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Service robots are applied in many kinds of business fields and its various kinds of data can
be collected with service robot in business scenes. Therefore, it becomes more important to
utilize such data for business improvement. Additionally, due to limitation of design such as
body size and battery life, a service robot cannot prepare much peripheral equipment on its
body. In this paper, we will show two research results as for service robot. One is data
analysis technology for business improvement as a function of operation and management
system for service robot. Another is service extension of service robot by association of
external equipment with proper design of utilization condition of external equipment.
Through evaluation experiment, we confirmed potential effect of business improvement is

8.1 % by modifying service scenario of robot.

1. Introduction

This paper is an extension of work originally presented in 5th
International Conference on Robotics and Atrtificial Intelligence
[1]. Due to the several social trends such as labor power and human
resource issue, service robots technologies are being developed for
realizing not only simple operation automation but also business
improvement [1]. Recently, more people highly expect service
robot system [2], [3] can solve social issues such as lack of labor
power [4], improvement of productivity, human care [5] and so on.
In manufacturing field, industrial robots were deployed and
applied in 1970s for factory automation, and Internet of Things
(10T) technologies are utilized for productivity improvement and
reduction of operation cost [6] with safe environment [7]. In
service business field, service robots are expected to realize
business and service quality improvement [8], [9] in the future
aging society with fewer children. Based on these social and
business background, we develop service robot and its application
with intellectual media processing technology such as voice
recognition and image analysis.

As for the robot deployment, people have higher attention to
how to utilize various kinds of robots in actual fields for the
purpose of collaboration with people. In industry field, Industry
4.0 [10] aims effective manufacturing with various technologies.
Industrial robots are one of the most important technology in this
fields. Industrial robots are designed to realize both production
efficiency and safety for work with human in the same fields [11].
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On the other hand, service robots are assumed to be applicable to
many kinds of service and business scene through verbal and
multimodal communication [12] not only for replacement of
human labor load by automation but also for giving helpful
function to people, therefore, applications for service robot have
many variations for their purposes. For example, in a large facility
such as an airport or a shopping mall, customers sometimes have
difficulties for finding the way to their destination due to the scale
and complexity of the facility. In such case, a service robot can
give customers facility guidance information and support
customers. In another case, a service robot can provide detail
explanation of sold goods in a large shopping mall.

The value provided by service robots is considered in Business-
to-Business-to-Consumer (B to B to C) scheme, and there are
differences between the value of service provider (business side)
expected and the value of consumer expected. Service providers
apply service robots to their facilities for not only labor power but
also some special skills such as multi-language guidance that
normal employees cannot learn in short time. Consumers thinks
service robots give them dedicated guidance. For example, when
customers visit a large shopping mall for the first time and does
not have enough knowledge for the mall, they ask a service robot
where the shop that they are looking for. The service robot can give
the location information by facility map, or the service robot can
bring the customers to their destination by physical movement in
the mall.
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People consider that service robots have much potential for
social innovation. On the other hand, especially service providers,
people would like to know how effective service robots are.
Therefore, it is important to evaluate and visualize the effect of
service robot for service providers and consumers. To evaluate
service robots’ effect by a kind of quantum key performance
indicator (KPI), we have to clarify what service provider expect to
service robots for their business improvement in each service field.
After specifying KPI for business improvement measurement, we
consider service scenario for robots and verify the effect of service
robots operated by the service scenario with monitoring the
specified KPI.

In addition to business improvement, it is important to consider
how to realize applications by service robots with limited
capability. Because service robot has several limitations such as
body size and battery duration, it is difficult to prepare enough
devices for applications to be realized by service robot. In such
case, we need to consider how to extend capability of service robot
for extended service.

In this paper, we explain two technologies. One is the service
robot system and data analysis technology for business
improvement. The other is external device association technology
for service extension with service robot system. For both proposed
technology, we will show evaluation results. The structure of this
paper is as follows: In chapter 2, we will show basic architecture
of service robot system. In chapter 3, we will explain data analysis
technology of service robot system for business improvement and
its evaluation result. In chapter 4, We show external device
association technology for service extension. Chapter 5 conclude
this research.

