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Abstract
Storyboarding is a standard method for visual summarization of shots in film and video preproduction.
Reverse storyboarding is the generation of similar visualizations from existing footage. We identify the key
attributes of preproduction storyboards then develop computational techniques that extract corresponding
features from video, render them appropriately, then composite them into a single storyboard image.
The result succinctly represents background composition, foreground object appearance and motion, and
camera motion. For tracking shots, we show that the visual representation conveys all the essential
elements of shot composition.

1 Introduction
Visual summaries play an important role in the produc-
tion and analysis of media. Practitioners, researchers and
archivists all demand that the information presented is ac-
curate and described in a consistent form using common
metaphors derived from industry nomenclature. The goal
is to enable quick access to details of specific shots or se-
quences without having to view the footage itself.

In the media production industry, visual summariza-
tion is typically achieved through storyboards. Story-
boards are drawn during preproduction then used through-
out production and postproduction in tasks like set design,
location lighting and image compositing. They provide
for all participants a common reference to the “vision”
of the piece. Shorthand descriptions of all important vi-
sual components of each shot provide clear and accurate
depictions of motion sequences in static form. These in-
clude specific methods of describing camera or subject
movement through the use of various drawing techniques.
While the term storyboard has been applied in the context
of automated media analysis to a sequence of consecutive
still images extracted from a film or video programme, the
representations traditionally used in the production indus-
try are much richer. Our usage in this paper corresponds
to film production storyboarding: i.e., we seek to describe
the temporal evolution of a shot through a single picture
using rich visual cues.

Storyboards incorporate the following types of infor-
mation:

1. Composition of the shot, including start, end and
notable intermediate camera positions

2. General appearance (perhaps sketchy) of back-
ground and foreground elements showing salient
features

3. Depiction of object movement

4. Depiction of camera movement

The techniques used for depicting object movement
are:

Onion skins show multiple instances of a subject that in-
dicate its intermediate positions between the start
and end frames. Figure 1 is an example.

Figure 1: Onion skin effect conveying motion

Streaks are lines that show the trajectory of a moving ob-
ject. The long arcs in the direction of motion in fig-
ure 2 are streaks.

Trail lines are repetitions of the trailing edge of a moving
object. (Trail lines are sometimes called “ghosts”:
we avoid this usage because animators sometimes
refer to onion skins as ghosts.) Trail lines are often
used with streaks (to which they are roughly per-
pendicular) as in figure 2.

Arrows are sometimes used to emphasize the direction
of motion
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Figure 2: Motion trail lines to show speed and motion

The techniques used for depicting camera movement
are:

Mosaics are storyboards that show the full panorama
viewed in a pan or tilt. Again, frame outlines for
start and end frames are drawn. See figure 3.

Figure 3: Mosaic storyboard showing full scope of shot

Arrows are sometimes used to emphasize the direction
of camera motion.

Field cuts are frame outlines drawn on the storyboard in-
dicating an initial or final zoom position [12], an
example of which is shown in figure 4.

Given the effectiveness of storyboarding in creative
development, it follows that similar motion metaphors
may prove valuable in the creation of visual summaries of
existing film and video sequences. The use of established
visual conventions should mean that summaries created in

Figure 4: Field cut showing camera motion

this manner are more intuitive and more easily interpreted
than those from other video summarisation techniques.

This paper describes new work in developing image
processing methods applied to footage-based storyboards
that incorporate some of the same techniques used by
industry storyboard artists to provide more effective de-
scriptions that are more readily accessible to these user
groups.

