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Animating Still Landscape Photographs
Through Cloud Motion Creation

Wei-Cih Jhou and Wen-Huang Cheng, Senior Member, IEEE

Abstract—Animating landscape photographs can create
an engaging viewing experience and has long been an active
area of multimedia research. Images can be used to create
an illusion of movement, thereby providing more vivid and
interesting visuals. Among numerous objects in visual scenes,
clouds appear as a common element in landscape photos but
are challenging to manipulate because clouds are ill-posed
structures without concrete forms and present motion with
very high degrees of freedom and arbitrary shape deformation.
This paper addresses the generation of dynamic imagery from
a still photo through automatic motion creation. First, a cloud
appearance model is acquired by representing each pixel in the
sky region as a combination of two computable image properties,
i.e., Cloudiness estimates cloud density and Cloud Structure gives
the corresponding cloud shape and texture. Then, based on
the obtained Cloudiness and Cloud Structure, a content-aware
wind field is generated to synthesize the motion of cloud flow.
Experimental results demonstrate that our approach can work
well on various types of cloud images and produce visually
convincing dynamic imagery of landscape photos. Furthermore,
we showcased several extended multimedia applications to
validate that the proposed framework is generic and widely
extensible to other vapor-like objects like mist and smoke. Please
see http://mclab.citi.sinica.edu.tw/demo/dynamicimagery.htm for
demos.

Index Terms—Animation, clouds, dynamic imagery, landscape
photographs, motion creation, multimedia enrichment, user
experience.

I. INTRODUCTION

A PHOTOGRAPH of a scene encapsulates a single moment
in time. By adding motion content to a still photo, we

can create an illusion of expanding the moment to help viewers
better engage in the viewing experience. In other words, mo-
tion enhancement of the content makes a photo “more than a
picture”1 and raises potential for various creative multimedia
applications [1]–[4]. Recently, related technologies have been
further applied to certain commercial products such as the in-
teractive newspaper appearing in the Harry Potter movies, the
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1“Cinemagraphs,” [Online]. Available: http://cinemagraphs.com/

Fig. 1. Landscape photograph with created cloud movement brings a vivid and
entertaining visual experience. (a) The original photograph. (b) The last frame
of the created dynamic imagery from (a). (Please see http://mclab.citi.sinica.
edu.tw/demo/dynamicimagery.htm for the demo and more results.).

Nokia Cinemagraph [5], Adobe's After Effect,2 and Google's
Auto Awesome app.3
Given the current lack of automation for enabling such “more

than a picture” effects, we explore the creation of a novel cat-
egory of media from still photographs, integrating temporal el-
ements into still images without the full dynamic activity re-
quired for conventional videos (i.e., specific regions are kept
static in a scene). Our objective is to create an impressive visual
experience (from static to dynamic) by creating natural move-
ment of certain scene elements over a short period of time, e.g.,
Fig. 1. Cinemagraphs are derived from a short video by retaining
motion content in selected scene components, e.g., a dynamic
wisp of smoke in a time stop scene. Joshi et al. generalize from
cinemagraphs and use a different term, cliplet [2], to denote
media in which the dynamic elements do not need to strictly
loop. However, whereas cinemagraphs and cliplets use a set of
photographs or a video, our proposed visual medium is enriched
with created motions from a single image.
Numerous studies have focused on recovering particular

motions of objects (e.g., humans [6]–[8], animals [9], etc.) in
a photo. Chuang et al. [10] enhanced still pictures by adding
stochastic motion textures to a scene containing passive el-
ements, such as boats, plants, trees, and water. Clouds are
another common element in scenic pictures but have been
largely overlooked in previous studies.
Compared with other objects, creating vivid motions of

clouds from a still image is challenging because of the cloud's
vaporous nature. Essentially, clouds are not a single object,
but are rather composed of a set of cloud particles, i.e., water
droplets [11]. The motion of clouds is then the sum of the
motion of the individual cloud particles. As the winds move
air across the sky, the particles in clouds can move around and