2. Service Robot System
2.1. Summary of Service Robot System Architecture

Figure 1 shows general system architecture of service robot
system. The service robot system consists of service robots and
application servers that provides media processing function such
as voice recognition, image processing and language processing.
Additionally, the service robot system includes operation and
management server that gives us management function for system
operation such as machine condition monitoring and remote
operation for emergency case. Because the main function of a
service robot is service application through interaction with
people, service robots are deployed in facilities of service
providers. The methods of interaction between a service robot and
people are sound and image. Therefore, a service robot has
microphone and video camera for voice and image processing. A
service robot system gathers voice and video data through
microphone and video camera on a service robot, processes such
media data, and provides basic interaction function to end users
such as replying questions and giving useful information. Media
processing function like voice recognition and video analysis
consume much computational resources such as Central
Processing Unit (CPU), sometimes media processing function is
realized by application servers located out of a service robot.

Implementing media processing function by external
application servers makes the size of a service robot smaller one.
However, the data size of voice, image and video is relatively
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large and sending such media data from a service robot to
application servers requires much larger network resources.
Therefore, it is better to put application servers in the same service
facilities as service robot’s location. However, if it is not possible
to put application servers in service facilities for some reasons
such as facility size or no server room, application servers can be
set in a management center.
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Figure 1: General architecture of service robot system

Application Serve

1
Customer A )

2.2. Research Task of Service Robot System

In service robot system, media processing is primitive function
for interaction with end users. The combination of media
processing realizes voice communication, and questions and
answers. The one of the main purposes of developing service
robot system is to organize service scenario by the set of
communication and Q&A list for various kinds of business scene
such as guidance in shopping mall or large transportation facilities
(ex. airports and railway stations). Service scenario consists of
timing information of voice communication, contents of
communication, gestures and movement of a service robot.
Service scenarios are designed for satisfying business and service
requirement of service provider. It is difficult to evaluate the
effect of service robot system before service robot system start its
operation. Therefore, one of the research challenges of service
robot system is to establish the evaluation method of the
application of service robot system for assumed KPI suitable for
business and service requirement, and proposal scheme of service
scenario modification to realize business improvement. Besides
KPI issues, we have to consider how to realize service application
with limited resource of service robot. If we set many devices on
service robot, its size is getting bigger, and weight is getting
heavier. Because service robots work among peoples, sometimes
in busy crowdy area, it needs to keep human safety [13], [14]. If
robots are bigger and heavier, service robots easily violate human
safety. Therefore, robot developer has to consider not only
functionality realized by various devices, but also risk assessment
for safer robot operation [15], [16].
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3. Data Analysis Technology for Service Robot System

In this section, data analysis technology for service robot
system that realizes business improve is explained.

3.1. System Architecture

Figure 2 shows the architecture of service robot system with
data analysis technology for business improvement. This system
consists of the following components.

e Service robot: Communicate with end users by interaction
with voice and video, gesture and movement and provides
various kinds of service to the end users

e External equipment and system: Realize additional function
that the service robot cannot provide such as GUI by digital
signage.

e Application server: Providing media processing primitive
function such as voice, video and language processing.

e Integrated service system: Store and manage all the data that
can be collected in ser\vice robot system. For the detail of
collected later, we will explain in later section

e Business analysis server: Provide data analysis function for
business improvement with all the data stored in the
integrated service system.

e Customer business system: Various external system for
customers’ business purpose such as marketing, accounting
and so on.
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Figure 2 Architecture of Service Robot System with Data Analysis Technology
3.2. Data Analysis for Business Improvement
In service robot system, service robot provides various

functions to end user by service scenario. The possible actions of
a service robot consist of communication method by voice, image

and language processing, Service scenario combines these actions.

From the viewpoint of service provider, they expect service robots
to do some business operations instead of their staff. The typical
business operation realized by service scenario is guidance
activity in commercial facilities or transportation facilities.

