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Abstract 
 Cyber-Physical Systems (CPS) is a highly complex 
system integrating physical components having 
sensors/actuators with computing components for the 
control. As the complexity of the system, the system should 
be designed using model-based approach and it should be 
verified before an implementation. In this paper, we exploit 
a simulation methodology for verifying the designed system 
by model-based approach. Simulation is an ideal way to 
predict behavior in complex systems that we cannot 
otherwise test. We describe CPS features and its hybrid 
modeling language that is based on the DEV&DESS 
formalism. Also modeled systems are simulated via hybrid 
simulation environment. In experimental result, we show the 
implementation of the simulation environment. 
 
1. INTRODUCTION 

 
 Due to the increasing software complexity in modern 
cyber-physical systems (CPS), there is a high likelihood for 
latent defects in the software. CPS is a highly complex 
system integrating physical components having 
sensors/actuators with computing components for the 
control. Embedded computers and networks monitor and 
control the physical processes, usually with feedback loops 
where physical processes affect computations and vice versa 
[1]. 
 CPS should have the essential features of reliability and 
autonomy. So, the applications of CPS include high 
confidence medical devices and system, traffic controls, 
avionics, defense systems and so on. For example, in an 
unmanned aerial vehicle (UAV) with active wings, an 
embedded controller monitors the airflow over the wing 
surface and modulates it through electromechanical 
actuators to ensure laminar flow such that the vehicle is 
capable of extreme maneuvers [2]. 
 One particular use of modeling and simulation (M&S) 
is in the development of embedded systems [3]. The 
construction of embedded system models and their analysis 
through simulation reduces both development cost and risks, 

while enhancing system capability and improving the 
quality of the final products [4]. 
 In this paper, we apply M&S methodology to the 
implementation of high reliable systems, and develop a 
verification tools. Since CPS is integrations of computation 
with physical processes, we define a hybrid modeling 
language [5] that is based on DEV&DESS formalism [6]. 
DEV&DESS is a combination of DEVS (Discrete Event 
Specification) and DESS (Differential Equation Specified 
System) [6]. We show the structure of the hierarchical 
classes and implement the proposed method using C++ 
language. 
 The rest of the paper is organized as follows: Section 2 
briefly explains about the related works. Section 3 
demonstrates a CPS modeling and simulation. Section 4 
shows an implementation of proposed method. Finally, 
conclusion and future work in section 5. 
 
2. COMBINATION OF DEVS AND DESS 
 
 DEV&DESS formalism comes into being by a 
combination of DEVS and DESS formalism. Figure 1 show 
the combination. This figure illustrates the modeling 
concept, which has both DEVS and DESS elements 
working together. 
 

 
Figure 1.  Combination of DEVS and DESS models 
 
 In the figure, Xdiscr and Ydiscr are a set of discrete input 
and output, respectively. Xcont and Ycont are a set of 
continuous input and output, respectively. DEV&DESS 
formalism is defined by the following equation: 
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 A state event is considered to be the occurrence of a 
change in the value of the event condition predicate from 
false to true [7]. 
 
3. CPS MODELING AND SIMULATION 
 
3.1. Modeling 
 DEVS is a general formalism for modeling and 
simulation of any discrete systems using hierarchical 
composition of behavioral model and structural models. 
Models of CPS systems have a continuous and discrete 
factor. So, we exploit a combination of DEVS and DESS 
and define a modeling language [5]. Also, we implement a 
modeling tool based on the modeling language. 
 

 
Figure 2.  Model structure 

 
 Figure 2 shows a modeling structure. The model is 
basically composed of a visualization model, a scenario 
model and a computation model. The visualization model 
expresses objects, such as TANK and UAV, as 3D images. 
The scenario model includes the model’s scenario in the in 
the simulation. The computation model consists of a 
structure model and a behavior model. 
 
3.2. Simulations 
 Models that are defined by the modeling tool should be 
translated to model objects. Here, the model objects denotes 
translated models that are used to execute simulation as 
figure 3. The model objects are presented by C++ language. 
The model execution loads the translated models and 
executes these. Figure 3 shows a sequence of a model 
execution. 
 

 
Figure 3.  A sequence of model executions 
 
 Figure 4 is the class hierarchy of proposed hybrid 
simulation engine. Atomic class is behavioral model for 
DEVS and Digraph class is structural models. Hybrid class 
that inherits the atomic class defines DEV&DESS 
formalism. In hybrid modes, continuous parts cannot be 
simulated in their original form. So, the continuous parts 
should be replaced with approximations; with in fact, 
discrete event models amenable to computer simulation [8]. 
 

 
Figure 4.  The class hierarchy of the hybrid simulation 
engine 
 
 Time Slicing class provides the method for numerical 
solution of an ordinary differential equation. It is the 
implementation of Euler’s method. Since the time slicing 
method generates the event by elapsed time for continuous 
models, messages for simulation time synchronization 
bursts. It leads to the deterioration in simulation 
performance. State Quantization class provides a quantized 
state system [9]. 
 



4. IMPLEMENTED SOFTWARE 
 
 The simulation environment consists of the modeling 
tool, and the simulation engine. Eclipse based modeling tool 
is implemented by Java language. Figure 5 shows a 
computation model about an example UAV system. 
 

 
Figure 5.  The computation model in the modeling tool 

 
 CSM (CPS structure model) and CBM (CPS behavior 
model) implies a structure model and a behavior model, 

respectively. As mentioned in section 3.2, to execute a 
simulation, the model should be translated the object model. 
Figure 6 is an example of translated model. 
 

 
Figure 6.  Translated model that is based C++ language 
 
5. CONCLUSIONS AND FUTURE WORKS 
 
 A simulation is an ideal way to predict behavior in 
complex systems. Through the simulation, risks and end 
cost can be reduced. CPS is integrations of computation and 
physical processes and requires a high reliability.  
 In this paper, we exploit a simulation methodology for 
verifying the designed system by model-based approach. 
For modeling CPS, we define the hybrid modeling language 
that is based on DEV&DESS formalism. Developed 
modeling tool supports the hybrid modeling langue. Also, to 
simulate the CPS model, we implement simulation 
environment. 
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