2 Prior Work
Because the number of still frames contained in even a
short footage sequence is large, significant work has been
carried out to determine more efficient means of visu-
ally describing content. Many of these studies have fo-
cused on means of determining which particular frames,
or “keyframes,” best convey a sequence [8] and ways of
presenting those frames in more intuitive ways including
the determination and subsequent larger display of domi-
nant frames [27] and the use of the Japanese comic book-
inspired Manga layouts described in [6]. Other work has
looked at different forms of video abstraction and sum-
marization [13], [10]. However, there has been only lim-
ited research on the way media practitioners create and
utilise storyboards with a view toward creating systems
for automated summarisation [14]. Likewise, research
into the use of mosaics in an industry storyboarding con-
text is very limited. The generation and overlaying of
cartoon-style motion cues, widely used by industry sto-
ryboard artists, has been examined [4] but relies on the
user identifying specific objects or areas of interest within
frames.

Our interest in reverse storyboarding arose from
development of a system for semi-automated footage
logging for archiving or post-production [18] (Semi-
Automated Logging with Semantic Annotation, or
SALSA). SALSA provides two mechanisms for shot visual-
ization: the keyframe and the mosaic. SALSA’s extraction
of keyframes from static holds is intelligent. If the hold
is interrupted by the passage of a transient occluding ob-
ject, SALSA will avoid the frames with the object in its
choice of keyframe. Similarly SALSA can mosaic shots
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in which there is a pan, tilt or zoom, registering success-
fully even in the presence of moderate foreground mo-
tion. SALSA’s output mosaics have start and end frames
outlined by bounding boxes, and the frame centres are
connected by a trajectory line. They therefore summarize
camera motion is a similar way to storyboards. However,
they do not represent object motion, except artifactually
through moving objects that may appear smeared in the
mosaic.

The adequacy of keyframes plus mosaics to represent
footage is content dependent. The 20 minute sequence
from the 1971 feature film Le Mans [22] used in our pre-
vious work [18] yields the SALSA log, an example portion
of which is shown in figure 5. The entire log of the shot
analysis portion of SALSA for Le Mans can be found at
[17].

Shot Start frameEnd frame Start time End time Duration Description

161 25502 25503 17:00:01 17:00:02 0:00:02 Hold

25504 25611 17:00:03 17:04:10 0:04:08 Tilt up
1.17949 frame heights

25612 25631 17:04:11 17:05:05 0:00:20 Hold

Starts on tight close−up of number 8 on car bonnet tilts to loose close−up of driver

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−CUT−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

162 25632 25689 17:05:06 17:07:13 0:02:08 Hold

Tight close−up of driver

Figure 5: SALSA example output from Le Mans

Figure 6 illustrates an example mosaic with the cam-
era movement, a zoom out with minor motion, shown. In
the Le Mans trial sequence the shots may be informally
categorized as follows:

• Holds with little significant foreground motion ex-
cept for transient occluding objects: 164 shots.

• Holds with significant foreground motion: 50 shots.
• Shots with a mosaic-able camera move and little

other significant motion: 40 shots.
• Shots with a camera move and little other signifi-

cant motion that are not immediately mosaic-able
(i.e. dolly moves): 2 shots.

• Tracking shots: 17 shots.
• Tracking shots wrongly interpreted by SALSA as

holds: 2 shots.
• Other shots involving both camera movement and

significant movement of foreground objects: 11
shots.

It cannot be overemphasized that the relative number
of different types of shots is a function of film language
and the vision of the director. This particular sequence
includes a montage that accounts for a high proportion of
the 164 simple holds. It should be noted this sequence is
an extreme example chosen for its complexity. The holds

Figure 6: SALSA example output showing mosaic with start
frame box, end frame box, and camera path all overlayed

and moves it contains, with significant object motion, are
more complicated than may be encountered in many types
of footage.

As would be expected from the figures above, SALSA
as previously reported can efficiently summarize about
two thirds of the Le Mans sequence with keyframes for
the simple holds and mosaics for the simple moves. Of
the remainder, the shots with significant foreground ob-
ject motion vary greatly in complexity. Some involve the
interaction of several objects translating and rotating in
3-space. Some illustrate the difficulty of automatically
making good representation choices. For example in one
shot, most of the measurable movement is in one part of
the scene, but the story of the shot is in the movement of
one person’s eyes, which occupy a tiny proportion of the
frame.

