
  

  

Abstract—The usage of robots becomes more sophisticated, 
direct communication by means of human language is required 
to increase the efficiency of their performance. However, the 
dialogue systems that reply to the user with a set of predefined 
answers tend to be static. In this paper, we propose a gesture 
based dialogue system using behavior network for flexibility of 
human robot interaction. Gestures take an important part of 
interactions. By using gestures in dialogues, it could support a 
flexible and realistic interaction with humans. We confirm the 
usability of gestures through several scenarios and SUS subject 
test. 

I. INTRODUCTION 
S communication is crucial for robots to understand the 
user’s intentions [1], natural language, which is one of 

the most prominent human activities, is recognized as a 
promising method of communication between human and 
robots [2, 3]. Thus, dialogue management, which manages 
the natural language interaction, has been actively 
investigated in the field of Human Computer Interaction 
(HCI), and it also holds great potential in the field of Human 
Robot Interaction (HRI) [4, 5].  

Current research on dialogue systems has mainly focused 
on understanding the input query or controlling the dialogue 
flow rather than generating dynamic sentences [6]. Canned 
scripts or templates are usually employed to support 
answering in those systems; hence they tend to be static, using 
the same or similar response patterns in the interaction with 
humans. 

In order to support a flexible and realistic interaction with 
humans, recent dialogue systems attempt to adopt a 
mechanism generating sentences like natural language 
generation (NLG) [7-10]. NLG is a method which 
automatically creates sentences based on a non-linguistic 
information representation [11]. It used to provide 
information for user in expert systems. NLG is hard because it 
involves making choices. There may be many possible ways 
in which a text can be organized and in which words and 
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syntactic constructions can be used to convey the required 
content.  

As another method to support a flexible and realistic 
interaction with humans, in this paper, we focus on the 
gestures of robots. Gestures take an important part of 
interactions. Human beings subconsciously adapt their 
behaviors to a communication partner in order to make 
interactions run smoothly [12]. One of the main functions of a 
speaker's gesture is linguistic to help convey meaning to the 
addressee in an immediate conversational context [13]. 
Gesture is intimately tied to the process of dialogue and can 
express content of high conceptual complexity [14]. Gestures 
give the addressee more precious information a speaker want 
to say and make more natural conversation. For this reason, 
researchers tried to make agents generate gestures according 
to dialogues [23, 24].  However, the previous works have a 
limitation that they used the simple rule-based method as the 
gesture generation method which is hardly adapted to 
dynamic environments. 

In this paper, we propose a gesture based dialogue 
management system which consists of a dialogue system and 
a behavior system. The dialogue system has a conversation 
with users by topic inference using Bayesian network and 
response selection using keyword matching. The behavior 
system which is based on behavior network generates 
gestures on Speecys humanoid robot. The behavior network is 
a method generating behaviors which are suitable for various 
situations with considering external environments and 
internal goals. The response of conversation includes the 
internal goal of behavior network. When the dialogue system 
selects a response, it sets the internal goal of behavior system 
and the behavior system generates suitable gestures for its 
external environments and internal goals. 

II. RELATED WORKS 

A. Dialogue Systems 
 

Table 1. Techniques for implementing dialogue management 

Technology Sample Task Task Complexity 
Pattern 

matching 
Web search 

engine Simple query answering Easy 

 

 
 

 

Difficult

Script-based 
model Game Simple answer selecting 

Finite state 
model 

Long-distance 
dialing 

Restricting flexibility based on 
state-changing properties 

Frame-based 
model 

Train 
reservations

Information collection based on 
simple pattern matching 

Plan-based 
model 

Kitchen design 
consultant Dynamic topic changing 
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A dialogue interface enables the user to use natural 
language when interacting with the system. Because of 
linguistic uncertainty, dialogue management is necessary 
when working with dialogue systems. There are many 
methods that can be used when analyzing queries, such as 
pattern matching (ALICE), finite state machines (Nuance, 
AT&T), form filling (Galaxy systems), and plan-based 
approaches (Trips) [15]. Table 1 shows promising techniques 
for dialogue management. 

