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an emerging type of presentation carrying

Abstract—We propose a system to transform any temporal imagaformation and facilitating entertaining and higlimteractive

sequence into a comics-based presentation, as faotief and
interesting storytelling mannefrhree main components, including
page allocation, layout selection, and speech daljglacement, are
respectively formulated as optimization problemad asystematic
approaches are proposed to find solutions. Pagesdibn is viewed as
a labeling problem, and the best solution is dategthby the genetic
algorithm. Importance values of images and preéefitayouts are
both represented in vector forms, and the bestulaimselected by
finding the best match between vectors. Feasililgiens of speech
balloons constitute a solution space, and the dmation that jointly
describes the best locations of all balloons iragepis determined by
the particle swarm optimization algorithm. Objeetigvaluation and
subjective evaluation are designed from varioussgestives to
demonstrate effectiveness and superiority of topg@sed system.

Index Terms—Comics-based storytelling, genetic algorithm,
particle swarm optimization, page allocation, layot selection,
speech balloon placement

I. INTRODUCTION

EFFECTIVE presentation and communication of data has be
widely studied in various communities for a longei, such

as information visualization in computer graphicand
image/video summarization in multimedia and computgon.

browsing experience. Comics are believed to be dwali
medium for visual storytelling because of rich eegwivity, high
interactivity, and high interoperability. For rigxpressivity, a
story’s progression can be expressed by images wsittous
panel sizes and shapes, according to story padmages’
importance. For high interactivity, reading storfeam comic
books is an efficient and broadly acceptable maryejust
sliding our fingers to turn comic pages. Comparingh

slideshows and videos, readers have full contrehein reading
pace as no temporal restriction is imposed. Coroas be
displayed on both desktop PCs and mobile devicesarmeven
be physically presented on papers by printing. &k this

characteristic high interoperability, which makesnics easily
and widely spread on heterogeneous devices.

Comparing with text, comics present stories in aigarms;
comparing with slideshow, comics present richeorimfation
such as captions, panels of various sizes, andiiagfmwing
story pace; comparing with videos, comics providghér
interactivity and higher interoperability. Howevareating a

®Bmic from an image sequence is not an easy taglecally

storyboarding, layout planning, and speech balllasement.
In this paper, we focus on developing a systemaigroach

.associated with optimization algorithms to genegigmized

Recently storytellingis viewed as an emerging research field N o mics-based storytelling from temporal image saqes.

the visualization society [1], and has been wedognized in
journalism [2] and scientific data visualization].[3The
multimedia society mainly puts efforts on buildistpries as a
combination of multiple modalities, such as present tour
with photos and music [4] and presenting actionsl a
interactions in a virtual world [5]. In the era whdremendous
amounts of data in heterogeneous forms are shaned
circulated, researches in different fields haveead®d that a
well-paced presentation with well-organized navestructure
not only effectively visualizes massive data, bigsbgrovides
new perspectives for viewers to obtain insights.

Stories are sequences of causally related eveasempted in
text, images, graphics, or videos, and storytelloan be
manifested in various forms. Recently from the mddia
research field, comics-based presentation for nsoJi,
animation [7], photos [8], and gaming behaviorsi{a$ become
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Four ingredients should be included in all formsstiries:
perspective, characters, imagery, and language [8].
comics-based storytelling, the perspective ingmdiés
manifested by panel arrangement that builds reapéug and

hows information at multiple granularities. Chaeas and
imagery ingredients are inherently embedded inrthet image
equence; and the language ingredient is exprésssgdeech
balloons.

Figure 1 shows sample pages of the proposed cdragsd
storytelling. There may be different numbers ofgies (panels)
in different comic pages, depending on visual canéand the
reading pace to be built. Varied space may be atéat to
different panels. To show a large image in a spaflel, less
important part of the image may be removed sotti@fispect
ratio of the remaining region matches with thattef targeted
panel.

important
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subjective evaluation, we ask semi-professionaoeslito edit
comics and quantitatively compare automatically egated
comics with manual ones.

Il. RELATED WORKS

Information visualization research has been dewsofor
decades to visualize mass data collection, in dalefficiently
express essence of data or even provide alternagigpectives
to discover unknown characteristics. While datal@gtion
and analysis have been widely studied, recenthsgmting
information as a story has been proven as an aféeatay for
information conservation and communication, and esak
information more memorable [9].

Photographs are viewed as the best medium fortstling,
because they were often captured to record visgedreence in
daily life. Balabanovic et al. [12] developed a idevto
facilitate sharing photo-based stories locally aedhotely.
Given a text-based story, the story picturing eeg|i3]

b visualized this story by images through searchimgm=notated

Figure 1. Top: Sample comic pages generated fraspéie: Fright to  image database. Chen et al. [4] generated phatessiow in a
the Finish (1954)” in the pUbllC domain. BOttomnﬁﬂe comic pages tile-like manner, with page Chang|ng accord|ng m:q) of
generated from “Popeye: Spree Lunch (1957)" inpthielic domain.  phackground music. Commercial software like Microgeifioto
Story', Cyberlink MagicDirectdt, and Muvee Revedprovide

In summary, the following challenges should be edsied to highly interactive functions enabling users to mallyugenerate
build an automatic comics-based storytelling system photo-based storytelling, mainly in the represéomatof
® Page allocationHow to segment a given temporal imagsslideshow, animation, or videos.

sequence, so that images in the same subsequeesenpr To efficiently present a story embodied in videasany

similar visual content and are better to be pubittte same researchers transform videos into static storylardimage

comic page?mages showing similar visual content_are bettqgouages_ For example, Ciocca et al. [14] transttmvideos
to be presented in the same page. Furthermoreaying the  jnto  multilevel  storyboards constituted by hieracah
number of panels in a page, we can build differeating epresentation of keyframes. Storyboard presemtatioalso
paces. For example, we feel that the top row afiféid. Shows . ided by commercial software, such as KMPlAyafang et

a higher pace than the bottom row, because_comewhte al. [15] proposed a video collage system that aatmally

former one. changes more ffe‘?“er.‘“y- In this pape, constructed a compact and visually appealing sginhd

formulate this issue as an optimization problent tan be ) o :
collage from a video sequence. With similar congeptitch et

solved by the genetic algorithm. . . I . .
e Layout selectionWhich layout is best to present a givenal' [16] proposed a video synopsis exhibiting statesentation

image subsequencd® presentk images in a page, the bestS1oWing essential activities of a video.
layout should be selected from a pool of predefilmgguts S!|deshow, sto_ryboard, or image collage can be. m_rsee_ill
containingk panels. Intuitively, we tend to allocate moreSiories from various perspectives, but their expry is
space to more important images. In this paperiiigions of limited  because no language expression is provided.
image importance and layouts are characterizedetoy COMics-based presentation, therefore, emergesas &/pe of
forms, and the best layout is determined by siitjar Storytelling. Yeung and Yeo [41] proposed one & éarliest
measurement between vectors. comic-like video summaries, called pictorial sumynaf video
® Speech balloon placemehiow to place speech balloons, soposters. Many essential ideas originate from tliskwsuch as
that important content in images are not occludadd considering image importance to allocate displagcspand
balloons’ positions direct viewer's gaze to buildokeasing generating grid-based layouts based on a basicUelitihashi
reading trajectory?Considering the comic design theory, weet al. [40] proposed the Video Manga system to gdae
formulate this issue as an optimization problent t&n be pictorial summaries, with clearer statement abowgating
solved by the particle swarm optimization algorithm summaries resembling comic books. A frame packigorahm
Contributions of this work are threefold. First, p®pose a was proposed to efficiently fill space by framethwiaried sizes.
system framework that integrally consists of vasiaspects of Girgensohn [36] improved these early systems bpgsing a

automatic comics generation, including page allocatayout 55t frame packing algorithm with a few heuristites.
selection, and speech balloon placement. Secongpriemt

components are formulated as optimization problears]
well-designed optimization algorithms are adopted t *Microsoft, http://www.micrisoft.com
systematically solve these problems. Third, to nfarfully 2 Cyberlink, http://www.cyberlink.com

