Supplemental Material:
Generation of Small Groups with Rich Behaviors from Natural
Language Interface

ABSTRACT

This supplemental material contains group behavior models, the
keyword list, the algorithm for computation of reference objects,
the user study results, the user interface, and some examples.

1 GROUP BEHAVIOR MODELS

A group behavior model contains the information about a behavior
of a small group. It consists of several attributes including a region
required for the characters of the group, interpersonal social dis-
tance between characters, and orientation of each character. These
attributes are not easy to be learned. Figure 1 shows two examples.

Figure 1: Animation of a group of characters that is created
based on group behavior models. There are two examples. (a)
Seven active characters are dancing and three passive char-
acters are watching. (b) Eight active characters are chatting.

2 SENTENCE ANALYSIS

The character-related keywords are listed as follows:

wonom "on

(1) Quantity: the quantity of people, e.g., "a", "one", "a group of",
"some", "all".

(2) Character: e.g., "people”, "man", "woman", "boy", "police offi-
cer", "soldier".

(3) Non-character object: e.g., "chair", "waterfall", "advertising

non "on "

pillar”, "campfire", "car".

(4) Character behavior: e.g., "cheer”, "walk", "run", "laugh", "dance".

"o non "on

(5) Preposition: e.g., "to", "with", "from", "beside", "near", "at".
(6) Emotion: e.g., "happy", "sad", "angry", "excited".

(7) Age: e.g., "young", "old", "elderly", "adult".

(8) Skin (or race): e.g., "Asian", "white skin", "black skin".

(9) Body posture: e.g., "tall”, "short", "fat", "skinny".

(10) Wearing type: e.g., "short pants", "jeans", "business suit",

non

"dress", "swimming shorts".

Figure 2 shows the structure of a situation node. Figure 3 shows
a parsed result for a situation node. Figure 4 shows the results for

tagging.

Quantity Node type Relation Quantity
= /
v Character
<——| Behavior (object)

Text Start \ Text
fragment location fragment
Behavior Character Character .
node (subject) node (object) node D Attribute node

D Start location End location Behavior D Node type
node node attribute node

Figure 2: The data structure of a situation node. A situation
node is created for each simple sentence.
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Figure 3: The content of the situation node for the input:
"some white boys are chatting with a tall man in front of
the tree.
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Figure 4: A result of the keyword extraction: A group of
young boys are dancing to a lady with a dress in the station.

3 USER INTERFACE

Figure 6 illustrates that we can use entity retrieval to obtain an
existing group of characters. Figure 7 shows the user interface.



nmod:with

Figure 5: A parsing result of the sentence: A white boy is
chatting with some girls. The blue and red subtrees repre-
sent two human subtrees, which are subject and object type,
respectively.

Figure 6: Small groups are created based on the sentences:
Some boys and girls are dancing in the station. Some people
are chatting. Some men with business suits are chatting. Some
elders are cheering for Group1. Our system automatically la-
bels the first group as Group1. Thus, Group1 can be used in
the second sentence.

4 REFERENCE OBJECTS FOR CHARACTER
LOCATIONS

When a character or a group performs a behavior, we need to know
the start location and the end location. These locations may be
referred by scene objects. For example, given the sentence "Some
people are dancing near a campfire", in this case, the end location
is near to the campfire. Algorithm 1 shows the psuedo code which
computes the reference objects for character locations.

5 USER STUDY

We conducted a user study to evaluate our system. There were 3
female and 11 male participants whose average age was 24, ranging
between 22 and 31. The procedure of the user study was as follows:

(1) Overview: Our researcher introduced our system to each
participant. Then the participant watched a tutorial video
which showed the tools and the procedure of generating a
crowd animation.

Algorithm 1: Computation of reference objects for char-
acter locations.

Input :The movement node, the node type, the start
location object, and the end location object
Output:Reference location objects
if Both location objects != NULL then
| return location objects;
if The movement mode = large movement mode then
if The start location object = NULL then
if The node type = "control main group"” then
| The main group is the start location object itself.
else
Random select a scene object as the start
location object;
end
f The end location object = NULL then
Randomly select a scene object as the end location
object;
return location objects;
else
if The start location object = NULL then
if The end location object != NULL then
Set the end location object as the start location
‘ object;
else if character node (object) != NULL then
Set the character(object) as the start location
‘ object.
end

e

else if The node type = "control main group” then
| The main group is the start location object itself.

end
else
Randomly select a scene object as the start
‘ location object;
end
return the start location object;
end

(2) Crowd generation and control: The participant learned to
perform basic tasks to get familiar with the system. The
participant could refer to example sentences to finish several
tasks including 1) generation of characters with behaviors
in a certain location, 2) controlling existing characters to
perform specific behaviors, 3) generation of characters in
locations specified by hot regions, and finally 4) producing a
simple animation.

(3) Reproduction of crowd animation in a given animation video
and a video clip of a real crowd: The participant was shown
a subway video and then a zombie attack story animation
generated by our system. The associated story scripts were
provided. The participant needed to reproduce crowd anima-
tions that were similar to the content in video and the story
script.

(4) Exploration and feedback: The participant freely input dif-
ferent sentences to produce animations and used different
tools to explore the system.

59
60
61
62
63
64

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

108
109
110
1
112
113
114
115

116



117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

167
168
169
170
171
172
173
174

Supplemental Material:

Generation of Small Groups with Rich Behaviors from Natural Language Interface ys

 m900000e
‘mo
'y - (o)

some women in sults are looking at Group3

Hot Region OF F Sentence Analysis
Switch Mode

Figure 7: User interface. The animation graph on the left side is composed of several time nodes, and situation nodes. Situation
nodes have four types and they are represented by different icons. The right side shows the input interface. The parsed result
is also shown. A unique name is assigned to a character or a group after creation.

(5) Questionnaires: Participants filled a demographic and back-
ground questionnaire, a post experiment questionnaire with
10 questions in 5-points Likert scale, and System Usability
Scale (SUS) [? ]. The post-experiment questionnaire has ten
questions which asked for whether our system could gener-
ate desirable small groups of characters at proper locations.
Some questions were about the behaviors of small groups

and animation results.
Table 1 shows the questions in the background questionnaire and
the average score of each question. Table 2 shows the average score
of each question in the post-experiment questionnaire. The overall

average score of all the questions was 4.37 (SD = 0.22). Figure 8
shows the subway and forest scenes that were reproduced by P6,
P12, P1, and P7.

Table 1: Background questionnaire

No Question Average
1 How good is your written English? 3.07
2 How good are you using animation software? 2.86

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

Figure 8: (a) and (b) were the reproduction scenes of a subway video by P6 and P12. (c) and (d) were the reproduction scenes of
the zombie attack animation by P1and P7. The small groups were created in different ways in the two examples. An animation

graph is shown at the upper left corner of each image.

Table 2: Post experiment questionnaire. How much do you agree each of the following items? 5-point Likert scale (1=very

disagree, 3=neutral, 5=very agree).

No Question Scores
1 The appearances of characters are generated based on the input sentences? 4.50
2 The behaviors of characters are generated based on the input sentences? 4.29
3 The interaction between characters is generated based on the input sentences?  4.29
4 The locations of characters are generated based on the input sentences? 4.29
5  The animation graph assists in producing a desirable animation? 4.29
6  Hot regions are useful when characters are created? 4.71
7  Hot regions are useful in specifying the destinations of characters? 4.64
8  The interaction between characters is nature? 3.93
9  The ambient crowd increases the richness of the animation? 4.34
10  The scene events increase the richness of the animation? 4.43

The average score of the questionnaire 4.37
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