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Frame Extraction Based on

Displacement Amount for Automatic
Comic Generation from Metaverse
Museum Visit Log

Ruck Thawonmas and Akira Fukumoto

Abstract The paper describes a system for automatically generating comics
from visit log at a metaverse museum. Metaverse is a 3D virtual world in
which users can act freely, such as visiting museums or chatting with oth-
ers, according to their own purposes. Compared with existing approaches for
representing user experiences using snapshots or video clips, the comic ap-
proach can 1) allow users to grasp the whole story at a glance, 2) facilitate
distinguishing of important frames, and 3) exploit varieties of comic writing
techniques. In order to summarize user experience into comic’s frames, de-
tection of important experience, interesting exhibits in case of the museums,
is an important task. In this paper, we propose a method for frame extrac-
tion based on the displacement amount of a user of interest at a metaverse
museum. After describing each module of our system, we discuss a user eval-
uation in which the effectiveness of the proposed frame extraction method is
confirmed when it is compared with a typical baseline method.

1 Introduction

Virtual 3D space called metaverse has recently gained interests from not only
educators but also researchers as a promising educational and research plat-
form. Second Life (SL) is representative metaverse equipped with a function
that enables its users to build objects or architectures. Unlike online games,
metaverse, in general, has no specific roles assigned to the users. As a re-
sult, user experiences are arguably limitless including, for example, visiting
to museums built by other users or chatting to other users. Other usages
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of metaverse include an experiment (Prendinger 2009) that aims at realiza-
tion of an eco-friendly society as well as Machinima (Lowood 2006) that uses
in-game avatars (user characters), objects, and architectures for filming.

A number of metaverse systems have functions that allow users to take
snapshots of their experiences or record them into video clips. Such snapshots
or video clips are used by the users to recall their memories or shown to
other users via, for example, blogs or SNS sites. However, manually taking
a snapshot each time imposes a burden to the user. And video clips require
considerable time to grasp the story and distinguish between important and
unimportant events therein. In order to cope with these issues, we focus on
the use of comics for representing user experiences.

Using the comic style, one can summarize a given user experience into a
limited number of frames, provided that a proper summarization mechanism
is used. Hence a whole story can be apprehended at one glance. In addition,
a frame layout technique can be applied to emphasize important frames and
underemphasize unimportant ones. In this paper, we focus on museum vis-
iting, one of the major usages in metaverse, present a system for generating
a comic based on the museum visiting experience of a user of interest, and
propose a frame extraction method that uses the information on the amount
of displacement at a museum of interest.

2 Comic Generation System

We have developed a comic generating system and related methods (Shuda
and Thawonmas 2008; Thawonmas and Shuda 2008; Thawonmas and Oda
2010) for on-line games. Our objectives therein are to summarize players’
game experiences into comics so that the players can exchange their comics
with others and recall their memories about the game. However, an online
game, the research target in our previous work, is essentially different from
metaverse, which is the research target of this paper.

In a typical online game, players’ actions, such as “attack a monster” or
“open a treasure” are prepared and provided in advance by the game devel-
oper. Such actions are meaningful, can be interpreted as important episodes,
and are thus worth memorizing. However, most of the actions in metaverse,
such as “move” or “sit” have not much meaning. It is therefore difficult to
extract important episodes from log. As far as the museum visit application
is concerned, one might come up with a method for extracting comic frames
that cover important exhibits specified in advance by the museum’s develop-
ers. However, this method lacks the universality because it cannot be used
at other museums where such information is not available. In addition, the
method does not take into account the preference of a user of interest.

According to a study on a real-world museum (Sparacino 2003), the more
interest a user has in a given exhibit, the higher probability is that he or



Fig. 1 Architecture of the comic generation system

she will spend longer time viewing the exhibit. Based on this finding, we
propose a frame extraction method that bases on the displacement amount
(cf. (1)) to predict the user’s interest at a given virtual museum. Namely, the
displacement amount of zero implies that the user is stopping at a particular
place viewing an exhibit, and the longer stop period, the more interest the
user has in the exhibit. The proposed frame extraction method puts higher
priorities to such stops.

Figure 1 shows the architecture of the comic generation system, where
“visit log” indicates a file that contains information on the user traces (the
coordinate (x,y, z) at each loop-count, the number of times in sampling the
coordinate), the user actions, and the object positions in the museum. In the
following, we describe each of the four modules shown in Fig. 1.

1. At this module, the amount of displacement for a given user trace at each
loop-count [ is calculated as follows:

displacement? = (z()—z(I—1))"+ (y() —y(1=1))*+ (z(1)—2(1—1))* (1)

Next, the given user trace are segmented into stop segments or move seg-
ments. The stop segments are those whose displacement amount is zero
while the remaining segments become the move segments. For segment 7,
the following pieces of information are stored in Segment(n), i.e., state,
length, start, end, sumDisplacement, and count, indicating the type of
this segment (stop or move), the length of this segment in terms of the
number of loop-counts, the starting loop-count, the ending loop-count, the
total amount of displacement, and the number of frames extracted from
this segment, respectively. In addition, for each stop-type segment, the
information on the stop position, stopPosition, is also stored.

