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Abstract— There are many situations that social robots can 
serve, such as shopping malls, care facilities, and museums. As
one of such situations, this paper focuses on a restaurant/café 
situation, and discusses the importance of recognizing the user’s 
characteristics as a technical challenge in developing a social 
robot for the wild. First, we will discuss the user characteristics 
that the robots should recognize and explain how to recognize 
them. Then, we describe our prototype system in which such user 
modeling functionality is implemented.
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I. INTRODUCTION

There are many situations that social robots can serve, such 
as shopping malls, care facilities, and museums [2, 5, 6]. The 
required skills and behaviors of the robots are different 
depending on the situation and the task of the robots. But, more 
importantly, social robots should choose their behaviors
according to the users with whom the robot interacts. This 
paper focuses on a restaurant/café situation, where robots 
should show the customers to their table, recommend the 
speciality, and take an order, and discusses the importance of 
user adaptive behaviors of social robots. For example, when a 
group of people are entering the café, they may be a family, 
business men, or university students. A clerk may choose 
different table, recommend different foods or services, and 
select different small talk topics depending on the group. 
Moreover, it is highly possible that the clerk may predict the 
leader of the group, and talk to him/her when asking to make a 
decision in the group. 

Based on the discussion above, this paper discusses the 
importance of recognizing the user’s characteristics as a 
technical challenge in developing a social robot for the wild; a
café situation. In the next section, we will discuss the user 
characteristics that the robots should recognize and explain how 
to recognize them. Then, in section III, we will describe our 
prototype system in which such user modeling functionality is
implemented. Section IV proposes discussion topics, and finally, 
in section V, we will discuss the future work. 

II. SENSING USERS’ CHARACTERISTICS

In a café situation, the following information may be useful 
to create a user model based on which the robot decides its 
behaviors; 

Gender: If the system can estimate the gender of the 
customers, this may be used in deciding what type of 
food the robot should recommend and what type of 
small talk topics should talk to the customer. 

Age: If the system can estimate the age of the 
customers, the system may change the food 
recommendation and small talk topics. The system 
may also infer whether the group is a family based on 
the age configuration of the group.

Combination of gender and age information: If all the 
group members are middle-aged men, the system can 
assume that they are visiting the café for a business 
meeting. 

Proxemics: Recognizing the seating behavior 
contributes to inferring the intimacy and leadership. If 
customer A and B sit side by side and the other person 
C sits in front of them, we can assume that A and B are 
more intimate or have a good relationship with each 
other compared to with C [3]. Moreover, it is also 
assumed that the leader of the group may be at the 
head and other members may follow the leader. 

Eye gaze: By measuring eye gaze during the 
conversations at the table, it may be possible to 
estimate the intimacy and the dominance. Mutual gaze 
may be used as the measure of intimacy [1]. A person 
who more looks at others and is more looked at by 
others may be dominant in the conversation [4]. 

In order to recognize these user profiles and infer the 
social relationship between the customers, the system is 
required to employ various human sensing technologies. For 
example, computer vision technologies are necessary to
recognize person, age, and gender. But, to estimate higher 
level information, such as intimacy and dominance, it is 
necessary to combine multimodal information and extract 
social signals in the conversations. 



III. PROTOTYPE SYSTEM

A. System Architecure
Fig. 1 is the system architecture of our prototype system and 

our experimental environment is shown in Fig. 2. We use a 
humanoid robot, Softbank Pepper, to interact with the 
customers. We will explain each module as follows;

Proxemics recognition module: We set a Microsoft Kinect 
sensor on the ceiling to measure the depth information. When 
this module receives the depth information from a Kinect 
sensor, it detects the region of a person. By calculating the 
center coordinates, the system can estimate the position of the 
customer. 

Person recognition module: This module recognizes a person 
and estimates the age and gender using visual data obtained 
from a video camera (embedded in the environment or installed 
in the robot). We use the Microsoft oxford computer vision API 
for age and gender recognition.  

Group recognition module: This module combines the 
information from the Proxemics recognition module and the 
Person recognition module, and recognizes who is standing or 
sitting at where. For example, the module may recognize two 
middle aged men followed by a younger man. 

Dialogue module: This module receives visual information
from the Group recognition module and the speech recognition 
results from the Speech recognition module, and controls the 
conversation with the group of customers. In the current 
implementation, only greeting scenario (conversation at the 
entrance of the café) is implemented. 

B. Expected Communication
We have implemented a conversation expected at the 

entrance of the café. First, when a group of customers are 

entering the café, the Proxemics recognition module detects the 
customers. This information is sent to the conversation module 
and the robot greets the customers: “Hello, how many in your 
party?” Then, the Group recognition module starts processing 
to recognize the group members. If one of the customer answers, 
the system refers the age and the gender of this customer, and 
chooses a topic for small talk, such as weather or business news. 

IV. DISCUSSION

In order to estimate user profiles and communication 
attitudes, human behavior sensing is indispensable. The sensors 
may be installed in the environment as we did in our 
experimental room. Otherwise, cameras and sensors installed in
the robot are used. Thus, the following issues need to be 
discussed in order to build socially skillful service robots that 
can work.in the wild.

- Should the sensors be installed in the environment or in the 
robot? 

- In case of being installed in the environment; 

What are the useful devices to be installed in the 
environment?

How to build sensor rooms suitable for a café 
situation? 

What is the ideal architecture that integrates sensor 
information and robot manipulation?

- In case of using a robot as a multi-sensor device;

How to measure both the customers to whom the robot 
interacts with and the environmental information? 

Are the state-of-the-art robot technologies capable of 
measuring and processing all the information 
necessary to enable the robots to work in the wild?
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Fig. 1. Sysetm architecture                                                                                                          Fig. 2.   Equipments and environemnt 



V. CONCLUSION AND FUTURE WORK

This paper focused on a café situation and discussed what 
functionalities and technologies are necessary to implement a 
socially skillful robot that can estimate user models and change 
the communication based on the user model. We are working 
on implementing the functionality for intimacy and dominance 
estimation by analyzing gaze and speech data during the 
conversation at the table. Our work is still preliminary and 
conceptual, but we believe that a café situation is a good 
practice to study HRI in natural interaction settings. We will 
investigate whether sensing users’ personal and group 
characteristics may contribute to social interaction in such 
situations.
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