlap with the final pic-
ture, we computed the range of variation of the following
parameters: focus, exposure (as the multiplication of the ex-
posure time by the sensor gain), and zoom, in diopters, stops
and magnification change, respectively. The changes in fo-
cus come from the autofocus procedure, which can vary fo-
cus from 5 cm to infinity (20 to 0 diopters); variations in ex-
posure come from the auto-exposure algorithm; and zoom
variation comes from the digital zoom controls, which ei-
ther increase or decrease the magnification by 0.067x. Fig-
ure 4(c-e) shows the distribution of the variations in our
dataset.

Figure 4 indicates that a large number of frames is highly
correlated to the final picture, due to the overlaps between
views. The variations in capture parameters can be under-
stood as imaging the scene in the final picture under dif-
ferent parameters. Also, the framing duration may inform
the choice of how much contextual information to capture
given hardware constraints.

Qualitatively, we observed that the viewfinder streams
contain intervals of framing, typically characterized by peri-
ods of stillness, and movement for composition adjustment;
and intervals of erratic imaging, where the camera records
random scenes that are not of interest, such as the user’s
feet, ground or sky at times when the user is simply walk-
ing between photo shots.

3.3. Generation of Photo Suggestions

Given the collected dataset, we developed a system to
create additional photo suggestions using composition con-
text data. The goal was not to achieve pixel-perfect results,
but to explore the possibilities that the composition context
brings for extending the output of the photo taking process.
Therefore, we integrated simple techniques or used off-the-
shelf implementations of the computer vision and compu-
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Figure 4. Statistics from the framing procedure. (a) Distribution of
framing times. (b) Distribution of framing times considering only
periods when the viewfinder overlaps with the final image. (c-e)
Variations of capture parameters for viewfinder frames that overlap
with the final image during the framing procedure: (c) variations
in focus; (d) variations in exposure (exposure time multiplied by
sensor gain); (e) variations in zoom.

tational photography algorithms involved. For more details
on specific algorithms, please refer to the first author’s PhD
dissertation [23].

The first step was to align the viewfinder frames to the
final picture, so that pixel correspondences can be estab-
lished. We estimated transformations that spatially align



each viewfinder frame to the final picture. To perform align-
ment between pairs of frames, we used the algorithm from
Wagner et al. [24] that showed good results for images taken
by mobile devices.

The following step was to find the image regions that
correspond to moving objects or subjects in the scene. We
implemented a simple method with workarounds to address
practical issues from our scenario. The general idea was to
align the viewfinder frames to the final image and perform
median-based background subtraction while disregarding
detections near intensity edges (to avoid false positives due
to small misalignments), after discarding frames with large
camera motion (using the inertial sensor outputs) and focus
and exposure time that considerably differed from the final
image’s. This resulted in mask estimates for moving areas.

By using the aligned frames and the detected motion
masks, we generated image composites created from mul-
tiple composition context frames. As previously discussed,
parts of the composition context can be understood as imag-
ing the scene with different capture parameters (Figure 4(c-
e)), and can be used as input to computational photography
algorithms, which explore variations in capture parameters
to create images that could not have been captured with a
single shot. We only used frames likely to exhibit insignif-
icant blur due to camera motion, by filtering out frames by
gyroscope energy.

We created panoramas [21], collages [18], all-in-focus
images [2], high dynamic range images [8], synthetic long
exposure images [22], and flash/no-flash composites [10,
20]. We also simulated the panning technique [19], by
aligning moving objects across multiple frames and aver-
aging the images, creating background blur while keeping
the moving object sharp. We depicted motion in a static im-
age by repeating moving subjects at multiple places in the
scene (stroboscopic images). To remove undesired moving
subjects, we cut them out and used viewfinder frame in-
formation to fill the holes left, a process known as inpaint-
ing [3].

To generate the composites, we used the OpenCV
panorama library, which implements [6], and the Enfuse
4.0 software [17], which implements the Exposure Fu-
sion [16] algorithm for extended dynamic range, flash/no-
flash and all-in-focus composites. For the remaining com-
posite types, we implemented simple methods as a proof-
of-concept.

Given the large number of frames available, it was im-
portant to select relevant images as input to the algorithms.
Using the entire composition context may require a large
amount of processing time and memory, and poor registra-
tion can accentuate artifacts. We automatically identified
groups of frames to be provided as inputs to compositing
algorithms. Inspired by [5], which searched image collec-
tions to identify groups of frames to be stitched as panora-

Table 1. Number of generated image composites using our dataset,
and average number of identified input frames per composite type.