2[Online]. Available: http://www.adobe.com/products/aftereffects.html
3[Online]. Available: http://www.androidcentral.com/tag/auto-awesome
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slide past each other. They are still close together but not in a
fixed pattern. Clouds thus present a motion characterized by
very high degrees of freedom with arbitrary shape deformation.
It is difficult to segment an image to model cloud distribu-

tions in the sky since clouds are ill-posed structures that do not
have concrete forms and visually appear with varying levels
of transparency around the boundaries [12]–[14]. With only a
single photo as source, we cannot exploit structure matching be-
tween two images for cloud recognition [15]. Assuming that we
have the cloud distribution, the motion of clouds is still unpre-
dictable due to the complex interplay between mean and turbu-
lent flows in a wind field, as shown in Fig. 2. A cloud particle is
unlikely to repeat its movement in a periodic or regular fashion
over time.
In responding to the above challenges, we propose a cloud

appearance model which incorporates Cloudiness (an estimate
of the amount of pixels covered by clouds) and Cloud Struc-
ture (a description as the edge field to describe the texture of the
clouds). Two types of methods can be used to create cloud mo-
tion: physics-based rendering techniques or image-based ren-
dering techniques. In physics-based techniques, a model of the
scene is derived from physical principles, then approximated,
and finally simulated [16]. Such techniques provide an advan-
tage in that the synthesis can be manipulated, but suffer from
high computation costs. The image-based techniques, named
heuristic or procedural techniques [17], generate synthetic im-
ages by clever concatenation or repetition of image data with
a model, albeit not a physical one. In particular, image-based
rendering techniques model the visual signal, i.e., the image se-
quence itself. In our approach, we create a content-aware wind
field to drive the flow of clouds based on the cloud appearance
model and avoid building a real 3D model of the scene from a
single image.
To the best of our knowledge, this is the first work that demon-

strates how to automatically produce animation of clouds from
a single image. We believe that our approach is generic and can
be widely extended to other vapor-like objects like mist and
smoke. Given that most of the previous studies are largely bi-
ased to rigid objects or stochastic phenomena, our approach is
complementary to existing studies and can better improve the
user experience in the related fields.
The rest of the paper is organized as follows: Section II re-

views related works. Section III gives an overview of the pro-
posed framework. We present the approach for extracting cloud
attributes (Cloudiness and Cloud Structure) in Section IV and
explain how these attributes are used to animate clouds in
Section V. We present the results in Section VI and conclude
our work in Section VII.

II. RELATED WORK

The animated Graphics Interchange Format (GIF) is a classic
visual medium that lie between an image and a video, and allows
various images (frames) to be painted with time delays. The Ken
Burns effect [18] is another similar visual medium using pan-
ning and zooming effects in video production from still imagery
to create image slideshows [19]. To manipulate scene structure

Fig. 2. Overview of the interactions between clouds and the environmental
wind field. Generally, clouds move with the wind. In a wind field, there ex-
ists basically two types of flows, namely mean flows and turbulent flows. The
straight black line is a mean flow, which is parallel to the predominant direction
of wind. The curved red arrows are turbulent flows, leading to a spreading-out
of the clouds.

in an image, Horry et al. [20] and Zheng et al. [21] created an-
imations from an image based on the layering of foreground
objects and changing camera viewpoints. The resultant videos
allow the viewer to walk or fly through seemingly three-dimen-
sionally images. In a more manual way, Lockyer et al. [22] and
Kazi et al. [23] both developed a toolkit that allows artists and
casual users to craft motion textures for manipulating the pat-
terns of ambient motion in input images, seemingly bringing
illustrations to life.
Recently, the Harry Potter movies included an interactive

newspaper featuring dynamic imagery, which has increased
the popularity of Cinemagraphs created by Jamie Beck and
Kevin Burg. Other studies provide similar animation effects.
For example, Tompkin et al. [1] proposed a semi-automatic
authoring tool that includes motion stabilization in a video to
produce animation. Bai et al. [24] presented a similar technique
for selectively de-animating video to remove the large-scale
motions of one or more objects. Yeh et al. [3] analyzed the
dynamic characteristics from frame sequences, with the goal
to generate masks and layers that compose a cinemagraph.
Widely available tools for creating dynamic imagery include
Cliplets [2], Kinotopic,4 and Flixel.5 On the other hand, some
visual media provides similar dynamic effects through motion
denoising techniques [25]. For example, Rubinstein et al. [25]
removed transient and distracting motions from time-lapse
sequences to increase the comprehensibility of longer-term
movements.
Several studies in computer vision and graphics have ex-

plored the motion of particular objects (e.g., humans) in a
static scene or short time sequences [6]–[8]. Chuang et al. [10]
explored the problem of enhancing still pictures by adding sto-
chastic motion textures to a scene containing passive elements
to mimic the motion effect of their response to natural forces.
Schödl et al. [26] called this medium video textures, which are
sequences of images derived from videos by changing the order
in which the recorded frames are played. These video textures
exhibit certain stationary properties of the moving objects in