2. At the frame extraction step, the following two conditions are applied to
all stop-type segments for extraction of them:

Condition I:  Is its stopPosition not adjacent to stopPosition of the pre-
viously extracted stop-type segment?

Condition II:  Is its length above the average length of all stop-type seg-
ments?



The former condition is employed to prevent extraction of frames showing
similar user experiences, such as frames showing the user stopping to view
the same exhibit. The latter condition is employed to prevent extraction
of frames showing spontaneous stops by the user.

For each stop-type segment n satisfying both conditions, its count is in-
cremented and a frame, Frame(f), is added into a frame-candidate list, by
which the content of Segment(n) is copied to Framelnfo(f), containing the
information about Frame(f), where f represents the frame number. If the
number of extracted frames is more than the number of frames specified by
the user, frames in the frame-candidate list will be removed in increasing
order of Framelnfo(f).length until the specified number of frames, N, is
met.

Frame extraction is done for move-type segments only when the number of
stop-type frames extracted above is lower than V. In this case, this is done
for the move-type segments in decreasing order of sumDisplacement.Namely,
first, a frame, Frame(f), is extracted from the move-type segment with the
highest sumDisplacement and added to the frame-candidate list, by which
after incrementing count Segment(n) is copied to Framelnfo(f); then the
one with the second highest sumDisplacement; and so on. For example,
if N is 10, and there exist 7 stop-type segments and 5 move-type seg-
ments, then, after extraction of 7 frames from the stop-type segments, 3
frames will be extracted from the move-type segments with the top-three
sumDisplacement.

If frame extraction has been done for all move-type segments, but the total
number of extracted frames is still lower than IV, then another round of
frame extraction will be done for the move-type segments. This process is
repeated until N is filled. Due to such repetitions, multiple frames might
be extracted from a same move-type segment; however, such frames have
different snapshot timings as discussed below.

Once N is met, the frame-candidate list will be copied to a frame list, at
which the snapshot timing ¢(f) is determined for being used later in the
renderer module. For a stop-type frame, Frame(f), the snapshot timing is
as follows:

t(f) = Framelnfo(f).start + 0.5Framelnfo(f).length (2)

Although any timing in [Framelnfo(f).start, FramelInfo(f).end] should
produce the similar (not same because the user avatar’s face or hands
might move) comic frame, we empirically decided to use the above for-
mula.

For a move-type frame, Frame(f), the snapshot timing is as follows:

Framelnfo(f).length
FrameInfo(f).count + 1

t(f) = Framelnfo(f).start + (3)



3. At the frame layout module, each frame in the frame list is assigned a page
and the position therein. This decision is based on the information on N,
the page margins, and the number of frames per row and column.

4. At the renderer module, the system scans the visit log from the beginning
and renders the snapshot image of the user experience with the snapshot
timing ¢(f) of each frame in the frame list. Each rendered image is then
placed on the specific position in the predetermined comic page according
to the information stored in the corresponding frame. Finally, all comic
pages are outputted as an image file.

3 Evaluation

After implementing the proposed system, we conducted a user evaluation.
The objective of this user evaluation is to examine if the proposed system
can generate a comic that properly summarizes the user experience viewing
exhibits at a metaverse museurn.

3.1 Implementation

We implemented the system by adding the above four modules to the open-
source SL client program (SL viewer program). For this work, we adopted
a typical comic layout where the order to read is in the raster order, from
top-left to bottom-right, and all frames have the same size.

For the evaluation, we targeted user experiences at a SL museum' designed
and operated by members of Global COE (Center of Exellence) Progant’ Dig-
ital Humanities Center for Japanese Arts and Culture” of Ritsumeikan Un-
viersity. This museum is aimed at a virtual exhibition of Kaga Okunizome
Dyeing, kimono and bedding from the Ishikawa region in Japan during the
latter part of the Edo period until the beginning of the Showa period. How-
ever, we would like to point out that our system is also applicable to other
museums in SL as well as other metaverse.

Figure 2 shows the museum building in which 19 exhibits and two posters
are located. Our reasons for extracting this museum are that (1) the exhi-
bition therein has a high cultural value because Kaga Okunizome dyeing is
famous in Japan and (2) there is no copyright problem because the authors
belong also to the aforementioned Global COE. For other representative mu-
seums in SL, please refer to the work by Urban et al. (Urban et al. 2007).

