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Abstract— Recently, we developed a system that visualizes a
game play, from its game log, with a comic-style representation.
In that system, comic frames are selected based on their inter-
action levels without considering users’ interests. In this paper,
we tackle this issue by proposing an interactive frame-selection
method that adopts interactive evolutionary computation (IEC)
for evolving conditional rules used in selection of frames.
IEC enables the user to directly give feedbacks on which an
originally proposed subjective fitness function bases. In order
to lessen user fatigue, the proposed method evolves the frame-
selection conditional rules for certain consecutive generations
based on this subjective fitness function — taking into account
the latest user feedback — and another originally proposed
objective fitness function. The objective fitness function ensures
the consistency in the ratio among event types in a resulting
comic with the ratio in the game log. As a promising evolution-
ary computation technique for the task in this work, we use
grammatical evolution. We then evaluate the proposed method
by a user evaluation using typical game logs. Experimental
results confirm that evaluation participants favor comics whose
frames are selected by the proposed method more than comics
generated by a baseline method.

I. INTRODUCTION

Our recently developed comic-generation system summa-
rizes online-game experiences with a comic-like representa-
tion [1], [2]. This kind of system enables its users (game
players) to look back their plays or share their experiences
with other players. Hence, it promotes communication and
strengthens social relations between players. This feature also
enables player retention in the game [3], a crucial issue in
online gaming.

In the above system, comic frames are selected based on
the level of interactions. Namely, frames are selected from a
set of frame candidates in decreasing order of the number of
actions occurring therein. Although a different weight can be
assigned to each action for representing its importance, the
system is not equipped with a mechanism for the user to give
a feedback about intermediate comics. For example, a player
of interest may favor frames containing a fight with monster
A than that with monster B. This paper presents our solution
to this issue. Our solution is based on interactive evolutionary
computation, which takes into account user feedbacks during
evolution,.

However, the more feedbacks, the more fatigue the user
must bear because she or he has to let the system know
which frames they favor and which they do not for each
generated comic. How to mitigate user fatigue is another
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challenging research issue. in order to solve this issue, we
adopt and modify a method introduced by Quiroz et al. [4]
for evaluating user interfaces. The method allows evolution
for certain consecutive generations after receiving a feedback
by the user. The contributions of this paper are as follows:

1) In Section III, we describe our comic-generation sys-
tem that allows for generation of comics favored by the
user due to incorporation of user feedbacks in selection
of comic frames.

2) In Section IV, we present a grammar for deriv-
ing frame-selection conditional rules from genomes
evolved by grammatical evolution (GE); this grammar
permits selection of each frame based on a combination
of conditions.

3) In Section V, we describe an interactive frame-selection
method that reduces user fatigue due to the advent of
a proposed fitness function that enables GE to evolve
genomes for certain consecutive generations with each
user feedback.

We point out here that our approach is applicable to gener-
ation of comics for any game or online game whose game
engine is accessible, for rendering comic frames.

II. RELATED WORK ON USE OF COMIC-STYLE
REPRESENTATION

To our knowledge, there was no previous work that focuses
on comic-frame selection in an interactive fashion based
on GE. Other existing work on comic generation from
gaming experiences includes Chan et al. [5] and Shamir et
al [6]; their frame selection methods are also based on the
interaction level as done in the aforementioned authors’ pre-
vious work [1], [2]. The comic-style representation was also
used for summarization of experiences in a conference [7],
daily experiences [8], videos or movies [9]-[11], as well as
museum-visit experiences [12]-[14].

III. OUTLINE OF THE COMIC GENERATION SYSTEM

Figure 1 depicts an overview of our comic generation
system that includes the proposed interactive frame-selection
module, replacing the frame selection module in our previous
system [1]. As done in [1], first, a game log of interest is
chronologically divided into multiple partitions, each called
a scene consisting of multiple events. Derivation of scenes
and events therein are based on the level of interactions.
An event is considered as a frame candidate and categorized
into five categories (henceforth called idioms): new scene,
talk, shoot, approach, and other. These idioms represent
situations where the main player character (PC) enters a
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Fig. 1. Overview of the comic generation system

new map, talks with other PCs or non-player characters
(NPCs), shoots them, encounters them, and conducts other
actions, respectively. An idiom is decided for each frame
candidate based on the residing actions and their occurrence
frequencies. After frames have been selected from the set of
frame candidates by the proposed interactive frame-selection
method, parameters for deciding frame size and shape are
decided. These parameters are used together with the camera
angle, camera position, and zoom position for rendering
comic frames.