4[Online]. Available: http://kinotopic.com/
5[Online]. Available: https://flixel.com/
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Fig. 3. Overview of the proposed framework. The input image is first analyzed to produce the cloudiness (Section IV-A) and the cloud structure (Section IV-B),
which are the cues to generate the motion of cloud flow (Section V). The rendering of dynamic clouds is implemented by the image blending algorithm to determine
how the foreground clouds and the background sky are blended into each other.

time, including sea-waves, smoke, foliage, whirlwinds, etc.
[27]–[29].
Most of these studies require that video data be available in

advance. In contrast, our work requires only a single image as
the input. For general scenarios, it is more practical for users
to only take a single photo and apply effect enhancement after-
wards [30]. Further, temporal texture synthesis has certain lim-
itations in that it is used to analyze the input texture and syn-
thesize new similar-looking structures, which means that these
texture-based synthesis methods could only handle visual phe-
nomena with relatively homogeneous contents.
Our work provides the following improvements over these

current techniques. 1) We propose a novel multimedia presen-
tation of dynamic imagery that creates the illusion of cloud mo-
tion thereby making a landscape photograph more vivid and im-
pressive. 2) For cloud motion, our approach breaks the limita-
tion of texture-based synthesis and can dynamically generate
the motion of clouds to better match the cloud's instantaneous
appearance. 3) The required input is only an image without
video, making it more generally applicable in a wide variety of
domains.

III. OVERVIEW

Fig. 3 gives an overview of the proposed framework for cre-
ating wind-driven cloud movement. Therefore, we have to de-
sign a reasonable wind field according to the input content.

A. Cloud Appearance Model Acquisition
The preliminary step is to label every pixel in the sky re-

gion from an input image to denote the cloud density (Cloudi-
ness). This allows us to layer the input image into the clouds
(foreground layer) and the clear sky (background layer). The
clouds can then be driven by a designed wind field.
Generate dynamic cloud animations requires computing a

content-aware wind field. Therefore, we further analyze the
shape and texture of the input clouds to compose the Cloud
Structure map as an important cue for generating the wind
field to guide the cloud motions. The modeling of the cloud
appearance, containing Cloudiness and Cloud Structure, is
detailed in Section IV.

B. Motion of Cloud Flow
The second component of the proposed framework generates

a reasonable wind field, which is content-aware of the input
clouds. The wind field includes two parts, mean flow and turbu-
lence. The mean flow is parallel to the predominant direction of
wind (global wind), which is intuitively similar to a translational
motion of clouds. For flexibility, we apply the wind Log-Law

[31] to model the mean flow to create velocities depending on
elevation.
The turbulence is the swirling of clouds. We use the diffusion

and the K-H instability [32] phenomena (under the assump-
tion that the flow turbulence is dominated by the coherent
Cloud Structure activities) to model the cloud turbulence.
Section V describes the cloud dynamics and the creation of the
wind field in more detail.

C. Rendering
During the rendering process, for each time , a displacement

is synthesized according to the wind field. The displace-
ment is applied to the clouds (foreground layer) to obtain

, where is a standard advection interpo-
lation [33]. Note that, to simplify the notation, the displacement

here is an absolute displacement of the input clouds
rather than a relative displacement of previous clouds .
Finally, the clouds (foreground layer) and the clear sky

(the background layer) are blended together to synthesize
the output frame at time , . In our
experiments, we simply assign since the motion of
the background sky should be zero and the value of is derived
from the Cloudiness.