; i 3 Muvee, http://www.muvee.com
demonstrate effectiveness of the proposed systemddition to * KMPMedia, http:/ kmpmedia.net
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The Movie2comics system [6][29] was proposed tadpoe
comic-like presentation for movies based on keyé&snwith
consideration of script-face mapping and cartoditinaGiven
importance of keyframes, Calic et al. [30] propoaegiynamic
programming approach to find optimal configurationg
displayed widths and heights for a sequence ofraews. This
work was further improved to enable high interattivin
multi-scale comic-like summaries, considering tHfea of
layout disturbance [31]. Herranz et al. [32] madenic-like
summaries more compact by appropriately overlayagions
of interest on panels, making an effect similarptoture in
picture. Rather than selecting layouts from a moagenerating
a layout consisting grids, Cao et al. [33] propoaethta-driven
approach where a probabilistic model was built &satdibe
panel arrangement. Myodo et al. [34] utilized & s&ucture to

describe splitting lines on the screen to generategrid panels.

Toyoura et al. [10] designed a rule-based layogbrithm
considering camera works like pan, zoom, and fadartange
panels. The effects of camera works can thus tegred from
static comic pages. In addition to being a videmrsary, the
DigestManga system [35] was proposed to show thaiclike
presentation is able to facilitate video editing.

Wen et al. [8] developed an online comic compositigstem
that automatically generated initial comic pagdsctvcan later
be refined by users through rich interactive fumtdi, such as
moving photos to display a region of interest atdiag speech
balloons or icons. Similar idea was adopted to sigawing
behaviors in a virtual world as well [5].

In our previous work [7], animation videos werenstrmed
into comics by a system that automatically deteediihow a

boundaries in a video, and then extract keyframes feach
video shot. In [7], we considered color histograistahces
between frames in a shot, and motion type of tnid, 40 select
parts of frames as keyframes. This procedure giyerarked

well, but sometimes it selected near-duplicate &snas
keyframes because of high motion dynamics. Accardanour
experiments, redundant images in different parmat®w users.
To avoid this annoying effect, in this work we figt adopt the
keypoint-based approach [21] to find near-dupli¢egmes and
eliminate redundant keyframes. Finally, the methiaposed in
[22] was adopted to detect scene change boundasiean
important factor in page allocation.

For photos in an album, the keypoint-based appr{ithis
also adopted to eliminate redundant photos. Toctetieoto
scene change boundaries, we calculate the shoditimg
distance between temporally adjacent photos, armgtathe
adaptive sliding window approach proposed in [23].

In the next section, we design an optimized pafpeation
scheme to find the optimal segmentation of a temdpionage
sequence, so that images in the same subsequehte it
into the same comic page.

IV. OPTIMIZED PAGE ALLOCATION

Given a temporal image sequence where images may be

associated with text annotation, the goal of thgepallocation
component is to automatically segment this sequencthat
images in the same subsequence are appropriatefathbnto
the same comic page. To make discussion concretdake
transforming videos into comics as the main exempla
application, though the proposed optimization saheis
general to any temporal image sequence. We wilthisderm

keyframe sequence was segmented and composedemten keyframesandimagesinterchangeably in the following.

comic pages. Optimization techniques were empldagadake
comics-based storytelling generation a systematctige. In
[20], we further considered comic design principlasthe
optimization process, and added the language petirgpei.e.,
speech balloons, to comic pages. In this work, mgrove our
previous works from the following perspectives:

® Image selection: State of the art saliency anabysisimage

Let I, ..., {5 denote the temporal sequence consistingy of
images. We would like to allocate appropriate nuntfeomic
pages that may include various numbers of panelseahibit
the following characteristics:
® \Visual coherence: Consecutive or similar visuaiteat is

better to be put into the same comic page.

® Reading pace: A comic page consisting of more @nag

matching techniques are employed to estimate image buildshigher reading paceTherefore, photos densely took

importance and select
promising layout selection.
® Multiple balloons: We modify the objective functiamour

keyframes,

facilitating more

in a short period, or keyframes conveying high omtiare
better to be put into the same page containing panels.

Basically this task is a labeling problem, in whagpropriate

previous optimization framework to allow displayingnumber of classes is to be determined to labekthesnages.

multiple balloons in a panel, facilitating more esffive
presentation and better reading experience.
® Evaluation: Various objective evaluations and scifbje

There may be tremendous number of labelings. Fatély) in
our work temporal continuity of consecutive imagésuld be
maintained. For example, if five images need tdabeled, the

evaluations are designed to show effectivenesshef tlabelingl1223is legal, but the labelinip213 is not allowed,
proposed system. We compare automatically generatéfere each number indicates the ID of a class. fiiciently

comics with manually edited ones, and show howgtessof
objective functions influence comics generationltss

IIl.  PREPROCESSING

The most common temporal image sequences come from_

keyframes extracted from videos or photos with shgdime in

an album. For the former case, we detect shot &han

and systematically solve this problem, we explbé genetic
algorithm (GA) to find the optimal labeling.

We first randomly generate initial chromosomes. HEac
chromosome represents a labeling (x4, z2. ..., 2y ), where
xr; = n denotes the imagk is assigned to theth comic page
....,IN, andn is a positive integer). Note that if
x; # x;11, thenz; = ;11 — 1. The first imager; is always
gssigned to the first page, i.e;, = 1. Because visual content
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would be too messy or important objects would Lgcally —whered(Z,,, ;) = 1if keyframes/, and/, belong to the same
shrunk if too many images are squashed into a pegset an scene, and{l,, I,) = 0 otherwise. The valud, of a page is
upper bound’ to limit the maximum number of images beingequal to one if all keyframes come from the sanemscand is
labeled as the same class. Therefore, an initi@nebsome is smaller than one if some of them come from diffesmenes.
generated by the following process. If video shots change frequently, we tend to putrano
(1) Randomly pick a number from 14§ say1, and assign keyframes into the same page to build higher repgace. In
the first m; images into the first page, i.e.,other words, the number of keyframes in a pagensrsely
T =2y = =Ty, = L. proportional to the total lengths of their corresging video
(2) Randomly pick a number from 1 &b, sayms, and shots. This factor is considered by allocating gesyeh that the
assigned the followingr; images into the second page, i.e.total length of shots in each page is similarslguantitatively

Ty 41 = Tyny 42 = = Tony oy = 2. evaluated as the valug::
(3) The same process repeats until all imagesssigraed. Ar=1- Std(T_h 1o, Thr), 4)
To set the upper bourdd, we read ten Japanese and western T; = mnﬁ—mi ) (5)

comic books, respectively, and found that a coraigeprarely wherer; is the total length of shots in the page= {7:|z: = j}.
contains more than eight panels. Therefore, inwork the  The valuer; is obtained by summing the lengths of shots from
upper bound/ is set as 8. which the keyframes ifil;|z; = j} are extracted. The function

Figure 2(a) shows eighteen keyframes extracted fe®m ;4(.) calculates the standard deviation.
animation video. Each keyframe is viewed as a gBm a  The fitnessf(z) of the chromosome in the GA process is
Fi‘lhromosgmeF?s conzs(tti)t)ut_el,-_(r:i]. to hShOW a sample a::“a'ts then defined as a linear combination of these factors:
illustrated in Figure . This chromosome repngs¢hat the oy — f
eighteen keyframes are arranged into four pagess fifgt four J(@) = ade t B + 74s + CA, ©)
keyframes are put into the first page, followedthrsee, four,
and seven keyframes putting into the second, ting, tand the
fourth pages, respectively.