To extend the coverage of SALSA’s shot summariza-
tion facilities, and take a significant step towards a rich
reverse storyboarding system, we have therefore turned to
the representation of tracking shots. In these the camera
follows a subject as it moves in the scene. Provided the
object is not too large, the camera move is correctly de-
tected and the frames mosaiced correctly with respect to
the background. (If the object is too large in the frame,
the result is a tracking shot incorrectly interpreted as a
hold.) The framing of the subject in a tracking shot takes
away the semantic problem of moving objects mentioned
in the previous paragraph: in a tracking shot, the object
being followed is the most important. Although good rep-
resentation of tracking shots only adds 17 more visualiza-
tions to SALSA’s log of Le Mans, it represents the most
tractable extension. The problem we are left with is how
to represent the movement of the camera and the subject
in a meaningful way.

3 Methods
Storyboard artists use a number of techniques as discussed
in section 1 to convey the important elements of a shot
including background, foreground elements, object mo-
tion, and camera motion. Our goal is to extract these ele-
ments from production video footage and convey them in
a manner consistent with a traditional storyboard presen-
tation. We must therefore identify the artists’ techniques
we wish to imitate for depicting these elements. Once
these are identified, the next task becomes the develop-
ment of, first, efficient procedures for processing the dig-
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ital footage to extract the required elements and then of
visualisation techniques to portray these elements consis-
tent with the chosen artistic techniques.

We address each of the four elements in turn below.
3.1 Background
The background is a sketch of the static elements of the
scene upon which the moving foreground objects can be
drawn. For the purposes of storyboarding, we wish to cre-
ate a mosaic from the video footage to represent only the
background. Therefore it is necessary to remove the mov-
ing objects as they will be added to the storyboard sepa-
rately.

The generation of mosaics from moving video is an
extensively researched topic [5, 9, 11, 15, 20, 26]. Most
techniques involve two stages: the estimation of the
projective transforms from the video sequence that map
frame co-ordinates to mosaic co-ordinates, and a method
of combining the frame images using the transforms.

There are numerous methods in the literature for es-
timating the projective transforms, e.g., [9, 15]. For this
work, we employ the projective estimator used in SALSA.
It is a fast, highly-accurate, estimator previously devel-
oped for image mosaicing and registration in augmented
reality [23]. The estimator uses simplex minimization of a
disparity function calculated over a mesh of samples taken
from the picture. This estimator has been used for object-
based video analysis and coding [24, 25], but the method
only uses the output of eight perspective transform pa-
rameters to calculate the correspondence between frames.
We then accumulate these parameters to calculate a set
of transformations, Pi, one for each frame i, that maps
the frame co-ordinate ~xfi

= (xfi
, yfi

)T to the mosaic co-
ordinate ~xm = (xm, ym)T as

~xm = Pi~xfi
(1)

The inverse transformation is simply P−1

i .
The problem now remains of how to combine the

frame images under the set of transformations to produce
an appropriate mosaic. Unfortunately, when examining
previous work, most of the applications for such work has
focused on tele-reality, virtual reality environments, and
panoramic composites for consumer photography. Re-
search into the use of mosaics in an industry storyboard-
ing context is limited. Many of the approaches to mosaic-
ing assume a static scene and therefore do not explicitly
take into consideration moving objects. Others do con-
sider motion within the scene, but the goal is to produce a
“pleasing” image. For storyboarding, the proper consid-
eration of motion is crucial to the final representation.

We can classify the various frame combination meth-
ods into two general categories: sequential and statistical.
For sequential methods, the most widely investigated of
the two, the frames are combined in some order of presen-
tation. For statistical methods, the statistics of the group
of frame pixels corresponding to a location in the mosaic
are examined. We may be able to devise an operator us-
ing such statistics that extracts only the background pixel
value for incorporation into the mosaic.