IV. CLOUD APPEARANCE ACQUISITION

Instead of binarizing a sky region into cloud or non-cloud
pixels, each pixel in the sky region is soft-labelled and
represented by a combination of two computable image prop-
erties, i.e., Cloudiness (Section IV-A) and Cloud Structure
(Section IV-B). The Cloudiness is a value for each pixel in the
sky region to denote the cloud density. The Cloud Structure has
a magnitude paired with an orientation of the structure in the
cloud region and it can be a descriptor to indicate the direction
of the cloud turbulence. Note that since we do not account for
climate data (i.e., wind direction or the amount of cloud cover)
for the original photo, our approach calculates the cloud model
solely based on the cloud appearance in the input image. This
information is used to form the cloud model and is the essential
parameter to the following synthesis of cloud motion.

A. Cloud Density Approximation
To acquire the Cloudiness, one intuitive solution is to use the

intensity map (i.e., luminance channel) of an input image. How-
ever, if a cloud is heavy or its cloud particles are on the far side
that faces away from the sun, some portions of the cloud will
receive less sunlight and look dark, such that the intensity map
is not a good predictor as the clouds are in shadow, as shown in
Fig. 4.
If we plot the distribution of image pixels from the sky region

in RGB color space, we can observe that the pixels spread over
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Fig. 4. Examples of the Cloudiness. From the top to the bottom rows are input
images, the intensity maps of the input images, and the corresponding Cloudi-
ness, respectively.

Fig. 5. Sample distribution of image pixels from the sky region in RGB color
space.

a long narrow space and exhibit a clustering phenomena. Let a
pixel from the sky region in an image has its RGB triplet

. As shown in Fig. 5, the pixels with high
cloud density (cloudy) tend to gather together at one end of the
distribution and the pixel with low cloud density (clear-sky) are
at the other end. As the pixel moves from the cloudy end to the
clear-sky end, the cloud density decreases, corresponding to the
increase in the relative proportion of the (blue) component
with respect to the other color components. That is, the structure
of an RGB triplet changes from flat ( ) to have
a peak ( ). Note that a pixel with a high B
component value does not imply that the pixel is more likely
to be distributed in the clear-sky end. For example, and
are two pixels in Fig. 5, and is obviously more “cloudy”
than . This is because has a flat distribution over its color
components, although has a larger value than , i.e., 200
versus 150.
Based on the above observations, our approach thus estimates

the Cloudiness of a sky pixel by calculating its color component

Fig. 6. Combination of relative ratio in can be used to distinguish dif-
ferent types of the triplet structure. In (a), the cloudiness has a high response
in the cloud region while has a low response in the sky area. For reference,

and can assess the triplet struc-
ture of a single peak (sky regions) or double peaks (boundaries between clouds
and the pure sky). (a) Equal. (b) Single peak. (c) Double peaks.

ratios. Let be a shuffled triplet of by the compo-
nent values, such that . Inspired by an early work
[34], we defined a measure to characterize the ratio of dif-
ferent color components in as

(1)

Therefore, as shown in Fig. 6, we approximate the Cloudiness
of a pixel from (1) by assessing the corresponding structure

of the RGB triplet

(2)

where is set to be in to determine the range of value
in the output image and is used as a switch to
change the sign of to fit the color distributions for the oc-
currence of colors in a cloud (i.e., if clouds are generally
white with a blue sky, otherwise (e.g., “red” clouds
at sunset)). For most of the input images, we simply choose

, . Then the flatter the triplet structure is, the larger
the value will be.

B. Cloud Structure Approximation

The speed and direction of turbulent flows are related to vari-
ations in the shape and texture of clouds (i.e., the local disconti-
nuity of cloud structures). Therefore, we extract the local struc-
ture of each cloud pixel as a geometric estimate to further model
the turbulent flows from an input image.
In Section IV-A, the Cloudiness provides an approximation

to the spatial distribution of clouds, but we observe that it does
not preserve the detailed structure (or texture) information of
clouds as shown in Fig. 6(a). This is because the formulation,
(2) calculates only the relative proportion of different color com-
ponents (i.e., chrominance) regardless of the direct lightness re-
flected from the clouds. Since image intensities naturally embed
the information of three-dimensional shapes [35], we obtain the
Cloud Structure by computing the oriented gradient signal from
an intensity image of .
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Fig. 7. (a) Given an input image, a circular mask (here, it is split into two halves by a diameter at angle ) is placed at each pixel of the intensity map to compute
the Cloud Structure. (b)-(d) Sample results of (4), with the circular mask of 3-, 5-, and 10-pixels radii. (e) The resultant map of with the circular mask of
10-pixels.