The simplest way of analyzing a user query is pattern 
matching. This technique uses scripts of possible queries and 
responses. Most commercial dialogue systems use pattern 
matching, because it is simple and effective. Pattern matching 
is feasible only for limited domains, however, such as those 
domains which requires only the simplicity of a static 
knowledge base with simple matching procedures. Other 
relationships and contexts are more usefully described with 
richer conversational interaction [16]. To allow these more 
flexible interactions, knowledge can be separated from 
possible dialogue responses by using forms or frames. The 
finite state model is used to model the context of dialogue, 
and this means that it is good for tasks that require the 
completion of flows. The frame-based model uses frames that 
collect information necessary to complete responses. This 
model is suitable for tasks that execute orders and provide 
information. 

Most of these approaches (except the plan-based model) 
are used when designing dialogue systems. They are able to 
respond to simple queries without much effort, but they 
cannot handle more realistic dialogues, such as dynamic topic 
changes, ellipses, and proceeding dialogue. Sometimes they 
are apt to make dialogue needlessly long and excessive. As 
the knowledge base increases in size to deal with a number of 
queries, performance decreases rapidly for complex domains.  

In contrast to these approaches, the plan-based model 
considers both the external world as well as the specific user 
to decide actions to achieve a given task. Tasks are solved 
gradually by gathering partial information, until sufficient 
information for completing the task is collected. Although the 
plan-based model usually achieves better performance than 
the previous approaches, it costs too much to implement and 
maintain. 

By using these techniques, dialogue systems have been 
implemented to guide web pages, provide weather forecasts, 
tours and so forth [6]. There are several commercial products 
such as Nicole of NativeMinds, SmartBot of Artificial Life, 
Verbot of Virtual Personalities, and so on.  

B. Behavior Network based System 
Unlike the researches on traditional knowledge-based 

system, the researches on intelligent behavior generation 
consider about the ability that generates behavior with 
adaptation of environments. For this reason, behavior 
generation structures were proposed which generates 
human-like behaviors in variety environments. 

Contrary to the traditional methods on artificial 
intelligence which represents precise knowledge, the 

behavior based system generates behaviors through direct 
interactions between environments and the agent. The 
behavior network [17] proposed by Maes is the method that 
generates behavior autonomously by attach goals to the 
behavior based system. The network is based on animal’s 
behaviors observed by the robotics researchers and ecologists. 
The behavior network generates the most suitable behavior in 
the environment with the sensory information and the inner 
goal.  

Many researches for generating behavior selected the 
behavior network as their behavior generation method. 
Nicolescu et al. [18] proposed the extended behavior network 
system of their own expanded from behavior based structure. 
Moreover, they designed the hierarchical behavior network 
system and the system was adapted to the behavior generation 
of the mobile robot [19]. Khoo and Zubek [20] generated 
behaviors of the computer game character with behavior 
networks. Weigel et al. [21] adopted behavior networks for 
the behavior generation of the soccer robots. 

Considering these points, we build a behavior system based 
on the behavior network. It generates natural and flexible 
gestures for robot during the interactions with human. 

III. PROCEDURE FOR PAPER SUBMISSION 

A. Overview 
For flexible and realistic human robot interaction, we 

proposed the system which consists of two components: 
dialogue system and behavior system. Fig. 1 shows the 
overview of the proposed system. 

 
Fig. 1. Overview of the proposed system 

 
The dialogue system has a conversation with the user and 

notifies conversational situations to the behavior system by 
setting goals in order to generate suitable gestures. The 
behavior system generates gestures through the behavior 
network with using information about external environments 
and goals. 

B. Dialogue System 
The proposed dialogue system is composed of two parts: 

Topic inference using Bayesian network, response selection 
using keyword matching. The Bayesian network infers user’s 
intention, while keyword matching selects a proper 
pattern-response pair for generating the corresponding 



  

answer. Analyzing queries in these stages makes it feasible to 
infer the detailed intention of the user and to model the 
context of the conversation. Furthermore, dividing the 
knowledge base improves the scalability and portability of 
the dialogue system. 
Topic Inference using the Bayesian Network: The Bayesian 
network is used to infer the topic of a user’s query and model 
the context of dialogue. This leads to a definition of the scope 
of the dialogue. Since Bayesian networks are based on graph 
theory, they are effective in inference and representation. In 
this paper, the Bayesian network is hierarchically constructed 
with three levels based on function: keyword, concept, and 
topic. The keyword level consists of words related to topics in 
the domain. The concept level is composed of the entities or 
attributes of the domain, while the topic level represents 
entities whose attributes are defined. Fig. 2 shows the 
hierarchically constructed Bayesian network. 
 