To find the optimal page allocation situation, thitgective
function value (or fitness in GA) of a chromosorselescribed
as follows. Letr = (x1, ..., zn) denote a chromosome wher . B ®
images are assigned fd pages(P., Ps, ..., Px), in which process, the _fltnesgf(a: ) of each membee'”) of the
P; = {I;|z; = j} consists of images assigned to jite page. populatlan(t) is ca]culated. We then form a ), called
Notice that|Pi|+ -+ |Py| = N, with |P;| denoting the thg mating pool, with the same numbe_r of elemeste(4)
cardinality of the set”;. Considering the factor of visual using the roulette-vyheel scheme .[?4]’ €., chrmmrss are
coherence, we calculate the average color histogranitarity ;elected front(?) W'th the p'robablllty proportional 1o their
A, corresponding to the chromosomeas fitness. Elements in the mating pda(t) are then selectgd at

: random to conduct crossover and mutation operations
1 —wm ming, cp; 1,ep; de(las Ip) "
A= — E,.:l(l — ) (1) generate the next-generation populatidfi +1). The GA
M a1 max I.eP; dC(Ia,Ib) . . . .
1bEP; 1 or 1€ P, an process keeps running until 100 iterations have beepleted.
whered,.(I,, 1) is the Euclidean distance between the RGEinally, the chromosome with the highest fitnegwesents the
color histograms of, and ;. The valued. is designed that P€st page allocation situation.
images assigned to the same page are better tasbally .
similar. S | R | | | IO | S | R

If I,,..., I~ are keyframes extracted from a video, we can ' ! ! ! 2 2 2 .
further embed motion coherence in the fitness fanctThe Iil”l Iii! LJ LJ l'_,.l l_l] I.f..!.l hﬁl L_i.l
average motion similarity A,, corresponding to the
chromosomer is defined as

whereq, 3, v, and¢ are empirically setas 0.4, 0.2, 0.2, and 0.2,
respectively. The value is set larger because color coherence
often plays the most important role to achieve @ighisual
coherence.
In our work, forty chromosomes were generatedradoen as
ethe initial population(2(0). At thetth iteration of the GA

Chromosomeil11222
(a)

v 1 ,

A: = ? Z(Jpl)(l "z ZI(,GP;.,L)E{PJ MfH[t)(Ia,T{z;])), f (2){ E.] 1 19 ]
where Z = ('"J') is a normalization factor. e function .
MHOD,, 1)) 2measures the motion histogram difference lmﬁl I:l m Q
between two images. The motion histogram correspgrtd /; E‘ il ﬂl’a
is obtained based on the motion frénto its next frame in the .
original video. E_. dl u’ .

It is better that images in the same page belortgecsame
video scene. Based on results of scene boundapctiet

mentioned in Section Ill, the scene coherence cheniatic A
is designed as

Page 1 Page 2 Page 3 Page 4

(b)
Figure 2. (a) Keyframes extracted from the videop®ye: Fright to
1 the Finish (1954)” in the public domain and a samghiromosome. (b)
A, = A Zlne}?,-,lbél’j 0(1a, In), 3) The allocation corresponding to the chromosome shawa).
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fitness 90h iteration

0.75 +

60N iteration

0.70 -

0.65 -

—Best
— Average
Worst

0.60 -

0.55

iteration
0.50

1 11 21 31 41 51 61 71 81 91

(a) The evolutions of the best, average, and wabgtctive function

values in the GA proce!
At the 60" iteration

At the hiteration

(b) The page allocation situation at tH&iteration.
At the 90" iteration

(c) The page allocation situation at thdé@ration.

(d) The page aIIocatlon situation at thé'9@ration.

Figure 3. The evolutions of objective function vedand their corresponding page allocation sitoatio the GA process. The input artwork is

from “Popeye: Spree Lunch (1957)".

would like to select the best layout from a prededi set that

Note that the next-generation chromosomes genetated includes layouts withi varied-sized panels. Each panel is a

crossover and mutation operations should also confo the
temporal constraint. In our work, we simply checkether a
generated chromosome conforms to the temporal reomst
after every crossover or mutation operation. A ofosome is
discarded if it does not meet the constraint. Wepkendomly
selecting parent chromosomes from the mating fpgénerate

room allocated to display an image. The desired lag®ut
should have the following properties: 1) More inaot images
should be allocated larger panels; 2) keyframesaeted from
the same shot or photos consecutively taken irsdnee place
are better to be put in the same row of panelke@rames with
more subtitle words or photos with more annotatios to be

child chromosomes until the number of elements fie t allocated larger panels. Note that in this work,assume that

next-generation population is the same as the ppogrulation.
Figure 3(a) shows an example of evolutions of tlestb

average, and worst objective functions valuesénGi process.

The objective function value gradually increasethasprocess
iterates more. Figure 3(b) shows the page allogaiination if

subtitle text is beforehand available in SubRigdil(in .srt
format) if the processed temporal image sequenoe® drom
videos. Text-based annotation is viewed as sulistte if the
processed temporal image sequences come from platms.
The basic idea of layout selection is as follows gvaluate

we stop the GA process at th8 eration. Three pages werethe “importance distribution” of panels in a laypewaluate the

allocated. However, we clearly see that the keyérdsrappears
in a scene different fromy, Is, 13, andly, and thuds is better
to put into another page. This expectation wadledfwhen the
process iterates sixty times, as illustrated inufég3(c).

However, an event continuously takes place figro I;2, and

it is better to pufs into the same page &sto I12. Finally, if

we stop the GA process at the™fteration, the first four
keyframes are put into the first page, followedHhrge keyfrmes
in the second page and the last five keyframdsdritird page,
showing the best case as we expected.

V. OPTIMIZED LAYOUT SELECTION
The next step is selecting the best layout to disjrhages

“importance distribution” of images to be displayaghd then
determine the images-layout pair that has the rsostlar
distributions. Various layouts consisting of vasawmbers of
panels were designed in advance. In our work, lyoth19
layouts containing one to eight panels were mayuadsigned
according to our observations of common templatgmpular
comic books. Figure 4(a) shows three sample layanrisisting
of five panels. The importance distribution of tte layout is
then described by a vectof; = (£1, %2, ....£k), Where/;,
k=1,..., K, is the ratio of the area of th¢h panel to the area
of the whole page.

assigned to the same pageklfimages are to be displayed, we
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1strow —>
00 [0 o
@ zron [ || ]
39 row —>| I:I L] 0000 | <= 2 row
7= (00011) 7 = (00110) 74 — (01000)
(b)
\—'—‘ \_'_‘
shot 1 shot 2 shot 3
q = (00101)

Figure 4. (a) Three sample layouts containing fdemels and the
corresponding binary vectors showing panel arrasgeém(b) A

sequence consisting of five keyframes and the sparding binary
vector showing the shot change situation.