Motivated by the fact that a strong response of the oriented
gradient means that a pixel is likely to lie on an image discon-
tinuity (e.g., contour, edge, or boundary) between two distinct
regions, the computation begins by placing a circular mask cen-
tered at each pixel and splitting it into two halves by a diameter
at angle [cf. Fig. 7(a)] [36]. For each half disc, its intensity his-
togram is calculated, we then calculate the distance between
the intensity histograms of these two halves as the gradient mag-
nitude. If the histograms of these two halves are denoted as
and , where is the vector representation of a histogram
and is the bin number ( in our current setting). The
distance at the pixel with angle can then be formulated as

(3)

where is the bin number of a histogram. The same process to
compute distance will repeat for every pixel with eight ori-
entations equally spaced in . The maximal response of

at with a certain angle has the highest discontinuity which
is identified as the obvious local structure. Let

. The Cloud Structure approximation with its
orientation of an input image is defined as the maximum
distance over

(4)

(5)

where .
A Cloud Structure map produced with a larger mask tends

to be less detailed than one generated with a smaller mask (cf.
Fig. 7), since the curvature of a line (e.g., the edge orientations
along a boundary) can be captured more precisely by a circular
mask at a finer level (smaller size) than at a coarser level (larger
size). However, a mask too small would cause the Cloud Struc-
ture to become overly detailed as shown in Fig. 7(b). Since the
flow turbulence is highly dominated by the coherent cloud struc-
ture activities, the determination of a mask size should be adap-
tive according to the content (e.g., dense clouds or thin clouds)
of the input images. The detailed diameter settings and discus-
sions are referred to the experiments (Section VI-B).

V. MOTION OF CLOUD FLOW
In general, clouds move with the speed and direction of the

prevailingwind. Thus our approach drives clouds by a simulated

wind field. A field is a physical quantity that has a value for
each point in space and time. For this task, the wind direction
is described by assigning a motion vector to each cloud pixel of
the input image.
Let be a vector at each point in the wind field

at time . According to Reynold's decomposition [37], the wind
field can be further decomposed into time averaged flow
and a fluctuating component where the turbulence resides:

. Therefore, the image data of clouds
is driven by the wind field , including two parts: 1) mean flow
, which is the time averaged flow of to represent the global
wind, and 2) turbulence , which is used to synthesize the fluc-
tuating details in the clouds.

A. Mean Flow

For flexibility, we follow the wind Log-Law [31] to model the
mean flow (global wind) with the speed variation of elevation.
Here, is a tilt angle of the horizontal wind, and the height of a
pixel in the input image (assuming that the direction of gravity
is downward) can be defined as , where is the
-coordinate of pixel . The mean flow is thus formulated as

(6)

where and are the target height and the reference height.
and are the velocities at the target and reference

heights, and is a constant of the surface roughness length.
According to [31], is set to 0.5, the is set to the height of the
input image, and the is related to the animation playback
speed determined by the user.
To justify the applicability of (6), we analyzed our input im-

ages in the experiments and found that the clouds in real photos
can be generally classified into two categories: 1) the clouds are
all far from the camera [Fig. 11(g)], and 2) or the clouds cover
the sky overhead equidistant from the camera in all directions
[Fig. 11(m)]. In the first case, the real height of a cloud pixel can
be considered to be roughly proportional to the y-coordinate of
its projection to the (camera) view plane. In the second case, the
clouds close to the camera usually appear on the upper side of
the input image and their velocities of mean flow are larger than
the lower side clouds because of motion parallax (i.e., objects
in the distance appear to move slowly than the objects close to
the camera). Therefore, the use of (6) is generic to deal with the
different cases.
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B. Turbulence
Before introducing turbulence, we first describe the cloud dy-

namics for generating the wind field of turbulence. First, the
vapor rises with the ascending currents, then condenses due to
adiabatic cooling, further promoting the growth of the clouds
and can be visually perceived as a cloud expands its boundaries
(i.e., borders between the clouds and cloudless regions). Fur-
thermore, we assume that the wind shear velocity exists at cloud
edges (i.e., 2D image discontinuities within the cloud regions
corresponding to the discontinuities in 3D surface orientation)
to create cloud eddies. The small-scale perturbations of cloud
eddies are caused by an instability (Kelvin-Helmholtz (K-H) in-
stability [32] that arises in parallel shear flows.
It can be found that turbulent motions around cloud bound-