We evaluate a number of methods from both ap-
proaches below. To illustrate the differences between the
background mosaic construction methods being consid-
ered, we have chosen a tracking shot from music video
for Stargazer [19]. Stills of every 10th frame of the 200
total are shown in figure 7. The video was shot in black
and white PAL widescreen format. This results in an arti-
fact whereby 16:9 aspect ratio shots are digitally encoded
into 4:3 aspect ratio video frames, thus the images appear
“squeezed”. The camera pans right, tracking a man and
a woman walking to the right. They are initially with a
couple standing still. As they walk to the right, the man
exits through the door seen in the middle of the shot. The
woman eventually stops and crouches down to place her
handbag on the floor. The camera continues to pan right
until the last frame showing the woman now crouching
down and two new people just having entered the field of
view - a seated woman and a man walking left.

Figure 7: Tracking shot used for evaluating mosacing methods

The Stargazer tracking shot was chosen as an exem-
plar for this evaluation because it illustrates a range of fea-
tures encountered in tracking shots, including the move-
ment of multiple independent objects, the occurence of
objects that appear only in one or two end frames, and the
disappearance of objects (in this case because someone
walks through a door). The commentary below refers di-
rectly to the Stargazer example, but the conclusions apply
generally and have been observed consistently on a test
set of a number of tracking shots of diverse kinds.
3.1.1 Sequential Mosaic Generation
Lapped Overwrite To illustrate the characteristics of
sequential methods we first consider a simplistic approach
where the mosaic is generated by overwriting the mo-
saic pixels of those of each successively new frame. This
method, while being easy to implement, can introduce mi-
nor discontinuities at the edges of the frames. By modify-
ing the algorithm to use a weighted overlap at the frame
edges such edge artifacts can be reduced.

Figure 8 shows the result for the lapped overwrite ap-
proach on the above shot. The resulting mosaic appears
quite well-formed without apparent artifacts. Since most
of the pixels come from near the edges of the individual
frames, objects that never leave the field of view do not ap-
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pear in the mosaic. For example, we never see the walking
man who exits through the centre door. However, moving
objects which enter or leave the field of view are recorded
in the mosaic. If an object were to move with the cam-
era and remain at the trailing edge of the field of view
during a portion of the shot, the object would appear as a
long, drawn-out smudge. The only region in the mosaic
without any possibility of such distortion is the last frame.
It appears completely intact in the right-hand side of the
mosaic, with all subjects appearing irrespective of their
previous motion. The result for this approach can vary
significantly depending on the order in which the frames
are processed, for example in reverse order or middle out-
wards. Further, the method is not explicitly designed to
extract only the static background. As a result, the output
is not consistently suitable for our work.

Figure 8: Result of lapped overwrite mosaic generation

Optimal Boundary Davis [5] composites images by
stitching a new, registered, frame into an existing mosaic
along a data-determined, usually irregular, boundary. The
boundary is computed by finding the absolute differences
between the new frame and the mosaic at every overlap-
ping point, then using Dijkstra’s algorithm to define the
minimum-total-difference path through each overlapping
section. Points on one side of that boundary are taken
from the old mosaic; points on the other side are taken
from the new frame. There is no blending, simply a jux-
taposing of frames. Davis shows that, in certain circum-
stances, the method can create effective mosaics of mov-
ing objects, because the objects are not blurred through
blending.

Figure 9 shows the effect of applying Davis’ method
to the Stargazer sequence. Note that the method does in-
deed prevent blurring due to moving objects. However, as
soon as the camera moves so that an object’s position in
the first frame goes out of shot, the object is re-rendered
in the mosaic. For example, the walking man who exits
through the middle door is depicted twice and so is the
walking woman who ends up crouching down. Further,
an interesting artifact is introduced in the left-most ren-
dering of the walking man – his upper and lower bodies
are somewhat shifted relative to each other. The final ap-
pearance of the mosaic can be altered if it is generated
from last frame to first, or in some other order. Although
some outputs are fortuitously similar to onion skin mo-
tion representation, others are not. As with simple over-
writing and lapped joints, the Davis method, being order-
sensitive, generates a background with unpredictable fore-
ground content and is therefore also unsuitable for our
purpose.