We also describe how keyframes belong to diffeséiots as
a binary vector. Assume we have five keyframesemlaced
into a 5-panel layout. Suppose that the first tengflames come
from the first video shot, the third and the foukiyframes
come from the second video shot, and the fifth keagE comes
from the third video shot, as illustrated in Figd(e). If thekth
keyframe is from th&th shot, and thé: + 1)th keyframe is
from the(¢ + 1)th shot, the bit at thg: + 1)th dimension is set
as 1, otherwise 0. Therefore, in Figure 4(b), hayflames
belong to different shots is represented by thetovec
g = (00101). The degree of matching:; between theth
layout and the keyframe sequence is then evalweated
|XOR(q, Ti)‘l
% (8)
where| - |1 is the L1 norm of the vector. The valug ranges
from 0 to 1, and a larger value means higher madgchi

m; =1 -

The importance distribution df images is also described by ~ Finally, by jointly considering image importancedapanel
avectorf = (1, e2..., ex ), whereey, is the importance value of arrangement, the best laydijt is determined by

the kth imagefr. To consider the first and the third desired

properties, the importance valegof an imagefs is defined as

a1 Sk
Zk + pg X gl‘ + 3 x mCH Dy, ©)

The first term is the ratio of the area of the oegof-interest
(ROI)in f, i.e.,a, to the total area of ROIs irf1, ..., fx }, i.e.,

er = [ X

. T i
A = a1+ + ax. This term measures relative importance o{'

ROls in these images. Note that if there are ma@ysRn an
image, the minimum bounding box covering all R@I®und to
calculate this term. ROls can be determined byrpvarks such
as [17] and [18]. In this work, we employ the methio [17] to
find ROIs. The second term is the ratio of the nends subtitle

{1,y [} 1..,5 =s1+ -+ sk. The third termnCH Dy,
is the minimum color histogram distance frgfnto other
images in{ f1, ..., fx }. That is, nCHDj, = min;| H; — Hy|,
for j # kandj = 1, ..., K. The notation| H; — H:|| means the
normalized Euclidean distance between the RGB dniatn /7
of f; and the RGB histograf¥;, of fi. Overall, the second
term emphasizes the importance of subtitle, whitethird term
indicates that an image more similar to othersdssnmportant.

i* = argmax; ((£;, ) x m;).

©)

Once the best layout is determined, the panel édmg
should be put inside is also determined. Differgsutels may
have significantly different aspect ratios, and autatedly
blindly resizing a keyframe would largely distortiswal
information. Therefore, we would like to find an portant
egion inside the keyframe that simultaneously coalient
objects and meets the aspect ratio of the targedeel. This
task is accomplished by a method similar to thappsed in [4],
and the composition process is illustrated in Fegbr First,
based on global color contrast [17] a saliency nisp

. . . . constructed to represent saliency characterisfieskeyframe,
words infz, i.e.,sk, to the total number of subtitle words in P y yf

and the centroid of the map is determined. Startiogh the
centroid, we expand the region towards four dicedi(top,
down, left, right) according to the aspect ratictiod targeted
panel. The expansion stops when at least two boi@sdaf this
region reach boundaries of the keyframe. The sda&gion is
then resized and stuck on the targeted panel. Atieking
regions from keyframes on all panels, a comic pggenerated.
Figure 6 uses two examples to show effectivenesthef
proposed layout selection method. The layout irufEg6(a)

The weights:, 12, andus are empirically set as 0.3, 0.3, andconsists of two small panels in the top row and lange panel

0.4, respectively, because visual coherence iggiynthe most
important factor to evaluate image importance.

To measure how appropriately a layout matches avgtven
image sequence, we refer to the inner product rimgctheme
proposed in [4], and thus measure itéasf).

To consider the second property, we first desdrdye panels
are arranged into rows and represent it ds-dimensional
binary vector. If thekth panel is in theoth row, and the
(k 4+ 1)th panel is in thép + 1)th row, the bit at thék + 1)th
dimension is set as 1, otherwise 0. In Figure 4&gding from
left to right and top to down, the panel arrangenfienthe first
layout is represented by the vectar= (00011), because the
first three panels are located in the first rove, burth panel is
located in the second row, and the fifth panebeated in the
third row. The panel arrangements for the secordi third
layouts are represented by vectors = (00110) and
r3 = (01000), respectively.

in the bottom row, and the layout in Figure 6(bhtains three
equal-sized panels arranged in three rows. In Eidi{a) the
first two images presenting the same object arnged in the
same row, yielding better presentation. Figure (6§¢¢) show
another examples displaying six images. Figure @&c)he
selected best layout, and Figure 6(d) and Figueg &fe two
layouts where panels are derived by equally digdire page in
the horizontal direction, and dividing in both hmmtal and
vertical directions, respectively. Comparing witlglte 6(c),
we would feel dazzled if images were displayed kigure 6(d),
and get bored if images were displayed like Fig{s). We can
clearly see that Figure 6(c) more appropriately spnes
information in a more lively way.
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(d) Compiasiresult
Figure 5. lllustration of the composition proceBse input artwork is
from “Popeye: Fright to the Finish (1954)".

(a) Original images  (b) ROIs and their centroids  (c) Extension results

Figure 6. Comparison of layout selection resulteariple 1: Layout
selected by the proposed method (a) and by eqladasibn (b).
Example 2: Layout selected by the proposed metlepcarid two
different equally-allocated layouts (d)(e). Theubprtwork for (a)(b)
is from “Popeye: Fright to the Finish (1954)", ahat for (c)(d)(e) is
from “Popeye: Spree Lunch (1957)".

Layout optimization is generally the main focuspoévious
works on comic-like presentation. Such works camdagghly
categorized into three groups: 1) selecting laydutsn a
predefined set, such as [6] and [29]; 2) generagind-based
layouts, such as [30], [31], and [32]; and 3) gatiag non-grid
layouts, such as [33] and [34]. In addition to gatiag
comic-like video summaries, layout optimization &so
important in presenting information on websites][38] and
newspapers [39]. A variety of ways range from seqae
matching [6], dynamic programming [30], probabitistnodel
[33], to genetic algorithm [37], were proposed itwifgenerate
optimal layouts. In our work, we simply select thest layout
from a predefined set with the consideration of titleb
information and panel arrangement. This simple oubtis
especially efficient when a large number of keyfeameed to
be presented. The disadvantage is that only aglihritmber of
choices can be made, and thus more elegant featuels as

camera works [10], are hard to be incorporatedré&le¢o keep
this paper more focused, we put more efforts ofding the
optimization framework rather than elegant layoceteration.

VI. OPTIMIZED SPEECHBALLOON PLACEMENT

A. Balloon Generation

To constitute the language ingredient of storyigllispeech
balloons are generated and placed in panels. Tetorfaare
considered in balloon generation: balloon size &atfloon

shape. Obviously a balloon would be larger if ibt@ins more
words. In addition, words conveying exclamatiorercitement
can be enlarged to more faithfully represent emotiemotion

can further be exhibited by shape of balloon [Hlipses are
most commonly used to show general emotion, whilspeech
containing excitation, exclamation, and violencedgp jagged
edged balloons can be used.

