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Abstract — This paper presents an approach to implementing
‘Goal Model’ for autonomic control of Cyber-Physical Systems
(CPS). The approach presents to define and apply system
knowledge required for autonomic control from goal model.
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I. INTRODUCTION

Cyber-physical systems (CPS) are an integrated system that
involves network, software and physical system including
sensors and actuators [1]. In general, we are largely able to
divide CPS into two types. The first part is the physical world
that manages physical environment or object required in real
world. The second type is the cyber space that retains
environment operated by software. Therefore, CPS is an
integrated system including ‘Hardware’, and ‘Software’.

However, as management complexity and maintenance cost
of CPS keep spiraling upward, it is a critical and difficult job
for humans to maintain and manage CPS in a complicated
computing environment. Actually, it is very difficult to
manage and maintain CPS through human manual operation.
Especially, it is hard to recognize the diverse problems
incurred in CPS and solve the recognized problems. Humans
directly managing CPS should be experts. This imposes
limitations due to the availability of human resources and
constrains effective cost management [2-3].

As way to deal with these problems, ‘Self-Adaptation’
research on high-reliability for CPS is recently hot issue.
‘Self-Adaptation” approach has the issues comprising 1) goal
modelling, 2) monitoring, 3) analysis, 4) planning, and 5)
execution. An important thing among these issues is ‘Goal
Modeling’, because ‘Goal Model’ is an essential knowledge
facilitating “Self-Adaption’ and abstracting the complicated
management problems.

‘Goal Model’ is a model that describes ‘Goal’ to be
achieved in Cyber-Physical System (CPS). That is, goal model
means core knowledge that ensures high-reliability to be
retained in CPS. Thus, this paper presents an approach to
generating ‘Goal Model” for autonomic control that
spontaneously offsets the problems incurred from CPS. This
approach consists of various steps such as 1) goal extraction,
2) goal interpretation, 3) association between goal tree and
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designed model, and 4) linking leaf-goal and constraints.
Through these activities, it is possible to help ensure that
‘Goal Model’ is able to become a key knowledge towards
autonomic control which adjusts CPS’s abnormal operation.

Il. PRELIMINARY RESEARCH AND
PROBLEM STATEMENT

A. From Goal Model to Autonomic Control System

In order to address what ‘Goal Model’ is and what ‘Goal
Model’ can do for ‘Autonomic Control System’, we will be
able to represent that ‘Goal Model’ promises to reduce most
of the complexity and software maintenance costs from CPS
[4].

<Goal Model> )

Autonomic manager ’

Figure 1. Architecture and Goal Model for Autonomic Contorl system

Fig.1. shows architecture of ‘Autonomic Control System’
(This architecture was depicted by [4]). ‘Autonomic Control
System’ is architectural component called Autonomic
Manager that controls and manages elements such as
resources, components, etc. In order to accomplish it,
‘Autonomic Control System’ have to be instrumented with
tools for monitoring managed elements, for analyzing the
collected data to determine whether managed elements are
performing as expected, for planning a strategy regarding
detected problem, and for executing planning strategy, these
processes solicit the goal of the ‘Autonomic Control System’.

B. Problem Statement

There are few related works and applicable cases for
autonomic control of CPS, because the research is still initial
stage. But there are three basic ways to make a ‘Autonomic
System’. The first way is to build planning capabilities and
self-configuration skills that reconfigures task through
external system components [5]. The second way is artificial
intelligence approaches to autonomic systems [6]. The third
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way is of part for ensuring high-reliability of CPS. These
approaches have been proposed to develop autonomic control
system including ‘Reliable Home Service Robot [7]°,
‘Vehicular Cyber-Physical System [8]’, ‘Self-Adaptive Robot
[9]" in CPS research community. They have been developed
to make the systems more reliable. On one hand, most of the
existing research has common problems that developers have
to analyze the complex target CPS in person. Namely, it
requires much effort and time inspecting it. If it is possible to
assign core knowledge for autonomic control using ‘Goal
Model’, it is feasible to reduce much efforts and time. In this
paper, we consider the collaboration between designer and
developer, and propose an approach to generating ‘Goal
model” for autonomic control. Through the proposed factors,
it is possible to recover abnormal problems and to operate
them safety.

I1l. GOAL MODELING REQUIREMENTS
FOR AUTONOMIC CONTROL
In this section, we briefly describe requirements of ‘Goal
Modeling’ for ‘Autonomic Control’ that can adapt to changes
in external and internal situation. These requirements are
demonstrated in Table I.