Figure 9: Result of Davis’ optimal boundary mosaic generation

3.1.2 Statistical Mosaic Generation
The sequential methods are not explicitly designed to ex-
tract only the static background in the presence of moving
foreground elements. It is not surprising, then, that such
methods are inadequate for our work.

We wish to devise a mosaic generation method that
consistently extracts only the background. To this end,
we employ a statistical framework. Using the statistical
properties of the set of frame pixels corresponding to a
particular mosaic co-ordinate it may be possible to clas-
sify the intensities into two groups: static background and
moving foreground. With such a classification the rep-
resentative background intensity can be incorporated into
the mosaic at each co-ordinate.

To begin, we define F~xm
to be the set of all frame im-

ages whose frame co-ordinate resulting from the inverse
transform of the mosaic co-ordinate, P−1

i ~xm, falls within
the frame image, or more precisely

F~xm
= {i | P−1

i ~xm ∈ Xfi
} (2)

where Xfi
is the set of valid co-ordinates for frame i.

Next, we define I~xm
as the set of frame image values at

the respective valid locations corresponding to the mosaic
co-ordinate ~xm, that is,

I~xm
= {Ifi

(P−1

i ~xm) | i ∈ F~xm
} (3)

In other works, the set I~xm
contains the frame image

intensities from locations that map onto the mosaic co-
ordinate ~xm.

If no moving objects were to pass in front of the back-
ground at mosaic co-ordinate ~xm, the set I~xm

would only
contain the intensity value, IB , of the background. If an
object of intensity IO were to occlude the background
for a period of time, the set would contain both inten-
sity values. If we were to assume that the object appears
for a shorter time than the background (a not unreason-
able condition since it follows from the definition of the
background as being the static element of the shot that we
expect some degree of permanence), then the number of
background intensities in I~xm

is larger than those of the
object. So, we wish to use an operator which returns the
value of the intensity that occurs most frequently in the
set.
Mode Based on the above argument, the mode of the set
appears to be an appropriate statistic for our use. There-
fore a mode-based mosaic can be calculated as

Im(~xm) = arg max
I∈I~xm

NI~xm
(I) (4)
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where NI~xm
(I) is the number of times intensity I occurs

in I~xm
also referred to as the histogram. However, when

the number of samples is small, the mode operator is very
sensitive to noise. To reduce the effects of noise, the his-
togram is Gaussian smoothed.

Figure 10 shows the result of the mode mosaic gener-
ator. It successfully renders a mosaic that is mostly free
of moving foreground objects as expected. For example,
the crouching woman on the right has been partially re-
moved. As well, the walking man on the left is nowhere
to be seen. However where an object appears for a longer
length of time, the mosaic is quite noisy. This is quite
evident for the crouching woman and man on the right.
Further, there are obvious distortions in the intensity val-
ues in the image.

Figure 10: Result of mode mosaic generation

In areas where a moving object appears as equally
long as the background, for example in a region that ap-
pears only briefly in the shot, the set I~xm

is bimodal with
both intensity values being equally as likely. Under these
conditions, the mode operator is unstable so in the pres-
ence of even a small degree of noise the median output
randomly flips between the two different intensity values.

Median A more stable operator is the median of the
set as it is more robust under noise. Where there is a
clear distinction between the foreground and background,
i.e., there are more background than foreground inten-
sities in the set, the median returns the most numerous
intensity, the background. As the distribution becomes
more bimodal, the value of the median tends toward the
mean, even under a degree of noise. It therefore de-
grades gracefully as the distinction between foreground
and background becomes unclear.