Assume that the default size of each English I&ter. x A,
which means every letter is bounded by a box ofwtlith w.
and the height... For Chinese or Japanese,letter here
corresponds to a Chinese/Japanese character. Thooigh
limited to any language, the idea of balloon getiena
described in the following is mainly for Chinesg/daese
speech balloons. Suppose that the keyfranie determined to
be put into the panél;, and there are some text corresponding
to ;. Width of a lettert. in C; is calculated as

We = we + e(Ch) X Ay, (10)
wheree(C;) is calculated as
0, e(l;) < e+ std(e),
e(C;) =41, e+stdle) <e(l;) <e+2xstdle), (11)

2, e+2xstd(e) <e(l,).
The valueg andstd(e) are the mean and standard deviation of
sound energy derived from the video. When the sametgy
corresponding td; is lower than the average energy plus one
standard deviation, no emphasis is applied. Wherettergy is
larger than the average energy plus one or twodatdn
deviations, font size is enlarged by one or thg, which is set
as one percent of the width of a page (in ternm>as). Height
of a letter is defined in the same way. The fonplkasis process
is adopted for keyframes extracted from videos. kVhe
generating comics for photo albums, letters areagdw
displayed in default size.

Note that the sound energy corresponding computed
from the average sound energy of the video shotevhevas
extracted from. The audio clip corresponding te thdeo shot
is divided into overlapped audio frames, and thendoenergy
of each audio frame is calculated as the root rsgaare value
[11]. The energies of all audio frames in the sahma are then
averaged to represent the energy of this shotvahese and
std(e) mentioned above are calculated from energies lof al
video shots where keyframes were extracted from.

Given a letter's width and height, the width andghe of a
rectangle able to include all letters corresponding; are
determined. Based on this rectangle, ellipse ceroshapes of
balloons are generated. In the western readingroiide,
reading from left to right, and then top to dovire tvidthw g of
the rectangle is determined as
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OSw(CL)
ﬁ)c X §L
wheres, is the number of letters corresponding to the feage

I;, andw(C;) is width of the panel’;. The height:r of the
rectangle is calculated as

m_(mx&bwm

whereh, is height of a letter, which is basically the saase..

Rectangles showing other languages can be obtdiged
slight adjustment. For example, an English wordstsiing of a
number of letters cannot be divided into two sefgaparts and
shown in two different lines. When the rectanglenég wide
enough to completely show the last English word téxt line,
we can divide this word into two parts and appedadsh to the
end of the first part. The first part is shownhe £nd of the text
line, and the second part is shown in the beginpinidpe next
text line. Another strategy is just showing the lgh&nglish
word in the beginning of the next line. In this Wowe mainly
adopt the second strategy to generate Englishdyedlo

i w, x § > 08’[.U(CL)

wp —
else,

(12)

(13)
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positions are determined by jointly considering fokowing

factors:

® Balloons should not overlap with ROIs in images.

® Balloons should be placed as close as ROIs inésag

® When there are multiple balloons in a panel, #mences
spoken earlier should be placed closer to thedgfteorner
of the panel. This is to maintain correct readinggeo.

® Balloons should not overlap with each other.

® Reading trajectory should be built so that theliegorder is
not only correct but also vivid.

These factors are quantitatively evaluated to fdime
objective function for the PSO algorithm. Detailf tbese
factors are described as follows.

Overlapping between balloon and ROI.The degree of
overlapV; between balloon and ROI is calculated as

-y, e, ka : (14)
where R, denotes the area of ROI in théh panel,R; () B:
means the area of the intersection (if any) betwikerROIRy
and the balloor3;. The valueV; should be as small as possible.

Based on thevs x hp rectangle, a speech balloon with - cjose to ROI. The overall distance: between balloon and

appropriate shape is generated. We constructia Bstvance to
store words commonly used to represent violencesaaidation.
If at least one of spoken words matches with theds/in the list,
this balloon is claimed to present violent emotiangd general
emotion otherwise. Generally most balloons aregmateed as
general emotion, and are displayed as the minimllipses
covering the rectangles. For subtitle containingitexion or
violence words, a predefined jagged edged ballsoesized to
include the rectangle to show emphasis.

B. Balloon Placement

After generating balloons, the next step is to weitee their
positions. The most important guideline for ballqggacement
is not to occlude important regions in images [Mich is
quite natural and had been widely adopted to plaions
[6][25][26]. However, in most previous works, bailws
positions in different panels were determined sa&edy. The
way to place balloons in different panels leadrdeaaling order.
Therefore, we argue that positions of balloons iffieent
panels should be jointly determined so that thet besding
experience can be provided.

In [20], we treated balloons in the same pagewsde, and
formulated balloon placement as an optimizationbjem.
Motivated by the formulation of particle swarm opization
(PSO), a balloon in a panel was viewed pardicle, and the set
of particles in the same page was viewed asvarm After
randomly initializing positions in each panel, 80 algorithm
was used to adjust positions of particles in mldtipanels so
that global optimal (from the aspect of the whagg) and local
optimal (from the aspect of one panel) balloon fiass can be
determined simultaneously. However, in [20] onlydralloon
was allowed in each panel. When a character cotigelgu
speaks many sentences, similar keyframes woulddpéagted
in nearby panels, and significantly annoy viewdigre we
extend the framework to allow multiple balloonsaipanel.

Assume that(G balloons B = {B;,..., Bz} are to be

its closest ROl is evaluated as
Vo — Zk 1 27 1 d(rs, e;)
=
Zk 1 ZL ATy, 01)

whered(ry, 0;) is the spatial distance from the centrojaf the
balloon B; to the ROI centroid in thekth panel. The value
d(r,e;) is the spatial distance from the balloon centrgitb
the closet point on the boundary of the R&QL The valuél; is
smaller if balloons are placed closer to ROIs.

Order of balloons. We are able to know the temporal order
of balloons according to the subtitle informatitmthe fashion
of reading from left to right and then top to battahe balloon
spoken earlier should be placed closer to thetdgfieorner of a
panel. Assume that there are J balloons

By = {B},B2,...,B{} to be put into théth panel, and the
spoken order i$3}, B?, etc. Leth) (z) andb),(y) denote ther

and y coordinates of the centroid of the ballod%;i
j=1,..,J , respectively. We calculate the horizontal
displacement between two consecutively spoken dadcas

ke max(Cw Oy ) !

of the targeted panel,

(15)

whereCyy andC'y are width and height
respectively. Similarly, thertical
displacement is calculated A@Z = % When the
balloon B: " is appropriately placed at the right bottom/&jf
the valueA’, = Ax), + Ayl is larger than zero. The degree of
how balloons placed in a correct order in tth panel is

calculated byA, = 1 - J I Z] ! N The overall degre®;
for all the K panels in a page is then measured by

1 S
%:KZLAh (16)
The valueVs is smaller if later balloons are placed at théitrig

bottom of earlier balloons.
Overlapping between balloons. For the J balloons

={B}, B2, ..., B/} to be put into théth panel, the degree

respectively placed intd panels of a page. The 0pt'malofoverlapplng between two balloofs and B, is measured by
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X = ggg The average degree of overlapping intte is an iterative randomized search algorithm thadatgs a
o = 1 J population of candidate solutions at each iteratioitially we
panel is calculated a5, = 7 Zlf;fi’,l Xiv, whereZ = (3) randomize one particle for each balloon. Ttte particle is
is a normalization factor. The overall degree cértappingV,  represented  asp; = (xi. yi. vi, d;) , where z; and ¥
for all K panels is defined as respectively denotes thecoordinate ang-coordinate of the
1 . - ith balloon,v; is this particle’s moving speed, andgis its
Va= K —k=1 Ag. (17) moving direction. The set of particles forms a swar
The valueVs is smaller if balloons have less overlapping. (population) indicating positions of all balloomsd page. At the