aries and edges are more noticeable by human vision relative
to the smooth regions. To automatically generate such turbulent
motion and the corresponding wind field, we rely on the cues ac-
quired in Section IV-B to locate the positions of the boundaries
and edges of clouds. However, as shown in Fig. 7(b)–(d), the
preliminary results of (4) tend to produce erroneous responses in
cloudless regions. Therefore, we use the Cloudiness as a filter to
remove these noisy responses. As shown in Fig. 7(e), the resul-
tant map corresponds to a real-valued scalar function,

, where is the element-wise multiplication.
After obtaining the positions of cloud boundaries and edges,

following by the painterly rendering technique proposed by Ka-
gaya et al. [38], the orientations of turbulence at cloud bound-
aries and edges can be created by modifying an existing field
extracted from the since we assume the flow turbulence is
dominated by coherent Cloud Structure activities. To determine
the orientations of turbulence at cloud boundaries and edges, we
use the curl-free component of the vector field

by Helmholtz-Hodge Decomposition (HHD) [39]
as the vector of cloud growth since the expected orientation
of cloud growth is perpendicular to the tangent to the bound-
aries. In addition, the turbulence caused by K-H instability is
guided by the divergence-free component of the vector field

, because the turbulence exists on an
edge of two cloud layers with different (or opposite) veloci-
ties. Table I summarizes the two orientations of turbulence in
the input image. We then perform the vector addition to sum up
these two components to produce the final wind field of turbu-
lence . Then during the rendering process, the displacement
of each pixel of clouds in the input image is generated according
to the wind field [33].

VI. RESULTS AND DISCUSSIONS

A. Synthesized Results
This section gives examples of the synthesized dynamic im-

ageries of landscape photographs and demonstrates that our ap-
proach can work well on a variety of cloud types and produce
visually pleasing results. The demos are also available at http:/
/mclab.citi.sinica.edu.tw/demo/dynamicimagery.htm.
First, Fig. 8 shows a typical cumulus scene. The input image

exhibits puffy clouds that look like pieces of floating cotton. The
top of the clouds have rounded dome shapes and these clouds
grow upward. Fig. 8(b) and (c) respectively demonstrate the ac-
curacy of Cloudiness extraction and the Cloud Structure esti-
mation, such that the layering between the clouds and the back-

TABLE I
TWO ORIENTATIONS USED FOR THE WIND FIELD OF TURBULENCE,
WHERE DENOTES AN UNIFORM VELOCITY (IN OUR APPROACH,

THE POSITIVE VELOCITY TOWARDS THE RIGHT)

ground sky is well-separated. Fig. 8(d) demonstrates the subtly
animated motion of clouds. Fig. 8(e) depicts the displacement
between the and in Fig. 8(d) without any
translational motion (global wind). As shown in Fig. 8(f), the
color coding system in [40] is used to visualize the resultant
flow field.
The second scene in Fig. 9 has multiple cumuliform clouds

appearing in the sky and it also has reflections of the clouds on
the lake. A challenge of this example is that the mirror image of
a cloud must have the reversed movement and there are several
cloud instances in one picture. Since our approach is based on
the cloud appearance, the computed cloud models and the cor-
responding wind field for a cloud and its reflected duplication
become reverse by reflection, without extra efforts to recognize
the various counterparts.
The third scene in Fig. 10 also has multiple cumuliform

clouds as in Fig. 9. However, the layering between clouds and
the sky is much more ambiguous. The edge contour of the
clouds appears to dissolve into the sky background. Since we
adopted soft labeling to represent a pixel by its Cloudiness and
Cloud Structure, we still can generate sophisticated animations
and produce visually convincing results, although it is difficult
for human eyes to capture the precise structure of the input
clouds.
More examples are illustrated in Fig. 11. For example,

the cases of (a) Darkened, (b) Sunset1, (j) Sunset2, and (o)
Cloudlet are challenging in that the clouds are subject to large
lighting variations. It will be easy for the user to perceive
contrast-varying artifacts during cloud moving. Figs. (e) Nu-
clear and (f) Dense respectively feature enormous and heavy
clouds. The surface structure of the clouds is thus obvious and
the creation of inappropriate turbulence may cause noticeable
artifacts, such as unnatural cloud deformations. Overall, our
results for all the examples are very encouraging and validate
the potential use of our approach for practical applications.