The result of the median mosaic generator is shown in
figure 11. In regions where there are no moving objects or
objects which appear briefly, the method produces a clean
background as it was designed to. Where foreground ob-
jects dwell for a relatively longer period of time, the dis-
tortion evident in the mode image is gone. Instead, the
objects may appear with some varying degree of trans-
parency. For example there is a barely visible “ghost” of
the man on the left since he dwelt there for only a short
period of time. The crouching woman on the right is far
more visible in the mosaic since she was relatively mo-
tionless at that location for a period of time.

Unlike the sequential methods above, both the statis-
tical operators are designed to construct mosaics that in-
clude only the static background. Where moving objects
occlude the background briefly, both are successful at ren-
dering only the background. Under ideal conditions the

Figure 11: Result of median mosaic generation

mode operator appears to be the optimal operator for ren-
dering a mosaic free of such moving objects. However,
the median appears to be a more robust operator under
real conditions since it introduces less obtrusive artifacts
where the distinction between foreground and background
is not clear.

Further, the statistical results have a very useful
byproduct — intensities that are not part of the back-
ground are therefore from the foreground elements. In
effect, we get the foreground identification for free.

3.2 Foreground Elements
We now turn to the second element in storyboards, the
foreground elements.

One approach to identify moving foreground objects
in a shot is to employ object tracking techniques [4]. This
topic in computer vision has been extensively investigated
[1, 2, 3, 7], especially in the context of human motion.
The goal of such techniques typically is for measurement
and modelling. Further, many require user assistance
and can operate in only constrained or simplified environ-
ments. The goal of our work is to produce a visual repre-
sentation of the shot in an automated manner. Therefore
such techniques are not suitable for our purpose.

From the above discussion we see that the median op-
erator which we choose for the creation of the background
effectively gives us the foreground content at the same
time. We use a measure of how confident we are that a
frame pixel is from a foreground object by the absolute
difference between its intensity value and the median cal-
culated as

Dmot,fi
(~xfi

) = |Ifi
(~xfi

) − median (I~xm
)| (5)

where ~xm = Pi~xfi
. When the pixel location is part of

the background, then Dmot ≈ 0 and when it is part of
a moving object, Dmot > 0. Now, if the moving object
has a similar intensity at that location to the background
at that same location, then Dmot will be small. However,
since the goal is to produce a visual representation of the
moving object, the small difference in intensities does not
pose a problem as we will see later.

Figure 12 shows the resulting moving object images
for the middle column of stills shown in figure 7. In gen-
eral this method of object identification is quite successful
despite its simplicity. Where there is a good contrast be-
tween a moving object and the background, the object ap-
pears quite clearly. As anticipated, there is little response
where there is poor contrast. Two artifacts are of interest.
In the bottom left frame, the woman appears twice – once
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Figure 12: Moving object images for middle column of figure 7

as walking and once as crouching. Referring to the cor-
responding frame in figure 7 (third row, middle column),
we clearly see that she appears only once as walking. The
phantom image of her crouching is caused by the incor-
rect identification of the crouched figure as background as
illustrated in figure 11. The second artifact is the pres-
ence of faint outlines of objects in the background such as
chairs and wall frames. This is due to minor errors in the
projective estimation algorithm.

3.3 Object Movement
Storyboard artists draw upon a number of techniques to
convey motion within a shot that include, as described in
section 1, onion skins, streaks, trail lines, and arrows. A
good artist will tend to employ a limited number of these,
typically one or two in combination, in a given board to
convey succinctly and clearly the essence of the move-
ment. The use of too many devices may introduce unnec-
essary clutter and confusion. For our work, then, we will
focus on a subset of such cues for extraction and render-
ing.

Onion skins are an effective way of representing the
object and its motion. We can make use of the above
method of extracting foreground elements to create the
multiple poses. In addition, artists commonly use trail
lines behind the onion skin figures to further accentuate
the motion. For our purposes, these two techniques will
suffice. The additional inclusion of streaks is effectively
redundant and will only clutter the final rendition. The
use of arrows as a motion cue can be less expressive in
some cases than other cues. Including arrows may be re-
dundant and interfere with the clean portrayal of the other
elements. Further, their placement sometimes requires so-
phisticated artistic judgment which is not easily copied by
an automated system.