To realize business improvement, KPI related to business
operation is measured and monitored. KPIs are indicators that
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evaluates business activities. For example, 1SO 22400 defines
important KPIs for manufacturing field mainly focusing on
Manufacturing Execution System (MES) [17]. Commonly, KPIs
focus on the following items:

e Cost: Cost KPI allows you to evaluate the activities that
utilize economic resources in different processes. This can
include energy consumption, cost of raw materials, cost of
human resources and overhead costs.

e Time: Time KPI measures the time spent on an activity or a
process. This can be the time from the beginning to the end
of a process or a step of a process. Ways to measure time can
be by the percentage of products or services delivered on time
or the percentage of late deliveries.

e Productivity: Productivity KPI allows your organization to
measure the efficiency of the operation. This can include
measuring the percentage of downtime your equipment or
machine experience. It also can be an output of operations
such as product items or the number of served customers.

e Quality: Quality KPI help calculates the effectiveness of
processes. These numbers may be based on the number of
errors occurring and the number of completed processes.
Other way to measure is the percentage of products that need
corrective action and the number of satisfied customers.

Service robot applications have different tendency from
industrial robot use case. Service robots are mainly used for
support of end user’s activities in service facilities such as
commercial mall, railway station, airport, hospital and so on.
Service robots mainly provide intellectual works to those
customers; therefore, it is not always suitable to measure KPIs
related to manufacturing productivity or automation activities.
Suitable KPI candidates are service-related value such as service
quality, the number of users that communicate with service robots
and so on. After we decided to utilize service robot into our
service environment, we have to choose KPIs that have
relationship with service robot application. To analyze how the
behavior of a service robot affects the KPIs, we need to monitor
and store the data which describe service robots’ activities. As for
KPI evaluation, one or more service scenario affects the KP1 value
change. For example, daily sales information of commercial
complex facilities is a sum of daily sales of each tenant. Some
shop items are very popular and have strong effect to the daily
sales of the tenant. In another viewpoint, daily sales information
has relationship with likability of a facility.

To realize business improvement measured by KPlIs, it is
effective to figure out the service scenario that has strong
relationship with business KPI and try to apply the service
scenario as much as possible to service robots. For this purpose,
we need to gather the enough data from service robot system for
analysis of relationship between business KPI and service
scenario. Then, we consider how to realize KPI improvement by
modifying service scenario that much affects the KPI. The
modification ways of the service scenarios are just candidate
method and there is no assured result. Therefore, we must apply
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the modified service scenario to service robots and evaluate its
efficiency by checking KPI increase or decrease. If the KPI is
improved, we decide to apply scenario modification permanently.
If the KPI decreases, we discard scenario modification and try
another modification. The data type to be collected in service
robot system for business improvement is as follows:

e KPIs to be improved as time-series data

e  Service scenarios that are applied to service robots

e The type of service scenario

e Relationship between the KPI and service scenarios

e Execution result of service scenario

e Action history of service robots as time-series data

e  Motion history of servicer robots: raising a hand, nod,
showing bye-bye, etc.

e Image processing results

e Voicer recognition results

e  Statements of service robots corresponding to the end users

Here we show the detail of data analysis process of service robot
system for business improvement.

e Select one KPI for business improvement that a service

provider applying service robot system would like to improve.

e Extract service scenario for service robot that has strong
relationship with the KPI to be improved. The service
scenario that gives very good effect to the KPI to be solved is
selected the scenario that has possibilities for further business
improvement.

e Analyze the data that relates to the extracted service scenario
and decide whether the execution result of service scenario
gives good or bad effect. By analyzing the result of service
scenario execution and KPI change, we can understand
tendency of service scenario and KPI behavior.

e Consider how to modify the extracted service scenario for
business improvement: One of the ways to realize business
improvement is to increase service scenario execution for
good result.

e Modify the service scenario according to the way of step 4
and deploy the modified service scenario. After that, do
evaluation test for a pre-determined term.

e Evaluating the KPI to be improved. If the KPI is improved,
the service provider permanently applies the modification of
the service scenario. If KPI does not change or show bad
result, the service provider discards the modification and try
to consider another modification way.