TABLE 1. GOAL MODEL REQUIREMENTS

Phase Description

Stepl Goal Extraction

Step2 Goal Interpretation and Goal Tree Generation
Step3 Linking Constraints

Step4 Setting Autonomic Control Point

In order to satisfy ‘Goal’ to be achieved in CPS
environment, as described in Table I, There are four easy
ways for modeling ‘Goal’ to make ‘Autonomic Control
System’. Firstly, stepl is to extract ‘goal’ to use the natural
language. Secondly, step? is to interpret the extracted goal by
analyzing ‘Goal_ID’, and generates ‘goal tree’ to comprise an
appropriate data structure. Step3 is to associate the goal tree
with designed model for mapping the goal tree and sub-
modules generated in design time, and then to link constraints
to ensure normal systems state on goal tree. Finally, step4 is to
set autonomic control points if constraints are violated.

‘Autonomic Control System’ has the capabilities such as
self-configuration, self-healing and self-optimization by
having the ability to manage, and reduce the complexity and
maintenance costs of CPS. The ability of these ‘Autonomic
Control’ analyzes and changes the behavior of the various
systems in run-time. Therefore, ‘Autonomic Control System’
necessarily needs to have ‘Goal Model’ to achieve the
management purpose of 'target system'. ‘Goal Model’ is the
core knowledge of ‘Autonomic Control System’ [1].

IV.CPS ENVIRONMENT
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This section briefly introduces an “Intelligent Service Robot
(ISR)” accomplished as previous research [10]. Through this
ISR (see Fig.2), we are going to apply ‘Goal Model’.

A. Intelligent Service Robot for CPS

As presented in Fig.2, ISR is service robot that has various
sensors and carries out the tasks if it is commanded to do.
User application operates interacting with ISR. In here, we
will be able to explain ‘what is CPS?’. User Application
means ‘Cyber Space’that retains environment operated by
software. ISR is in the real world. We call these CPS.

=W w

Figure 2. User Application and ‘Intelligent Service Robot(ISR)’

B. Scenario

The action scenario of the user application is presented in
Fig. 3. When the user draws the desired zone or room by
pushing the button in user application, user application creates
the drawing path, and sends the rout to ISR. The web camera
sends the images around ISR to the web server. Then, through
the internet, user application shows the images to the user.

Frontdoor

Figure 3. Scenario of User Application

As presented in Fig.4, CPS is consisting of user, service
robot, user interface, database server, and web camera. Web
server installed, which enables it to be access from the outside,
and web server which saves log data using DB server (see
Fig.4). User application sends user’s commands to the robot
and shows the information. It communicates with the robot via
bluetooth and is linked with the internet through a web server.
User application has two modes: drawing mode in which the
user can directly draw the navigation zone and click mode in
which the user can select the room that the robot is to navigate
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to by pushing the buttons designated for each room.

Database Server

Web Camera

Figure 4. Architecture of CPS

Once navigation begins following the user’s command, the
rout from the current location of the robot to the final
destination is determined and sent to the robot. After the robot
starts making its way to the destination, the location of the
robot can be tracked using the ID number of the RFID Tag
that is relayed back.

V. APPLYING GOAL MODEL TO CPS ENVIRONMENT
In this section, we briefly apply ‘Goal Model’ to an
‘Intelligent Service Robot (ISR)’. To illustrate what goal
model are, and what they can do for the design of autonomic
control for ISR, we suppose the task that ISR have to achieve
a goal that ascertains ‘Driving straight’.

A. Stepl: Goal Extraction

Goal Extraction step is to extract goal achieved in ISR
using the natural language. Fig.5 is to explain Goal Extraction

System’s Goals

Gl Driving Straight

G2 Angle variation of compass sensor is 0(zero)

G3 Arriving within 10 seconds

G4 The number of rotation of motor has to be consistent
G5

G6

GN

Figure 5. Goal Extraction

B. Step2: Goal Interpretation and Goal Tree Generation

Goal Interpretation and Goal Tree Generation step is to
interpret the extracted goal, and generates goal tree according
to dependencies of goal IDs such as G1, G2, and etc. Fig.6 is
goal tree generated by Stepl that is Goal Extraction.