3.3.1 Onion Skins
The moving objects identified above in section 3.2 are
overlayed on the background with varying degrees of
transparency in the manner of the onion skin technique.
The opacity of each pixel in the object overlay is pro-
portional to the value found in equation 5. To differen-
tiate these added moving objects from the background in
colour images, the objects are shown in monochrome. We

set the spacing between the versions as proportional to the
over-all camera motion — the more the camera moves, the
more versions we can include without introducing undue
clutter.
3.3.2 Motion Trail Lines
To produce trailing motion lines behind the onion skin fig-
ures, we make use of the time difference between adjacent
frames calculated as

Ddt,fi
(~xfi

) =
∣

∣Ifi−1
(P−1

i−1
Pi~xfi

) − Ifi
(~xfi

)
∣

∣ (6)

To achieve this effect for each onion skin figure, we cal-
culate the time difference for the preceding n frames from
the figure and apply the results to the composite produc-
ing n trails following the subject. The trails are drawn in a
fixed colour (black in this case) whose opacity is propor-
tional to the motion measure as calculated in equation 6.
The opacity of a trail mark further varies as a function of
the frame index difference between the mark and object
so that the marks appear to fade away behind the object.
3.4 Camera Movement
We now have the information for three of our four sto-
ryboard components: background, foreground elements,
and motion representation. The fourth component, an in-
dication of camera motion, can be generated from the pa-
rameters of the perspective estimation algorithm used to
generate the background mosaic. As described in sec-
tion 1, techniques used for depicting camera movement
are field cuts, mosaics and arrows.

In previous work, SALSA already incorporates two of
these techniques — field cuts and mosaics. It generates
a mosaic of the entire shot background and draws boxes
showing the fields of view of the start and end frames, the
start in green and the end in red, and line segments show-
ing the motion of the centres of the view as the camera
moves. The resulting representation has been shown to
be very effective in conveying the camera movement so
we make use of it in this reverse storyboarding system.
As a further aid to visualisation, we also add the first and
last frames as opaque overlays where the two frames do
not overlap instead of presenting them separately as does
SALSA.

Since the use of drawing the field cuts on a mosaic
provides sufficient motion information, we did not pursue
the generation and rendering of arrows as an additional
technique. As for the object motion cues, the use of ar-
rows can be redundant and their addition to the final sto-
ryboard can unduly clutter the result.

4 Results and Discussion
The final storyboard composite for the video sequence of
figure 7 is shown in figure 13. The green box on the
left outlines the opening frame of the shot while the red
box shows the final frame. The middle blue line with
cyan marks shows the path of the camera centre through
the shot. As well, the start and end frames themselves
are overlayed without any motion markings to anchor the
shot. Between the start and the end, three versions of
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Figure 13: Storyboard automatically generated from video sequence in figure 7

Figure 14: Storyboard automatically generated from Tick Tock tracking pan sequence (L-R)

the moving objects were added along with trailing black
marks indicating motion.

The storyboard clearly conveys a number of key fea-
tures of the shot. It is a pan right shot as indicated by the
start and end frame boxes. The start frame overlay shows
the initial four subjects. During the shot, the motion of
the man walking to the right and exiting though the mid-
dle door is shown. As well, the motion of the woman
walking to the right and eventually crouching down is
conveyed. The final frame shows the crouched woman,
a third woman sitting on a chair, and a third man walking
to the left.

When examining the results of the individual com-
ponents in sections 3.1-3.3 above, a number of artifacts
were identified. However, when all the components are
assembled in the storyboard these artifacts are not appar-
ent. For example, the misclassification of the crouching
woman figure as background or the figure’s absence as a
moving object are not visible. On the contrary, the semi-
transparent rendering of her helps conveys the sequence of
actions. As well, the action of the walking man entering
the field of view on the right, while appearing distorted in
both the background mosaic and the moving object iden-
tifier, is well conveyed by the final mosaic. Further, the
discontinuities in the object identification and motion de-
tectors due to low contrast between the object and back-
ground are not at all visible.