3.3. Evaluation

We applied service robot system to the exhibition. The task of
a service robot is guidance of our company booth in the exhibition
hall.

Figure 3 shows the layout of exhibition hall. The exhibition
was held in 2 days and around 40,000 visitors came. In the
exhibition, there were 171 topics are shown within 7 business
categories. The service robot was set only in one category booth.
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It has microphone, speaker and camera. By utilizing these devices,
the service robot can communicate with people through verbal
way. The service robot also has wheel and it can move around the
exhibition hall, however, due to safety issue, we do not use moving
function of the service robot. The contents of guidance are
concierge service. The service robot waits for the visitors at the
entrance of the booth and give the information related to the
exhibition contents or facilities when visitors get close to the
service robot. Additionally, stage show is periodically done and
the service robot make announcement when the stage show begins
soon. The basic behavior of the service robot for the exhibition is
as follows:
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Figure 3: Architecture of Service Robot System with Data Analysis Technology

e  The service robot waits for visitors’ arrival at the entrance of
the booth

e Ifthere is no visitor, the service robot make announcement for
its own service and try to get attention of visitors: “Hello, here
we show our company’s technology and service. Please come
and visit our booth!”

e If the stage demo begins soon, the service robot makes
announcement for the stage demo: “Our stage show starts
soon. Please come and see the show!”

e  When a visitor comes in front of the service robot, the service
robot starts to talk and ask the visitor whether they have some
questions or not.

e When the visitor asks a question, the service robot try to
understand the question and reply answer. The assumed
questions are questions for the exhibition contents, facility
guidance and general question such as daily conversation.

e  After answering a question, the service robot asks the visitor
whether the visitor still have question or not.

e If the visitor has more question, the service robot continues to
answer the question. If the visitor has no more question, the
service robot finishes the service for the current visitor and
wait for another visitor’s arrival.

The service scerio of the service robot for the exhibition
includes the following items:

e  Announcement for the visitors

e Physical Motions that attract visitors’ attention and promote
natural communication

e Understanding the question by voice recognition and language
processing

e  Answering the question
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Service robot has two kind of tasks. The important task is
guidance of exhibitions and it has higher priority than other task.
When the service robot detects somebody’s talking, it start
guidance service to the person in front of the service robot. Service
robots are recently deployed in actual fields. It has basic
communication function through microphone and voice
recognition technology. However, if people has no experience to
communicate with service robot, they might have difficulty to let
them understand what people say. The communication of service
robots are controlled by computer program and it has detection
function of human utterance section. Because not all the people
understand this detection mechanism, sometimes communication
gap happens between service robot and human. Semiotics[18] is
an approach for smooth mutual communication. It sometimes
applies sign or non-verbal communication method. In our system
design, we applied sign of service robot to let the people
understand the service robot is ready for communicating with the
customers. For example, a service robot aim his face to the
customer or raise its hand to start communication in natural way.
The data related to the previous listed items are recorded as time-
series data and we used the data for business improvement
analysis. For the business improvement analysis, there are two
important tasks.

o Clarifying the KPI to be improved and related service scenario

e Making data formatting for data analysis of service scenario
related data

Several KPI is suitable for evaluating the effect of exhibition.
In this case, we focused on the understanding contents of
exhibition by visitors. We set up one service robot in exhibition
booth. It is difficult to measure how much the visitor understands
exhibition contents, we chose the number of question and contents
of question as a KPI that reflects visitors’ interest to the exhibition.
We classified the contents of question by judging how much the
question relates to the exhibitions and monitored how the service
robot behaves according to the service scenario. we recorded the
data of service robot action for each visitor.