The four factors mentioned above are about balldaside fth iteration,t = 1,2, ...,T, we evaluate the objective function
single panels. On the other hand, the fifth factoconcerned value of the current swarm by eqn. (21), and keagktof the
about the reading trajectory across panels. best-so-far positions encountered by the entireuladipn. At

Reading trajectory. When reading a comic page, we usuallghe (#+ 1) th iteration, particles move towards updated
read the balloons in the first panel, and themtlaén character directions with updated velocities, which are dyicaity
(ROI) in this panel, and then move to the balloartse second updated according to their best-so-far positionse Bame
panel, and so on. According to [27], the readingipge in procedure repeats until the stop condition meeid the set of
comics is embedded in the reading trajectory. TitdHively  positions giving the optimal objective function walis found.
reading tempo, therefore, we would like to plac#ooas so Please refer to [24] for details of the particle asw
that the reading trajectory turns a lot. bet= {Y}!, ..., Yk-1+1} optimization algorithm. In this work, the iteratipeocess stops
be the set off balloons and one ROI in theh panel, i.e., When 200 iterations have completed.

ij € {By, Ry.}. Suppose that the elementsinare sorted so Figure 7 |Ilustrat¢s how d|fferen_t factors affednal
Gt . j . placement results. Figure 7(a) and Figure 7(c)paeement
that Y] "~ is on the right bottom of} and is the nearest

i ; ; ) ) results if all factors are jointly considered. Figw (b) is the

neighbor ofY;’ (measured by, mentioned previously). The placement result without taking overlapping betwbatioons

reading trajectory factdf' within thekth panel is calculated as into account. In this case, balloons are occludgdother
Y, = ﬁ Z'j]:_ll [{(u;,w;11)], (18) balloons, which significantly harms readabilitytbé generated

whereu; is the vector from the centroid &f to the centroid of COMICs. Figure 7(d) is the placement result withtaking

iju' The notation(;,,4.) denotes the Euclidean inner_overlappmg between balloon and ROI into accourtte T

= important object, human face in this example, islued by
product between two vectors. Therefore, the valyelenotes . - .
. balloons, causing the most unwilling result. Figéfe) shows
the average absolute inner product between ball¢BaH) ; -
e ROIs of images shown in Figure 7(c) for reference.
within the kth panel.
The reading trajectory factoy, between théth panel and

the & + 1)th panel is calculated as ) _ o _
2 = [(ug, vp)l, (19) We start the evaluation from transforming animatimteos into

comics. Table 1 shows information of the evaluatiatiaset,
which contains six animation clips with subtitle3he
evaluation is divided into two parts: objective lerzion where
automatically generated comics were quantitativelgnpared
with manually edited comics, and subjective evaumatvhere

VIl. EVALUATION

wherew; is the vector from¥,’ to V;’*', i.e., the vector
between the last two balloons in thih panel.v; is the vector
from the last balloon of thith panel to the first balloon (or ROI)
of the ¢ + 1)th panel.

The overall ;eading trajector;i factug is defined as subjects were asked to answer questions in quesiias.
Vo= + Y Tt X1 Yt (20) A, Objective Evaluation
The valueVs is smaller if vectors between reading entitiegve first attempt to quantify the difference between
(balloons or ROIs) are approximately orthogonal. automatically generated comics and manually editmaiics.
Integration. Finally, the five factors are linearly combined towe invited eight semi-professional editors, nametnfA to H,
jointly evaluate the objective function valie who are members of the comic club in our univeraitgd are
E = Vi +vaVy + 3V + Vi + vsV5, (21)  quite familiar with comics design or even draw cocsnby

wherer, ..., vs are weights for combination a@?zl v; = 1. themselves. From easy to difficult, these editoesenasked to
With this objective function, the optimal ballooagitions in the conduct the following three tasks:
same page are determined in an integrated optimizat @ Task 1: Given a comic page where everything (layout
framework, and can be efficiently solved. and images) except for balloons has been compesttyrs
Particle swarm optimization. Finding the best balloon were asked to place balloons in panels. This taskdesigned
placement is viewed as finding the best set oftjpwsi that to evaluate location difference between automayigalaced
causes the minimum objective function value ingheameter 5(00ns and manual ones.
space consFituted by all possiple positions (inrdpresentation ® Task 2: Given a comic page and the image set to be
of x -coordinate andy -coordinate). This problem can be yigy|aved, editors were asked to design a layodisilay these
intuitively mapped to the one efficiently solved thye particle images. This task was designed to evaluate thereifte
swarm optimization algorithm (PSO) [24]. The PS@oakhm between automatically selected layout and manusg.on
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(e)

Figure 7. Comparison of balloon placement considgdiifferent factors. (a)(c) The placement resifilai factors are jointly considered. (b) The
placement result if overlapping between balloonwistaken into account. (d) The placement refokliérlapping between balloons and ROIs is
not taken into account. (e) The ROIs correspontbreach image in (c). The input artwork is from flege: Spree Lunch (1957)".

Table 1. Information of the animation evaluatiotedat. Difference in balloon placement.Spatial difference between
ID  Name Length _ #shots _#subtile automatically placed balloons and manually editeffobns is
; gﬁ—; 32; is’g 354 measured by the Euclidean distance between batleninoids.
3 Chu 1 803" 171 148 Table 2 shows the average Euclidean distancesrinstef
2 Chu ¢ 10027 172 182 pixels between the system’s results and each &lignlited
5 Summer Wars_'1 9'36” 168 143 results, respectively based on the materials eeitlafrom
6 Summer Wars_2 9'13” 207 90 “EVA_1"and “Chu_2". Normalized by width of the caorpage,

"EVA = “Neon Genesis Evangelion” (OHideaki Anno/Gain& Tatsunoko), a Japanese placement errors are averagely from 12% to 18%{331!@9
science-fantasy animation series , . A
"Chu = “Love, Chunibyo & Other Delusions!” (©Tatsuyshihara/Kyoto Animation), a that the SyStem S. re;ults are COﬂSIStenﬂy s'”man"fmual ones.
Japanese light novel animation series We also quantitatively compare a subset of edite@sllts, as
fiug:TﬁTr] Wars = “Summer Wars” (©Mamoru Hosotéddhouse), a Japanese scienceshown in the last two rows of Table 2. Average atdfices
iction fi . .

between editors are from 12% to 15%. Comparingethesults

Table 2. Average placement difference between aatioadly placed with that in the first eight rows, we see thatelifnces between

balloons and manually edited balloons. editors, and differences between editors and oopqgsed
EVA 1 Avg. Dist. | Ratio Chu_2 Avg. Dist. | Ratio system, are similar. This also verifies effectivenef the
Sys.vs. A | 1327 0.17 Sys.vs. Al 120.3 0.16 proposed speech balloon component.
e o e B0/ o Table 3 shows performance comparison between otitatie
Sis: S D | 1204 0.18 555: w0 1187 0.18 and [26], which was one of the few works on plaaimgjtiple
Sys.vs.E | 1236 0.15 Sys.vs.H 930 0.12 balloons in an image. It also formulated ballocaceiment as an
Sys.vs.F | 1092 0.14 Sys.vs. 1451 018 optimization problem, and a heuristic algorithm asigned to
Sys.vs. G 99.1 0.12 Sys. vs. G 95.6 0.12 . . . .
Sys.vs. H | 1123 014 Sysvs. H 1187 015 ensure a reasonable reading order in a single inBaged on
Avs. C 945 0.12 Avs. C 116.2 0.15 ROI detection results, we implemented the methd@éh and
Bvs.D 1219 0.15 Bvs.D 120.9 0.15 separately placed balloons for each image. As easelen in
Table 3, the average displacement difference betvwae
Table 3. Performance comparison between our meéinad[26], in  system’s results and manually edited results idlerthan that
tE‘?/T‘f of averigeé)_laceméent diﬁeéﬁncze- R obtained by [26]. Especially for “EVA_1" superigriof our
[26] vs. editors T8 = ojgo [26L]J§s. o o2 = 0.12tlo method is statistically significant (p value < (590 _
Our Sys. vs.| 120.3 0.15 Our Sys. v§ 1203 0.15 Difference in layout selection.We calculate the Hamming
editors editors distance between binary vectors representing arshgement.