 
Fig. 2. The Bayesian network for hierarchical topic grounding 

 
Domain: 
Keyword set K = {k1, k2, …, kn} 
Concept set C = {c1, c2, …, cm} 
Topic set T = {t1, t2, …, tl} 
 
Inference process: 
Step 1: Set the probability of the keyword node as 1, when the keyword 
is included in the user’s query, and set it to 0 if it is not included. 
Step 2: Execute the Bayesian inference algorithm. 
Concept node inference: 
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Step 3: Select the highest probability topic node when p(ti = true) > 
threshold. 
 If there is no node selected, go to Step 5. 
Step 4: Select the topic of the user’s query, and finish the inference. 
Step 5: Check the concept node when p(ci = true) > threshold. 
 If there is no node selected, give up trying to provide an answer. 
 Finish the inference. 
Step 6: Ask to collect more information about the concept. 

Fig. 3. Dialogue management using the Bayesian network 
 

Because of inconsistencies between individuals in 
conversation, topic grounding is necessary for better 
interaction. Hierarchical modeling is useful to analyze the 
user’s intention systematically, and this reduces uncertainty 

by inferring the topic. Usually people do not only query once 
to express their intentions; they have a conversation that 
consists of several interactions. It is sometimes impossible to 
infer the intention with only one try, so it is more efficient to 
accumulate information through conversation. 
Mixed-initiative interaction can be used to manage these 
kinds of dialogues. Moreover, hierarchical modeling provides 
a way to understand concepts of the domain when designing 
the network [22]. 

Through inference, the highest probabilistic topic node is 
used if the probability is over the threshold. Then, keyword 
matching is executed to select a proper response. If a topic is 
not selected, the proposed method tries mixed-initiative 
interaction to understand the user’s intention. Since the 
concept level contains a part of the information, the agent 
asks the user to collect more information. The highest concept 
node over the threshold is selected, and the associated 
response outputs to the user. After the user provides more 
information, the agent attempts inference again. Fig. 3 shows 
the overall procedure of dialogue management when using 
the Bayesian network. 
Response Selection using Keyword Matching: Once the 
topic is selected for an input query, keyword matching (using 
the knowledge base associated with the topic) is performed to 
find the corresponding response. When there are many scripts, 
performance declines because of the redundancy of 
information. In this paper, we divide the scripts into several 
groups based on their topics. This reduces the number of 
scripts to be compared. A script is stored as an XML form, 
and Fig. 4 shows the definition of a script. 

 
<script> ::= “<SCRIPT>” <pattern> {<pattern>} <responses> 
{<responses>} “</SCRIPT>” 
<pattern> ::= “<PATTERN>” <word> “</PATTERN>” 
<response> ::=  “<RESPONSE>” <action> “</RESPONSE>” 
<action> ::=  <action> {<action>}  |  

| “<ACTION>” {<goal> | <answer> | <function> } “</ACTION>” 
<word> ::= word {<word>} 
<goal> ::=  “<GOAL>” <word> “<GOAL>” 
<answer> ::= “<ANSWER>” <word> “<ANSWER>” 
<function> ::=  function  call 

Fig. 4. Definition of a script 
 

A set of candidate scripts are sequentially matched to find 
an appropriate response. The matching scores are calculated 
by the F-measure, which is a popular measurement in text 
classification. In this paper, we set α as 1, considering 
precision and recall equally. When there is a corresponding 
pattern-response pair, language generation is used to generate 
the answer.  
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C. Behavior System 
In the behavior system, the behavior network is used as the 

method for selecting the most natural and suitable behavior 
for the situations. The behavior networks are the model that 
consists of relationships between behaviors, goals, and 
external environment, and selects the most suitable behavior 
for the current situation. Behaviors, external goals and 
internal goals are connected with each other through links. 
Fig. 5 shows components of a behavior in the behavior 
networks. 