Service to
Visitor 2

Service to

Visitor 1 BT

Announce

Time
Figure 4: Structure of Concierge Service Data for Exhibition

Figure 4 shows the architecture of service robot action data for
exhibitions. The data is classified into two categories. One is
behavior with visitors, and the other is behavior without visitors.
To separate time-series data of the service robot for each visitor,
we used voice recognition result with specific words to indicate
service start and end for a visitor. For example, when the service
robot starts to ask question, the service robot says, “Are there any
question?”. In the exhibition, the service robot serves to visitors for
two hours and 25 minutes for 37 visitors. After we prepare data for
each visitor, we extract the feature values that represents the data.
In this evaluation, we chose the following items:

e  The number of speaking of the service robot

e The number of voice recognition of the service robot (that
means the number of speaking of a visitor)

e  The number of motion that the service robot executes.

e  The number of repeated questions
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e Service time for each visitor

When the service robot cannot understand the meaning of the
visitor’s question, the service robot asks the visitor to repeat the
same question once more. We calculated the feature values shown
above, then we classified the result of service scenario for each
visitor. We considered the best result of service scenario is directly
related to the exhibition content because the purpose of service
robot system for the exhibition is to let visitors understand the
exhibition contents (that is, our company’s technology and
service). However, service robots are just now in the beginning
stage and start to be deployed in actual world. Therefore, some
visitors do not know what to ask to the service robot. In such case,
visitors make the question for facilities such as “Where is a rest
room?” or start daily life conversation. We inspected all the data
for 37 visitors and classified the result of service scenario into the
following four categories, then we give the label for the data for
each visitor to represent the category.

e Answer the question for the exhibition contents

e Answer the question for facility information (such as restroom
or exit)

e  Start daily conversation

e Cannot understand the visitor’s question and does not answer
anything

Smaller number means visitors have higher interest for the
exhibition contents. After data classification, we did cluster
analysis with K-means method. We analyzed the clustering result
with changing the number of clusters. When we set the number of
clusters three, we confirmed the following tendencies.

e Cluster 1 (data of 22 visitors belongs to): In this class, the
service time is relatively short, few visitors repeated their
questions. The service robot answers a few questions.

e Cluster 2(data of three visitors belongs to): Service time is
quite long. The visitor repeated question and asked so many
questions, and the service robot answered all the related
questions.

e Cluster 3 (data of 12 visitors belongs to): The service time is
middle. In this class, visitors keep silent and the service robot
try to make the visitor do some questions. However, visitors
seem to have no idea and do not know what to be asked.
Finally, the service robot regarded as the visitor has no
question and ends the service for this visitor.
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Figure 5: Clustering Result of Exhibition Data

Figure 5 shows the result of clustering. In Figure 4, service time
and the number of utterance of the service robot are chosen as the
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evaluation axis that most reflects the clustering result. In cluster 1,
visitors and the service robot make smooth conversation. In some
case, a visitor repeated the question, however, in most case, a
visitor asked the exhibition contents and the service robot properly
answered the question. In cluster 2, visitor seems to have some
knowledge for service robots, and try to figure out what kind of
questions. In this case, the service robot recognizes the visitors’
question with high accuracy and the visitor and the service robot
can talk long time. In cluster 3, the service robot cannot understand
the questions, or the visitor does not know what to say.

We made detail analysis of the data classified into cluster 3 and
figure out two major cases.

e Casel: The service robot failed to understand what the visitor
says. The visitor quitted to communicate with the service
robot.

e Case2: The visitor does not know what to ask to the service
robot and there exists long silence time. Even though the
service robot talks to the visitors and try to make the visitor
ask some questions, the visitor has no idea and conversation
is terminated.

As for the number of cluster, we have tested several cases.
When we set the number of cluster as 4, we confirmed the samples
included in cluster 3 and cluster 4 show the similar features.
Therefore, we chose 3 as the number of the cluster. In case 1, main
reason is the accuracy of voice recognition and technology
improvement is needed. In case 2, the issue is scenario design
problem. In the evaluation experiment, the service robot just asked
visitors whether the visitor has question or not. However, if we
designed the service robot gives more detail information such as
what kind of question is assumed, we can expect the service robots
behaves to visitors more effective way. For case 2, three visitors
are classified in this case. We defined service quality as the ratio
of number of the visitors that the service robot properly gives
service for exhibition demo. The number of whole visitor for
service robot is 37, that is, the sum of the data in all the clusters. If
we can modify the service scenario and give better guidance to
these three visitors, we can expect 8.1% (3/37) business
improvement.

