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Towards delivery of situational information
in distributed environments
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Abstract: In the distributed environment, robots should be able to provide users with adaptive services automatically accord-
ing to the situational information changing dynamically which is obtained from both users and their environments. The
workflow depends on situational information obtained from physical environments and provides context-aware services auto-
matically based on the information retrieved. And the workflow in the business processes and the distributed computing en-
vironments have supported the automation of services by connecting tasks. The workflow needs to specify ubiquitous situ-
ational information as state-transition constraints. However, the delivery and use of sensor data in the workflow is a difficult
problem for the robot system. In order to bridge the gap between applications and low-level constructs and to acquire raw
situational information for the execution of the context-aware workflow in the robot systems, this paper presents an ap-

proach which can achieve the sensor data transmission between a sensing server and a robot system easily.
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In the near future, sensor networks will be ubiq-
uitous around us and sensors will produce large
quantities of heterogeneous data. Thus, robots
should interact with multiple sensor networks that
belong to many different domains. Situational in-
formation can be gathered from users and their en-
vironments. An example is the use of sensor data to
provide raw situational information in the work-
flow. Through the executing workflow process, ro-
bots can cooperate with people to solve daily tasks.
This means that these kinds of robots have to work
in challenging and uncontrolled environments. Be-
cause the workflow executed by the workflow en-
gine in the robot system depends on the dynamic
states of the physical world (as in context-aware
workflow'"), external data (the situational infor-
mation) is often gathered by sensing systems. Let us
assume that this external data is completely accurate
and there is no inaccuracy due to the quality of the
used data when executing the workflow. Based on
such external data, well-defined decisions are taken
within the workflow execution.

For executing workflow, robots should extract
useful information from these dynamic environ-
ments, especially the distributed ones. Derivation of
situational information such as location, status and
actions of users, devices and network by sensing
physical environment is necessary to provide users
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with context-aware services.

In order to derive the sensor data from the physi-
cal world, and to provide more accurate raw situ-
ational information for the execution of the work-
flow in the robot system from the sensor network,
this paper presents a delivery approach based on
publish/subscribe paradigm'®'. Here, we will discuss
about the proposed delivery approach and demon-
strate that it can deliver situational information to
any service’ users completely.

1 Foundations and related work

There have been many studies to enable robot ap-
plications to integrate sensor data into the workflow
in the distributed computing environment. The pub-
lish/subscribe model has gained a lot of attention
and been applied to a large variety of protocols and
applications. Based on this, we carefully reviewed
the existing communication technologies.

Java message service (JMS)"™' is a kind of Java
message oriented middleware'® technology for send-
ing messages between two or more clients. There
are many JMSs such as ActiveMQ™ and Soni-
cMQ™ . They are message brokers which implement
JMS API. They require an extra component, the
message transfer agent ( message broker) which
leads to the reduction in performance and reliability
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also makes the system more difficult and expensive
to be maintained as a whole. Also, there is no syn-
chronization function in JIMS. ZeroMQ'” is an asyn-
chronous messaging library aiming at scalable dis-
tributed or concurrent applications. Although are
supportd by many kinds of patterns such as publish/
subscribe pattern that connects a set of publishers to
a set of subscribers, user applications still have
something to be handled more programmatically.
ETRI data distribution service (EDDS) is developed
by the electronics and telecommunications research
institute (ETRI) for the requirement that the sensor
data derived from the physical world should be dis-
seminated in a timely and reliable manner to all in-
terested collaborative entities in many cyber-physi-
cal systems (CPS). It presents a novel publish/sub-
scribe-based middleware architecture called real-

time data distribution service (RDDS)"™ . Another
research related to the publish/subscribe architecture
is the Ganglia”', which is a scalable distributed
monitoring system for high performance computing
systems such as clusters and grids.

2 Architecture of proposed delivery

approach

As discussed in the previous section, many robot
service applications need to collect and integrate da-
ta generated from a large and physically dispersed
contingent of sensor networks continuously.

In this paper, the communication architecture of
the proposed scheme based on publish/subscribe
model satisfies the requirement, as shown in Fig. 1.
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Fig.1 Publish/subscribe-based communication architecture

According to the aforementioned key technologies
and composing knowledges, we designed the com-
munication architecture based on publish/subscribe
paradigm for the proposed scheme. In the aspect of
function, the proposed communication architecture
can be divided into 7 parts including gateway, re-
quest processor, publisher manager, subscriber
manager, topic manager, log module and device
module, as shown in Fig. 1.