Definition of a binary vector is illustrated in kige 4(a). Table 4

- ,Task 3: Given a temporal image sequence and eagt, s accumulated and average distances betweerahzan
image’s associated spoken words (if any), edit@evasked 0 gy gtonys results calculated based on thirty comiep. Overall,

freely compose appropriate number of comic pagesciw e Hamming distance is from 0.90 to 1.23 per page. last

includes processes of page allocation, layout desiage ,q rows show average distances between a subsgitofs are

cropping and resizing, and speech balloon placerfiéng task  ¢om 0.83 t0 1.13. Because panel arrangement ipggpersonal
was designed mainly to evaluate the difference @MW . oference and content understanding, there ik astigap

automatic page allocation results and manual dilataesults.  paiveen automatically selected layouts and mames.o

In Tasks 1 and 2, each editor was given thirty copaiges,  pitterence in page allocation.We quantitatively evaluate
and the corresponding results were recorded. Itk Bagach 506 allocation results from two perspectives: rembf
editor was given 100 images as the materials ®yf@oMpose 5 i5cated pages and boundaries of pages. Figuréoiss
comic pages. We recorded how they allocated paigssigned comparisons between automatic allocation and manual

layouts, and placed balloons. allocation based on “Chu_1" and “Summer Wars_2"eTh
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horizontal axis denotes IDs of images, and theicarixis
denotes the number of allocated pages. We seththegsult of
automatic allocation is similar to most editorssuks. For
“Chu_1", except for the editor B, the number obalited pages
between our system’s and editors’ is less thanrdmRthis
figure we can see that page allocation resultsffefrdnt editors
could be significantly different, indicating thaiig task is very
subjective even the same materials are given.

From the perspective of page boundary, we viewditiores
allocation result as the ground truth, and evaluaterlap
between automatic allocation and the ground truth

calculating theurity value [28]. A purity value ranges from 0 to

1, and a larger purity value means automatic dlloeas more
similar to manual allocation. Table 5 shows congmariresults.
Generally, purity values are around 0.45 on avefagthe two
animation videos, with standard deviation arour@B0These
results again show that the page allocation taslquie
subjective, and despite this our system’s resutisr@derately
correlated with manual results.

One may notice that the evaluated videos in Tables5 are
different. In fact, we purposely designed such expental
settings. Each editor was asked to conduct theks.tén Task 1,
we gave them composite comic pages, and only alezd to
place speech balloons. In Task 2, we only gave thage
allocation results and asked them to design thelagsut. If
visual content for Task 1 and Task 2 are the sdneelayout
given in Task 1 may influence the choice of laydesign when
he/she conducted Task 2. Same situation occursbativask 2
and Task 3. Therefore, we separate the six evatuaideos
into three groups for three Tasks, respectivelgaBse manual
results were separately obtained, Tables 2 to ¥ shbw
evaluation results corresponding to three sepgratgps.

Table 4. Accumulated and average Hamming distarteds/een
automatically selected layouts and manually edagduts.

Summer Acc. Dist. Avg. Dist EVA 2 Acc. Dist. Avg. Dist
War_1

Sys. vs. A 32 1.07 Sys. vs. A 27 0.90
Sys.vs. B 32 1.07 Sys.vs. B 35 1.17
Sys.vs. C 33 1.10 Sys. vs. C 35 1.17
Sys.vs.D 35 1.17 Sys. vs. D| 37 1.23
Sys.vs. E 27 0.90 Sys. vs. E 29 0.97
Sys. vs. F 33 1.10 Sys. vs. F 24 0.80
Sys. vs. G 30 1.00 Sys. vs. G 32 1.07
Sys.vs. H 37 1.23 Sys.vs. H 32 1.07
Avs.C 25 0.83 Avs.C 34 1.13
Bvs.D 27 0.90 Bvs.D 28 0.93

Table 5. Purity between automatic allocation andumadallocation.

Chu_1 Purity Summer Purity
War_2
Sys. vs. A 0.49 Sys. vs. A 0.54
Sys. vs. B 0.52 Sys.vs. B 0.49
Sys.vs. C 0.44 Sys.vs. C 0.48
Sys.vs. D 0.37 Sys.vs.D 0.41
Sys. vs. E 0.37 Sys.vs. E 0.31
Sys. vs. F 0.66 Sys. vs. F 0.45
Sys. vs. G 0.41 Sys. vs. G 0.42
Sys.vs. H 0.44 Sys.vs. H 0.41
Avs.C 0.41 Avs.C 0.60
Bvs.D 0.30 Bvs.D 0.39

11

System

Figure 8. The relationship between number of atledt@ages (vertical
axis) and the image sequences. Left: Comparisonelget automatic
allocation and manual allocation based on “Chu_Right:
Comparison based on “Summer Wars_2".

s, Subjective Evaluation

We conducted subjective evaluation from variouspectives
to demonstrate effectiveness and limit of the psagomethod.
Fifteen subjects (graduate students major in coen@dience,
familiar with animation and comics, excluding thditers
mentioned in the previous section) were invitethafollowing
subjective experiments.

Influence of speech balloonWe first show the influence of
speech balloons on comics-based storytelling, coimgpavith
our previous work where the language ingredientedsh
balloon) was missing [7]. Each subject was shovendbmic
pages generated by this work and by [7]. To shaptiwer of
comics-based storytelling, storyboards generatethbyKMP
player” were also shown to each subject. In storyboards,
keyframes are presented in an array manner, angktspective
and language ingredients of storytelling are mgssiAfter
watching comic/storyboard presentations, each stbj&s
asked to give a score from 1 to 5 (larger meartef)étom four
aspects:.comprehensibility(the degree about how a subject
understands the presentatidnjerestingneséhe degree of fun
when reading the presentatioodyveraggthe degree of how the
presentation covers important information of thdgioal
animation), andlayout (the degree of appropriateness of
presentation layout).

Figure 9 shows the mean opinion scores from thedepects.
We can clearly see that comics with balloons yieicch higher
comprehensibility and coverage, which mainly acitsetb
appropriate speech balloons presentation and pktenn
terms of interestingness, the superiority of corbiased
storytelling confirms that comics provide funnigegentation
than storyboards. Appropriateness of layout arnamege
depends on individual's preference, but from thgare we still
can see superiority of the proposed method.

Mean opinion score
4.5

4
3.5
3 4
2.5
2 | -
1.5
1
0.5

= Comics with balloons
H Comics w/o balloons [7]
Storyboard

0 - -
RS . oSS <
“ch\c“s\‘o\\ Y\“‘cﬁs\mﬁ“ covere® \ayout
OV

Figure 9. Mean opinion scores from the aspectoofrehensibility,
interestingness, coverage, and layout.