Generated Avg. #input frames
Panorama 127 137
Collage 127 137
HDR 13 68

Synthetic Long Exposure 1073 59
All-in-Focus 29 70

Flash/No-Flash 29 N/A
Stroboscopic 295 18

Synthetic Panning 263 13
Moving Object Removal 213 62

mas, we extended this idea to find inputs for other image
composites within the composition context.

We leveraged the capture parameter metadata to recog-
nize stacks of frames for high dynamic range, all-in-focus
imaging, synthetic shutter speed, and moving object com-
posites. For panoramas and collages, we use an algorithm
similar to [5], and eliminate viewfinder frames whose cap-
ture parameters significantly differ from the final picture pa-
rameters or include moving objects. For the other compos-
ites, we first find a stack of images that approximately aligns
with the final picture, and then analyze the capture parame-
ters and the presence of moving objects in the stack to de-
termine groups of frames to be provided as inputs to differ-
ent image composites. Only composites for which enough
variation of the required capture parameters (e.g., exposure
for HDR, field of view for panorama, etc.) is detected are
created.

The method identified input frames for at least one type
of image composite in 1105 of the 1213 videos. Table 1
shows the number of created composites by type, as well as
the average number of identified input frames for each type.
Figure 5 shows some of the generated composites along the
corresponding final pictures. The composites provide wider
field of view, extended dynamic range, motion-blur effects,
better photos in low-light conditions, interesting motion ef-
fects, and moving object removal.

In addition to image composites, our system generated
suggestions of individual frames, aiming to provide inter-
esting alternative moments or views of the scene. The goal
was to select frames from areas in which the user indicated
interest while framing, which were not too similar to the
final picture, and which maximized measures of quality.

Inspired by eye gaze tracking [9], we created a map that
associated scene locations to attention scores, which indi-
cated how long the user spent pointing the camera at a par-
ticular location. In this way, it was possible to suggest only
viewfinder frames that corresponded to areas of high inter-
est. To compute the map, we aligned all viewfinder frames
to the final picture, and then added the regions occupied by
each aligned frame onto an accumulator.

Only frames with attention scores greater than 50 were
considered as candidates for suggestions, as this corre-
sponds to areas at which the user spent at least two sec-
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Figure 5. Examples of photo suggestions created from the composition context by combining multiple frames.



onds viewing. To avoid suggestions too similar to the final
image, we filtered out frames with roughly the same view-
point, focus, zoom and exposure as the final image, and
which did not contain moving objects. We clustered the
remaining frames into groups by proximity to the peaks of
the attention map. For each group, we then suggested opti-
mal frames according to different quality measures, such as
amount of camera motion, moving object area, and compu-
tational aesthetics criteria [15].

Figure 6 shows a few examples of images from our
dataset and useful suggestions recommended by our algo-
rithm. The examples include alternative views (first row),
alternative orientation (second row, left), different expo-
sure and moving objects (second row, right), focus at dif-
ferent distances (flowers), and moving subjects at different
instants (bicycles).

4. Research Agenda

Our exploration of the composition context and the re-
cent commercial interest indicate that contextual photogra-
phy is a promising area for continuing investigation. While
our initial simple methods and the market applications are
not free of visual artifacts, they provide enhanced experi-
ences to photographers, by creating images that could not
have been captured before. This is done in a computational
fashion, with in-camera processing helping to gather and
make sense of contextual data.

Our results motivate several topics for further research
and development in the area.

• Additional research with users is required to quanti-
tatively analyze the benefit provided by the generated
suggestions. More detailed research on the human fac-
tors involved in the process of framing photographs
would be useful, as well as studying how a compo-
sition context camera impacts user behavior.

• Our solution does not alter the point-and-shoot photog-
raphy process; this has the advantage of expanding the
output of the process without requiring additional ef-
fort from the user. However, it would be interesting to
introduce active variation of capture parameters to in-
crease variability in the composition context, possibly
using additional cameras or custom hardware, while
still trying to minimize changes to the capture process.

• Additional types of contextual information, such as
GPS tied to geolocated image databases, could be ex-
plored. In fact, recent work [25] has already begun to
address these issues.

• Different output modalities such as 3D models, higher
resolution images synthesized by superresolution tech-
niques, denoised images, and cinemagraphs, could be
provided.

• Reliably performing image alignment and detecting
moving objects in scenarios with uncontrolled camera
motion and variations in capture parameters are still
challenging problems being addressed in the computer
vision community.

• Optimizations in context capture and generation of
photo suggestions would allow the entire pipeline to
run on-camera. Advances in the underlying cam-
era architecture and middleware would enable higher-
quality results, by capturing higher resolution images
during the framing process.

• On-the-fly compression algorithms for the composi-
tion context would also allow more efficient recording.
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