 

 
 

Fig. 5. Components and links of a behavior 
 
The preconditions are a set of conditions that have to be 

true to execute behaviors. The add list is a set of conditions 
that are highly likely to be true when behaviors are executed. 
The delete list is a set of conditions that are likely to be false 
when the behaviors are executed. The activation energy is a 
degree which represents how much the behavior is activated.  

There are three types of links between behaviors – 
predecessor link, successor link and conflictor link. Each link 
from the ith behavior to the jth behavior can be defined as 
below (p is current conditions): 

 
 Predecessor p false     p preconditions of B  
                                  p add list of B  
 Sucessor p false     p add list of B     
                          B is excutable     p preconditions of B   
 Conflictor p true     p preconditions of B  
                              p delete list of B  

 
The activation energies of behaviors firstly induced from 

external environments and goals. The activation of the th 
behavior can be presented as follows: 

  , ,   , , , 0,1  

 and  are the weights to induce activation energies 
from environments and goals respectively. ,  and ,  
represent whether the nth environment element and the mth 
goal are connected with the ith behavior or not respectively. 

After the first induction, behaviors exchange their 
activation energies with other behaviors considering types of 
their links. The behavior exchange can be presented as 
follows: 

  , , ,  

  , ,  , ,  , , 0, 1  
 

,    and   are the weights to exchange activation 
energies through predecessor, successor and conflictor link 
respectively, and ,  , ,  and  ,  whether the ith and jth 
behavior are connected by each type of links respectively. 

 

 
Fig. 6 The procedure of the behavior generation 

 
The behavior selection networks have a threshold to decide 

which behaviors are executable. Using this, the behavior 
selection networks select the behavior that all the 
preconditions are true and the activation energy is larger than 
the threshold. Unless any behavior is selected, the behavior 
selection system constantly reduces the threshold until the 
behavior is selected. Fig. 6 shows how the behavior network 
generates behavior. 

 

 
Fig. 7. A part of the proposed behavior network 

 
In this paper, we designed the behavior network which 

generates 16 behaviors including stand up, sit down, walk, 
turn, raise hands, etc. The behavior network uses observable 
information such as time information and user schedule 
information as the external environments, also the current 
state of Speecys is used as the environments of the network. 
Fig. 7. Shows a part of the behavior network we designed. 

 

D. Goal Management 
The proposed behavior network has five goals – Idle, Greet, 



  

Alarm, Ask and Answer. Goals also take an important part of 
the behavior generation. Like human, the robot behaves with 
its own goals which motivate it. This makes the robot more 
realistic. The robot does not behave with fixed goals but with 
the goals that can be changed according to the current 
situation. Set goals are used in behavior networks to derive 
the generation of the behavior.  

In the proposed system, goals are set by the dialogue 
system. In order to make fit gestures for the conversation, the 
dialogue system sets the goal which is most suitable for the 
current situation, especially the conversational situation. For 
example, if the dialogue system does not interact with the user, 
the system sets the goal as ‘Idle’. However, if the user appears, 
the dialogue system sets the goal as ‘Greet’ to say hello to the 
user. Moreover, the dialogue system sets the goal as ‘Ask’ 
and ‘Answer’ during the conversation to make gestures which 
is suitable for the dialogue. Finally, the goal ‘Alarm’ is set 
when the system needs to announce important information or 
warn to the user. 

IV. EXPERIMENTS 
To develop the proposed gesture based dialogue 

management system, we used the Microsoft Visual C++ 2008 
and Microsoft Visual C# 2008, and the system actually runs 
on the Speecys humanoid robot. 

In order to show working progresses of the dialogue 
management system using the proposed method, we observed 
the robot’s gestures in a virtual scenario we designed. Table 2 
shows the scenario.  

 
Table 2. A conversation scenario 

Speaker Conversation 
Speecys Hello, What can I do for you? 

User Please, check today's schedule. 
Speecys OK. a meeting with your professor is 

scheduled at 3pm. 
User Can I register new schedule that is having 

dinner with my girl friend at 5pm tomorrow?
Speecys It is impossible to register schedule you 

request because you should take a class at this 
time and you set that schedule as an important 
schedule. Instead, Tomorrow 7pm is 
available. Do you register schedule at 7pm? 