[61)
Driving straight

The numlnmf rotation
on motor

[62] [63]
Angle variation Arriving
of Compass sensor is 0 J|  within 10 seconds has to be consistent

SN N

1G5] [G6] [67] (]
Normal operation of ":M"::"I‘I ;; s Power must Cable must
the compass sensor e l"?‘:qmvi th be supplied be connected

Figure 6. Goal Tree generated based on Stepl
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C. Step3: Linking Constraints

Goal Linking Constraints step is consisted of two parts.
Firstly, it is to associate the goal tree with designed model for
mapping sub-modules generated in design time. It is depicted
in Fig.7 as below.

Angle variatiop

of Compass serfSor is 0 onsistent

SingleWheel
VehicleDynamics

SN S \..
EREEEaES

Figure 7. Mapping Goal Tree and Sub-Modules

Secondly, it is to link constraints to ensure normal systems
state on goal tree. Leaf-node linked with constraints is not
sub-module but system-state or sensor name. Fig.8 is to link
constraints and goal-tree.

[61]
GroundVehicle

]{ Vehlclecuntroller ][ VehncleCnntmlIer ]

/ \ cons(r int 1 / \
[65] [G6] 67 [G8]
Sensor Move BatteryPower Connection

Constraint &

[62]
SingleWheel
VehicleDynamics

CO"S%W“ 2 Constraint 3 Constraint 4 Constraint 5

Figure 8. Linking constraints and goal tree

For example, [G7]’s constraint, constraint5 means that
‘BatteryPower’ must be supplied. Constraint6 explain that
cable must be connected.

D. Step4: Setting Autonomic Control Point

Setting Autonomic Control Point step is to identify the
violated constraints as ‘Autonomic Control Point (ACP). It is
imperative to detect and identify ACP. This means that
detecting the ACP is to alleviate management complex of CPS
and also make realize to necessitate ‘Autonomic Control
System’. Fig.9 show example detecting violated constraints.

[61]: €sM
GroundVehicle

[G2): CSM [G3): Csm

[G4): CSM
SingleWheel
VehicleDynamics ][: Vehiclecontroler VehicleController ]

05 Lm/\

1G5]: CBM ] e ][ [G7]: CBM [ 1G8]: CBM ]
Sensor BatteryPower Connection
ACFZ ACP3 ACP4

Figure 9. Setting Autonomic Control Pointer(ACP)
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V1. EVALUATING GOAL ACHIEVEMENT

In this section, we evaluate ‘Goal Achievement’ applied to
an ‘Intelligent Service Robot (ISR)’. In order to evaluate
‘Goal Model’ applied to ISR, as Fig.10, we included the
following information. Firstly, Goal ID is identifier (i.e. G1,
Gl1l.1, G1.2, ..., G1.3.2). Goal Name is name of goals to be
achieved. Weight (w) is value to be accomplished for each of
goals preheated by designer. Mandatory (M) is inevitably to

satisfy the mission.
]

M

(F ) (] ()

g varahn of Compss s#n50, Jering W 10 seconis he umbes oot o mlor b

\ ConstrJint 1 /

Ei 6147 [ 6134 [\
"

i KT
Cable sl be comecit

Constraint §

ol eparaion of s compass.

{(here shal be o magostc o

o 4

Powes musts supplied

0 O
Constraint 2 Constraint 3 Consiraint 4 Constraint 5 Consiraini §

Constraint 7

Figurel0. Goal Model applied to ‘ISR’

Constraint’s Name of Object] is Constraintl._____
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Result: 1

...inspecting

....... <NORMAL STATUS>
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Result: 1
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Success
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Figurell. Setting autonomic control pointer
We implemented an °‘ETRI-detector’ as prototype for
evaluating the goals. It inspects mapped constraints on goal
tree whether there is an abnormal state or not. Fig.11 presents
these activities. Violated constraint is the constraint6. The
weight of constraint6 is about 0.07 (that is 0.2 / 3).

—>Y

n
X —> ZSuccess Weight(i) * 100
i=1

Figurel2. Function calculating goal achievement ration

Using function depicted in Fig.12, we compute our goal
model’s achievement evaluating success ratio of constraints.
Y =(0.3+0.05+0.05+0.2+0.07 + 0.07 + 0.2)* 100. Thus,
Y is about 94% as goal achievement. In Fig.13, state monitor
presents red color as evidence of problem arising in CPS
environment.
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Figurel3. State monitor in User Application

VII. CONCLUSION

This paper proposed method modeling goal for autonomic
control of CPS. In future work, we will make extended
research through proposed goal model.
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