! http://slurl.com/secondlife/rits%20gcoe%20jdh/167/189/22



Fig. 2 The metaverse museum used in this work

3.2 Ewvaluation Outline

We compared comics whose frames were extracted by the proposed frame-
extraction method and a baseline frame-extraction method. Each method
was implemented in our comic-generation system. The latter method uses a
fixed-and-equal interval for extraction of frames in a given comic. We first
requested 26 participants, who are undergraduate or graduate students in
our department, to watch each of the three video clips, showing typical visits
of each of the three visitor types (Sparacino 2003): busy?, selective®, and
greedy?. After watching a video clip, each participant was asked to compare
two comics of the same number of frames that were extracted by the two
methods from the corresponding visit log used for the video clip, without
being told which method was used for a given comic. In particular, each
participant was asked to answer the following four questions for each comic
in the typical five-level Likert scale:

Q1 Does the comic have the content well representing the video-clip play?
Q2 Does the comic have the minimum amount of unnecessary frames?
Q3 Does the comic well display exhibits?

2 http://www.youtube.com/watch_popup?v=ijxwUrHejG8&vq=medium
3 http://www.youtube.com/watch_popup?v=H8eUJ6JZGX0&vq=medium
4 http://www.youtube.com/watch_popup?v=DtVFf5g AUZI&vq=me dium



Table 1 Average score of each method for the busy type
|Questi0n #|Pr0posed Method|Baseline Method

Ql 3.38 3.08
Q2 3.92 3.15
Q3 2.77 2.77
Q4 3.73 3.38

Table 2 Average score of each method for the selective type

|Questi0n #|Pr0posed Method|Baseline Method|

Q1 1.19 3.35
Q2 3.73 2.19
Q3 3.92 3.62
Q4 3.81 2.38

Table 3 Average score of each method for the greedy type

|Questi0n #|Pr0posed Method|Baseline Method|

QL 1.23 3.85
Q2 3.69 2.19
Q3 3.5 4.04
Q4 3.58 2.31

Q4 Does the comic have a dynamic story?

The participants were also asked to write a short reason behind their rating
for each question.

3.3 Results and Discussions

Tables 1, 2, and 3 show the average score of each method for the busy-type,
the selective-type, and the greedy-type, respectively. The proposed method
outperforms the baseline in all questions, except Q3. Q3 is related to the qual-
ity of the camerawork and the relating parameters. Hence, the camerawork
of the comic generation system should be improved.

Figure 3 shows the first page of the selective-type comics whose frames
were extracted by the proposed method and the baseline method. It can be
seen that the latter method extracted a number of similar frames while the
former method did not. Similar comments were obtained from participants
as their reasons for rating the former method higher than the latter one.



4 Related Work

A storytelling system was implemented that generates slides from images
taken at multiple locations on a given map (Fujita & Arikawa 2008). For seg-
mentation of videos, a method (Xu et al. 2009) exists that uses histograms
of human motions, but this method aims at fast movements such as sports
or dances, not slow movements typically seen in SL avatars while they are
visiting museums. A scripting system (Zhang et al. 2007.) was proposed for
automating cinematics and cut-screens that facilitate video-game production
processes such as the control of transitions between images, and the annota-
tion of texts and sounds to image backgrounds.

There is a number of existing work in addition to the authors’ previous
work (Shuda & Thawonmas 2008; Thawonmas & Shuda 2008; Thawonmas
and Oda 2010) on comic generation for online games. Such work includes
comic generation for online games using a combination of screenshots (Chan
et al. 2009), rather than using the targeted game’s engine for re-rendering
frames as done in our approach, and for first person shooters (Shamir et al.
2006). Comics were also used for summarization of experiences in a conference
(Sumi et al. 2002), daily experiences (Cho et al. 2007), and videos or movies
(Calic et al. 2007; Hwang et al. 2006; Tobita 2010).

5 Conclusions and Future Work

We proposed and implemented a system for generating comics from user
experiences during their museum visits. The system enables extraction of
frames that contain interesting exhibits, from the view point of a user of
interest. This was achieved by taking into account the amount of displacement
in the museum space and giving higher priorities to stop-type segments having
long stop time. The user evaluation confirmed the effectiveness, in properly
representing the aforementioned user experiences, of the proposed system for
all visitor types. As our future work, we plan to increase the expressivity
of comics. One possible research theme is to strengthen the comic layout
mechanism. This would increase the variety of comic frames, such as large
frames, small frames, slanted frames, etc. As already stated in 3.3, another
theme is to improve the camerawork so that a more proper set of camera
parameters, i.e., the camera angle, camera position, and zoom position, is
applied to a given frame. The mechanisms proposed in our previous work for
online games (Thawonmas and Shuda 2008; Thawonmas and Ko 2010) will
be extended, respectively, for these two research themes.
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(a) Proposed Method
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Fig. 3 Fist page of the generated comics for the selective type