This is our first trial of service scenario analysis. Through this
field test, we found the following issue to be solved in the future.

e In some cases, the service robot cannot correctly understand
human speaking contents. In such case, we should provide
alternative communication method by remote operation by
human.

e Information on voice is sometimes not correctly understood
by listener. In such case, visualizing method is useful for
proper information providing. Since our service robot used in
this field test does not have monitor, we should consider how
to associate external device and the service robot in this
application.

For further service scenario improvement, it is important to set
target value of selected KPI, and making evaluation with Plan-Do-
Check-Action cycle. Through continuous improvement, we can
figure out root causes of the problem by utilizing analytic tools
such as fishbone diagrams [19].
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4. Service Extension Technology with External Equipment
Association

In this chapter, we explain external device association
technology for service robot system to realize service extension.

4.1. Functions for External Equipment Association

Figure 6 shows function blocks of external device association
technology for the service robot system. Application server
provides the following functions to realize external device
association for service robots.

Management
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gzt ntegmedsgs Siess Aclysis Marketing  Accounting 1nve[:cry c&'ﬁ;ﬂ,’gses'

e e System
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Figure 6: Functions for External Equipment Association

e  Robot State Monitor: Collecting information on the status of
various parts (motors, cameras, etc.) of service robot, then
monitoring and visualizing the operating status of service
robots. When some error occurs, this function notifies an
alert.

e Robot Location Management: Managing location
information of service robots based on the map information
of a facility where service robots are working.

e Service Management: Managing services provided in
facilities where service robots are installed. It includes the
list of external equipment required for each service.

e  Equipment Management: Managing equipment information
about the installation location of external equipment in a
facility and the conditions of use of external devices.

e Device Control: Provides an interface to control external
equipment to realize various operation.

4.2. Usage of External Equipment with Association Condition

Service robot has several limitations on its design. Typical one
is body size. If we set many peripheral equipment on a service
robot, its size gets bigger and bigger. Even though we satisfy size
limitation with great effort, many peripherals consume much
electric power, and it requires larger battery. Therefore, service
robot cannot prepare all the equipment for service realization and
some equipment should be prepared as external devices. To solve
this issue, we propose service management function that manages
a list of devices required for services. The contents of service
information are shown in Table 1.

For example, if a service robot does not have a display, an
external display must be used to display visual information. The
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facility guidance service using a map is a typical example, and the
facility guidance service can be provided only when the external
display is available for a service robot.

Table 1: Service Information

Item name Description

Service Unique identifier of a service

Identifier

Device List Device list that is essential for a
service providing (ex. camera,
display, etc.)

Facility Map Device (Camera)
Service Robot o~

Device
(Display) *

External device available zone

Figure 7: Example of external device availability

When a service robot starts to provide service, the service
robot must check whether all the external devices necessary for
the service are available or not in advance. The availability of
external device depends on the position of external devices and a
service robot. Also, we should consider whether the aimed
devices are free and not used by other service robot. Figure 7
illustrates the positional relationship between a service robot and
external devices. In this example, two external devices, a display
and a surveillance camera, are installed in a facility. Taking a
display as an example, for a service robot to use the display for
facility information guidance service to end users such as facility
users, the service robot must be close to the display. In addition,
since the display has a display surface, the service robot needs to
take care so that the display surface of the display can be seen by
the end user. Based on this assumption, the available zone of the
display is shown as the shaded area in Figure 7. The available
zone of the camera differs depending on the service used, but if
the recording area of the camera needs to include EMIEW, the
available zone of the camera is the fan-shaped shaded area on the
upper right of Figure 7. In either case, it is not enough to simply
consider the physical distance between the service robot and the
external devices.

Table 2 is a list of information managed by equipment
management function. The external device has X and Y
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coordinates on the map created by using a laser range finder or the
like as the position information of the device in the facility. In
addition, information of available zone of external devices is
stored as a list of parameters that express the range of area. Using
these parameters, a service robot realizes extended service with
external devices by the following procedure shown in Figure 8.