5 http:/mww.kmpmedia.net/
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Figure 10 Comparlson between a smgle balloonlmerétop) and a
multiple-balloon version (bottom). The input artlkdés from “Popeye:
Spree Lunch (1957)".

Single balloon vs. multiple balloons.Placing multiple
balloons in a panel makes balloon placement maailestging,
but facilitates more compact representation. Figi@eshows
comparison between a single-balloon presentatiod an
multiple-balloon presentation. If only one ballasrallowed in
a panel, multiple panels will be needed to showtiplel
sentences spoken in the same scene, and thus ages pre
needed. We can easily perceive redundancy in
single-balloon version. On the other hand, thedtpaige of the
multiple-balloon version compactly conveys contatered by
the third, the fourth, and half of the fifth page$ the
single-balloon version. The newly proposed multipédioon
placement obviously facilitates compact comic pnéstion
matching with our expectation in a professional onook.

Comparison with an existing speech balloon placemén
work. Figure 11 shows a sample comparison between
method and [26]. Because balloon positions in imagka
comic page are not jointly considered, results showFigure
11(c) are less attractive because of the relatigtffy reading
trajectory.

Figure 11. Comparison between the proposed balldlasement
method and [26]. (a) The detected ROlIs; (b) resafitthe proposed
method; (c) results of Chun et al. [26].

= Manual speech balloons? =
4 _Mean opinion score

Manually edited layout? = Manual speech balloons? = Manually edited layout?
nion score

35
3

25
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0
Our method A B c )

B c o Our method

Figure 12. Experimental results showing how subjatistinguish
automatic balloon placement and page allocatiom freanual ones.
Left: results obtained based on Chu_1; right: tesalbtained based on
Summer War_2.
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Comparing automatic results with manual results.Based
on the materials collected from Task 1 and TasleBtianed in
the previous section, we randomly selected fiveualyredited
comic pages from editors A’s, B’s, C’s, and D’sulésand five
automatically generated comic pages, and randohtyved
these pages to subjects. Each subject was askgeeta score
from 1 to 5 to each page by judging the followingstions:
® Q1: To what degree do you think the speech balldotisis
page are manually placed?
® Q2: To what degree do you think the page is mayuall
allocated?

Figure 12 shows how subjects distinguish autonizloon
placement and page allocation from manual ones'Glaur_1",
subjects didn't clearly distinguish automatic résufrom
manual ones, indicating the proposed system gexsecatmic
pages very similar to manually edited pages. Fami®er
Wars_2", subjects are relatively easier to recogntat the
difference between our result and manual onestisnoch.

Based on the randomly selected comic pages, weaaksx
subjects to judge whether the results of ballo@tginent and
page allocation are reasonable.
® Q3: To what degree do you think the speech balldotisis

|E)%1ge are reasonably placed?

® Q4: To what degree do you think the page is reddgna
allocated?
® Q5: To what degree do you like this page?

Figure 13 shows that, in terms of reasonabilitgrehis no
significant difference between automatic results amanual
ones. In particular, for “Chu_1", the overall scofeour system
is slightly higher than that of editor B’s resultsit for “Summer

ars_2", our system yields slightly worse perforg®in terms
of reasonability, which echoes the trend showniguie 12.

Reasonable balloon?=
5 Mean opinion score

Reasonable page allocation™ Degree of like Reasonable balloon?s
4.5 Mean opinion score

Reasonable page allocation™ Degree of like

0
Our method A B c )

Figure 13. Experimental results showing how subjabhk the results
of automatic balloon placement and page allocasignreasonable.
Left: results obtained based on “Chu_1"; rightutesobtained based
on “Summer Wars_2".

Our method

Development platform and execution timeThe development
platform is a PC with an Intel Core i7-870 2.93 GERU and
with 14GB RAM. This system was developed by C/C++
programming language associated with the OpenCkarlb
Generally, transforming a 10-min animation videtigomic
pages takes about 20 minutes. Around half of ei@tuime
was spent by the keypoint-based approach [21] owmed in
Section Il to eliminate redundant keyframes.

C. Comics-based Storytelling for Photo Albums and Eevi

Although we mainly show storytelling results foriraation
videos, it is worth noting that the proposed metisogenerally
applicable to any temporal image sequence. Givgghao
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album consisting of photos with timestamps and tatians, we

can employ the same process to generate comic-style

presentation, with the associated annotations aiispl in
speech balloons. Figure 14 shows some sample coages
generated from a photo albfim

To verify effectiveness of the proposed systemdnegate
comics for photo albums, the three tasks mentiomeection
VII.A were also conducted by the editor B, and ¢habjective
evaluations with respect to speech balloon placéntayout
selection, and page allocation were also condudted.the
same reason mentioned in the end of Section Viké asked
the editor B to conduct three tasks for three diifé albums,
and the results were separately used in three atiahs. Tables
6 to 8 respectively show difference between théesy's results
and manually edited results. Comparing these tatitesTables
2, 4 and 5, we clearly see that the proposed systambe
generalized to photo albums with similar or everttdre
performance (Table 8, page allocation) performantiee
reason of better page allocation result in Tabte8 be twofold.
First, for photo albums we get rid of the noiseiraccurate
results caused by keyframe selection. Second, phintthese
albums are all well photographed and with cleamié® making
our system and the editor easily divide them imtugs.

Similarly, given a sequence of keyframes extradteth a
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Flgure 15. Sample comic pages generated from thvéertibhe Boy in
the Plastic Bubble (1976)” in the public domain.

VIII.

We have presented a system that automatically foans
temporal image sequences into comics-based stiamgteOur
first contribution is to formulate page allocatias a labeling
problem and find the optimal solution by the gematgorithm.
The second contribution is representing distrimgiof image

CONCLUSION

movie, the same process can be employed to genaratémportance and panel importance by vectors, andirfinthe
comics-based presentation, with the associateditlesbbs pest match between them by inner product operafisnthe
speech balloons. Figure 15 shows sample comic pag@sd contribution, we consider multiple balloons single

generated from the movie “The Boy in the PlasticbBe
(2976)".

Table 6. Average placement difference between aatioaily placed
balloons and manually edited balloons for the csrgenerated from a
photo alburh

System vs. Ground truth
148.59
0.18

Avg. Dist.
Ratio

Table 7. Accumulated and average Hamming distarteds/een
automatically selected layouts and manually edigg@uts for the
comics generated from a photo alfum

System vs. Ground truth
17

0.85

Acc. Dist.
Avg. Dist.

Table 8. Purity between automatic allocation res@hd manual
allocation results for the comics generated frophato alburf.
System vs. Ground truth
0.69

Purity

8 Image source: http://www.flickr.com/photos/roses deents/. We totally

downloaded 36 photos and generated 12 comic p@gdsthree sample pages 3]

are shown here due to space limitation.
" Image source: https://www.flickr.com/photos/nelessing/
8 Image source: https://www.flickr.com/photos/jimrbapes/page6/
9 Image source: https://www.flickr.com/photos/snooekle

panels and the interrelationship between balloorssa panels,
and cast this problem into a framework based onptiréicle
swarm optimization. Finally, we design a seriesalbjective
and objective evaluations to demonstrate effecéssnand
superiority of the proposed system from variousspectives.
Overall, we propose thorough and systematic appesto
generate comics-based storytelling.

In the future, user interaction can be added toblena
interactive modification. Moreover, existing ROI adysis
techniques are mainly designed for natural imagéser than
animation, and thus the system has limited infoionabf
important objects. Advanced ROI analysis techniqfes
animation may be studied in the future.
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