B. User Study

The first user study investigates the size of mask radii in the
Cloud Structure approximation (Section IV-B). We selected 15
testing clouds [see Figs. 10 and 11(a)–(n)] to generate videos by
varying the mask size. That is, for each testing cloud, we gen-
erated 4 synthesized animations by using four different mask
radii (i.e., 3, 5, 10, 15-pixels). We invited 20 subjects ranging
in age from 25 to 34 years old. All subjects were unaware of
the experimental hypothesis. In each run of the experiment, the
4 animations of a testing cloud were presented to the subjects
who were then asked to choose one as being most visually con-
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Fig. 8. Examples of the dynamic imagery of landscape photo: puffy clouds with classic rounded tops. (a) A typical cumulus. (b) The cloudiness. (c) The cloud
structure. (d) Enlarged croppings from the animated frames of (a). (e) The displacements. (f) Color code [40].

Fig. 9. Examples of the dynamic imagery of landscape photo: multiple cumuliform clouds with their mirror images reflected on the lake surface. (a) Multiple
cumuliform clouds. (b) The cloudiness. (c) The cloud structure. (d) Enlarged croppings from the animated frames of (a). (e) The displacements. (f) Color code [40].

Fig. 10. Examples of the dynamic imagery of landscape photo: pale and soft-shaped clouds dispersing across the sky. (a) Fading cumuliform clouds. (b) The
cloudiness. (c) The cloud structure. (d) Enlarged croppings from the animated frames of (a). (e) The displacements. (f) Color code [40].

vincing. The results are shown in Table II. We find that, since
the clouds in Fig. 11(a), (b) and (e) are close to the camera and
the details of the clouds are also highlighted due to sunlight,
most subjects tend to choose the results generated by a smaller
mask. In contrast, the boundaries of the cloud in Fig. 11(k) lack

distinct features, such that most subjects favor a larger mask. In
general, the mask size set at 10-pixels would be applicable to
most cases.
Furthermore, the turbulent ratio (the relative magnitude of

turbulence to the sum of the turbulence and mean flows) would
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Fig. 11. More scenic images used in the experiments (photos courtesy of wallbase.com, olivewhite.com, and beach-backgrounds.com). (a) Darkened. (b) Sunset1.
(c) Scattering1. (d) Scattering2. (e) Nuclear. (f) Dense. (g) SilverLining1. (h) Splitting. (i) SilverLining2. (j) Sunset2. (k) White. (l) Texture. (m) Soft. (n) Mistlike.
(o) Cloudlet.

TABLE II
STATISTICS OF THE SUBJECTIVE VOTES ON THE MASK SIZE IN THE CLOUD
STRUCTURE APPROXIMATION (SECTION IV-B) (UNIT: PERCENTAGE).
THE MAXIMAL PERCENTAGE OF VOTES ARE MARKED IN BOLDFACE

be an influential factor that affects an individual's perception
to subjectively determine if a cloud animation is visually con-
vincing, and this would also relate to the appearances of clouds.
Therefore, in the second user study, for each testing cloud, we
generated ten synthesized animations by varying the turbulent
ratio from 0.1 to 1.0 at 0.1 intervals (using the mask size de-
termined in the above user study). In a trial, we then randomly
chose two animations of different ratios and asked the subjects
to select the most visually convincing animation. For each sub-
ject with a given testing cloud, we repeated the same trail 30
times to collect a sufficient amount of subjective opinions.
Fig. 12 summarizes the statistical results. For each testing

cloud, a circle at a different turbulent ratio is drawn in a size
proportional to the number of votes obtained from the subjects.
Thus the figure provides a view of the distribution of the overall
votes. Also, the weighted average of the turbulent ratios associ-
ated with the votes is indicated by asterisks.

Fig. 12. Statistics of the viewing preference when seeing our animated results
of a same testing cloud at different turbulent ratios. Each circle corresponds to
one combination of the , and the size of
the circle is proportional to the level of preference. The average turbulent ratio
of each testing cloud is marked with an asterisk. In general, the majority of the
preferred turbulent ratios falls in the range between 0.35 to 0.45.