User Yes. 
Speecys Having dinner with your girl friend at 7pm 

tomorrow is scheduled. 
 
When the robot firstly finds the user, the dialogue system is 

started and recognized that the robot should greet the user. 
Therefore, the dialogue system sets the goal of the behavior 
system as ‘Greet’ and the activation energy of the behavior 
‘Greet’ increases. 

During the communication, the user asks today’s schedule 
and the robot gives the answer. In this situation, robot 
recognized the type of schedule and sets the environment 
‘Static schedule’ – which means the robot doesn’t need to 

react strongly. Moreover, the goal ‘Answer’ is set by the 
dialogue system. The robot realized that only the normal 
gestures are suitable for this situation and these causes 
increasing the activation energies of ‘Raise a hand’ so the 
robot raises his right hand. 

The user tries to register a new schedule after checking 
schedules, but there is another schedule at that time. In this 
dialogue situation, the robot needs to warn to the user about 
the register error. Therefore, the goal ‘Alarm’ is set as true, 
and the environment “Important schedule” is also set as true. 
After that, the robot raises his both arms to announce the 
register error. The robot also swings his arms because of the 
importance of the existing schedule. Fig. 8 shows the 
generated gestures of the robot over the dialogue in this 
scenario. 

Finally, the user adjusted the register time of the new 
schedule and the registration is finished successfully. This 
turns the goal ‘Alarm’ to false and the robot stop swing his 
arms because the activation of the behavior ‘Swing arms’ is 
decreased. However, the robot does some normal gestures 
like ‘Raise a hand’. 
 

 
Fig. 8. The generated gestures over the dialogue 

 
To show the usability of the gesture based dialogue 

management system, we have conducted a subject test. We 
have compared the dialogue management system without 
gestures. The test has been performed by ten graduate 
students majoring in computer science and the ten SUS 
(System Usability Scale) items are used in the subject test as 
shown in Table 2. SUS yields a single number representing a 
composite measure of the overall usability of the system 
being studied. Scores for individual items are not meaningful 
on their own. To calculate the SUS score, first the score 
Contributions from each item are summed. Each item’s score 
contribution ranges from 0 to 4. For items 1, 3, 5, 7, and 9 the 
score contribution is the scale position minus 1. For items 2, 4, 
6, 8, and 10, the contribution is 5 minus the scale position. 
The sum of the scores is multiplied by 2.5 to obtain the 
overall value of system usability. SUS scores have a range of 
0 to 100. 

Fig. 9 represents the result of the SUS test. The proposed 
gesture based dialogue management system gets average 72.1 
point, and the dialogue system without gesture gets average 



  

51.3 point. We can confirm the usability of the proposed 
system. 

 
Table 3. SUS items 

No. Item 

1 I think I would like to use this system frequently. 

2 I found the system unnecessarily complex. 

3 I thought the system was easy to use. 

4 I think I would need Tech Support to be able to use this 
system 

5 I found the various functions in this system were well 
integrated. 

6 I thought there was too much inconsistency in this 
system. 

7 I would imagine that most people would learn to use this 
system very quickly. 

8 I found the system very cumbersome to use. 

9 I felt very confident using the system. 

10 I need to learn a lot about this system before I could 
effectively use it. 

 

 
Fig. 9. Result of SUS tests 

 

V. CONCLUDING REMARKS 
In order to provide more flexible and realistic interactions 

between human and robot, we proposed the gesture based 
dialogue management system which generates gestures 
during the conversation. We used Bayesian network and 
keyword matching to develop the basic dialog system, and we 
also developed the behavior system to generate the robot’s 
gestures by using the behavior network. Moreover, the 
working progress of the proposed system was shown with the 
virtual scenario we developed. The usability test was also 
designed to show whether the proposed system is useful or 
not. To achieve this, we compared the dialogue management 
system without gestures by using SUS test. 

For the future work, we will try to model the emotions of 
robots and users as the input of behavior networks. A human 
being is not only intelligent, he/she is also emotional, and thus 
emotion should be considered when we try to simulate how a 
person will react when a situation arises. Emotions are an 
essential part of our lives, they influence how we think and 
behave, and how we communicate with others. By modeling 

emotions, we expect that humanoid robots could interact with 
humans realistically and efficiently. 
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