IV. GRAMMATICAL EVOLUTION FOR FRAME SELECTION

GE [15] uses a variable length linear genome representa-
tion for representing programs. The genome is an integer
array whose elements are called codons. Typical genetic
operators are applied to evolve such a genome. The process
for mapping a genotype to phenotype is conducted based on
a user-specified grammar in Backus-Naur Form (BNF). We
use GE in this work, rather than more wildly known genetic
algorithm or genetic programming, because GE provides
more flexibility in selection of programing languages and
more simplicity in implementation of complex functions.
Recently, a system was proposed by Shao et al. [16] that
uses an interactive version of GE for interactive generative
music.

Figure 2 shows our grammar for frame selection; where
(rule), (expr), and (condition) are non-terminals; (setup),
(ifsy, and (operator) are terminals; cond(z) is a function
that returns 1 when z is true and otherwise 0. Each of
the resulting (condition)s is used as the conditional rule
for selecting the corresponding frame candidate. Supposing
that there are M frame candidates, in chronological order,
in the frame-candidate list and that the number of resulting
(condition)s is IV, we give the frame-selection algorithm as
follows:

l:e=0
2: while ¢ < NV and : < M do
3: if the ith (condition) holds,

4: then select the ¢th the frame candidate
5: increment §
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6:end while

Now we describe how the genotype-phenotype map-
ping process works. Note that the st (setup) (npc), the
2nd (setup) (target), the 3rd (setup) (idiom), (expr),
(condition), (ifs), and (operator) have 2, 2, 5, 3, 3, 3, and 2
choices, respectively. GE uses the following function — Rule
= c mod r — to determine which choices are selected for the
phenotype, where c is the codon integer value and r is the
number of choices for the current symbol.

For example, given the following genome of five codons
34, 11, 29, 40, and 80; the first three codons are used for the
setup of npe, target, and idiom, respectively. This results
in selection of Oth (34 mod 2), Ist (11 mod 2), and 4th (29
mod 5) choices, respectively, i.e., npc = 0, target = 1, and
idiom = other. The forth codon is used for deciding (expr),
resulting to selection of (condition) (rule). The fifth codon
is then used for deciding the (cond), resulting to selection
of (ifs).

Now, the end of the genome has been reached, but there
are still nonterminals ({ifs) and (rule)) left in the phenotype.
In this case, the first codon is used again for deciding (ifs).
This leads to selection of “target == cond(the camera target
is an NPC)”, which becomes the conditional rule for the
Oth frame candidate. The second codon is used again for
deciding the setup of npc. This process continues until no
non-terminals remain or the number of derived selection
rules (V) is equal to the number of frame candidates (M).
Eventually, the following two conditional rules for frame
selection are obtained.

Rule 0: “1 == cond(the camera target is an NPC)”

Rule 1: “idiom == the frame’s idiom ||
1 == cond(the camera target is an NPC)”
Figure 3 summarizes this mapping process.

V. INTERACTIVE FRAME SELECTION

The user interacts with the comic generation system via
viewing and giving a feedback about a set of generated
intermediate comics. For the evolution process, we propose
a comic fitness function that consists of a subjective fitness
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<rule>::= <setup><expr>
<setup> ::= npc= 0| 1; target =0 | 1;
idiom =
new_scene | talk | shoot | approach | other;
<expr>::= <expr><rule> | <condition><rule> | <condition>
<condition>::=  <ifs><operator><ifs><operator><ifs> |
<ifs><operator><ifs> | <ifs>
<ifs> 1= npc == cond(no NPC exists in the frame) |
target == cond(the camera target is an NPC) |
idiom == the frame’s idiom
<operator>::= && | ||
Fig. 2. Grammar used in frame selection
Rule 0
codon Symbol Selected Choice
34 <setup> npc=0
11 <setup> target=1
29 <setup> idiom=other
40 <expr> <condition><rule>
80 <condition= <ifs>
34 <ifs> farget == cond(the camera target is an NPC)
Rule 1
codon Symbol Selected Choice
11 <setup> npe=1
29 <setup> target=1
40 <setup> 1diom=new_scene
80 <expr> <condition>
34 <condition> <ifs><operator><ifs>
11 <ifs> idiom == the frame's idiom
29 <operator> Il
40 <ifs> target == cond(the camera target is an NPC)
Fig. 3. Genotype to phenotype mapping process from a genome consisting of five codons: 34, 11, 29, 40, and 80

function and an objective fitness function. User feedbacks
are used in computation of the former function.