As shown in Fig. 12(a)–(d), since some of the testing clouds
tend to be flat and heavy, there is a trend that the mean flow
should not be overpowered by the perturbations to match the
cloud appearance. Therefore, the turbulent ratios are at a lower
level of 0.20. For Fig. 12(e) and (f), we observe that the majority
favors a high turbulent ratio because the testing cloud images
are both close shot photos of clouds with detailed turbulence. In
general, the turbulent ratio in the range of 0.35 – 0.45 would be
applicable to most cases.

C. Extended Multimedia Applications
In this section, we showcase twomultimedia applications that

benefit from the proposed technique: “paintings come to life”
and “visual communication enrichment”.
1) Paintings Come to Life: In recent years, artists have in-

creasingly sought to integrate animations in their work. Notable
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Fig. 13. Examples of two extended applications of our approach: (a) paintings
coming to life, and (b) visual communication enrichment. The left-side images
are the input and the right-side ones are our animated results.

TABLE III
STATISTICS OF THE COMPUTATION TIME OF OUR

APPROACH (UNIT: SECONDS PER FRAME)

examples include the Van Gogh Shadow project by Luca Ag-
nani6 and the Transforming exhibition by Rob and Nick Carter,7
in which classic paintings were brought to life by animating ob-
jects and their associated shadows. As shown in Fig. 13(a), we
bring life to the painting with a focus on the sky regions in a
landscape painting by Clive R. Tyler.
2) Visual Communication Enrichment: A growing number

of visual communications between humans and the multimedia
takes the form of animation since motion conveys more infor-
mation and is more engaging to the viewer than a static image.
As a result, our technique can serve as a powerful tool for vi-
sual designers to create rich media like Cinemagraph8 images.
Fig. 13(b) demonstrates an advertising medium created by the
designer using our algorithm.

D. Computation Costs
The computation time for our approach is related to the frame

size. Table III summarizes the time consumption for input im-
ages with different resolutions. The output sequences are gener-
ated using non-optimizedMATLAB codes on a laptop PCwith a
2-Core processor (i5-2450M@2.50 GHz) with 4 GB RAM. For
each input photo, we extract the Cloudiness and Cloud Struc-
ture maps in the very beginning and these two steps take the
most of the execution time. For the 800 500 resolution, the
average computation time of the rendering process is roughly

6[Online]. Available: http://www.lucaagnani.com/Van_Gogh_Shadow.html
7[Online]. Available: http://www.robandnick.com/new/
8[Online]. Available: http://cinemagraphs.com/

1 second per frame. Our wind-guided animation approach has a
complexity of where denotes the number of pixels of
the input image and is the mask size. Since our approach con-
sists of pixel-based operations, the algorithm is GPU-friendly
and can be implemented by using multi-thread techniques to
provide additional speed-up in the computation.

VII. CONCLUSION AND FUTURE WORK

In this paper, we present a generic framework for generating
visually plausible dynamic imagery by cloud motion from a
single input landscape photo, and this cloud motion can be fur-
ther applied to other vapor-like objects to complement existing
research in animation. To cope with complex cloud movement
in various visual scenes, a cloud appearance model is proposed
to capture the cloud cover and cloud structure.We then apply the
obtained model to estimate the content-aware wind field con-
sisting of global and turbulent flows for cloud motion creation.
An investigation is also conducted to suggest a good tradeoff
between global wind and turbulence.
Future work will continue along the following directions:

First, our cloud model is restricted to specific cloud types, e.g.,
stratus clouds. One possible solution is to take into account
knowledge of the cloud's motion patterns. Dobashi et al. [41]
adopted a similar strategy for cloud modeling. Currently, an
image mask of the sky region is assumed to be available, and
other advanced algorithms for image segmentation can be
incorporated into our framework, such as the interactive image
matting technique [42]. In addition, improved preprocessing
for the input images can be achieved through depth estimation
from image structures [43] to improve results. Last but not
least, we will extend our approach to enable more creative and
advanced multimedia applications, such as light-weight image
editing tools on smartphones for mobile users to easily create
animated contents from a still image.
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