As another test, a tracking shot of a single person run-
ning from the movie short Tick Tock [16] was processed.
Unlike the Stargazer sequence, this is in colour. The
method was simply modified to use the colour median op-

erator [21] and the L1 distance in RGB space to measure
differences for motion and object detection. The result is
shown in figure 14. The result shows that the method gen-
eralises well to colour data. In this example, the elements
of the shot are well represented. The onion skin of the
versions of the figures and their motion tails convey their
movement. Further, the blur due to the fast camera motion
also conveys the sense of speed.

As a further test of the system, we processed a number
of shots from the film LeMans. Figure 15 is from a pan
shot of a crowd with a flag being waved. In the shot used
for figure 16, the camera follows the man with glasses in
the yellow shirt as he stands up. For figure 17, the camera
does not move appreciably, but the man is motioning with
his right hand. In the final shot, producing figure 18, again
there is no camera motion, but subjects are moving.

Even for moderately complex shots, the system is rel-
atively successful in conveying the composition of the
shot. Figure 15 clearly shows the pan and the waving flag.
However, the complex background in figure 16 interferes
with the clear rendition of the moving figure producing a
somewhat less than intelligible result. While our goal was
initially to focus on tracking pan shots, we have included
two holds with motion. The results in figures 17 and 18
show that the system can still convey the sense of motion
and gives some indication of the nature of such motion.

5 Conclusions
Storyboarding is a production-industry standard visuali-
sation tool for film and video. A storyboard effectively
conveys a visual summary of shot elements such as back-
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Figure 15: Storyboard generated from tracking pan (R-L-R)

Figure 16: Storyboard generated from tracking tilt (L-Up)

Figure 17: Storyboard generated from handheld static shot (1)

ground, subject motion and camera framing and motion.
Our goal has been to develop an automated system which
takes raw video footage of a shot and, without the need
for operator input, produces a visual representation of
the shot in manner analogous to a hand-drawn story-

Figure 18: Storyboard generated from handheld static shot (2)

board frame. Such a system would be a valuable post-
production tool. We build on a previously developed tool,
SALSA, which provided some preliminary visualisation
aids. Methods of image mosaicing based on sequential
processing of frames do not adequately remove moving
objects. We derive a statistical mosaicing method based
on the median to produce the storyboard background.
Foreground objects are then those that have intensity val-
ues which differ from the median. To convey a sense of
motion, the difference between adjacent frames is used.
The final image is a composite of the background, the
moving subjects with motion cues in the manner of the
onion skin method in storyboarding, boxes outlining the
start and end frames with an overlay of the frames them-
selves, and a track of the intervening camera movement.

The system was run on a number of video shots. For
tracking shots the system produced visual representations
that succinctly conveyed the composition. The median-
based mosaic generator successfully produced the story-
board background upon which the motion cues were ap-
plied. The motion cues produced are similar to the onion
skin technique of standard storyboard art. These were
generated using simple processing methods requiring no
user input. Even for more complex shots, the output con-
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veyed much of the composition. When the system pro-
cessed shots with little camera movement, it was success-
ful in capturing the essence of the motion. In some cases,
however, with complex background and/or motion, the re-
sulting composition is cluttered and can be difficult to in-
terpret.

In all, the results demonstrate that the system fulfills
our goal of producing a storyboard using the same devices
used by industry storyboard artists in a completely auto-
mated manner. It can successfully be used on a number of
important types of shots including holds with little fore-
ground motion, shots with a camera movement and lit-
tle other motion, and tracking shots. It therefore can be
a valuable tool for the creation of visual summaries of
existing film and video sequences for production, post-
production, and archiving applications.
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