To receive a user feedback, our system presents C' comics,
individually generated from each of the best C' genomes,
and then it asks the user to select the best comic and the
worst comic. We consider that genomes leading to comics
similar to the best comic should be rewarded while those
similar to the worst comic be penalized. Thereby, we define
the aforementioned subjective fitness function for comic ¢,
sub(i), as follows:

sub(i) = d(worst, i) — d(best, i), (D)

where d(z,y) represents the distance between comic z and

comic y. For a distance metric between a pair of comics,
we empirically consider that comics are similar if their
ratios among idioms are similar. Hence, d(i,j) is defined
as follows:

d(i,7) = |new_scene(i) — new_scene(j)| +
[talk(i) — talk()| + |shoot(i) — shoot(j)| +
|approach(i) — approach(j)| +
|other(i) — other(j)|,

2

where idiomn(x) represents the ratio of the corresponding
idiom in all frames of comic z.
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In order to well represent the user experience in a given
game log, we consider that a comic should have the ratio
among idioms similar to that of the game log. Follow-
ing the same recipe in (2), given #new_scene, #talk,
#shoot, #approach, and #other, the ratios in the game
log of idioms new scene, talk, shoot, approach, and other,
respectively, we define the aforementioned objective fitness
function of comic i, 0bj(i), as follows:
obj (i) = |new_scene(i) — #new_scene| +

[talk(i) — #talk| + |shoot(i) — #shoot| +
|approach(i) — #approach| +
|other(i) — #other|

3)

The fitness function of comic ¢ (or genome i whose
phenotype leads to the frame selection rules of this comic),
fitness(i), is given below as

fitness(i) = sub(i) — obj(4) “)

The procedure that we use for interactive frame selection is
as follows:

Step 1: Initialize the genome population of P genomes.

Step 2: Generate C' comics from the best C' genomes,
present them to the user, and receive a feedback
from the user.

Step 3: Use GE to evolve the population for E generations
based on the fitness function in (4); at each genera-
tion the following genetic operators are conducted.

o single-point crossover

e mutation

« selection of the best P genomes from both
parents and their children

Step 4: If the termination condition does not hold, goto
Step 2.

Step 5: Generate the final comic whose frames are selected
according to the phenotype of the best genome.

VI. EVALUATION

We compared comics generated by the proposed frame-
selection method and a baseline frame-selection method.
The latter method selects comic frames according to their
interaction levels [1]. We used same camera-work rules
for them. As in our previous work, because dialogs play
an important role to the narration of resulting comics, we
implemented these two methods in our comic-generation
system such that they always select frames with the talk
idiom.

We first requested 12 participants, 3rd year students in our
department, to watch a video clip ! showing a typical online-
game play by a player. In this play, the player character first
met a mission master who gave a mission to annihilate a
tyrannosaurus at another map, and, during the journey from
the first map to the destination map, the player character also
fought with a wolf. The game log of this player, lasting about

Uhttp://www.youtube.com/watch_popup?v=SOsBInZOcs8&vq=medium

TABLE I
AVERAGE SCORE OF EACH METHOD FOR EACH OF THE SIX QUESTIONS

[ Question # | Proposed Method | Baseline Method |

QI 342 25
Q2 725 325
Q3 3 217
Q4 317 207
Q5 35 267
Q6 3538 275

six minutes, was used in comic generation. After watching
the video clip, each participant was asked to participate in
an interactive frame-selection session and then to compare
two comics, whose frames were generated by the proposed
method and the baseline method with the same number of
frames.

As for GE related settings, a gnome consists of 20 codons,
each having an integer value within the range [0, 200]
and being randomly initialized within this range. Other
parameters are as follows: P =5, C' =5, E = 5, crossover
probability = 0.5, mutation probability = 0.1. If a codon is
selected for mutation, its value will be randomly assigned
an integer value within the range [0, 200]. Our termination
condition is to stop after the 25th generation.

Each participant was asked to make selection every five
generations (E = 5). During comic comparison, each par-
ticipant was shown two comics, without being told which
method was used for a given comic, and asked to answer the
following six questions for each comic in a typical five-level
Likert scale:

Q1  Does the comic have an interesting story?

Q2  Does the comic have its content well representing
the video-clip play?

Q3  Does the comic have an easy-to-watch camera-
work?

Q4  Does the comic have the minimum amount of
unnecessary frames?

Q5  Does the comic have a dynamic representation?

Q6  Does the comic summarize the play according to
your favor?