The gateway is the entry for user applications to
communication with the communication scheme.
All the users’ command will be transferred through

it while the request processor contains a number of
request queues and task threads. For the thread
safe, only the publisher manager, topic manager,
and specified number of subscriber managers can be
processed in one task thread. Both the publisher
manager and the subscriber manager have a hash ta-
ble to preserve the created objects. Furthermore,
the topic manager is used to map topics between the
subscriber’s side and the publisher’s side. Once the
mapping is successful, data delivery occurs between
them. This procedure will be done through multi-
cast. Both the data delivery and operation with user
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applications would be recorded in the log module. It
collects all the information during the communica-
tion and writes all the collected record into files.

3 Design of packet definition and in-
teroperability protocol

The proposed communication approach depends
on reliable multicast technology whatever in discov-
ering subscribers or delivering sensor data. A reli-
able multicast protocol enables the publishers to de-
tect lost and out-of-order messages and take correc-
tive actions to result in the gap-free and in-order

stream. According to the interoperability protocol,
the packet format definition is designed in Fig.2.

As shown in Fig.2, the whole field is divided into
5 parts and each of them has its special meaning.
The first byte points out the operation code during
the interactive session of the user application with
this communication scheme. For the next, both the
size of sequence number and the length of packet
are fixed into 4 bytes. The data field is used to repr-
esent the date when the packet is published. Due to
the variety of operation codes from the interopera-
bility protocol we designed, each operation code
would be met by a specified format.

* The data's size dues to the Op code;
* Every Op code would be met by a specified data format.

Fig.2 Packet definition architecture in transmission

The proposed communication scheme supports the
interoperation with user applications which can con-
trol it through the command or by invoking the
method provided in our package. Based on publish/
subscribe paradigm, the appropriate interoperate
protocol developed can be adapted for any user ap-
plication. We developed the following interopera-
tion protocol, as shown in Table 1.

Table 1 Supported operation codes and their meanings in the
packet transmission

Op code Description
0X01 Publisher register
0X02 Publisher delete
0X03 Publisher send data
0X04 Subscriber register
0X05 Subscriber suspend
0X06 Subscriber resume
0X07 Delete subscribe from one publisher
0X08 Delete subscriber from multiple publishers
0X09 Delete subscriber from all publishers

4 Data flow between publisher and
subscriber

As described in the abstract, a context-aware
workflow language (CAWL )" document designed

for a specific scenario must be translated and exe-
cuted to provide an adaptive service for a user’s sit-
uation. For this purpose, we need a process to ma-
nipulate the situational information aggregated from
a sensor network, as shown in Fig. 3.

It is possible to understand the whole communica-
tion happening between the sensing server and the
robot system in Fig.3. After both the robot system
and the sensing server complete the binding with the
proposed communication scheme, the sensing server
periodically sends a packet containing topics to the
network via multicast. Then, the robot sesvice user
will show the interests for its interested topic while
the topic manager is responsible for checking the
compatibility of topics in both sensing server’s side
and robot user’s side. Once the mapping of topic
between the sensing server’s side and the robot us-
er’s side is successful, the delivery of sensor data
from the sensor network will be established direct-
ly. Furthermore, the workflow engine will receive
the related situational information through the gate-
way using the local socket communication. The con-
text mapper extracts the types and values from the
objectified entities aggregated from the situational
information through the proposed communication
approach. And then it would compare those types
and values of entities from both the user-defined
CAWL document and the sensor network.
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Fig.3 Data flow between sensing server and robot service user

5 Conclusion and future work

In this paper, we introduced a delivery approach
based on the publish/subscribe model for the han-
dling of the sensor data collected from the sensor
network and publishing of the sensor data to the ro-
bot system for the executing workflow. We also pre-
sented the mechanism how the sensor data is pub-
lished by the sensing server to the robot system as-
suring that the mapping of the topics both on pub-
lisher’s and subscriber’s side are successful. More-
over, the packet definition in transmission and in-
teroperability protocol with the user application is
designed to satisfy the communication requirements.

In near future, we plan to explore the correlation
among the distributed sensors and automatic discov-
ery mechanism in establishing communications. To
achieve high performance in data delivery, the real-
time and low-latency can be another keypoint to
study.
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