Table 2: Item List of Device Management

Item name
Device ldentifier
Device Location

Description

Unique identifier of a device

Device location in a facility: X and
Y coordination in a map

Device Device list that is essential for a
Availability service providing (ex. camera,
Parameter List display, etc.)

A service robot select service to be
provided to users in a facility.

Aservice robot asks an application server
to send a list of external device required
by the selected service.

The application server send the list
including the following information: X
and Y coordination of the device,
parameter list of available zone of the
device.

The service robot checks whether all the
devices required by the selected service
are available or not with availability zone
parameter

The service robot moves to the location
that is included in all the available zones
of all the devices or the service robot
control external devices.

Are all the required
device available?

End

Figure 8: Flow chart of device availability check

4.3. Evaluation

In order to measure the effect of the proposed method,
consider a concrete application example in a business field. As
one of the typical application examples, let us consider a product
and facility guidance service in a commercial facility. A typical
commercial facility in Japan opens at 10 am and closes at 9:00 pm.
A service robot provides shoppers with on-site facility guidance
and product explanation services for 11 hours when commercial
facilities are open. Figure 9 shows the timetable for commercial
facilities.

0 2 4 6 8 10 12 14 16 18 20 22 24

Closed Open Closed

Figure 9: Timetable of the Shopping Mall
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Figure 10 shows the layout of the shopping mall. A shopping
mall consists of an information center that guides visitors to the
facility and a shopping area that sells products. A service robot
shall provide facility guidance using digital signage at the
information center and product explanations at the shopping area.

Shopping Shopping
Area 1 Area 2
Information
Center Shopping
S Area 3

Figure 10: Layout of the shopping mall

Without the proposed method, the service robot cannot
determine available services by comparing its location with the
location of external devices. For this reason, shopping mall owner
must set service robots at each location that provides different
services. In this case, the arrangement of service robots is shown
in Figure 11. In this case, 4 service robots are required, one in the
information center and one in each shopping area.

Shopping Shopping
Area 1 Area 2
Information
Center I Shopping
- * Area 3 ’k

Figure 11: Arrangement of Service Robots with Conventional Technology

When applying the external device association technology,
service robots can check whether its position is the information
center and near the signage, or the location is the shopping center
and away from the signage. Therefore, after providing facility
information at the information center, it is possible to move to the
shopping area and provide product information if necessary. We
show the arrangement of service robots in this case in Figure 12.
As for the association among service robots and signage,
Simultaneous Localization And Mapping (SLAM) [20]
technology is applied. The utilization area of signage is indicated
in robot map managed by application server. The robot map has
both signage utilization area and robot current location and
application server can check whether signage is available by robot
or not based on the robot location and signage condition. If robot
is not at near signage, robot cannot use sighage. Also, if the
signage is used by another robot, signage is not available, too.

Www.astesj.com

Shopping Shopping
Area 1 Area 2
Information ‘ /
Center Shopping
‘k!’k - Area 3

Figure 12: Arrangement of EMIEWSs with Proposed Technology
The following conditions are assumed in the shopping mall.

e  Time required for commercial facility guidance: 3 minutes

e  Travel time between shopping area and information center:
1 minute

e  Time required for product description: 5 minutes

e  Visitor frequency: Once every 5 minutes

It takes 10 minutes for a service robot to move to the shopping
area, explain the product, and return to the original position after
guiding the commercial facility at the information center. If the
customer's visit frequency is once every 5 minutes, it is possible
to respond to customers without waiting for the customer with two
service robots. In this case, the number of service robots installed
in one commercial facility can be reduced by 50% compared to
the conventional technology.

5. Conclusions

We developed data analysis technology of service robot
system for business improvement and service extension with
external device association with service robots. Through the
evaluation by exhibition case, we found out the reason that the
service robot failed to serve to the visitors, and how to modify the
service scenario. 8.1% business improvement can be expected for
exhibition case. In another case, we consider facility and product
guidance service in a commercial facility and confirmed our
proposed external device association technology can reduce the
number of service robots set in a facility 50% compared with
conventional technology.
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