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

Table I shows the average score of each method for each
of the six questions. The proposed method outperforms the
baseline in all questions. We conducted the t-test analysis and
found that the differences between the two methods for all
questions are statistically significant, i.e., p < 0.05. However,
the average score of the proposed method is 3 for Q3, which
implies that the camerawork of the resulting comics should
be improved.

Figures 4 and 5 show the first two pages of the comic
generated with the proposed method by one of the 12 partic-
ipants and those of the comic generated with the baseline
method, respectively. English translations of the residing
dialogs and map names are given in Fig. 6 and 7, respectively.
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Fig. 4. Example of the first two pages of a comic whose frames are selected by the proposed interactive frame-selection method based on feedbacks from
one of the 12 participants
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Fig. 5. Example of the first two pages of a comic whose frames are selected by the baseline method with the number of frames equal to that of the comic

in Fig. 4
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-Are you a traveler?
-Welcome to Finmarken.
-This place is a quite village so
pleaserelax.

-In fact, | have beenin alittle
trouble.
-Would you listen to my request?

-Oh, you would. Thanks.

-A dinosaur shows up frequently
in ICE Valley
-Villagers are attacked.

-The strongest villager went to
exterminate it the other day
-with a grass-mowing sword
called Frame Sword.
-However, he was defeated.

-According to the person who
accompanied him,

-he was apparently swallowed
together with the sword.

-l requestyou. Please
exterminate it somehow.

-lt should still be in ICE Valley, not
far from this village.
-Youshould not got there alone.

-l was requested by the village
master.

-l will be going to ICE Valley to
exterminate the dinosaur

[The western part of Chill
Prairie]

-1saw a threat.

-1 will beat it before the dinosaur.

Fig. 6.

English translation of the dialogs and map names in Fig. 4

[The central part of Finmarken]

-Are you a traveler?
-Welcometo Finmarken.
-This place is a quite village so
pleaserelax.

-In fact, | have beenin a little
trouble.
-Would you listen to my request?

-Oh, you would. Thanks.

-A dinosaur showsup frequently
in ICE Valley
-Villagers are attacked.

-The strongestvillager went to
exterminate it the other day
-with a grass-mowing sword
called Frame Sword.
-However, he was defeated.

-According to the personwho
accompanied him,

-he was apparently swallowed
together with the sword.

-l requestyou. Please
exterminate it somehow.

-It should still be in ICE Valley, not
far from this village.
-You should not got there alone.

-l was requested by the village
master.

-l will be going to ICE Valley to
exterminate the dinosaur

[The western part of Chill
Prairie]

-l saw a threat.

-l will beat it beforethe dinosaur.

-I've picked up a potion.

-Because | received a damage, I'll
use the potion.

-Completely recovered.

[The southern part of ICE Valley]

-I've found the dinosaur.

Fig. 7.

English translation of the dialogs and map names in Fig. 5

Both comics show in the first page the user experience in
which the player character was receiving the mission by the
mission master. However, in the second page, the former
comic successfully shows the user experience in which the
player character was fighting against the wolf during the

mission journey while the latter comic does not. During
the interactive frame-selection session, at each selection, this
participant selected a comic that includes the aforementioned
wolf as the best comic. The participant commented that one
of the reasons he gave a higher rate to the former comic was
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because of the appearance of the wolf.

VII. CONCLUSIONS AND FUTURE WORK

We presented the comic generation system for generating
a comic from game log and proposed the interactive frame-
selection method. This system allows the user to interact
with the system through viewing intermediate comics and
giving feedbacks about them. The proposed method evolves
genomes, or frame-selection rules, using GE based on the
proposed fitness function. Two functions construct this fitness
function, i.e., the subjective fitness function taking into
account user feedbacks, and the objective function keeping
the consistency between the ratio among the idioms in a
resulting comic and that in the game log. Due to the advent of
these functions, evolution of genomes for certain consecutive
generations is possible after receiving a user feedback. This
reduces the user burden in giving feedbacks to the system.
The conducted user evaluation indicates that the comics
whose frames are selected by the proposed method are more
favored than those whose frames are selected by the baseline
method.

As our future work, we plan to increase the expressivity of
comics by extending our use of interactive GE. One possible
research theme is to strengthen our comic layout mechanism.
This would increase the variety of comic frames, such as
large frames, small frames, slanted frames, etc. As already
stated in Sect. V, another theme is to improve the camerawork
so that a more proper set of camera parameters — the camera
angle, camera position, and zoom position — is applied to a
given frame. These extensions will be based on our previous
work focusing on comic layout [1] and camerawork control
[17] in order to achieve mechanisms for interactive frame
layout and interactive camerawork control, respectively.
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